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Abstract
BACKGROUND
Intra-gastric migration of the distal ventriculoperitoneal shunt (VPS) catheter clinically presenting with or without trans-oral extrusion is one of the rare complications of VPS catheter insertion.

AIM
To identify the demographics, clinical presentation, clinical findings, and results of surgical therapy offered for the treatment of intra-gastric migration of the distal VPS catheter, clinically presented with or without trans-oral extrusion.

METHODS
An online search was performed for the extraction/retrieval of the published/available literature pertaining to the above-mentioned VPS complication. Manuscripts were searched from PubMed, PMC (PubMed Central), ResearchGate, and Google Scholar databases using various terminology relating to the VPS complications. The first case of migration of a VPS catheter into the stomach was reported in the year 1980, and the data were retrieved from 1980 to December 2022. Cases were categorized into two groups; Group A: Cases who had migration of the distal VPS catheter into the stomach and clinically presented with trans-oral extrusion of the same, and Group B: Cases who had migration of the distal VPS catheter into the stomach, but presented without trans-oral extrusion.  

RESULTS
A total of n = 46 cases (n = 27; 58.69% male, and n = 19; 41.3% females) were recruited for the systematic review. Group A included n = 32, and Group B n = 14 cases. Congenital hydrocephalus was the indication for the primary VPS insertion for approximately half of the (n = 22) cases. Approximately sixty percent (n = 27) of them were children ≤ 5 years of age at the time of the diagnosis of the complication mentioned above. In seventy-two percent (n = 33) cases, this complication was detected within 24 mo after the VPS insertion/last shunt revision. Clinical diagnosis was evident for the entire group A cases. Various diagnostic modalities were used to confirm the diagnosis for Group B cases. Various surgical procedures were offered for the management of the complication in n = 43 cases of both Groups. In two instances, intra-gastric migration of the distal VPS catheter was detected during the autopsy. This review documented four deaths. 

CONCLUSION
Intra-gastric migration of the peritoneal end of a VPS catheter is one of the rare complications of VPS catheter implantation done for the treatment of hydrocephalus across all age groups. It was more frequently reported in children, although also reported in adults and older people. A very high degree of clinical suspicion is required for the diagnosis of a case of an intra-gastric migration of the distal VPS catheter clinically presenting without trans-oral extrusion.
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Core Tip: This systematic review included n = 46 cases of intra-gastric migration of the peritoneal end of a ventriculoperitoneal shunt (VPS) catheter. Thirty-two cases clinically presented with the peroral extrusion of the distal VPS catheter. The remaining n = 14 cases clinically presented with other symptoms but without peroral extrusion of the distal VPS catheter. Sixty percent were children ≤ 5 years of age at the time of diagnosis of VPS complication mentioned above. In more than two-thirds of cases, the VPS complication was evident within 24 mo after the primary VPS insertion/last VPS revision. The demographics, indications for the primary/initial VPS insertion, age distribution at the time of VPS insertion and diagnosis of the VPS complication, the interval, and the surgical procedures carried out by the various authors for the above-described VPS complication are described in the manuscript.

INTRODUCTION
The treatment of hydrocephalus has evolved over centuries, but progress has occurred during the past few decades[1,2]. The ventriculoperitoneal shunt insertion is the commonly performed surgical procedure for treating hydrocephalus caused by various etiologies and is performed across all age groups[3-7]. Various complications occur in approximately one-fifth to four-fifths of the cases following the VPS insertion, and many of them require shunt revisions[5-9]. VPS revisions are needed more during the first 12 mo following the initial VPS placement[5,6,8]. VPS complications and shunt revisions are more frequently documented and required in children than adults[5,8]. Perforation of the hollow viscus viz gastrointestinal tract, urinary bladder, and uterus (female genital tract) by the peritoneal end of a VPS catheter is known, and it may occur with or without extrusion of the distal VPS catheter through the natural orifices[10-14]. Perforation of the large bowel by the peritoneal end of a VPS catheter and protrusion/extrusion of the same via the anal canal is commonly reported[10,11]. Migration of the distal VPS catheter into the stomach is a rare clinical entity[14]. The preferred reporting items for systematic reviews and meta‑analyses (PRISMA) guidelines are followed for reporting this manuscript[15,16]. This manuscript is a systematic literature review of the n = 46 cases published (1980 to December 2022) on the management of the intra-gastric migration of the distal VPS catheter clinically presented with or without trans-oral extrusion[17-62]. Thirty-two cases had intra-gastric migration of the distal VPS catheter and clinically presented with trans-oral extrusion of the same[17-48]. Remaining n = 14 cases had intra-gastric migration of the distal VPS catheter but clinically presented without trans-oral extrusion of the distal VPS catheter[49-62].  

MATERIALS AND METHODS
PubMed, PMC, ResearchGate, and Google Scholar databases were searched for retrieval of the published/available literature pertaining to the migration of the distal VPS catheter into the stomach with or without trans-oral extrusion. Various terminology relating to VPS complications were utilized during the online search. Some of the keywords employed during the online search were “trans-oral extrusion of distal VPS catheter”, “per-oral/oral extrusion of distal VPS catheter”, “intra-gastric migration of distal VPS catheter”, “protrusion/extrusion of VPS catheter”, “bowel perforation by distal VPS catheter”, and “rare complication of VPS catheter”. The maiden case of migration of a VPS catheter into the stomach was reported by Nishijima et al[49] in 1980, and related literature/manuscripts were retrieved from 1980 to December 2022, and those were preferably available in the English language. Four cases (n = 2 duodenal and n = 2 jejunal) of bowel perforation (not gastric perforation) by the distal VPS catheter, clinically presented with trans-oral extrusion were also included in the present review. Cases/case reports retrieved during online search with incomplete details were excluded from the review. Cases are categorized into two groups, Groups A and Group B. Group A: Cases who had migration of the distal VPS catheter into the stomach and clinically presented with trans-oral extrusion of the same, and Group B: Cases who had migration of the distal VPS catheter into the stomach but clinically presented without trans-oral extrusion. The “Preferred Reporting Items for Systematic Reviews and Meta‑Analyses” (PRISMA) guidelines are followed for reporting this systematic review. The selection of articles for systematic review was done by assessing the titles, abstracts, and full texts of the manuscripts. Literature selection and extraction of the desired information from the manuscripts were independently carried out by the author alone, as this is a single-author manuscript. The desired information retrieved from the published literature/case reports were the patient’s age, sex, indication for the VPS insertion, interval from VPS insertion to the diagnosis of the complication, clinical characteristics, diagnostic modalities used, surgical procedures offered/performed, postoperative complications, and the outcome of surgical therapy. This manuscript is a systematic review of the published cases, and institutional ethical committee approval is not required. 

RESULTS
A total of n = 46 cases of intra-gastric migration of the peritoneal end of a VPS catheter clinically presented with or without peroral extrusion were included for the systematic review and retrieved from the n = 46 manuscripts. The process of database search, screening, and selection of the manuscripts for the present systematic review is presented in a PRISMA flow diagram in Figure 1. Group A included n = 32 cases and details are provided in Table 1. Group B included n = 14 cases and details are provided in Table 2. The causes of hydrocephalus and indications for the primary VPS insertion for the entire case are detailed in Figure 2. Congenital hydrocephalus was the indication for the primary VPS insertion for approximately half of the (n = 22) cases. Figure 3 detailed the distribution of the age of the entire cases at the time of primary VPS insertion. The initial VPS catheter placement was done during infancy in two-thirds (n = 22) of Group A cases. The initial VPS catheter placement was done during infancy only in one-fourth (n = 4) of Group B cases. Figure 4 details the distribution of the age of the entire cases at the time of diagnosis of the above-mentioned VPS complication. Approximately sixty percent (n = 27) of them were children ≤ 5 years of age at the time of diagnosis of the complication mentioned above. Figure 5 details the interval from the primary/initial VPS insertion/last VPS revision to the diagnosis of the VPS complication mentioned above. In seventy-two percent (n = 33) cases, this complication was detected within 24 mo after the VPS insertion/last shunt revision.
The chief complaint and clinical finding for Group A cases was the trans-oral extrusion of the distal VPS catheter (Figure 6). In most cases, it was associated with a bout of vomiting of short duration. Mild abdominal pain/discomfort relating to the upper gastrointestinal (GI) tract was also documented in some cases. Clinical presentation in Group B cases was vague and not specific to the distal VPS catheter complication. Group B cases mostly had symptoms relating to the central nervous system (CNS) or upper GI tract. Clinical diagnosis was evident in the entire Group A cases due to the clinical finding of the presence of trans-oral extrusion/protrusion of the distal VPS catheter. Various diagnostic modalities (radiological and endoscopic) were used to confirm the diagnosis in Group B cases. Different surgical procedures were offered for the management of the above-mentioned VPS complication and are detailed in Figure 7. Removal of the entire VPS catheter/removal of part of the peritoneal /peritoneal catheter with or without external ventricular drainage (EVD) was preferred by the authors. In n = 2 Group B cases, an intra-gastric migration of the distal VPS catheter was detected during the autopsy. For one Group B case, the surgical therapy was not carried out, as his VPS catheter was not causing any problems. Percutaneous surgical removal of the entire or the distal VPS catheter with or without an EVD was a procedure of choice and was opted for n = 27 (n = 24 Group A and n = 3 Group B) cases. For the management of VPS complications mentioned above, formal laparotomy was carried out only in n = 11 (n = 7 Group A and n = 4 Group B) cases. The site of bowel perforation caused by the distal VPS catheter is detailed in Figure 8A. In eighty-five percent of cases, the site of bowel perforation was the stomach. The site of bowel perforation was repaired only in n = 11 cases and is detailed in Figure 8B. The review revealed n = 4 (8.69%) deaths, two from each group.

DISCUSSION
Perforation of the gastrointestinal tract, urinary bladder, and uterus by the distal VPS catheter is a known complication of the VPS placement carried out for the treatment of hydrocephalus, and most of them clinically present with the extrusion of the peritoneal part of a VPS catheter through the natural orifices[10-14]. Perforation of the large bowel by the peritoneal end of a VPS catheter and extrusion of the same via the anal canal is most common and is reported to occur in 0.1% to 2.5% of the cases[10,11]. Migration of the distal VPS catheter into the stomach is a rare clinical entity, and two-thirds of them presented with the trans-oral extrusion of the distal part of peritoneal catheter[17-62]. 

Summary of evidence
A total of n = 46 manuscripts including n = 46 cases of the above-mentioned VPS complication were reviewed for systematic review[17-62]. Forty-four manuscripts are published in the English language[17-19,21-40,42-62]. Only n = 2 manuscripts published and available in languages other than English are also included in the review. For the above two manuscripts, the desired details are obtained by translating them into the English language using Google Translate[20,41]. All the n = 46 manuscripts included in the review are already published, and none are conference proceedings or unpublished. All the n = 46 manuscripts included for systematic review are full-text articles[17-62]. Thirty-five manuscripts described/detailed the isolated case[17,19,23-30,32,33,37-43,45,46,48-54,56-62]. Two of the manuscripts included in the review are original articles[35,44]. For one case, the details were extracted from a manuscript published as a case series[31]. Eight manuscripts are published and available under the headings of medical images, letters to the editor, correspondence, and technical notes[18,20-22,34,36,47,55]. Four manuscripts included n = 5 cases of the above-mentioned VPS complications were excluded from review due to the incomplete desired information[63-66].
This review included n = 46 cases (n = 27; 58.69% were males and n = 19; 41.3% were females). It was evident more in males, with a male-to-female ratio of 1.42:1. Group A included n=32 cases (n = 20; 62.5% male, and n = 12; 37.5% females) while Group B included n=14 cases (n = 7; 50% male, and n = 7; 50% females). 
The indication for the primary VPS insertion was congenital hydrocephalus for approximately half of the entire cases (n = 22) cases and approximately sixty percent (n = 19) of the Group A cases. Post-infective hydrocephalus was also one of the indications for VPS insertion in approximately one-fifth (n = 6) of the Group A cases. Normal pressure hydrocephalus (NPH), idiopathic intracranial hypertension, and intracranial aneurysm with or without hemorrhage were the indications for the primary VPS catheter insertion for fifty percent of the Group B cases. 
Group A cases were much younger than the Group B cases at the time of initial VPS placement. Two-thirds (n = 22) of Group A and one-fourth (n = 4) of Group B cases were infants, at the time of initial VPS placement. Three-fourths (n = 9) of Group B cases were > 40 years of age, at the time of initial VPS placement. Group A cases were much younger at the time of the diagnosis of VPS complications as well. More than half (n=17) of Group A cases were children ≤ 2 years of age at the time of diagnosis of the VPS complication mentioned above. One-fourths (n = 4) of Group B cases were children ≤ 5 years of age at the time of diagnosis of the VPS complication mentioned above. Seventy-two percent (n = 23) of Group A cases were ≤ 5 years of age, while more than half (n = 8) of Group B cases were > 40 years of age. Age was not a bar for the intra-gastric migration of the distal VPS catheter. A trans-oral extrusion of the distal VPS catheter was infrequently reported after 15 years, and only three cases were reported after the age of 15 years. Probably one of the reasons may be the age difference at the time of primary VPS insertion for both the Group cases and the second reason may be the difference in the indication for the initial VPS catheter insertion. The probable reason for a greater number of intra-gastric migrations clinically presented as trans-oral extrusion of the distal VPS catheter in children than in adult/older population may be because the number of VPS placements carried out in infants and children are many folds more than done in adults and older age. Like the present findings, a recent review included n = 210 cases of the management of extrusion of the distal part of peritoneal catheter through the anal canal, also evidenced that in 73% of the cases, the age of the cases was ≤ 5 years of age[11]. For n = 19 of the Group A and n = 9 of the Group B cases, the details of the shunt type/which type of the VPS catheter implanted during the initial procedure was not available/not mentioned by the authors in the manuscripts[20,21,23-27,29-32,34,36,38,42,43,45,47,48,52,54,55,57-62]. “Chhabra slit n spring hydrocephalus VPS catheter” (Shahjahanpur, India) was used during the VPS implantation in n = 8 of the Group A cases[22,28,33,35,37,39,40,44]. For the remaining n = 4 Group A and n = 5 Group B cases, the shunt catheter used during VPS insertion were; (1) Raimondi peritoneal catheter (n = 3); (2) Codman Hakim VPS system (n = 5); and (3) VPS catheter (Biomed valve, slit valve, silicon catheter, not spring type) (n = 1), respectively[17-19,41,46,49-51,53,56]. As in this review, in sixty percent (n = 28) cases, which type of VPS catheter implanted was not available, and therefore it is not clear whether any particular shunt catheter was responsible for the increased risk of gastric perforation.
For the entire Group A and Group B cases, the interval from the initial VPS insertion/VPS revision to the diagnosis of the VPS complication described above ranged from one day to 11 years. For the cases that had a history of VPS revision, for them, the interval was calculated from the date of the last VPS revision done. In seventy-two percent (n = 33) of the entire case, this complication was detected within 24 mo after the VPS insertion/shunt revision. In 60% (n = 28) of the entire case, it occurred within 12 mo of VPS insertion/last shunt revision. In one-fourths (n = 12) of the entire cases, it was detected within 6-months of VPS insertion/shunt revision. For Group A cases, the said complication was detected within a month to 24 mo in more than four-fifths (n = 27) of cases. For Group B cases, the complication was detected within a month to 24 mo in forty-three percent (n = 6) cases. In n = 5 of Group B cases, the interval from VPS insertion to the detection of the said VPS complication was 3 to 10 years. A recent systematic review (2022) of the n = 210 cases on the management of trans-anal extrusion of the distal VPS catheter also revealed that in 70% of the cases, it occurred within 12 mo after the VPS insertions[11]. Like the above finding, the present review also revealed that 60% of the entire cases and four-fifths of Group A cases were also diagnosed within 12 mo of the VPS insertion. In a recent systematic review (2022) of the n = 37 instances of the management of the perforation and intra-vesical (urinary bladder) migration of the distal part of the peritoneal catheter clinically presented with or without per-urethral extrusion identified that only one‑third of the cases presented within 12 mo after the VPS insertion[12]. It means that urinary bladder perforation by the distal VPS catheter is a late complication than colonic or gastric perforation by the distal VPS catheter.
Peroral extrusion of the distal part of a VPS catheter was the chief complaint and clinical finding for Group A cases and it was evident in all the n = 32 cases reviewed. In the majority of the cases, the trans-oral extrusion of the distal VPS catheter was associated with a bout of vomiting of short duration. Mild abdominal pain/discomfort relating to the upper GI tract was also documented in some cases. A few Group A cases also had associated headaches and fever. Clinical presentation in Group B cases was vague, and not specific to the distal VPS catheter complication. The Group B cases mostly had symptoms relating to the CNS or gastrointestinal tract (GIT). Five cases presented with symptoms related to the CNS. Six cases presented predominantly with symptoms related to the upper GIT. Eight cases also had associated general symptoms like fever, weakness, and others. 
In a 5-mo-old girl, an iatrogenic gastric perforation occurred during the initial/primary VPS insertion, but it was unnoticed. On the first postoperative day, the presence of a distal VPS catheter within the lumen of the stomach was detected, and it was treated successfully[54]. An 87-year-old man underwent investigation for upper GI bleeding/coffee-ground vomiting and the intra-gastric presence of his distal VPS catheter was detected during the upper GI endoscopy[57]. A 65-year-old woman was under investigation for iron deficiency anemia and the intra-gastric presence of her distal VPS catheter was detected during the upper GI endoscopic evaluation[60]. 
VPS catheter tract infection was not a frequent clinical finding. During the clinical examination, n = 4 (two from each Group) cases had features suggestive of shunt tract infection. Clinical features of peritonitis were not documented in any of the cases reviewed. The occurrence of peritonitis after the bowel/colon perforation by a distal VPS catheter is not a rule, and it was not reported in most cases. In a systematic review of trans-anal extrusion of the distal VPS catheter, peritonitis was documented only in 3.8% of the cases[11]. Possibly for similar reasons like colon perforation clinically presented with per-rectal extrusion of VPS catheter, there was no peritonitis even though there was perforation and migration of distal VPS into the stomach in a present review. Clinical signs of meningitis were evident in n = 4 of Group B and none of the Group A cases. Cerebrospinal fluid (CSF) infection was documented in n = 11 cases. CSF infection was more frequently documented in Group B cases, as half of them had CSF infection. CSF infection was less frequent in Group A cases, as only n = 4 had CSF infection at the time of diagnosis of the VPS complication mentioned above. 
The clinical diagnosis of peroral extrusion of the distal part of a VPS catheter was evident for the entire Group A cases. Various investigations were required for the diagnosis of Group B cases. Varieties of investigations were needed and carried out to confirm or exclude the continuity of the VPS catheter, the presence or absence of gas under the diaphragm, peritoneal fluid collections, and evaluation of the ventricular system. A skiagram of the head, abdomen, and chest was one of the commonly advised investigations. Cranial computed tomography (CT) scan was ordered in n = 15 cases (n = 10 for Group A and n = 5 for Group B) for the confirmation of the position of the ventricular catheter within the ventricle and the understanding of the hydrocephalus/ventricles[23,24,28,32,37,38,40,42,43,46,51,58,59,61,62]. CT scan of the abdomen was ordered for n = 9 cases[26,46,55,56,58,59,60-62]. It was only ordered for n = 2 of the Group A cases[26,46]. CT scan of the abdomen was ordered for n = 7 of the Group B cases for the confirmation of the intra-gastric position of the distal VPS catheter[55,56,58,59,60-62]. Shuntogram (n = 3) and dye studies (n = 3) were performed/done during the investigations[33,34,50,51,53]. Upper gastrointestinal endoscopic evaluation was carried out in n = 12 cases[19,32,34,38,55-62]. Eight of the Group B cases were evaluated by the upper GI endoscopy, which was helpful in the confirmation of the intra-gastric location of the distal VPS catheter[55-62].
Much progress has taken place not only in the field of better understanding of the etiopathogenesis of the hydrocephalus, but also in the field of physiology of CSF circulation, development of shunt devices/shunt systems, use of newer technology, perioperative and postoperative care, and management of the shunt related complications[67-69]. VPS catheter implantation is among the most frequently performed surgical procedures in the management of hydrocephalus, caused by various etiology, and performed across the globe for all ages. Many VPS-related complications also require shunt revisions[70-74]. The insertion of the peritoneal/distal VPS catheter within the peritoneal cavity for primary VPS insertion or shunt revision surgery can be done via mini-laparotomy, using a trocar or laparoscopic technique with the advantages and disadvantages of each of the surgical techniques[75-77]. A recent international survey carried out for the preference of the distal VPS catheter insertion within the peritoneal cavity found that most of the responded neurosurgeons preferred doing so via/through a mini-laparotomy, and it was frequently preferred by the surgeons over the laparoscopic methods[78]. 
Management of the intra-gastric migration of the distal VPS catheter with or without trans-oral extrusion is three-fold; (1) the removal of intra-gastric migrated distal VPS catheter; (2) treatment of the gastric perforation caused by the distal VPS catheter; and (3) shunt revision, if required. It differs from case to case, depending upon the presence or absence of shunt or shunt tract infection, CSF infection/meningitis, peritonitis, and the general condition of the patient. Various surgical procedures were offered for the management of the above-described complication in n = 43 cases of both Groups. One-third (n = 16) of the entire case was treated by the removal of the entire VPS catheter. One-fourth (n = 12) of the entire case was treated by the removal of the part of the peritoneal/distal VPS catheter with or without conversion to EVD. In six cases (n = 5 Group A and n = 1 Group B), the entire/distal VPS catheter was removed and shunt revision was carried out during the same operative procedure. In five cases (n = 4 Group A and n = 1 Group B), the entire VPS catheter was removed and an EVD was inserted. Four cases (n = 2 Group A and n = 2 Group B) were managed by the relocation of the distal/remaining distal VPS catheter within the peritoneal cavity. In two instances/cases, the intra-gastric presence of the distal VPS catheter was detected during the autopsy[49,52]. In one of the cases, the surgical therapy was deferred as he was clinically stable and did not have symptoms related to the intra-gastric migration of the distal VPS catheter[58]. Percutaneous surgical removal of the entire/distal VPS catheter with or without an EVD was the procedure of choice and was preferred in n = 27 (n = 24 Group A and n = 3 Group B) cases. Exploratory laparotomy was carried out for the management of the above-described distal VPS catheter complication in n = 11 (n = 7 of Group A and n = 4 of Group B) cases[18,22,32,39,41,42,43,53,54,59,61]. The laparoscopic technique was applied in n = 5 cases and was carried out in n = 4 Group B cases[34,55,57,60,62]. 
The functional status of the VPS catheter was not mentioned/not provided in the literature reviewed for n = 22 of Group A and n = 11 of Group B cases[17,19-23,26,27,30-32,34-36,41-49,51-54,57-62]. The distal end of the VPS catheter was draining CSF, confirming that the VPS catheter was functioning well in n = 6 of Group A and n = 2 of Group B cases, respectively[18,24,25,29,37,39,50,55]. The authors also documented that the VPS catheter was not functional, and it was not draining CSF at the distal end in n = 4 of Group A and n = 1 of Group B cases, respectively[28,33,38,40,56].
Crust formation at the tip of the distal VPS catheter was not detected/documented in any of the Group A cases managed for the transoral extrusion of the distal VPS catheter[17-48]. Crust formation at the tip of the distal VPS catheter was not detected/documented during the radiological/endoscopic evaluation and operative procedures executed for the management of intragastric migration of the distal peritoneal catheter/distal VPS catheter n = 11 of the Group B cases[50,51,53-57,59-62]. Only in one of the Group B cases, during the autopsy, a white stone-like structure was detected at the tip of the distal VPS catheter, although the other drainage holes/perforations of the distal VPS catheter were patent. The intragastric part of the distal VPS catheter was like a rigid coiled spring catheter[52]. In this case, the stone/crust formation at the tip of the distal VPS catheter that happened either before the intragastric migration or afterward was also not explained/not clear[52].
The literature review documented/revealed the use of the stomach as the site for the insertion of the distal VPS catheter for CSF diversion in the treatment of hydrocephalus[79-82]. In 1965, Alther described a direct insertion of the distal VPS catheter into the stomach through a Witzel-type fistula[79,80]. In 1972, Lamesch reported/published the use of a gastric tube for the insertion of a distal CSF shunt catheter in seven mongrel dogs. He experimented and performed ventriculogastrostomy by means of the creation of the pedunculated gastric pouch and insertion of the distal shunt catheter within the gastric pouch. In the same paper, he also reported the first successful result of a ventriculogastrostomy that was performed by him on a 3-year-old boy. The operation was performed by him on April 22, 1970. He further reported that the boy was doing well at the follow-up done 10 mo after the operation[80]. In 1975, Weiss et al[81] also reported ventriculogastrostomy as an alternative means for CSF diversion as a preliminary study. They experimented with the technique in eight of the mongrel dogs. They also performed ventriculogastrostomy on a 3-wk-old child for the treatment of hydrocephalus. In 1977, Duff et al[82] reported their experience with ventriculo-gastric shunts and the role of gastroscopy in shunt evaluation and revision. They reported their experience of ventriculo-gastric shunts, that was performed on six patients, and their age ranged from three weeks to nine years. Two of their cases developed distal shunt obstruction and were evaluated and successfully treated by means of gastroscopy. 
The stomach was the site of perforation by the distal VPS catheter n = 25 of the Group A and all (n = 14) the Group B cases. The duodenum was perforated by the distal VPS catheter in two of the Group A cases[42,43]. The jejunum was perforated by the distal VPS catheter in two of the Group A cases[22,46]. The site of perforation by the distal VPS catheter was not mentioned/not provided in the manuscripts for three cases. Repair of the bowel perforation caused by the distal VPS catheter is not always required. A systematic review of n = 210 cases of bowel perforation by the distal part of the VPS catheter clinically presented with the  extrusion of the same via the anal canal revealed that colon/bowel perforation was repaired only in one‑fourth of the cases. In the remaining, three‑fourths cases, the colon/bowel perforation healed spontaneously, after the removal of the migrated/extruded VPS catheter[11]. In the present systematic review of n = 46 cases of gastric perforation by the distal VPS catheter only one-fourth (n = 11; n = 6 Group A and n = 5 Group B) of the cases, the perforation site was surgically repaired. In two cases, the perforation site was sealed by the fibrin glue application. In more than half (n = 27) cases, the gastric perforation caused by the distal VPS catheter was not repaired and healed spontaneously.
Shunt revision was also an integral part of the management of the intra-gastric migration of a distal VPS catheter clinically presented with or without peroral extrusion of the distal end of VPS catheter. In the present review of n = 46 cases of the trans-gastric migration of the distal VPS catheter, the details for n = 25 (n = 20 Group A and n = 5 Group B) cases are available regarding the shunt revision procedures. Delayed re-VPS insertion/VPS revision or VA shunt placement was preferred over the immediate shunt revision. The advantages of delayed re‑VPS insertion/VPS revisions or VA shunt insertion were that the optimal treatment was provided for meningitis/CSF infection, if present, and it was also possible to evaluate the cases for the requirement of shunt revision. Delayed re-VPS insertion/VPS revision or conversion to a VA shunt was carried out in n = 19 (n = 15 Group A and n = 4 Group B) cases. For the Group A cases; delayed re-VPS insertion in n = 11, VPS revision in n = 2, and VA shunt placement in n = 2, were preferred by the authors. In six (n = 5 Group A and n = 1 Group B) cases, the shunt revision procedure was executed immediately after removing the entire/distal VPS catheter. The authors performed an immediate re-VPS insertion in n = 3, VPS revision in n = 1, and an immediate VA shunt insertion in n = 2 cases. In the present review, authors also documented that re-VPS insertion/VPS revision or VA shunt insertion was not required in n = 10 (n = 7 Group A and n = 3 Group B) cases, neither during the immediate postoperative nor during the follow‑up period.
The exact cause and mechanism of why and how the distal VPS catheter perforates the stomach, migrated within the stomach, and in some of them extruded trans-orally and not extruded in other cases. Possible factors that were responsible for the above in the present review were; the younger age of cases (infants and children younger than 5 years), redundant intra-peritoneal distal VPS catheter in children, history of VPS revisions, and history of abdominal/GI surgery. One-fourth (n = 11) underwent VPS revision in the past, and n = 8 of the cases had a history of abdominal/GI surgery in the past and were also the possible factors responsible for the migration of the distal VPS catheter into the stomach. The presence of meningitis (n = 4) and CSF infection (n = 11) in the present study was most probably the result of ascending infection, and may not be the factor responsible for the VPS complication discussed. The perforation of the gastric wall by the distal VPS catheter may be a result of the continuous friction effect. Once there is a small perforation, it is sealed off without producing clinical peritonitis. The distal VPS catheter is forced within the stomach due to the variation in the size of the stomach, the force of abdominal wall movements, and changes in the intra-abdominal pressure. Once it is within the stomach, why some of them extruded trans-orally is not very clear. Most probably, the presence of redundant extra length of the distal VPS catheter within the peritoneal cavity/stomach (especially in children) is responsible for the peroral extrusion of the distal part of a VPS catheter. The intra-gastric distal VPS catheter acts as a foreign body and is expelled per-orally by forceful regurgitation/vomiting. The combination of forceful upward movement of the stomach, increased intra-peritoneal pressure, and forceful abdominal wall movement during nausea/vomiting are responsible for the trans-oral extrusion/protrusion of the distal VPS catheter. The length of the distal VPS/peritoneal catheter is not much extra or redundant in adults and older people and may be the reason for the migration of the distal VPS catheter within the stomach only, and clinically not presenting as trans-oral extrusion of the same.
In the present review, a total of five cases documented complications that were detected during the immediate and late postoperative period. The complications revealed were brain stem herniation (n = 1), CSF infection (n = 2), meningitis (n = 1), and VPS catheter extrusion from the abdominal wound (n=1). During the management of the cases of the intra-gastric migration of the distal VPS catheter, this study revealed a total of four (8.69%) deaths, two from each Group[17,23,49,52]. In a 9.3-year-old girl, a VPS catheter was inserted for post-infective hydrocephalus. She also required a feeding gastrostomy for inadequate oral nutritional intake. Three months after VPS insertion, she presented with trans-oral extrusion of her distal VPS catheter, without the clinical features of peritonitis or meningitis, and her CSF also did not detect any organisms. Her VPS complication was treated with EVD and placement of a VA shunt. One month after the VA shunt insertion, she developed acute brain stem herniation and died of the same[17]. A two-year-old boy was diagnosed with congenital hydrocephalus and associated neural tube defect (NTD). His NTD was repaired and a VPS catheter was also placed at the age of 9 mo. Fifteen months after the VPS insertion at the age of two years, he presented with trans-oral extrusion of his distal VPS catheter, without the clinical features of meningitis and peritonitis. His VPS complication was treated with the removal of part of the peritoneal/distal VPS catheter and conversion of the proximal VPS catheter as an EVD. He had a CSF infection and developed ventriculitis that failed to respond well to the antibiotics, and finally died of the same during the treatment[23]. Two of the Group B cases died due to the intra-gastric migration of the distal VPS catheter and the related complication[49,52]. A 69 years-old female developed meningitis 7 mo after VPS insertion that was done for normal pressure hydrocephalus. She was treated conservatively and finally, she died of pneumonia 27 mo after the VPS insertion[49]. A 68-year-old man was diagnosed with NPH and a VPS catheter was implanted. His CNS condition deteriorated further. He was also detected with CSF infection and was treated with antibiotics and other supportive measures, but died of the same[52]. In the above two cases, the intra-gastric migration of the distal VPS catheter was detected during the autopsy[49,52].

Limitations
This systematic review revealed/obtained a limited number of published literature/manuscripts, and it is one of the limitations of this review. Four manuscripts that included five cases were excluded from review for various reasons[63-66]. There was no uniformity in the treatment of the cases, treated by surgical techniques ranging from simple per-cutaneous removal of the entire/distal VPS catheter to exploratory laparotomy. For n = 4 (8.69%) cases, the entry site in the bowel by the distal VPS catheter is also not known/not available. The exact cause and the mechanism for the perforation of the stomach and intra-gastric migration of the distal VPS catheter is also not known.

CONCLUSION
[bookmark: _Hlk148999907]Intra-gastric migration of the peritoneal end of a VPS catheter is one of the rare complications of VPS catheter implantation done for the treatment of hydrocephalus across all age groups. Intra-gastric migration with trans-oral extrusion of the distal VPS catheter was twice more commonly reported than the intra-gastric migration of the distal VPS catheter without trans-oral extrusion. It was more frequently reported in children, although also reported in adults and older people. Intra-gastric migration of the distal VPS catheter without transoral extrusion was more frequent in adults and older age groups. Formal exploration of the abdomen for the management of the VPS complication described above was neither done nor required in 70% of cases. In two-thirds of cases, the repair of the stomach/bowel perforation caused by the distal VPS catheter was not done and it healed after the removal of the distal shunt catheter from the stomach/bowel. A very high degree of clinical suspicion is required for the diagnosis of the intra-gastric migration of the distal VPS catheter, clinically presenting without trans-oral extrusion. 

ARTICLE HIGHLIGHTS
Research background
 Intra-gastric migration of the distal ventriculoperitoneal shunt (VPS) catheter clinically presenting with or without trans-oral extrusion is one of the rare complications of VPS catheter insertion.

Research motivation
To know more about the intra-gastric migration of the distal VPS catheter.

Research objectives
This systematic review of the literature aims to highlight the demographics, clinical characteristics, and outcome of the surgical procedures performed for the intra-gastric migration of the distal VPS catheter, clinically presented with or without trans-oral extrusion of the distal end of peritoneal/VPS catheter

Research methods
An online search was carried out for extraction/retrieval of published literature about the intra-gastric migration of the distal VPS catheter. PubMed, PubMed Central, ResearchGate, Google Scholar, and Google Images databases were searched using various terminology relating to the VPS complications. Manuscripts were retrieved from 1980 to December 2022. The selection of literature for the present review was done by assessing the titles, abstracts, and full texts of the manuscripts.

Research results 
A total of n = 46 cases of intra-gastric migration of the distal VPS catheter clinically presented with or without peroral extrusion were recruited for the systematic review and were retrieved from the n = 46 manuscripts. Approximately sixty percent of them were children ≤ 5 years of age at the time of diagnosis of the complication mentioned above. In seventy-two percent of cases, this complication was detected within 24 mo after the VPS insertion/last shunt revision. Removal of the entire VPS catheter/removal of part of the distal/distal VPS catheter with or without external ventricular drainage was preferred by the authors. Percutaneous surgical removal of the entire or the distal VPS catheter with or without external ventricular drainage was a procedure of choice and was opted for n = 27 cases. For the management of VPS complications mentioned above, formal laparotomy was carried out only in n = 11 cases. In eighty-five percent of cases, the site of bowel perforation was the stomach. The site of bowel perforation was repaired only in n = 11 cases.

Research conclusions
Intra-gastric migration of the peritoneal end of a VPS catheter is one of the rare complications of VPS catheter implantation done for the treatment of hydrocephalus across all age groups. It was more frequently reported in children, although also reported in adults and older people. Formal exploration of the abdomen for the management of the VPS complication described above was neither done nor required in 70% of cases. In two-thirds of cases, the repair of the stomach/bowel perforation caused by the distal VPS catheter was not done and it healed after the removal of the distal shunt catheter from the stomach/bowel. 

Research perspectives
This systematic review revealed that the intra-gastric migration of the peritoneal end of a VPS catheter was more commonly reported in children than adults and older people. Intra-gastric migration with peroral extrusion of the distal VPS catheter was twice as commonly reported than the intra-gastric migration of the distal VPS catheter clinically presented without peroral extrusion. A high degree of clinical suspicion is required for the diagnosis of cases of an intra-gastric migration of the distal VPS catheter clinically presenting without trans-oral extrusion. The exact mechanism for the intra-gastric migration of the peritoneal end of the VPS catheter is not known and requires some specific experimental studies.
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Figure Legends
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Figure 1 Preferred Reporting Items for Systematic Reviews and Meta‑Analyses flow diagram for manuscripts screening and selection for the systematic review of the management of migration of the distal ventriculoperitoneal shunt catheter into the stomach with or without trans-oral extrusion.  
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Figure 2 Indication (causes of hydrocephalus) for primary ventriculoperitoneal shunt insertion for entire cases (n = 46).
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Figure 3 Age distribution (entire cases) at the time of primary ventriculoperitoneal shunt insertion (n = 46).
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Figure 4 Age distribution (entire cases) at the time of diagnosis of migration of the distal ventriculoperitoneal shunt catheter into the stomach with or without trans-oral extrusion (n = 46).
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Figure 5 Interval (entire cases) from primary ventriculoperitoneal shunt catheter insertion/revision to the diagnosis of migration of the distal ventriculoperitoneal shunt catheter into the stomach with or without trans-oral extrusion (n = 46).
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Figure 7 Operative procedures executed for the migration of distal ventriculoperitoneal shunt catheter into the stomach with or without trans-oral extrusion (n = 46).
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Figure 8 The site of bowel perforation caused by the distal ventriculoperitoneal shunt catheter and repaired. A: Site of bowel perforation documented in the entire cases (n = 46); B: Site of bowel perforation repaired or not repaired (n = 46).



Table 1 Demographics, clinical features, and outcome of the surgical procedures performed for the migration of the distal ventriculoperitoneal shunt catheter into the stomach with trans-oral extrusion (n = 32)
	Ref.
	Indication for VPS insertion
	Age VPS insertion sex
	Age trans-oral extrusion
	Interval (mo)
	VPS (R) 
	History GI Surg
	Shunt tract infection
	Peritonitis meningitis
	CSF infection
	Operative procedures executed 
	Site1 repaired (Yes/No)
	Complication
	Outcome

	Griffith et al[17], 1987 
	Hydrocephalus (Post infective) 
	9.6 yr Female 
	9.9 yr
	3 
	Yes
	Yes
	No
	No
	No
	Part of distal VPS catheter cut by child, proximal VPS catheter as EVD, delayed ventriculo-atrial shunt done
	Stomac h (No)
	Yes
	Death

	Danismend et al[18], 1988
	Hydrocephalus (Congenital?) 
	8 mo Female
	18 mo
	10 
	No
	No
	No
	No 
	No
	Removal of distal VPS catheter and   Immediate ventriculo-atrial shunt done
	Stomach (Yes)
	Nil
	R

	Park et al[19], 2000
	Hydrocephalus
(Post-haemorrhagic)
	12 mo female
	5 yr 
	48 
	No
	No
	Yes
	No
	No
	Removal of part of distal VPS catheter, Proximal VPS catheter as EVD, Delayed re-VPS/VPS (R) done 
	Stomach (No) 
	Nil
	R

	Jiménez Moya et al[20], 2001 
	Hydrocephalus (Brain tumor) 
	9.11 yr female
	11.2 yr
	2 
	Yes
	Yes
	No
	No
	No
	Removal of entire VPS catheter, Delayed re-VPS insertion done
	Stomach (NA) 
	Nil
	R 

	Kothari et al[21], 2006
	Hydrocephalus (Congenital)
	1 mo male 
	18 mo
	17
	No
	No
	No
	No
	Yes
	Removal of entire VPS catheter, Delayed re-VPS insertion done
	Stomach? (No) 
	Nil
	R 

	Odebode et al[22],  2007
	Hydrocephalus (Congenital?)
	9 mo female 
	15 mo
	6 
	No
	No
	Yes
	No
	No
	Removal of entire VPS catheter, Delayed re-VPS insertion done
	Jejunum (Yes) 
	Nil
	R 

	Berhouma et al[23],  2008
	Hydrocephalus with NTD (Congenital)
	9 mo male 
	2 yr
	15
	No
	No
	No
	No
	Yes
	Removal of part of distal VPS catheter, Proximal VPS catheter as EVD 
	NA (No) 
	Yes 
	Death

	Murali et al[24], 2008
	Hydrocephalus (Congenital)
	6 mo male 
	6 yr
	66 
	No
	No
	No
	No
	No
	Removal of part of distal VPS catheter, Proximal VPS catheter as EVD, Removal of cranial catheter failed 
	Stomach (No) 
	Nil
	R 

	Sridhar et al[25], 2009
	Hydrocephalus (Post infective)
	2 mo female 
	8 mo
	6 
	No
	No
	No
	No
	No
	Removal of entire VPS catheter (re-VPS catheter insertion not required)
	Stomach? (No) 
	Nil
	R 

	Sinnadurai et al[26],  2009
	Hydrocephalus (Cyst)
	12 yr female 
	27 yr
	2 wk
	Yes 
	No 
	No
	No
	No
	Removal of part of distal VPS catheter, Proximal VPS catheter as EVD, Delayed VPS (R) done 
	Stomach (No) 
	Nil
	R 

	Low et al[27], 2010
	Hydrocephalus (Post infective)
	6 mo male 
	12 mo 
	6 
	No
	Yes
	No
	No
	No
	Removal of entire VPS catheter, Insertion of EVD, Delayed re-VPS insertion done
	Stomach (No) 
	Nil
	R 

	Dua et al[28], 2011
	Hydrocephalus with NTD (Congenital)
	20 d male 
	8 mo
	7 
	No
	No
	No
	No
	No
	Removal of part of distal VPS catheter, Proximal VPS catheter as EVD, Delayed re-VPS insertion done
	Stomach (No) 
	Nil
	R 

	Agarwal et al[29], 2011
	Hydrocephalus (Congenital)
	4 mo male 
	12 mo
	8 
	No
	No
	No
	No 
	No
	Removal of entire VPS catheter, Delayed re-VPS insertion done
	NA (No) 
	Nil
	R 

	Gupta et al[30], 2012
	Hydrocephalus (Congenital)
	6 mo male 
	4 yr
	42 
	No
	No
	No
	No
	No
	Removal of entire VPS catheter (re-VPS insertion not required)
	Stomach (No) 
	Nil
	R 

	Kundal et al[31], 2012
	Hydrocephalus (Post infective)
	6 yr male 
	7 yr
	12  
	No
	No
	No
	No
	No
	Removal of entire VPS catheter, Delayed re-VPS insertion done
	NA (No)
	Nil
	R

	Yilmaz et al[32], 2013 
	Hydrocephalus (Pseudotumor)
	37 yr female 
	47 yr
	120 
	No
	Yes
	No
	No
	No
	Removal of entire VPS catheter (re-VPS insertion not required)
	Stomach (Yes) 
	Nil
	R

	Gupta et al[33], 2014 
	Hydrocephalus (Congenital)
	12 mo male
	11 yr
	7 
	Yes 
	No
	No
	No
	No
	Removal of entire VPS catheter (Previous VPS functioning well)
	Stomach (No) 
	Nil
	R 

	Mandhan et al[34], 2015
	Hydrocephalus with NTD (Congenital) 
	Infant female 
	11 yr
	53 
	No
	Yes
	No
	No
	No
	Removal of entire VPS catheter (re-VPS insertion not done/required?) 
	Stomach (No)
	Nil
	R 

	Thiong’o et al[35], 2015
	Hydrocephalus (Congenital)
	10 d female 
	3 mo
	2
	No
	No
	No
	No
	No
	Removal of entire VPS catheter, Insertion of EVD, Delayed re-VPS insertion done
	Stomach? (No)
	Nil
	R 

	Sohal et al[36], 2015 
	Hydrocephalus (Congenital?)
	NA male 
	11 mo
	10 d
	Yes
	Yes
	No
	No
	No
	Removal of part of distal VPS catheter, Proximal VPS catheter as EVD, Delayed ventriculo-atrial shunt done
	Stomach (No) 
	Nil
	R  

	Ghritlaharey et al[37], 2015
	Hydrocephalus (Post infective/Congenital)
	12 mo female
	24 mo 
	9 
	Yes 
	No 
	No
	No
	No
	Removal of part of distal VPS catheter, Proximal VPS catheter as EVD, Delayed VPS (R) done 
	Stomach? (No)
	Yes 
	R 

	Shah et al[38], 2016
	Hydrocephalus (Congenital)
	12 mo male
	4 yr
	12 
	Yes 
	No  
	No
	No 
	No
	Removal of entire VPS catheter (re-VPS insertion not required)
	Stomach (No)
	Nil
	R 

	Sharma et al[39], 2017
	Hydrocephalus (Congenital)
	Neonate male
	8 mo
	7 
	No 
	No 
	No 
	No 
	No 
	Removal and re-positioning of distal VPS catheter into the peritoneal cavity
	Stomach (No)
	Nil
	R 

	Al Fauzi A et al[40], 2017
	Hydrocephalus (Brain tumor) 
	4 yr male
	5 yr
	12 
	No 
	No 
	No 
	No 
	No 
	Removal of entire VPS catheter (re-VPS insertion not required)
	Stomach (No)
	Nil
	R 

	Reyes et al[41], 2017
	Hydrocephalus (Post-haemorrhagic)
	2 mo male
	16 mo
	8 
	Yes
	No 
	No 
	No 
	No 
	Removal of entire VPS catheter, Immediate re-VPS insertion done 
	Stomach (No)
	Nil 
	R 

	Badri et al[42], 2018
	Hydrocephalus (Congenital)
	4 yr male
	4 yr
	1 
	No 
	No 
	No 
	No 
	No 
	Removal of distal VPS catheter, Immediate VPS (R) done
	Duodenum (Yes) 
	Nil
	R 

	Romuald et al[43], 2018
	Hydrocephalus (Congenital)
	24 mo male
	34 mo
	10
	No 
	No 
	No 
	No 
	Yes
	Removal of entire VPS catheter, Insertion of EVD, Delayed re-VPS insertion done 
	Duodenum (Yes)
	Nil
	R 

	Ezzat et al[44], 2018 
	Hydrocephalus (Congenital)
	2 mo male
	22 mo
	20 
	No
	No 
	No 
	No 
	No 
	Removal of entire VPS catheter, Cranial catheter as EVD? Delayed re-VPS insertion done 
	Stomach? (No)
	Nil
	R 

	Bemora et al[45], 2019
	Hydrocephalus (Post infective)
	7 mo female
	16 mo
	9
	No 
	No 
	No 
	No 
	NA
	Removal of entire VPS catheter, Immediate re-VPS insertion done
	Stomach (No?)
	Nil
	R 

	Feeney et al[46], 2020
	Hydrocephalus (Post trauma)
	57 yr male
	58 yr
	11 
	No  
	No 
	No 
	No 
	Yes
	Removal of distal VPS catheter, Proximal VPS catheter as EVD, Removal of proximal VPS catheter                                       (re-VPS insertion not required)
	Jejunum (No)
	Nil
	R 

	Calgaro et al[47], 2020
	Hydrocephalus (Congenital)
	2 mo male
	7 mo
	5 
	No 
	No 
	No 
	No 
	NA 
	Removal of entire VPS catheter, Immediate re-VPS insertion done 
	Stomach? (No)
	Nil
	R? 

	Najib et al[48], 2022
	Hydrocephalus with NTD (Congenital)
	Neonate male
	8 mo 
	7 
	No 
	No 
	No 
	No 
	No 
	Removal of part of distal VPS catheter and re-positioning of remaining distal catheter into the peritoneal cavity 
	Stomach (Yes)
	Nil
	R 


Site1: Site of perforation; 
CSF: Cerebrospinal fluid; EVD: External ventricular drainage; GI Surg: Gastrointestinal/abdominal surgery; NA: Not available/details not available; NTD: Neural tube defect; Pub.: Publication; R: Recovered; VPS: Ventriculoperitoneal Shunt; VPS (R): Ventriculoperitoneal Shunt revision.



Table 2 Demographics, clinical features, and outcome of the surgical procedures performed for the migration of the distal ventriculoperitoneal shunt catheter into the stomach without trans-oral extrusion (n = 14)
	Ref.
	Indication for VPS insertion
	Age VPS insertion sex 
	Age gastric migration 
	Interval (mo)
	VPS (R) 
	History GI Surg
	Shunt tract infection
	Peritonitis meningitis
	CSF infection
	Operative procedures executed 
	Site1 repaired (Yes/No)
	Complication
	Outcome

	Nishijima et al[49], 1980 
	Hydrocephalus (NPH) 
	69 yr female
	71 yr
	27
	No
	No
	No
	Meningitis
	Yes
	Distal VPS catheter found within the gastric lumen (Autopsy finding) 
	Stomach (Autopsy)
	-
	Death 

	Oi et al[50], 1987
	Hydrocephalus (posttraumatic)
	12 mo male
	3 yr
	24 
	Yes
	No
	Yes
	Meningitis
	Yes 
	Removal of part of distal VPS catheter, Proximal VPS catheter as EVD, Delayed VPS revision done 
	Stomach (Glue)
	Nil
	R

	Oshio et al[51], 1991 
	Hydrocephalus (Posttraumatic) 
	12 mo male
	3 yr
	24
	No
	No
	Yes
	Meningitis
	Yes 
	Removal of part of distal VPS catheter,                         Proximal VPS catheter as EVD?, Delayed VPS revision done 
	Stomach (Glue)
	Yes
	R

	Ho et al[52], 1992
	Hydrocephalus (NPH)
	68 yr male
	72 yr
	42 
	No
	No
	No
	Meningitis
	Yes
	Distal VPS catheter found within the gastric lumen (Autopsy finding)  
	Stomach (Autopsy)
	-
	Death

	Alonso-Vanegas et al[53], 1994
	Hydrocephalus with NTD (Congenital)
	Neonate female
	4 mo
	4
	No
	No
	No
	No
	No
	Removal of entire VPS catheter, Immediate ventriculo-atrial shunt 
	Stomach (Yes)
	Nil
	R

	Christoph et al[54], 1995 
	Hydrocephalus (Congenital)
	5 mo female
	5 mo 
	1 d 
	No
	Yes
	No
	No
	No
	Removal of distal VPS catheter from gastric lumen and converted as EVD, Delayed ventriculo-atrial shunt done
	Stomach (NA)
	Nil
	R

	Hart et al[55], 2001 
	Hydrocephalus (Congenital)
	NA female
	33 yr
	NA
	NA
	No
	No
	No

	No
	Removal of distal VPS catheter from gastric lumen and relocation of distal catheter within the peritoneal cavity 
	Stomach (NA)
	Nil
	R

	Masuoka et al[56], 2005
	Hydrocephalus (Intracranial aneurysm)
	47 yr male
	51 yr
	42
	No
	No
	No
	No
	Yes 
	Removal of entire VPS catheter (re-VPS insertion not required)
	Stomach (No)
	Nil
	R

	Cheng et al[57], 2007 
	Hydrocephalus (Posttraumatic) 
	87 yr male
	88 yr
	8
	No
	No
	No
	No
	Yes
	Removal of entire VPS catheter (re-VPS insertion not done/required) 
	Stomach (Yes)
	Nil
	R

	Cohen-Added et al[58], 2018 
	Hydrocephalus (Intracranial aneurysm)
	65 yr male
	72 yr
	7 yr?
	No
	No
	No
	No

	No
	Surgical therapy not executed for intra-gastric migration of distal VPS catheter
	Stomach (No)
	--
	R

	Sidhu et al[59], 2019 
	Hydrocephalus (Intracranial aneurysm)
	83 yr? male 
	84 yr
	12?
	No
	Yes
	No
	No

	No 
	Removal of entire VPS catheter (re-VPS insertion not required) 
	Stomach (NA)
	Nil
	R

	Yala et al[60], 2019 
	Hydrocephalus (Intracranial aneurysm)
	41 yr female
	65 yr
	36?
	Yes
	No
	No
	No
	No
	Removal of distal VPS catheter from gastric lumen and relocation of distal catheter within the peritoneal cavity
	Stomach (Yes)
	Nil
	R

	Chen et al[61], 2020 
	Hydrocephalus (Post infective)
	44 yr female
	54 yr
	NA
	Yes
	No 
	No
	No
	Yes 
	Removal of entire VPS catheter, Placement of EVD, Delayed re-VPS insertion done
	Stomach (Yes)
	Nil
	R

	Scarascia et al[62], 2022
	Hydrocephalus (IIH)
	15 yr female
	31 yr
	16 yr?
	No
	No
	No
	No
	No
	Removal of entire VPS catheter (re-VPS insertion not done)
	Stomach (Yes)
	Yes 
	R?


Site1: Site of perforation; 
CSF: Cerebrospinal fluid; EVD: External ventricular drainage; GI Surg: Gastrointestinal/abdominal surgery; IIH: Idiopathic intracranial hypertension; NA: Not available/details not available; NPH: Normal pressure hydrocephalus; NTD; Neural tube defect; Pub.: Publication; R: Recovered; VPS: Ventriculoperitoneal Shunt; VPS (R): Ventriculoperitoneal Shunt revision.
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