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Abstract
Gastrostomy tube placement is a procedure that achieves enteral access for nutrition, decompression, and medication administration. Preprocedural evaluation and selection of patients is necessary to provide optimal benefit and reduce the risk of adverse events (AEs). Appropriate indications, contraindications, ethical considerations, and comorbidities of patients referred for gastrostomy placement should be weighed and balanced. Additionally, endoscopist should consider either a transoral or transabdominal approach is appropriate, and radiologic or surgical gastrostomy tube placement is needed. However, medical history, physical examination, and imaging prior to the procedure should be considered to tailor the appropriate approach and reduce the risk of AEs. 
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Core Tip: We reviewed 179 articles and compiled suggested considerations, especially for endoscopists, in the preprocedural evaluation of gastrostomy candidates. Patients referred to for gastrostomy tube placement should be evaluated for indications, contraindications, ethical considerations, and comorbidities. Additionally, the proceduralist should consider whether radiologic or surgical tube placement may be more appropriate, and whether a transoral or transabdominal approach is appropriate. Prior to the procedure, physical examination, imaging, and other interventions should be performed to reduce adverse events.


INTRODUCTION
Percutaneous gastrostomy is a method of inserting a tube transabdominally into the stomach to provide nutrition, decompress, and/or administer medication. The first of these is the most common indication for gastrostomy tube placement and is critical to preserve nutritional status and improve prognosis for a wide spectrum of conditions and illnesses[1]. Minimally invasive methods of gastrostomy placement have been developed and include, but are not limited to, percutaneous endoscopic gastrostomy (PEG). Since this is an invasive procedure associated with a number of potential adverse events (AEs), appropriate patients and technique selection is essential. 
Over the past decade, all-cause mortality from PEG placement has decreased approximately 40% despite AE rates, time to placement, indications, and comorbidities of patients having generally remained the same[2]. This could be attributable to better patient selection and optimization of placement technique. However, there is still a considerable patient cohort that is exposed to PEG and/or other gastrostomy tube placement without adequate preprocedural planning[3].  
In this review, we discuss gastrostomy tube indications, contraindications, optimal gastrostomy technique, informed consent, physical exam tenets, and imaging considerations as well as management of anticoagulation and antibiotic prophylaxis.  We also provide practical pearls to decrease the risk of various AEs and equip the proceduralist with a comprehensive preprocedural approach, as summarized in Table 1.

GASTROSTOMY TUBE INDICATIONS
Regardless of clinical context, gastrostomy tube placement is mostly indicated to provide nutrition and bypass obstruction. In certain conditions such as gastric volvulus, gastrostomy tube can be utilized for gastropexy procedure, though these are beyond the scope of the discussion. 
It is appropriate to place the gastrostomy tube in patients with underlying conditions that require more than four weeks of artificial enteral nutrition. Such conditions include Guillain-Barre syndrome, acute stroke, intracranial trauma, anorexia nervosa, hyperemesis gravidarum, severe burns, facial trauma, esophageal disease, malnutrition especially in patients prior to transplantation, and head and neck tumors undergoing treatment[4]. Moreover, it may also be appropriate to place gastrostomy tubes permanently in certain conditions with poor prognosis to improve quality of life. Such conditions include neurological diseases like multiple sclerosis and amyotrophic lateral sclerosis, advanced head and neck tumors, oropharyngeal malformations, advanced esophageal or gastric malignancy, rheumatologic disorders associated with esophageal dysfunction such as scleroderma, cystic fibrosis, and amyloidosis[5] (Table 2).

CONTRAINDICATIONS
Relative contraindications include recent gastrointestinal (GI) bleeding, hemodynamic instability, ascites, respiratory failure, peritoneal carcinomatosis, and anatomical alterations[2]. Absolute contraindications include mechanical obstruction of the GI tract unless procedure is indicated for decompression, active peritonitis, uncorrectable coagulopathy, and bowel ischemia[5] (Table 3).

METHODS OF MINIMALLY INVASIVE GASTROSTOMY TUBE PLACEMENT
Percutaneous gastrostomy has supplanted open gastrostomy and can be performed with tube introduction transorally or transabdominally, using endoscopic (Figure 1), imaging (Figure 2), or laparoscopic guidance (Figure 3)[2].

Endoscopic placement: Brief overview of technique
With endoscopic guidance for PEG, the “pull” (Ponsky-Gauderer) technique[6,7], “push-over-wire” (Sacks-Vine) technique[8,9], and “introducer” (Russell)[10,11] technique can be used depending on training or operator preference.  The introducer method is the only true transabdominal method that can be used to avoid transoral passage of the PEG tube.  For patients with near-obstructing head and neck malignancy, the “SLiC” technique can be performed with a small-bore endoscopy if fluoroscopy cannot be used[12].
Transoral approach is usually performed in both push-over-wire and pull techniques. Upper endoscopy is performed to insufflate and transilluminate the stomach. A site for placement is chosen via endoscopic visualization combined with manual palpation of the stomach. After local anesthesia is given through the chosen site and a small cutaneous incision is performed to the fascia. A catheter over needle is passed percutaneously into the stomach. A snare is passed through the endoscope. 
Subsequently with the pull method, the needle is removed and a silk suture loop (“string”) is passed through the remaining catheter into the stomach. The snare that passed through the endoscope grasps the string. The string is pulled out via endoscope through the mouth. The wire loop of the string is then tied to the wire loop of the PEG tube. The tube is then “pulled” via string back through the mouth to the stomach, and then out the abdominal wall. The endoscope is then reinserted to confirm placement.  
With the push-over-wire technique, a guidewire instead is placed into the stomach after needle removal. Similarly, the endoscope pulls the wire through the mouth via snare. The PEG tube is placed over guidewire exiting the mouth and pushed out through the stomach and abdominal wall.  To accomplish this, a long plastic tapered dilator is fused to the tip of the PEG tube to facilitate passage[13].
Unlike the push-over-wire and pull methods, the introducer method avoids PEG tube contact with the oropharyngeal cavity[13,14]. This technique is more employed in fluoroscopic placement by radiology, though can be performed by the endoscopist as well. The initial steps are similar wherein a trocar is placed into the stomach with endoscopic visualization, and guidewire is passed into the stomach. The wire is held by endoscopic snare to secure it. Two to four T-fasteners are then deployed into the stomach via cannula around the trocar for gastropexy. The tract through which the guidewire passes is then dilated serially, and a peel-away sheath is passed over the wire[13]. There are other variations in which other gastropexy methods are used such as a double-lumen gastropexy device[11].  The PEG tube is passed through the sheath over wire and sheath removed, with balloon tip inflation to secure the tube in the stomach[13].
The SLiC technique is similar to the introducer technique but avoids the need for T-fasteners which are not widely available[12]. After a blunt 7-8 mm AutoSuture Mini Step Trocar is placed into the stomach with endoscopic visualization, the blunt needle within is withdrawn leaving the radially expandable sleeve in place. A tapered blunt dilater with cannula is inserted to expand the trocar sleeve radially. The dilator is then removed from the cannula, leaving a self-anchoring 7-8 mm working port through the cannula. A metal stylet is passed through a 20 french Malecot catheter (the PEG tube) and together they are inserted into the port. The port surrounding the PEG tube is then removed while the tube is held in place with endoscopic verification. 

Radiologic placement: Brief overview
With fluoroscopy, computed tomography (CT), or ultrasound guidance, percutaneous radiological gastrostomy (PRG) can be performed transabdominally with push type A technique (Seldinger) and push type B technique (Peel-away sheath). If desired, PRG can achieve gastropexy similar to the introducer technique with T-fasteners or other devices[15–17]. Similar to the PEG “push-over-wire” technique, hybrid per-oral image guided gastrostomy technique (PIG) has also been used for transoral placement[18,19]. Alternatively, percutaneous transesophageal gastrotubing (PTEG) with image guidance can be used to place esophagostomy when gastrostomy is contraindicated such as massive refractory ascites, hostile abdomen, or massive peritoneal carcinomatosis[20–25].

Laparoscopic placement: Brief overview
Gastrostomy tube placement can be performed with laparoscopic guidance. Percutaneous laparoscopic assisted gastrostomy (PLAG) requires two midline trocars to perform gastropexy with sutures and place the tube[20,26–29]. A novel hybrid laparoscopic-assisted PEG (LAPEG) is a combination of endoscopy with laparoscopic visualization[30–34], as shown in Figure 3.  

Comparison of endoscopic gastrostomy methods
Although the use of each technique depends on institution and clinical scenario, transoral PEG placement is often first-line, though variation exists across institutions. The pull technique may have lower rates of AEs in non-oropharyngeal cancer patients, especially for palliative decompression[35]. Additionally, a larger and more robust tube can be placed with transoral technique. The smaller diameter of available introducer trocars limits transabdominal technique. This may lead to higher rate of tube blockage and occlusions[36,37]. Transoral technique also allows placement of mushroom type catheters without need for gastropexy. Lastly, transoral technique can present a lower minor bleeding rate (0.6% vs 6.6%) likely due to the additional needle punctures needed for gastropexy and use of a larger trocar[38]. 
Though technically more complicated for the endoscopist, the introducer technique could provide a stronger gastropexy with T-fasteners and avoid tube dislodgement[39], especially in patients with neurologic impairment[40,41]. Furthermore, this method is associated with a lower rate of mild peristomal wound infection[42]. The introducer method is more effective than the transoral method in patients with oropharynx or esophageal stricture from radiation, inflammation, or malignancy. Recent studies showed that the introducer technique is widely used in patients with advanced head and neck malignancy due to lower rates of AEs and PEG site metastases related to possible contact with malignant cells with the pull technique[43–47]. However, some institutions continue to use the transoral technique given the low incidence of abdominal wall metastases and the need for large randomized controlled trials comparing the procedural vs metastatic risk[48]. 
Overall, the pull technique has a higher rate of infection but a lower rate of bleeding compared to  the introducer technique[38]. Therefore, the type of technique for gastrostomy tube placement should be chosen based on patient characteristics and operator’s skill. The introducer technique should be considered in patients with head and neck malignancy. However, further studies are warranted. 
The Russell introducer technique is inferior to the SLiC technique described in the prior section, and may also be technically harder for the endoscopist. First, the size of the PEG tube is limited by the extent of dilation that can be achieved and using larger dilators without T-fasteners increases the likelihood of the stomach being pushed away from the abdominal wall. Second, T-fasteners may not be readily available at all institutions. The Mini Step Trocar used in the SLiC technique dilates axially in one step without the need of T-fasteners[12]. Third, the balloon catheter used in the introducer technique has a greater chance of rupture and dislodgement than mushroom catheters including the Malecot catheter used in the SLiC technique[49]. Thus, in selected patients in whom the conventional push-over-wire or pull techniques cannot be performed, the SLiC technique should be considered over the introducer technique where larger PEG tube are preferred and T-fasteners are not available. Other modified introducer methods involving direct placement of bumper-button-type catheters have been described[50,51] and can also be considered over the Russell technique if preferred. 

Comparison of endoscopic, radiologic, and laparoscopic gastrostomy tube placement methods
There is a large confusion of nomenclature in the surgical, radiological, and gastroenterological literatures. For endoscopic placement, the pull and push-over-wire methods are performed transorally. There are no differences in the success and AE rate between both methods. Thus, either method can be used depending on operator’s experience, though the pull method is more widely employed[13,52,53]. Several studies comparing the “pull” vs “push” method are referring to a comparison between the transoral and transabdominal introducer methods or other “push” trocar methods. Multidisciplinary guidelines describe transoral gastrostomy as the pull PEG technique and transabdominal gastrostomy as type A or B push PRG techniques[2].  
If the less common PIG technique is readily available, the choice of transoral PEG vs PIG technique depends on institutional preference and operator capability due to similar AE rates[18,19]. PRG vs transoral PEG placement parallels the choice of transoral vs transabdominal PEG technique in the previous section. Only a large meta-analysis study reported a higher success rate but lower morbidity rate in PRG technique[54], but other previous studies showed lower rates of AEs, mortality, and readmission in PEG technique especially in those with head and neck malignancy[20,55,56]. In contrast, several studies demonstrated a similar AE rate between PRG and PEG technique[42,57–61]. However, the AE profile of each study may be different. Despite lower rates of bleeding and pain, PEG pull technique could cause more superficial wound infection and buried bumpers than PRG technique[60]. PRG may be considered if transabdominal PEG cannot be performed due to lack of endoscopic training or resources.
Endoscopic feeding tube placement has the advantage of placement at bedside as opposed to the radiology suite for PIG/PRG or operating room for PLAG[13]. This may be particularly useful in critically-ill patients. Transabdominal PEG should be favored over transoral PEG in patients with obstruction or stricture due to oropharyngeal mass and those with head and neck malignancy who are at risk of tumor seeding from the PEG site.  However, if the endoscopist lacks experience or resources are unavailable, the gastrostomy tube placement by interventional radiology is more appropriate. 
PLAG is a safe and preferred method of placement if PEG or PRG cannot be performed due to unsuccessful endoscopic trans-illumination and finger palpation, inadequate imaging window, or inability to insufflate the stomach[28,62]. It does not preclude PEG placement, as it can be used when PEG is contraindicated to ensure that there is no obstruction or blood vessels at the site of tube placement. Such conditions include morbid obesity, need for lysis of adhesions, organ interposition, gastric varices, large hiatal hernia, ileus, intraabdominal mass, gravid uterus, ascites, use of peritoneal dialysis, or altered anatomy due to gastric bypass[30,63]. Though PEG technique has been utilized in altered Roux-en-Y anatomy with double balloon enteroscopy, it requires fluoroscopy and is not widely used[20]. In pediatric patients, PLAG is more preferred in to avoid serious AEs such as intestinal fistula formation[64–66]. Laparoscopic placement should also be considered when jejunostomy is needed for more durable long-term enteral access compared to jejunal extension tubing[67]. 
LAPEG is a hybrid approach for gastrostomy tube placement as it allows direct visualization of all cavities. If available, it can be considered over PLAG due to the advantage of luminal visualization. It also allows transoral tube placement, conferring the advantages described in prior sections over transabdominal method. However, this technique requires physicians with advanced expertise in laparoscopy with PLAG, increased peritoneal insufflation, and placement of multiple ports[30–34].  

APPROPRIATE INFORMED CONSENT AND MANAGING EXPECTATIONS
Gastrostomy tube placement should involve the informed and educated consent of the patient in order to respect patient autonomy over perceived beneficence. Informed consent for gastrostomy tube placement is often inadequate[42,68,69].  Legal precedence over the past thirty years has determined that artificial nutrition should not be thought of as different from any other medical therapy, and that there is no obligation to provide it if it is unwanted[2,70]. If the patient cannot provide consent, the consent of the health care proxy from an advanced directive should be obtained. The living will should be followed if the patient is considered terminally ill[2,70]. 
Appropriate expectations must be set about what benefit the gastrostomy tube can provide for the patient. Clinical indications can start the decision-making process but are rarely adequate alone[20]. Social support should also be evaluated, as it plays a significant role at reducing gastrostomy tube dependence[71]. In conditions such as anorexia from advanced malignancy, it has been suggested that gastrostomy tube not even be offered due to an inability to utilize nutrients from feeding[72]. In conditions such as a permanent vegetative state, gastrostomy tube can be offered but should be recommended against due to inability of the patient to experience any quality of life. In contrast, if the patient has uncomplicated dysphagia with preserved quality of life otherwise, gastrostomy tube should be offered and recommended due to unequivocal nutritional benefit[73]. Furthermore, in malignant gastrointestinal obstruction, gastrostomy tube venting provides clear symptomatic benefit.
Decision-making is most difficult in equivocal indications such as recurrent strokes, and can lead to decision regret among surrogate decisionmakers[74]. Gastrostomy tubes that are frequently placed into elderly or neurological impaired patients have a significant financial burden on the healthcare system associated with dislodgement[75]. Gastrostomy insertion in such patients provides a greater health-related quality of life improvement for caregivers than patients[20,76], purportedly due to greater ease of medication administration and greater sense of accomplishment by the caregiver[70].  The intervention can provide physiologic benefit in prolonged life but may not actually improve quality of life. Given that data on long term functional outcomes are often lacking, decision-makers focus on short-term procedural safety and potential for improved nutrition[77]. A limited feeding trial can be discussed, but strict criteria on what constitutes a successful response to feeding should be defined in discussion with the patient or health care proxy[20]. 

PRE-PROCEDURAL PHYSICAL EXAM AND IMAGING CONSIDERATIONS
Physical examination may help identify certain contraindications to gastrostomy tube placement and prevent occurrence of AEs. The oropharynx and head should be inspected for features that preclude endoscopic approach such as facial fractures or complete obstruction. An anesthesia or sedation team should additionally look for features that may impact sedation such as stridor, large neck circumference, or presence of obstructive sleep apnea to reduce procedure-related cardiopulmonary AEs[78]. 
The abdomen should be examined for ascites and obesity, which can increase the risk of tube dislodgement, failed transillumination, or failed gastropexy. To avoid puncture of liver, the caudal and lower edge of the liver should be identified with percussion before gastrostomy placement[78]. Any devices such as VP shunts should be noted as well so that the endoscopist can be aware of any infection risk. The patient’s mental status should be examined to determine ability to consent.
Abdominal imaging with CT or radiography can be obtained prior to the procedure if abnormal anatomy is suspected or known due to prior surgery. Certain patients requiring gastrostomy tubes may have structural deformities of the spine, previous abdominal surgery, or chronic constipation, which predispose transposition of the transverse colon in front of the anterior gastric wall. Preprocedural abdominal radiographs can be obtained and subsequent enema administration can be performed to decompress the colon if interposed on imaging[79,80]. Furthermore, use of abdominal x-ray after insufflation of 500 cc of air may help identify an optimal gastric puncture point[81]. Concordance between pre-procedural CT scan and abdominal radiography was reported to be approximately 73%[82]. CT scan increased the success rate of gastrostomy tube placement from 77% to 98% due to high sensitivity of adequate window identification[82].

ANTIBIOTIC PROPHYLAXIS
Patients undergoing PEG tube placement are more prone to infection due to poor nutrition, advanced age, immunocompromise, age, and comorbidities (diabetes, obesity, malnutrition). Infection may occur more frequently with transoral technique due to exposure to oral flora and is one of the most common AEs of external bolster traction[48,71–80]. Major peristomal infection is rare, seen in less than 1.6% of cases. The incidence of minor infection ranges from 5.4%-30% [20,83,84]. 
Pre-procedural antibiotic prophylaxis is recommended to reduce infectious AEs. Pooled analysis of thirteen randomized control trials evaluating use of prophylactic antibiotics during PEG tube placement showed a significant reduction in incidence of peristomal infection[85]. The introducer technique can be used to avoid oral flora contamination with the pull method  to confer lower infection risk[64,86] especially in head and neck cancer patients with overgrowth of oral flora related to tumor[44]. However, there are some reports of increased intraperitoneal abscess and leakage with the introducer method[87]. Prophylactic antibiotics may still be needed regardless of technique[88]. 
The choice of antibiotic does not necessarily seem to matter if appropriate cutaneous flora is covered. According to the ASGE guideline, antibiotic prophylaxis with IV cefazolin 1 g or equivalent antibiotic thirty minutes before gastrostomy tube placement is recommended to cover cutaneous organisms if patient has not already received appropriate antibiotics[89]. One clinical trial found that administering a single dose of oral Bactrim through PEG tube after insertion is not inferior to a single dose of intravenous 1.5 g cefuroxime before insertion[90]. Another study showed that three doses of IV cefuroxime prior to the procedure with post-procedural betadine spray modestly decreased the rate of stomal infection during the first week[20]. In contrast, a clinical trial found no significant differences between 2 g of cefotaxime and 0.5-4 g of piperacillin-tazobactam prior to the procedure as normal skin flora was mostly considered as a cause of topical wound infection[84]. 

MANAGEMENT OF ANTIPLATELET AND ANTICOAGULANT AGENTS AND COAGULOPATHY
Gastrostomy placement is a high-risk procedure according to consensus GI society guidelines and moderate risk procedure according to SIR guidelines in patients receiving anticoagulant or antiplatelet therapy[20,83,91–94]. The risk of bleeding should be weighed against thromboembolic event risk after stopping medication. Additionally, resumption of medication is dependent on achieving proper hemostasis[2]. 
Patients on antiplatelet agents do not necessarily need to have low-dose aspirin withheld. Thienopyridines such as clopidogrel, prasugrel, ticagrelor, and ticlopidine should be withheld 5-7 d before gastrostomy placement. They can be resumed one day after the procedure with the exception of the non-loading dose of clopidogrel, which can be resumed as early as six hours after. Aspirin should additionally be started in the interim if the patient is not already taking it when temporarily discontinuing these antiplatelet agents. There have been certain studies that have had findings in opposition to these consensus statements. Even with use of uninterrupted antithrombotic therapy with clopidogrel and aspirin, risk of significant bleeding was found to be minimal or nonsignificant as compared to holding therapy[95–97]. A risk/benefit discussion should be held with patients who have a higher risk of thromboembolism such as those with coronary artery disease and drug eluting stent placement within the past twelve months or bare stent placement within the past month. A loading dose of thienopyridine can be considered on recontinuation in these patients as well[2,20,83,91–94]. 
For patients on anticoagulation, patients with higher risk of thromboembolism are those with thrombophilia conditions, deep venous thrombosis within past three months, atrial fibrillation with mitral valve stenosis or prosthetic valve, and metal mitral valve. Warfarin should be discontinued five days before gastrostomy placement. In high risk patients, low molecular weight heparin (LMWH) can be substituted to bridge the patient, with a dose withheld on the morning of the procedure. In low risk patients, INR should be checked to ensure it is less than 1.8 pre-procedure. Warfarin can then be resumed the evening of the procedure. DOACs such as apixaban should be discontinued in high risk patients for the appropriate drug-specific interval[20] and be resumed one to three days after. For heparin products prior to procedure, unfractionated heparin should be withheld six hours before, prophylactic LMWH should be held one dose before, and therapeutic LMWH should be held two doses before[2,20,83,91–94]. Use of uninterrupted heparin products were shown to be independent predictors of bleeding[96,97]. 
Prior to procedure, platelets, INR, aPTT should the checked. INR should be corrected to a range of 1.5-1.8 and platelets should be corrected to at least 50 x 109/L. There is no consensus on correcting aPTT, though there is a trend towards correcting for values 1.5 x above normal limits. In chronic liver disease patients, fibrinogen levels should be checked as well. INR should be corrected to below 2.5, platelets should be corrected to above 30x10^9/L, and fibrinogen should be corrected to above 100 mg/dL[92,93]. 

AES AND APPROACH TO PREVENTION AND MANAGEMENT
Gastrostomy tubes are associated with various potential AEs.  There are various measures which can be taken to mitigate these, as discussed hereinafter.

Aspiration
Aspiration related to the gastrostomy tube procedure occurs in about 0.3%-1% of cases, and was associated with supine position, deeper sedation, advanced age, and neurologic impairment[20,46,98]. The endoscopist should avoid excessive sedation, have prior evaluation by a sedation team, aspirate all gastric contents before gastrostomy tube placement, suction all insufflated air after gastrostomy tube is placed, and minimize procedural time[78]. 

Bleeding
Acute bleeding is a rare AE, which occurs roughly 1%. Of these, less than 0.5% requires blood transfusion and laparotomy due to bleeding[87,99–101]. The endoscopist should consider blood transfusion and temporarily holding anticoagulation per guidelines mentioned in prior section. Additionally, if the patient is particularly prone to bleeding, the pull technique should be considered over the introducer technique[38]. Cutaneous puncture should be performed lateral to the rectus muscle. Puncture of anterior gastric wall should be performed at the mid to distal body of the stomach and equidistant from the lesser and greater curvatures to avoid arterial injury[102,103]. Underlying lesions that can cause bleeding (i.e. ulcer, erosion, or angioma) should also be assessed. 

Perforation and pneumoperitoneum
Inadvertent perforation of the intestines is a rare but potentially fatal AE. The endoscopist can minimize this, among other means, by performing a safe track maneuver to ensure no intervening loops of the bowel[2]. With high intragastric insufflation pressure during endoscopy, air may escape during gastrostomy tube insertion or needle puncture leading to pneumoperitoneum. Transient subclinical pneumoperitoneum is a common benign finding that is usually asymptomatic, but a minority of patients can have signs and symptoms of peritonitis. Carbon dioxide rather than ambient air may be used for insufflation to significantly reduce the severity of pneumoperitoneum[78,104]. Internal bolster placement below the upper body of the stomach can be used to prevent pneumoperitoneum[102].

Peristomal infection
Infection of the peristomal site can be prevented with appropriate pre-procedural antibiotic prophylaxis as described prior.  Patients who have comorbid diabetes, obesity, poor nutritional status, or long-term corticosteroid administration have not only a higher incidence of mortality[105] but also infection risk[106]. Additionally, patients with diabetes, chronic kidney disease, pulmonary tuberculosis, or alcoholism could be at risk for the rare development of necrotizing fasciitis around the ostomy site[107–109]. Particular attention should be paid to patients with such comorbid conditions to prevent infection. Standard infection control measures such as aseptic surgical field preparation and preprocedural hand disinfection[78]. As expanded upon in the next sections, introducer technique has been associated with reports of intraperitoneal abscess[87]. The transoral approach has risks as well since it can drag oropharyngeal flora along with the tube, leading to increased peristomal infection rate[42]. If transoral technique is used in high risk chronically hospitalized patients, nasopharyngeal decolonization of MRSA and mouthwash with oral chlorhexidine solution can be considered to reduce peristomal infection[20,78].

Fungal tube degradation
Degradation of PEG tube by fungal colonization has been shown to cause PEG tube failure up to 37% of the time by 250 d and 70% of the time up to 450 d[110]. Fungal growth leads to brittleness, cracking, and obstruction of tube. Though there is no definitive management, the endoscopist should consider polyurethane tubing over silicone tubing to increase resistance to degradation[111,112]. 

Buried bumper syndrome
Buried bumper syndrome is a partial or complete growth of gastric mucosa over the internal bumper in the stomach. This could lead to migration of the bumper through the gastric wall and gastrostomy tract, which can cause abscess formation, leakage around the gastrostomy site, immobile gastrostomy tube, abdominal pain, and possible resistance to formula infusion. Risk factors include poor wound healing, malnutrition, significant weight gain due to successful nutrition, placement of internal bumper in the upper gastric body, and excess tension between the internal and external bumpers[2,102]. 
To reduce the risk of buried bumper, the endoscopist should place the outer bumper tight enough to ensure proper gastropexy but loose enough to allow room for post-procedural tissue swelling. The external bumper should be subjected to a very low traction without tension. The next day, the outer bumper should be loosened and rotated to allow back and forth movement at least 1 cm with minimum resistance. The tube should also be covered to prevent inadvertent tugging. The tube needs to be rotated daily and moved inward from 2 to 10 cm once the gastrostomy tract is healed around 7-10 d.  Subsequent restricted movement, pain or leakage around the site should be evaluated for buried bumper as early endoscopic intervention can preserve the feeding tube[78,113,114].  The most common signs of buried bumper syndrome is an inability to move the PEG tube inward[78]. 

Ulceration
Ulceration or erosion from PEG tube can be found up to 1.2% of all cases. This is usually caused by friction of the gastric wall opposite to or underneath the internal bumper[20,87,100,115]. Similar to preventing buried bumper syndrome, the endoscopist should avoid excess tension between the internal and external bumpers, rotate the tube daily, and move the tube inward after the gastrostomy tract is healed[78]. The mucosa under the internal bumper should be visualized after placement, and excess lateral traction on the tube should be avoided[2].

Colonic injury and fistulae
Excessive gastric and small bowel insufflation can lead to bowel transposition and gastric rotation[80]. If the colon is accidentally punctured or cannulated, fistulous tracts can later form between stomach, colon, and skin. Many patients are asymptomatic but can develop severe diarrhea after feeding, fecal discharge around the tube, and even peritonitis and sepsis[78]. If the gastrostomy tube is replaced into a gastrocolocutaneous fistula, the tube could miss the gastrostomy and enter the colon creating a new colocutaneous fistula. The proceduralist can mitigate such AEs with safe track technique to avoid initial puncture of colon. Reverse Trendelenburg positioning, proper transillumination, and finger imprinting may help. If misplaced gastrostomy tube is suspected, radiographic imaging (CT) should be performed with subsequent removal of the misplaced tube[2,116]. 

Liver injury
Similar to colonic interposition, the lateral segment of the liver can interpose between the abdominal wall and stomach, leading to possible injury during gastrostomy placement. Injuries may be associated with bleeding but could be asymptomatic. As mentioned previously, caudal edge of the liver should be identified with physical exam before puncture[78]. 

Gastric outlet obstruction
Gastric outlet obstruction is usually seen in pediatric patients due to migration of the internal bumper and obstruction of the pyloric channel. It can occur in adults if catheter with internal balloon is used, and the balloon migrates into the pylorus or proximal small bowel. This can be prevented by reducing the length of tube inserted into the gastric lumen, though caution must be taken to avoid excess tension at the gastrostomy tube site[80]. 

Tube dislodgement and removal
Maturation of the gastrostomy tract usually occurs within the first seven to ten days after placement but can take weeks longer if there is concurrent malnutrition, ascites, or steroid treatment. If gastrostomy tube is removed during this period, it should be replaced endoscopically or radiographically as an immature tract can result in free perforation. Altered mental status including delirium and dementia increase the risk for accidental tube removal. Additionally, internal bolster placement in the upper body of the stomach increases risk of dislodgement[102]. Measures should be taken to reduce such events, such as using abdominal binders or elastic bandage to restrict access, gastropexy devices at time of tube placement, proper gastrostomy site choice, and use of low-profile gastrostomy button with detachable extension tubing. The latter is already used in the pediatric population to reduce risk of dislodgement[78,117].

Tube occlusion
Tube occlusion when feeding can be caused by obstruction of the internal lumen or mechanical tube failure. Smaller bore feeding tubes (less than 10-12 French) are more prone to occlusion with repeated gastric residual aspiration[118]. The endoscopist should consider placing larger bore tubes if possible[119].

Gastrostomy tract tumor seeding
Transoral approach of PEG tube placement may increase risk of tumor seeding in patients with head and neck malignancy due to contact with malignant cells during tube insertion[43–47]. Thus, transabdominal methods such as the introducer, SLiC, PRG, and LAPEG techniques should be highly considered in these patients.  

CONCLUSION
PEG has gained increasing acceptance as a safe and effective technique to provide enteral nutrition for a wide variety of indications. However, the preprocedural evaluation and selection of patients remains paramount to provide optimal benefit while reducing risk of AEs. The endoscopist should examine indications, contraindications, ethical considerations, and comorbidities of patients referred for gastrostomy placement. Additionally, the endoscopist should consider whether radiologic or surgical tube placement may be more appropriate, and whether a transoral or transabdominal technique is best. If gastrostomy placement appears indicated, physical exam, imaging, and other interventions should be performed to reduce procedure-related AEs. 
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Figure Legends
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Figure 1 Endoscopic gastrostomy tube placement.
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Figure 2 Radiologic gastrostomy tube placement.
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Figure 3 Laparoscopic-assisted endoscopic gastrostomy tube placement.


Table 1 Periprocedural pearls for gastrostomy tube placement
	Recognize indications, relative contraindications, and absolute contraindications for gastrostomy tube placement

	Ensure appropriate informed consent and discussion of the benefits of gastrostomy tubes

	Ensure correct selection of gastrostomy technique: 

	Transoral techniques should be first line except in select indications where transabdominal techniques maybe more appropriate

	Placement by radiology is appropriate when the endoscopist is not trained in the transoral or transabdominal technique necessary or lacks availability of materials

	Laparoscopic tube placement should be utilized when endoscopic or radiographic gastrostomy fails or is contraindicated

	Perform certain periprocedural interventions to reduce adverse events:

	Physical exam for oropharyngeal and abdominal wall abnormalities, ascites, and obesity

	Hold anticoagulation and antiplatelet therapy appropriately and correct coagulopathy to avoid bleeding

	Administer antibiotic prophylaxis targeting skin flora thirty minutes prior to procedure to prevent infection

	Drain ascites beforehand and avoid gastrostomy tube placement if fluid reaccumulation is expected to occur within 7-10 d

	Obtain cross-sectional imaging (e.g., computed tomography) if colonic interposition and other suspected anatomical abnormalities are suspected

	Use reverse Trendelenburg patient positioning, proper transillumination and palpation of anterior gastric wall, and use of safe track maneuver during initial needle puncture to prevent inadvertent liver or colonic puncture

	Minimize external bumper traction and ensure tube is rotatable to prevent buried bumper syndrome and ulceration

	Consider abdominal binders to restrict access, gastropexy devices, and low-profile gastrostomy button with detachable tubing to prevent patient tube dislodgement





Table 2 Select Indications for gastrostomy placement
	Palliative venting for malignant obstruction and peritoneal carcinomatosis[20,46,120–124]
	Can reduce symptoms of nausea and vomiting without a cumbersome NG tube

	Head and neck malignancy[20,125–130]
	Reactive rather than prophylactic gastrostomy can reduce treatment related critical weight loss 

	Esophageal malignancy[131–136]
	Achieves adequate nutritional status better than self-expandable metal stent insertion

	Ventilator-dependent respiratory failure including COVID-19[137–144]

	Early enteral nutrition can decrease complication rates and length of stay due to a catabolic state in prolonged ventilation

	Stroke with dysphagia[145–147]
	Can be placed after 28 d if prolonged enteral nutrition is needed

	Non-stroke neurologic disease[148–155]
	Supported in amyotrophic lateral sclerosis. No guideline specific recommendations in Parkinson’s disease, multiple sclerosis complicated by dysphagia, cerebral palsy, or trauma patients with severe cerebral injury but has been effective

	Pregnancy complicated by severe hyperemesis gravidarum[156–159]
	Successfully performed in up to a 29 wk gestation with favorable maternal and fetal outcomes 

	Gastric bypass
	Can be performed in concurrence with surgery to avoid reoperation in patients who are at higher risk for an anastomotic leak or gastro-enteric obstruction[20,160,161]





Table 3 Select relative contraindications to gastrostomy placement
	
	Comments

	Certain alterations in abdominal anatomy and motility[2,5]
	Open abdomen, ostomy sites, drain tubes, and surgical scars can alter or preclude location for gastrostomy tube placement

	Altered oropharyngeal anatomy[2]
	Vocal cord paralysis, active radiation, head/neck tumors, facial and skull fractures, and high cervical fractures can obstruct the gastrostomy tube and create an airway emergency

	Massive refractory ascites[2,162,163]
	Increased risk for bacterial peritonitis, impairment of stoma tract maturation, and tube dislodgement if ascites rapidly reaccumulates over 7-10 d despite paracentesis or PleurX catheter placement; gastropexy devices can increase success

	Upper GI bleeding from ulcer or varices[2]
	Bleeding peptic ulcers and esophageal varices can have high rates of recurrent bleeding; bleeding from stress gastropathy, gastritis, or angiodysplasia are less likely to recur, and do not need a delay in enteral access

	Obesity[2]
	Shifting of panniculus increases the risk of tube dislodgement from the stomach into the peritoneal space

	Early feeding in stroke with dysphagia[20,29,164–166]
	Enteral tubes prior to 28 d rather than temporary NG tubes had greater development of pressure ulcers, sepsis, pneumonia, and GI bleeding over 2 yr

	Nutrition in terminal metastatic malignancy[2,167,168]
	Administration of nutrition beyond specific patient request plays a minimal role in comfort and does not improve complication rate, survival, or functionality in terminal malignancy

	VP shunts[20,46,169,170]
	May increase risk of ascending meningitis

	Irreversible dementias[171–179]
	Does not improve mortality or rehospitalization rate
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