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INTRODUCTION
Tube feeding has been practiced for more than 400 years (1). In addition
to feeding, gastrointestinal (GI) access can be used for decompression in
cases of enteral obstruction.

Temporary access can be achieved with a nasogastric (NG), oral
gastric (OG), nasojejunal (NJ), or oral jejunal (OJ) feeding tube. These
tubes can be placed “blindly” at the bedside, with the use of image
guidance (eg, fluoroscopy, ultrasound), or with the use of endoscopic
guidance. Unfortunately, natural orifice tubes often fail because of
clogging as a result of their relatively small diameter or inadvertent
dislodgement (2). More permanent enteral access can be obtained
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urgically (open or laparoscopic) or percutaneously with endoscopic or
mage guidance, resulting in a gastrostomy, a jejunostomy, or a com-
ination gastrojejunostomy. Although the indications for these enteral
ccess devices are often similar, there are specific situations in which
particular enteral access tube may be more appropriate. More re-

ently, the placement of a tube into the cecum (ie, cecostomy) has been
escribed for GI decompression and as a treatment of fecal inconti-
ence and constipation (3).

This document was written to be used as a practical guideline for
he health care providers involved in creating and maintaining percu-
aneous gastroenteric access in adult patents, and covers the following
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topics: (i) patient selection, (ii) preprocedure evaluation, (iii) technical
aspects of the procedures, and (iv) maintenance of the access. Quality
assurance outcome measures for these processes, such as indications,
success rates, and complication rates, are reported in this document.

DEFINITIONS

Gastroenteric access is the establishment of an artificial access into the GI
tract to provide feeding and decompression. This communication to the GI
tract can be percutaneous or through natural orifices.

An NG/NJ tube is a flexible synthetic tube that is inserted into the
tomach/jejunum through the nostril to provide feeding and/or decompres-
ion.

Orogastric/Orojejunal tube is a flexible synthetic tube that is inserted
nto the stomach/jejunum through the mouth to provide feeding and/or
ecompression.

Percutaneous gastrostomy is an artificial access into the stomach that
s created through a small incision in the abdominal wall to provide food.

Transabdominal access is created when the gastrostomy tube is
nserted through the abdominal wall into the stomach.

Transoral access is created when the gastrostomy tube is inserted
hrough the mouth and then pulled or pushed through the stomach and
bdominal wall.

A gastropexy is created by insertion of a gastropexy device (eg,
-fastener, suture) through the abdominal and stomach walls to secure the
tomach while placing an enteric tube.

A venting gastrostomy is a gastrostomy created to decompress the
upper GI tract for symptomatic relief in patients with distal obstruction or
severe dysmotility.

Percutaneous jejunostomy is the creation of an artificial access into
the small intestine through a small incision in the abdomen to provide
feeding and/or decompression. Similar to gastrostomy, jejunostomy tubes
can be inserted transorally or transabdominally.

Primary jejunostomy is the creation of a jejunostomy de novo.
Secondary jejunostomy is the percutaneous reestablishment of a

previously created jejunostomy via a prior access site.
Similar to gastrostomy, jejunostomy tubes can be inserted transorally

or transabdominally.
Gastrojejunostomy is the creation of access to the jejunum through

the stomach.
Cecostomy is the creation of an opening in the cecum to facilitate an

antegrade enema or to provide cecal decompression.
Blind placement is the placement of feeding tubes through the natural

orifices without visualization of the access route.
Endoscopic guidance is the use of endoscopic equipment to visualize

the intestinal tract to assist in the creation of enteric access.
Image guidance is the use of image guidance equipment, such as

fluoroscopy, US, or computed tomography (CT), to visualize the intestinal
tract to assist in creation of the enteric access.

INDICATIONS

Oral or Nasal Enteric Tubes
NG, OG, NJ, or OJ tubes are generally recommended for short-term use
(ie, from a few days to 6 weeks). This can be for gastric or small bowel
feeding or gastric decompression.

In general, patients who have facial trauma, nasal injury, or abnormal
nasal anatomy that precludes nasal access are candidates for oroenteric
tubes (4). There have been published data that indicate that patients with
nasal airway intubation have more episodes of sinusitis than patients with
oral airway intubation (5). From this study and other similar studies, the
belief that there is a decreased incidence of sinusitis with an oroenteric
feeding tube versus a nasoenteric feeding tube has been extrapolated. A
prospective epidemiologic study (6) performed in patients in an intensive
care unit noted that feeding through a nasoenteric tube, in addition to other
factors, was associated with an increased risk of nosocomial sinusitis (odds
ratio, 14.1) In patients with preexisting sinusitis, an oroenteric tube is

preferred. c
astric Feeding
he gastric route is the most common artificial nutrition route used for

eeding (7). Candidates for gastrostomy generally must have normal or
ear-normal gastric and small bowel motility. Their gastric anatomy has to
e adequate to receive a gastric access tube. If a bolus feeding regimen is
equired for a patient, gastric feeding is most commonly prescribed,
lthough there are no published, prospective, randomized trials demon-
trating a superiority of bolus versus continuous gastric feeding (8).

mall Bowel Feeding
atients who are unable to tolerate gastric feedings, cannot receive a
astric enteral access tube as a result of altered anatomy, have gastric
utlet or duodenal obstruction, have a gastric or duodenal fistula, or have
evere gastroesophageal reflux disease should receive a jejunal feeding
ube.

There has also been a great deal of discussion and clinical investi-
ation regarding the use of small bowel feeding for the prevention of
spiration pneumonia. A metaanalysis by Heyland et al (9,10) reported a
eduction in ventilator-associated pneumonia with small bowel feeding
ompared with gastric feeding. A separate metaanalysis by Marik et al (11)
oted an odds ratio of 1.44 (95% CI, 0.84–2.46; P � .19) for the risk of
astric feeding and the development of aspiration pneumonia compared
ith small bowel feeding. One prospective randomized trial (12) com-
ared duodenal and gastric feeding showed that the nasoduodenal feeding
roup had a higher average daily calorie and protein intake compared with
he nasogastric feeding group and achieved nutritional goals earlier. In
erms of clinical outcomes, patients in the nasoduodenal feeding group had
lower rate of vomiting and ventilator-associated pneumonia (12).

The use of small bowel enteral feeding during episodes of pancre-
titis has been a relative recent change in clinical practice. Multiple
rospective, randomized trials have demonstrated improved outcomes,
ncluding decrease length of hospital stay, decreased infectious complica-
ions, and reduced overall health care cost with the use of jejunal feedings
ompared with parenteral nutrition (13,14). More recently, the use of
astric feedings in patients with acute pancreatitis has been evaluated,
lthough a definitive conclusion regarding its appropriateness has not been
etermined (15).

I Decompression
or patients with GI obstruction or a GI fistula, decompression can be used

o remove GI secretions and oral intake. A gastric decompression tube can
e placed through the nose or mouth or percutaneously. Gastric decom-
ression using a gastrostomy tube has been used with good clinical success
16). Some gastrojejunostomy tube systems have two ports (open-
ngs)— one into the stomach and one into the small intestine—and can
e used for concurrent jejunal feeding and gastric decompression.
here are some reports regarding the placement of small bowel feeding

ubes for decompression of a small bowel obstruction. Direct small
owel decompression in these cases has resulted in improved clinical
esults compared with gastric decompression tubes (17).

ntestinal Access for Biliary Procedures
etrograde intestinal access can be the preferred access to the biliary

ystem, especially in patients with previous surgically altered anatomy,
uch as Roux-en-Y anastomosis (18–20). The advantage of this approach
s the ability to get access to the entire biliary tree from one access site.
his route was found especially useful in patients who required repeat

nterventions in cases of large stone burden and biliary strictures (21).

ecostomy Tubes
ecompressive or lavage cecostomy tubes can be placed surgically or
ercutaneously with endoscopic or image guidance (22,23). Percutaneous
ecostomy is indicated in patients with neurologic disease that results in
ecal incontinence (eg, spina bifida, meningomyelocele, spinal cord injury,
erebral palsy) to facilitate cleansing enemas (24). Percutaneous cecos-
omy may also be indicated for chronic refractory constipation, chronic

olonic pseudoobstruction, and colonic obstruction (25).
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CONTRAINDICATIONS TO ENTERAL ACCESS

Absolute Contraindications
Absolute contraindications to tube placement include mechanical obstruc-
tion of the GI tract (unless the procedure is indicated for decompression),
active peritonitis, uncorrectable coagulopathy, or bowel ischemia.

Relative Contraindications
A number of other conditions represent relative contraindications to en-
teral access, such as recent GI bleeding, hemodynamic instability, ascites,
respiratory compromise, and certain anatomic alterations. Recent GI
bleeding from peptic ulcer disease with a visible vessel or from esophageal
varices is associated with a high rate of recurrent bleeding, and therefore
the decision to achieve access and initiate enteral nutrition should be
delayed for 72 hours. Patients bleeding from angiodysplasia, gastritis, or
stress gastropathy are at less risk for recurrent bleeding and therefore do
not require a delay in seeking enteral access.

In case of interposition of the colon between the abdominal wall and
stomach, percutaneous placement of a gastrostomy is contraindicated. In
these cases, gastrostomy can be placed surgically.

Gastrostomy placement in the presence of ascites is difficult, in-
creases the risk for bacterial peritonitis, and may impair maturation of the
stoma tract. Gastrostomy tubes may be placed successfully after paracen-
tesis if reaccumulation can be prevented for a period of 7–10 days after
placement to allow the tract to mature. Gastropexy devices could be used
to secure the stomach to the anterior abdominal wall.

Placement of the gastrostomy in the presence of the ventriculoperi-
toneal shunts may increase the risk of ascending meningitis (26,27).

Morbidly obese patients with a panniculus are at increased risk, as
shifting of the panniculus in the postoperative period may dislodge the
gastrostomy tube out of the stomach and into the peritoneal space.

Although fever and ongoing infection are a concern, they do not
represent an absolute contraindication to tube placement.

Anatomic alterations such as an open abdomen, presence of ostomy
sites or drain tubes, and surgical scars may alter the location for gastros-
tomy tube placement. Staying more than 2 cm away from a surgical scar
reduces risk, as intervening loops of bowel tend to get trapped in the scar
tissue immediately below the skin.

Specific problems that may preclude endoscopy guided placement
include facial fractures, selective skull fractures with leakage of cerebral
spinal fluid, high cervical fractures, and upper GI obstruction. In these
cases, image-guided gastrostomy placement can be used successfully.

Problems that may impede image-guided placement include those con-
ditions that prohibit transport to the radiology suite, such as hemodynamic
instability, head injury with increased intracranial pressure, or cardiac dys-
rhythmias.

PREPROCEDURE ASSESSMENT

Management of Anticoagulant and Antiplatelet

Therapy
Recently, the American Society for Gastrointestinal Endoscopy (ASGE) and
Society of Interventional Radiology (SIR) issued recommendations regarding
the management of patients receiving anticoagulant or antiplatelet therapy and
patients with coagulopathy (28,29). Similar in essence, these recommenda-
tions are different in their approach. For that reason, both sets of recommen-
dations are included here.

ASGE Recommendations
According to the ASGE recommendations (30), the risk from bleeding
related to the procedure itself must be evaluated with respect to the risk of
a thromboembolic event if the anticoagulant or antiplatelet therapy is
stopped. Preoperative assessment should focus on differentiating high-risk
from low-risk procedures, and then determining whether the patient has a
high-risk or low-risk condition (28,31). Procedural risk refers to the
propensity for a given procedure to produce significant or uncontrolled

bleeding should anticoagulant or antiplatelet therapy be continued
hroughout the intervention. A low-risk procedure would include routine
se of endoscopy or fluoroscopy for tube placement, where no percutane-
us incision is made. A high-risk procedure would include any enteral
ccess technique that involves an incision or establishment of a fresh
toma (Table 1) (28,31). Risk based on patient condition relates to the
robability of a thromboembolic complication occurring should anticoag-
lation or antiplatelet therapy be stopped before the procedure (Table 2)
28,31).

Recommendations for low-risk procedures regardless of patient con-
ition are as follows (28,31). Anticoagulant therapy should be continued.
f the patient is receiving warfarin, the International Normalized Ratio
INR) should not exceed therapeutic range and antiplatelet therapy should
e continued. Recommendations for a high-risk procedure in patients with
low-risk condition are different. Warfarin should be stopped 5 days

efore the procedure. The INR should be checked on the day of the
rocedure and should be confirmed to be lower than 1.5. Warfarin may be
tarted later on the night of the procedure, with the INR checked 1 week
ater. Clopidogrel therapy should be discontinued 7 days before the pro-
edure, with aspirin therapy continued. Alternatively, if the patient is not
eceiving aspirin, aspirin therapy should be started as the patient discon-
inues receiving clopidogrel. Clopidogrel therapy may be restarted the day
fter the procedure (28,31).

Recommendations for a high-risk procedure in a patient with a
igh-risk condition are as follows. Warfarin should be stopped 5 days
efore the procedure. A therapeutic dose of low molecular weight heparin
hould be substituted, with the dose withheld on the morning of the procedure.
hat night, following the procedure, warfarin should be restarted at the full

herapeutic dose. For clopidogrel therapy, the clinician should discuss the
ecessity of the procedure first with the primary care physician, as risk is
ignificant. If the procedure is deemed to be essential, clopidogrel should be
topped 7 days before surgery and the patient given aspirin therapy in the
nterim. Clopidogrel therapy may be restarted on the morning after the
rocedure (28,31).

IR Recommendations
ccording to SIR recommendations (29), GI interventions involving percu-

aneous incision (eg, gastrostomy, jejunostomy, and cecostomy) are desig-
ated as category 2 procedures (ie, those with a moderate risk of bleeding).
or this group of procedures, the following recommendations were issued:

. INR: If greater than 1.5, correct until it is less than 1.5.

. Platelets: If platelet count is lower than 50,000/�L administer transfu-

Table 1. Determination of Risk for Patients Receiving
Anticoagulant or Antiplatelet Therapy Based on Procedure
(28,31)

Low-risk procedure

Nasogastric/nasojejunal tube placement

Orogastric/orojejunal tube placement

Placement of jejunal tube through existing gastrostomy

(mature stoma)

Secondary percutaneous jejunostomy (through mature

stoma)

High-risk procedure

Percutaneous gastrostomy (image-guided, endoscopic)

Venting gastrostomy

Primary percutaneous jejunostomy (image-guided,

endoscopic)

Percutaneous gastrostomy with immediate conversion

to gastrojejunostomy

Cecostomy
sion until the count is greater than 50,000/�L.
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3. Clopidogrel: Withhold for 5 days before the procedure.
4. Aspirin: Do not withhold.
5. Low molecular weight heparin (therapeutic dose): Withhold one dose

before the procedure.

Antibiotic Prophylaxis
Patients undergoing gastrostomy placement are often at increased risk for
infection secondary to poor nutritional status, advanced age, comorbidi-
ties, and immune compromise. Factors that increase risk for infection are
patient-related (eg, diabetes, obesity, malnutrition, chronic steroid admin-
istration), technique-related (eg, transoral technique vs transabdominal
technique or failure to provide antibiotic prophylaxis), and external bolster
traction–related. The incidence of peristomal infection following percuta-
neous transoral tube placement ranges from 5.4% to 30.0% (32). The
majority of infections (� 70%) are minor (32,33). Major infections re-
quiring specific medical or surgical therapy are rare, involving fewer than
1.6% of cases (33). A metaanalysis of 11 prospective randomized trials
(34) involving more than 1,100 patients has shown that there is a statistically
significant decrease in the incidence of peristomal infection with the use of
prophylactic antibiotics. A first-generation cephalosporin or some other sim-
ilar agent that covers typical cutaneous organisms should be selected (34–36).
Specific antibiotic prophylaxis is not required for these techniques in a patient
who is already receiving antibiotics.

One of the advantages of the transabdominal route is the ability to
avoid passage of a gastrostomy tube through the oropharynx, thus avoiding
the exposure of the tube and subsequently the gastrostomy tract to oral
flora. This potentially reduces the infection rate. A recent randomized
controlled study (37) confirmed this assumption and demonstrated no
statistically significant difference in rate of peristomal infection during
transabdominal gastrostomy with or without administration of preproce-

Table 2. Determination of Risk for Patients Receiving
Anticoagulant or Antiplatelet Therapy Based on Clinical
Condition (28,31)

Patients receiving anticoagulant therapy

Low risk

Aortic metal valve

Atrial fibrillation without valvular disease

Xenograft valve

Deep vein thrombosis � 3 mo after event

High risk

Mitral metal valve

Atrial fibrillation with prosthetic valve

Atrial fibrillation with mitral valve stenosis

Deep venous thrombosis � 3 mo after event

Thrombophilia syndromes

Patients receiving antiplatelet therapy

Low risk

Coronary artery disease without stents

Coronary artery disease with drug-eluting stents � 12

mo out

Coronary artery disease with bare stents � 1 mo out

Cerebrovascular accident

Arteriosclerotic peripheral vascular disease

High risk

Coronary artery disease with drug-eluting stents � 12

mo out

Coronary artery disease with bare stents � 1 mo out
dural antibiotics.
ietary Preparation
y general consensus, patients should be kept nil per os past midnight for
procedure the following day. However, it may be appropriate to provide

lear liquids up to 2 hours before the procedure to reduce the risk of
olume depletion.

aboratory Tests
efore the procedure, a complete blood count should be considered to
onfirm the platelet count, to evaluate for presence of anemia, or to
dentify an increased white blood cell count suggesting infection. If a
ercutaneous procedure is involved, prothrombin, partial thromboplastin,
nd INR should be checked. An arterial blood gas analysis is not required,
s oxygen saturation is monitored continuously throughout most radiologic
nd endoscopic procedures. Obtaining an arterial blood gas analysis
hould be considered if there is concern for respiratory compromise or that
he patient might not tolerate conscious sedation. For patients at high risk,
he procedures may need to be scheduled with anesthesia to provide better
irway control and monitoring of hemodynamic stability.

SIR recently issued the following recommendations regarding labo-
atory testing before the procedure (29):

INR: Recommended for all patients.
Activated PTT: Recommended for the patients receiving intravenous
unfractionated heparin.
Platelet count: Not routinely recommended.
Hematocrit: Not routinely recommended.

ECHNICAL ASPECTS

ince its original description in 1980, multiple variations of the per-
utaneous enteric access technique using different guidance modalities
eg, endoscopic, fluoroscopic and US) have been published. However,
egardless of the guidance method, the main difference between the
ercutaneous techniques is the route by which the feeding/decompres-
ion tube is introduced into the intestinal tract: through the abdominal
all or through the natural orifices. At the beginning, the guidance
odality was associated with the insertion route; for example, endos-

opy guidance was used to insert the gastrostomy through the mouth
nd image guidance was used to insert the gastrostomy through the
bdominal wall. Recognizing that both techniques have their advan-
ages and disadvantages (eg, better anchoring with peroral route and
esser infection rate with transabdominal route) in different clinical
ituations, gastroenterologists and radiologists have adopted both insertion
outes. For that reason, we decided to refrain from addressing the insertion
echnique as “endoscopic” or “radiologic,” but instead propose modified
nteric access terminology (Table 3). In general, it is based on the route of
ccess introduction (natural orifices vs transcutaneous) and the method of
uidance (endoscopic vs image-guided).

asoenteric and Oroenteric tubes
edside enteric tube placement. Bedside enteric tube placements
re the most common enteral access technique used in the hospital and
ong-term care environments. A NG, NJ, OG, or OJ tube may be placed
lindly.

There are many techniques available for passing bedside NG or OG
ubes. Typically, an 8–12-F tube is passed into the stomach after the tube
as been lubricated, the head is flexed, and the patient ingests sips of water
o assist in passing the tube into the stomach (38). Many centers promote
edside auscultation for confirmation of an adequate position of the tube
efore use. However, this can be misleading, as inappropriate tube loca-
ions, such as in the lung, in the pleural cavity after perforation, or coiled
n the esophagus may be misinterpreted as in proper position by bedside
uscultatory techniques. For this reason, every patient should undergo
adiography to confirm proper position of an NG or OG tube before
eeding is initiated (39). Because blind, bedside gastric tube placement is
ften successful and reproducible from person to person, rarely is endo-
copic or fluoroscopic placement necessary.
Blind NJ or OJ tube placement is more difficult than NG or OG
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tube placement. A number of techniques have been promoted for blind
bedside placement of an NJ or OJ tube. One common technique uses a
stylet-filled tube (stiffened) and a corkscrew motion on the tube (40,
41). In a separate technique described by Ugo et al (42), the patient is
placed into the right lateral decubitus position and the nasoenteric tube
is tracked into proper position in the small bowel by auscultation. This
technique resulted in an 83% rate of successful bedside NJ tube
placement. In general, with blind bedside small bowel tube placement,
unweighted (as opposed to weighted) feeding tubes should be used, as
their success rate for spontaneous small bowel passage is far greater
(92% vs 56%) (43). Good success with NJ/OJ tube placement requires
practice and familiarity with a standard technique (44).

There have been many attempts to position a tube beyond the
pylorus with the use of pharmacologic agents. A Cochrane review (45)
of the use of metoclopramide for nasoenteric tube passage noted that
there was drug-enhanced migration of nasoenteric tubes through the

Table 3. Proposed Modified Enteric Access Terminology Base

Stoma/Target

Organ Placement Route Guidance System

Natural orifice

Gastric Nasal Blind, endoscopic,

image guided

Oral Blind, endoscopic,

image guided

Jejunal Nasal Blind

Endoscopic

Image guided

Colonic Rectal Endoscopic,

image guided

Percutaneous

Gastric Transoral Endoscopic,

image guided

Transabdominal Endoscopic,

image guided

Jejunal Direct transoral Endoscopic

Direct transabdominal Endoscopic,

image guided

Transgastric Endoscopic,

image guided

Colonic Transrectal Endoscopic

Transabdominal Image guided

Note.—BNET � blind nasoenteric tube; DPEJ � direct percutan
endoscopy-guided nasoenteric tube; GPS � global positioning
NJ � nasojejunal; OG � orogastric; PEC � percutaneous endo
gastrostomy; PIC � percutaneous image-guided cecostomy; P
ous endoscopic gastrojejunostomy; PEJ � percutaneous end
gastrojejunostomy; PIJ � percutaneous image-guided jejunos
pylorus, although the success rate did not reach statistical significance i
ompared with placebo. To date, there cannot be a definitive statement
or or against the use of pharmacologic agents to promote NJ or OJ tube
assage.

More recently, devices have been developed to aid in passage of
nteric tubes through the pylorus into the jejunum. A bedside magnet has
een developed to assist in blind passage of bedside tubes into the jejunum
y attracting a metal tip on the end of the tube and guiding the tube into
roper position. In a report of 20 patients (46), there was a 95% rate of
uccessful tube passage in an average of 9.6 minutes. An alternative device
ses an NJ/OJ tube with an electromagnetic transmitter to create an image
n a bedside monitor to track tube passage into the small bowel (47,48).
imilar success rates have been reported with this technique as with the
edside magnet technique. Another technique requires the use of contin-
ous gastric electromyography (49). Right and left arm leads from an
lectrocardiography machine are attached to left and right upper abdominal
ocations. Lead V5 is attached to the jejunal feeding tube. The NJ or OJ tube

oute of Access Introduction and Method of Guidance

xamples of Previously

Used Terminology Suggested Term (Abbreviation)

tube (Dobbhoff) NG tube

tube OG tube

tube (corkscrew) BNET

tube (magnet, GPS, EKG)

T (drag-and-pull, over

uide wire), NJ tube

uoroscopy guided)

ENET, INET

onic decompression tube Endoscopic guided colonic

decompression tube, image-

guided colonic

decompression tube

(Ponsky pull, Sacks–

ine push), PIG

ushroom-retained, pull-

rough), PEG (Russell

troducer), PRG (small-

ore, large-bore, balloon-

p, retrograde,

onographic)

Transoral PEG, transoral PIG,

transabdominal PEG,

transabdominal PIG

J (Johlin, Kirby), DPEJ

ne-step, two-step),

EGJ, DPEJ

Transoral PEJ, transabdominal

PEJ, transabdominal PIJ,

PEGJ, PIGJ

ostomy Transrectal PEC,

transabdominal PICostomy (percutaneous,

hait Trapdoor)

ndoscopic jejunostomy; EKG � electrocardiography; ENET �
m; INET � image-guided nasoenteric tube; NG � nasogastric;
-guided cecostomy; PEG � percutaneous endoscopy-guided
ercutaneous image-guided gastrostomy; PEGJ � percutane-
y-guided jejunostomy; PIGJ � percutaneous image-guided
PRG � percutaneous radiologic gastrostomy.
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plex in lead V5 has changed polarity, it documents that the tube has crossed
the midline of the body by passing through the pylorus. pH paper is used to
check the tube aspirate for an alkaline pH consistent with small bowel
placement. The limitations of definitively recommending any of these bedside
devices to aid in NJ or OJ tube placement is the small number of studies
currently available that document adequate success without complications.

Failure to blindly pass an NJ or OJ tube at the bedside requires the
use of fluoroscopic or endoscopic methods of passage. The preference of
either technique is center-dependent and relies on local expertise.

Placement of NJ or OJ Tubes Under Endoscopic

Guidance
Endoscopy-guided placement of NJ or OJ feeding tubes can be done at the
bedside with or without moderate sedation. The drag-and-pull method is
the method with the longest history (50). In this technique, a suture or
other material is attached to the end of an NJ/OJ tube. This suture is used
to drag the tube into position in the small intestine by the use of a grasping
forceps. Difficulty usually occurs in releasing the suture from the grasping
forceps, resulting in inadvertent displacement of the tube back into the
stomach. A second common technique for tube placement, the over-the-
wire technique, requires the initial placement of a guide wire into the small
intestine. An endoscope is advanced into the distal duodenum or proximal
jejunum, and a guide wire is passed through the biopsy channel of the
endoscope, well into the proximal jejunum. The endoscope is removed and
the guide wire is left in place. A feeding tube is subsequently passed
blindly or with fluoroscopic assistance into position in the small intestine.
Patrick et al (2) reported a 94% success rate with the use of this technique.
Because the guide wire is passed orally, if an NJ tube is required, an
oral/nasal transfer of the guide wire must be performed. A third endoscopy-
guided technique uses a small-caliber endoscope for nasoenteric endos-
copy (51). The small-caliber endoscope is passed into the small intestine
through the nose. No sedation is required. A guide wire is advanced
further into the jejunum, the endoscope is removed, and the guide wire
is left in place. An NJ tube is passed over the guide wire into the small
intestine, and the guide wire is then removed. No oral/nasal transfer of
the guide wire is required. Success rates greater than 90% have been
reported with this technique. A fourth technique uses the instrument
channel of an endoscope to pass feeding tubes into position in the small
intestine (52). A therapeutic gastroscope should be used with a 3.7-mm
instrument channel. The endoscope is advanced into the small intestine.
An 8- or 10-F feeding tube can be advanced through the endoscope into
position in the small bowel. The endoscope is removed while the
feeding tube tip is maintained in position. A feeding bolus adapter is
then attached to the end of the feeding tube so it can engage a syringe
or feeding set. An oral/nasal transfer is required if an NJ tube is desired.
A fifth technique uses a 12-F small-bowel feeding tube. Two guide
wires, a 0.035 inches and 0.052 inches in size, are placed into the
feeding tube to the tip, but not out the end of the feeding tube (53). The

atient receives upper endoscopy with a standard gastroscope. When
he endoscope has reached the stomach, the stiffened feeding tube is
assed into the stomach blindly through the nose or mouth. The
ndoscopist watches as the feeding tube is simply pushed into position
nto the small intestine. If the tube tip is having difficulty getting to or
hrough the pylorus, the endoscope or a closed forceps, advanced
hrough the instrument channel, can be used to nudge the tip of the tip
nto proper position. The final position of the tube in the small bowel
s confirmed endoscopically. The endoscope is then removed. Because
he feeding tube is stiffened, it does not get pulled back into the
tomach by the endoscope upon its removal. The guide wires are
emoved, and the tube is ready for use.

Placement of NJ or OJ Tubes Under Image

Guidance
Placement of NJ tubes under fluoroscopy guidance can be performed at
bedside by using a portable fluoroscopy unit and in the radiology

department by using a stationary fluoroscopy machine. The techniques t
re different and depend on local expertise and availability of the
isposable interventional equipment. In the simplest scenario, the NJ
ube is manipulated inside the stomach toward the pylorus by using a
alleable internal stylet while opacifying the stomach with contrast
edium. The patient is positioned in the right decubitus position to

acilitate the passage of the tube. The success rate of this method is
pproximately 90% (54,55). A more sophisticated approach is to use an
ngled angiographic catheter to advance the guide wire through the
ylorus and beyond the ligament of Treitz and then advance the feeding
ube over the wire. This modification increases the success rates to 97%
56). This method is especially popular in the pediatric patient popu-
ation (56,57). A similar technique that uses standard angiographic
quipment was used successfully to place NJ tubes in patients with
ostoperative gastric and jejunal leaks (58).

utcomes of Nasoenteric and Oroenteric Tube

lacement
he success rates of blind NJ and OJ placement vary from institution to

nstitution but are low in general and range between 56% and 92% (42,43).
ood success with NJ/OJ tube placement requires practice and familiarity
ith a standard technique (44). The success rate is higher for unweighted
J/OJ tubes (43).

Several recent prospective randomized clinical trials that compared
ndoscopy-guided and image-guided placement of postpyloric tubes dem-
nstrated no difference in success rate (51,54,55). The success rate for
ndoscopy-guided or image-guided placement of NJ/OJ tubes is greater
han 90% (2,52,56–58).

Between 40% and 80% of NG tubes become dislodged (59).
pproaches to fixing the nasoenteric tube to the nose or head have
enerally involved adhesive devices such as tape or clamps. Unfortu-
ately, these fixing methods generally do not prevent a patient from
emoving the tubes, especially patients who are in a state of confusion.

The use of nasal bridles has been shown to have few complica-
ions and minimal discomfort (60). A bridle loop is a piece of thin
ubing or suture that is passed in one naris, around the posterior bony
ortion of the nose, and out the other naris. It is then secured to the tube
y tying it around the tube or using some other attachment technique.
eports on nasal bridle success have been mixed. Some studies have
oted intolerance to a bridle by some patients and also the ability of the
atient to still remove the NG tube with the bridle remaining in place
59). Another prospective study (61) evaluated a bridle to hold a
asoenteric tube in place versus taping the tube to the patient’s nose or
ace. There was a significant reduction in accidental tube removal in the
ridle group versus the tape group (10% vs 36%; P � .05). Tube
urvival rates, as determined by a Kaplan–Meier analysis, also were
ncreased in the bridle group (61).

ercutaneous Gastrostomy
enerally, percutaneous gastrostomy can be divided in two groups by the
ay the tube enters the stomach: transoral or transabdominal. Each method
ses different tube design and possesses advantages and disadvantages.
ne of the main disadvantages of the transoral technique is the increase

ate of the peritubal infection rate and gastrostomy tract seeding with
umor in patients with upper GI tract or ear/nose/throat cancers (62). On
he contrary, transabdominal insertion is less secure and smaller diameter,
esulting in more frequent dislodgment and occlusion (63). Endoscopic or
mage guidance can be used for placement of the tubes. Both guidance
echniques have certain advantages and disadvantages. Endoscopy-guided
astrostomy can be performed at the bedside, thus eliminating the need to
ransport the patient to the radiology suite (64). In addition, there is no
adiation exposure. Another advantage of endoscopy-guided gastrostomy
s that other diagnostic and therapeutic endoscopic maneuvers can be
erformed at the same time. Abnormal endoscopic findings have been
dentified during 10%–71% of gastrostomy procedures and altered man-
gement in as many as 36% (65). The advantage of the image guidance is

he ability to perform procedure in patients with severe narrowing of the
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upper GI tract and in morbidly obese patients in whom endoscopic
transillumination is difficult (66).

Transoral Gastrostomy Placement
Endoscopic guidance. Transoral endoscopy-guided gastrostomy
tubes (also known as percutaneous endoscopic gastrostomy tubes) are
most commonly placed using the Ponsky (ie, “pull”) technique (67). The
stomach is insufflated with air and an optimal site for gastrostomy place-
ment is determined by simultaneously transilluminating the gastric/abdom-
inal wall and indenting the abdominal wall with a finger while visualizing
that indention endoscopically. Sterile technique should be followed for the
percutaneous component of the procedure. The abdominal wall and peri-
toneum are anesthetized by injection of lidocaine. To help confirm that no
interposed loops of bowel are present between the stomach and abdominal
wall, the safe-track maneuver should be performed (68). The anesthetic
needle is advanced into the stomach while aspirating with the plunger.
Simultaneously, the endoscopist confirms gastric puncture by visual in-
spection and with air aspiration into the syringe. A small skin incision is
made and a trocar is inserted through the abdominal wall into the stomach.
A guide wire is passed through this trocar and grasped endoscopically. The
guide wire is then withdrawn through the mouth and a gastrostomy tube is
affixed to it. Finally, the guide wire is pulled back through the esophagus,
stomach, and abdominal wall and held into place by a solid mushroom-type
internal retention device and an external bumper. The external bumper should
be placed approximately 1 cm or more from the abdominal wall (69).

A second method of endoscopy-guided gastrostomy placement uses
the push introducer method. It is similar to the pull method except an
introducer tube with a hollow central lumen is used. After the guide wire
is placed, the introducer tube is threaded over the guide wire. It is then
advanced over the guide wire from the mouth and pushed until it emerges
from the abdominal wall. It is then grasped manually and pulled into
position as described earlier. The push and pull gastrostomy placement
methods are equally effective (70,71).

Image guidance. Similar transoral gastrostomy tube placement was
described with fluoroscopic guidance (63,72–74). To identify a “safe
window,” an abdominal CT or US examination can be performed and/or
reviewed before the procedure (73). Optionally, oral barium can be ad-
ministered the day before procedure to opacify the colon. In difficult cases,
especially in the pediatric population, an abdominal US and water-soluble
enema are performed during the procedure (75). In complicated cases in
which it is difficult to identify the safe window by using fluoroscopy, the
procedures can be performed under CT guidance (76). First, an NG tube
is inserted and the stomach is insufflated with air. To reduce stomach
motility and retention of the air, 1 mg of glucagon (73) or hyoscyamine
(74) can be administered before insufflation, based on operator preference.
Under fluoroscopy, the skin entry point in the middle body of the stomach
and away from the rib margin is identified. The skin is anesthetized with
lidocaine, and a 1–1.5 cm incision is made. A slightly curved 18-gauge
needle or vascular sheath (74) is advanced into the stomach and pointed
toward the gastroesophageal junction. The guide wire is then advanced
with or without help of angiographic catheter, into the esophagus, then into
the oropharynx, and out of the mouth. The gastrostomy tube is then
threaded over the wire, advanced until it emerges from the abdominal wall,
and then pulled into the desired position (63,74). If the advancement of the
guide wire through gastroesophageal junction is unsuccessful, a snare loop
can be placed through the mouth into the stomach to capture the guide wire
(74). Some authors reported routine use of a snare (77). The external
bumper is then positioned as described earlier (“Endoscopy guidance”).

Transabdominal Gastrostomy
Image guidance. The transabdominal gastrostomy technique was ini-
tially described with the use of fluoroscopic guidance (78–80). The
identification of the safe window and skin entry site is performed as
described earlier. First, the stomach is insufflated with air through an NG
tube. To secure the stomach wall to the abdominal wall, one to four
gastropexy devices are deployed (79,81). The stomach is then accessed

with the needle toward the pylorus; this is to facilitate future conversion of f
he gastrostomy tube to a gastrojejunostomy. A guide wire is then ad-
anced and the tract is dilated. A 10–20-F gastrostomy tube is placed
hrough the dilated tract.

If an NG tube cannot be passed through the nasopharynx and
sophagus, the stomach can be inflated through a small needle inserted
hrough the abdominal wall into the stomach (82). During the early days
f transabdominal placement of gastrostomy tubes, gastric wall fixation
as argued to be imperative (79,81). However, some authors related
eristomal infection (63), persistent leakage, and gastrocutaneous fistulas
83) to the use of the gastropexy and raised questions about their necessity
nd safety (84). Deutsch et al (85) described 64 cases of transabdominal
astrostomy that were performed without gastropexy, with no related
omplications. Dewald (86) reported on a series of 701 patients in whom
astrostomy and gastroenterostomy were performed with gastropexy and
lso did not observe gastropexy-related complication. A more recent
andomized study (87) demonstrated a 10% major complication rate in the
o-gastropexy group and a 26% minor complication rate related to gas-
ropexy. In some groups of patients in whom there is a high chance of
ntestinal leakage (patient with ascites, malnourishment, and/or steroid
reatment), placement of the gastropexy sutures is imperative (88,89).

Recommendations regarding timing of gastropexy removal vary be-
ween 1 and 3 weeks. In a recent retrospective study (90), the gastropexy
as cut 2 days after the procedure in 109 patients, and no complications
ere demonstrated.

ndoscopic guidance. Endoscopy guidance for transabdominal
lacement of the gastrostomy tubes was introduced by Russell in 1984
91). Recently, several authors (62,92–94) revived this approach in pa-
ients with head and neck cancer because of the incidence as high as 1%
f gastrostomy tract seeding after using the transoral approach. Even
hough the details of the procedure varied depending on availability of the
quipment, in general, the steps are as follows: following access to the
tomach with an endoscope, the gastropexy is performed using T-fasteners
94) or gastropexy suture (92). The stomach is then accessed transabdomi-
ally with a needle, a guide wire is passed through the needle, the tract is
ilated over the wire, and a balloon-tip gastrostomy catheter is placed into
he stomach through the peel-away sheath (62,92,94).

utcome of Percutaneous Gastrostomy Methods
verall success rates and complications (major and minor) are very

imilar for transabdominal and transoral gastrostomy. Reported success
ates for percutaneous gastrostomy are 95%–100%. One metaanalysis
95) found a higher success rate (99.2% vs 95.7%) and lower compli-
ation rate (13.3% vs 29%) for transabdominal versus transoral gas-
rostomy. However, more recent studies have reported similar out-
omes for both methods (96 –98).

ercutaneous Gastrojejunostomy
ndoscopic guidance. Percutaneous endoscopic gastrojejunostomy
laces a jejunal feeding tube through a gastrostomy into the small bowel
sing a variety of over-the-wire methods. If a patient already has a
astrostomy tube in place, conversion to a percutaneous endoscopic gas-
rojejunostomy does not require an additional skin puncture. Jejunal ex-
ension tubes (8–12 F) are available to match corresponding 20–28-F
astrostomy tubes. Previous non–guide wire methods required dragging
he jejunal tube itself into the small bowel by grasping a suture attached
o the tube. Removal of the endoscope from the jejunum and/or forceps
rom the attached string usually led to displacement of the jejunal tube
ack into the stomach. Most commonly, a guide wire is placed through
n existing gastrostomy tube and is grasped endoscopically with a forceps
r snare. An air plug device placed in the external gastrostomy tube allows
or gastric insufflation for maximal endoscopic visualization. With a
ediatric colonoscope or dedicated enteroscope, the guide wire is carried
nto the jejunum. The forceps and wire may then be passed an additional
pproximately 10 cm past the tip of the endoscope for deeper placement.
he jejunal extension tube is then threaded over the guide wire into the
mall bowel under direct endoscopic visualization (99). Advancing the

orceps or snare to maintain the guide wire in the jejunum as the endoscope
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is withdrawn into the stomach helps to prevent dislodgment of the jejunal
extension tube. When the endoscope has reached the stomach, the guide
wire is released from the grasping forceps and the guide wire is removed
while endoscopic confirmation of proper passage of the jejunal tube
through the pylorus and absence of gastric looping is performed.

If there is a mature gastrostomy stoma site, the existing percutaneous
gastrostomy can be removed and a wire or single-piece gastrojejunal
feeding tube can be grasped endoscopically and carried into the jejunum as
described earlier.

Another technique uses an ultrathin endoscope (5–6 mm in diameter)
or pediatric bronchoscope (3–4 mm) passed through a large-diameter
gastrostomy tube or mature gastrostomy tract into the small intestine. A
guide wire is fed through the endoscope deep into the small bowel, and the
endoscope is removed. The jejunal extension tube or single-piece gastro-
jejunostomy tube (a jejunal tube manufactured permanently molded within
a gastrostomy tube) is then passed over the wire into position and the wire
is removed (100). With either method, the jejunal tube is advanced into
place blindly or, more commonly, with fluoroscopic guidance. With any of
the jejunal extension tube techniques, cutting the external gastrostomy
tube length to shorter than 10 cm and using an extension tube of longer
length will allow for deeper and more stable position in the jejunum.
Placement of the gastrostomy position to the right of midline and lower in
the antrum allows for a shorter, more direct route for the jejunal tube
through the pylorus. This will minimize gastric looping and help prevent
proximal migration.

Image guidance. Fluoroscopy guidance can be used to place a
gastrojejunostomy (101). The initial steps of the procedure are similar
to those in transabdominal or transoral gastrostomy placement. To
facilitate placement of the gastrojejunostomy, puncture of the stomach
is performed in the direction of the pylorus. If a transabdominal approach
is used, gastropexy is performed and the vascular sheath is advanced into
the stomach. Through this sheath, with the use of a stiff angiographic
catheter or metal cannula (102), the wire is advanced into the small
intestine beyond the ligament of Treitz. Donnelly et al (103) compared the
use of different directional devices and their effect on radiation exposure
in a pediatric population and found no difference in performance. The wire
is then exchanged for the gastrojejunostomy tube. In the transoral ap-
proach, the gastrostomy is initially performed and then the jejunal feeding
tube is placed through the gastrostomy using a similar technique. If the
tract is matured, the gastrostomy tube is removed, and catheterization of
the proximal jejunum is performed using the technique described
earlier. When using a surgical or endoscopy-guided gastrostomy tube,
the subsequent placement of a jejunal catheter through the gastrostomy
tube into the pylorus can be challenging. The gastrostomy tube is often
facing away from the pylorus. This angle results in an additional
challenge for fluoroscopy-guided jejunal tube placement, as the jejunal
tube coils in the stomach fundus while the tube is advanced over the
wire. A stiff wire, or sometimes two wires, may be used to overcome
this obstacle.

Outcome of Percutaneous Gastrojejunostomy

Methods
Success rates for percutaneous gastrojejunostomy range from 90% to
100% (98,104–106). Studies have not shown significant or unique differ-
ences in success or complication rates between endoscopy-guided and
fluoroscopy-guided gastrojejunal feeding tubes.

Percutaneous Jejunostomy
Endoscopic guidance. Direct percutaneous endoscopic jejunostomy
allows for direct percutaneous jejunal access and is performed in a manner
similar to that of the pull endoscopy-guided gastrostomy technique (107).
Any commercially available pull-type gastrostomy kit can be used, most
commonly with 16–20-F tubes. A pediatric colonoscope or dedicated
enteroscope is advanced to the small bowel until a site is identified by
transillumination and finger indentation. Confirmation of discrete finger
indention at the site of transillumination is critical to the success and safety

of the procedure. If no site is identified after advancement of the endo- o
cope to its greatest insertion depth, controlled purposeful withdrawal is
egun. When a potential site has been identified, a 19–21-gauge sounding/
nesthetic needle is advanced into the small bowel. Use of a small-bore
ounding needle allows for unsuccessful passes without significant adverse
ffects. When the sounding needle has been successfully passed into the
ejunum under endoscopic visualization, stabilization of the site is ob-
ained by snaring the sounding/anesthetic needle and anchoring the small
owel against the anterior abdominal wall (108). A 1-cm longitudinal skin
ncision is made by making stab wounds on both sides of the sounding
eedle. The larger hollow trocar is passed next to the sounding needle, the
ounding needle is released, and the trocar is grasped with the snare. The
nsertion wire is passed through the trocar and grasped endoscopically.
he safe-track technique is used when passing the sounding needle and

rocar to ensure no bowel loops or stomach is interposed. The remainder
f the procedure is as described for the endoscopy-guided gastrostomy pull
echnique. Although not absolutely necessary, repeat enteroscopy to con-
rm appropriate placement and approximation of the internal bumper to

he anterior gastric wall may be performed.
Thin (as opposed to obese) body habitus and previous upper diges-

ive tract surgery increase the likelihood of success (109). Care must be
aken in patients with previous Billroth II anastomosis to identify and place
he jejunostomy in the efferent limb. The afferent limb may be identified
y recognition of the ampulla of Vater or blind end of the afferent loop.
lucagon may be used to decrease small bowel peristalsis, and repeating

he procedure under general anesthesia may also increase the success rate.
eriodic light amplification by using the transillumination function on the

ight source may also aid in localizing an appropriate site. Fluoroscopy and
S have been reported to aid in localization, but they are not required in
ost cases (110,111). Procedure times are much longer than for gastroje-

unostomy as a result of the additional time required to find an appropriate
ite for stoma placement.

mage guidance. Image-guided jejunostomy is favored in patients
ith upper GI stenosis that prevents passage of an endoscope. Compared
ith gastrostomy, primary fluoroscopy-guided jejunostomy represents

onsiderable challenge. The main obstacle is the mobility of the intestine,
hich result in difficulty advancing of the access equipment (21). Differ-

nt jejunostomy techniques have been described, but, in general, they
nclude the following steps. Identification of the target bowel loop is
erformed by advancing an angiographic catheter into the proximal jeju-
um and insufflating it with air and contrast agent (112) or placing an
ngioplasty balloon (21,113) or snare loop (114) in the desired location to
erve as a target. Several authors describe the use of US guidance follow-
ng injection of the saline solution and contrast agent into the proximal
ejunal loop (115,116). The jejunal loop is accessed with a needle, and a
-fastener device is then delivered to secure the loop against the abdom-

nal wall. A guide wire is then advanced through the needle, the tract is
ilated, and the jejunostomy tube is placed. The jejunostomy is then
njected with contrast agent to confirm the position. Most authors de-
cribed the use of a tapered Cope loop catheter as their choice for primary
ejunostomy (116). Secondary jejunostomy is performed to reestablish a
reviously created surgical jejunostomy. Reestablishment of jejunal access
as reported to be necessary in 4.9% of patients after esophagectomy
117). Because the jejunal loop is already surgically tacked to the abdom-
nal wall, the success rate of the procedure appears to be higher, and the
omplication rate lower (115,117). The technique of secondary jejunos-
omy is similar to that of primary jejunostomy with two exceptions: the
urgical scar serves as a skin entry site, and, in some cases, there is no need
o use T-fasteners because of surgical adhesions that secure the loop to the
bdominal wall.

Retrograde jejunostomy through the afferent loop of the Billroth II
nastomosis has been described as a means to access the Roux-en-Y
iliary–jejunal anastomosis to treat anastomotic stricture, extraction of
iliary stents and stones, decompression of the afferent loop, feeding, and
iagnostic purposes (18,20,21). Some biliary surgeons mark the location

f the loop with metal markers to facilitate future interventions (18).
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Outcome of Direct Percutaneous Jejunostomy

Methods
Percutaneous endoscopic jejunostomy placement is successful in 68%–
100% of attempts (104,118–120). The patient populations in these series
contained a combination of patients with intact GI tracts and patients who
had undergone previous GI surgery. The most common cause of failure
was inadequate transillumination (50%) and gastric outlet or proximal
small bowel obstruction (30%) (121).

Success rates after percutaneous image-guided jejunostomy were
reported to be 87%–100% (112,115–117). The main reason for failure was
difficulty in accessing the mobile intestinal loop. The success rate for
secondary jejunostomy appears to be higher (115,117), but one group (21)
reported a lower success rate for secondary jejunostomy (81%) than for
primary jejunostomy (95%). Reported complications have been reported in
0%–15% of cases (21,114,116,117). The most severe complications were
peritonitis as a result of puncture of the intestinal loop and subsequent loss
of access (21) and GI bleeding (114).

There have been no comparison studies of endoscopic- and image-
guided jejunal feeding tubes. Endoscopy-guided jejunostomy is less likely
to be associated with inadvertent tube dislodgement as a result of the more
secure mushroom-type internal bolsters (compared with pigtail catheters in
image-guided jejunostomy); tube dysfunction is less common given the
larger-bore tubes typically used (18–20 F with endoscopy guidance vs
10–14 F with image guidance).

In comparison studies, direct jejunostomy tubes have demonstrated
greater longevity and decreased need for repeat intervention compared with
gastrojejunostomy (104,122,123). This is likely a result of the greater stability
in the jejunum and larger diameter of jejunostomy tubes compared with
gastrojejunal feeding tubes. Therefore, in some cases, it may be advantageous
to place separate direct gastrostomy and jejunostomy tubes rather than a single
combined gastrojejunal tube.

Percutaneous Cecostomy
Endoscopic guidance. The percutaneous endoscopy-guided cecos-
tomy procedure is similar to that described for endoscopy-guided gastros-
tomy (124). Standard colonoscopy preparation with a polyethylene glycol
solution is administered orally the night before the procedure. In patients
with refractory constipation, a prolonged (2 d) preparation can be per-
formed. In patients with refractory constipation whose colon is still inad-
equately prepared or those with pseudoobstruction, endoscopic lavage can
be performed by infusing 1–2 L of polyethylene glycol solution as far
proximally in the colon as possible, with the procedure attempted the next
day (125). For the cecostomy procedure, a colonoscope is advanced to the
cecum and the appropriate site is identified in the right lower quadrant by
finger indention and transillumination, similar to the endoscopy-guided
gastrostomy procedure. The remainder of the procedure is as described for
the endoscopy-guided gastrostomy pull technique. The cecum may be
secured to the abdominal wall to help prevent leakage of fecal contents
using fixation devices (similar to gastropexy) arranged in a triangular
configuration around the cecostomy site to create a cecopexy immediately
before or after cecostomy tube placement (23,126).

Image guidance. Fluoroscopically guided percutaneous cecostomy
can be used as a treatment of fecal incontinence in children. It is performed
according to the technique described by Chait et al (24,127). Several days
before the procedure, a barium enema is performed to identify the location
of the cecum. Initially, the cecum is distended with air, and, under
fluoroscopy guidance, access to the cecum is obtained using an 18-gauge
needle. After confirming the position of the needle in the cecum by
injecting contrast material, cecum wall fixation devices (similar to gas-
tropexy devices) are deployed to secure the position of the cecum against
the abdominal wall. A guide wire is then advanced in the cecum; the tract
is dilated and an 8–10-F Cope loop catheter is advanced. The catheter is
then attached to gravity drainage for several days. The patient is then
discharged home with instruction to flush the catheter twice a day. Six
weeks latter, the Cope loop catheter is exchanged for a low-profile Chait
Trapdoor cecostomy catheter designed to accommodate different lengths

of subcutaneous tissue. (
In the adult population, cecostomy is indicated in cases of toxic
egacolon and colonic obstruction (128–130). The technique is similar to

he technique described earlier for initial access in the pediatric population
nd is somewhat easier as a result of the marked distention of cecum. CT
uidance can be used instead of fluoroscopy to gain access to the distended
ecum (129,130).

utcome of Percutaneous Cecostomy
he technical success rate for percutaneous cecostomy placement ap-
roaches 100% (24), although the number described with endoscopic or
adiologic methods is small. Outcome in terms of treatment success has
lso been reported to be uniformly good, but includes only retrospective
ase series. In the largest study (22), satisfaction with cecostomy as a
reatment for fecal incontinence was 94%, and 89% reported a decrease in
he number of soiling accidents.

PECIAL CONSIDERATIONS

astric Bypass
xcessive weight loss postoperatively in patients with gastric bypass and
oux-en-Y anastomosis may necessitate enteral feeding. However, the

tomach may not be accessible by routine endoscopy. Several options for
ube placement in this situation are possible. First, percutaneous gastros-
omy may be performed at the time of the original bypass surgery (131).
lthough this is certainly not required in the vast majority of patients,
lacement of a gastrostomy tube at the time of surgery in patients deemed
t high risk for complications (eg, obstruction or anastomotic leak, esti-
ated to involve � 2% of the total bariatric population) obviates later

epeat operation (131). Gastropexy helps to secure the excluded stomach
o the anterior abdominal wall and Cope loop catheters may be used for the
eeding device. This procedure tends to be a temporizing procedure, and
epeat surgical intervention is often required at a later time (132). A third
ption is percutaneous gastrostomy with balloon enteroscopy (133). The
ouble-balloon technique allows endoscopic evaluation deep into the small
owel, reducing loops of small bowel as the enteroscope is passed along
he GI tract. The endoscopy does need to be done in conjunction with
uoroscopy, because it can be difficult to identify the pancreatic or biliary

imb of the Roux-en-Y. When this limb has been identified, the entrance
ay be marked with an injection of India ink. The technique does still

equire adequate transillumination after the scope has been advanced into
he excluded stomach, and failure to transilluminate may preclude suc-
essful placement. Although the pull technique for endoscopy-guided
astrostomy placement has been used successfully (133), tension on the
uide wire and trauma to the mucosa can be excessive and increase the risk
or perforation. For these reasons, the Russell introducer technique should
e considered in patients with this postoperative anatomy (133).

nterocutaneous Fistula
istuloclysis in patients with enterocutaneous fistula involves placement of
tube through the fistula and delivery of enteral nutrition downstream into

he small bowel. Such feeding in these difficult cases reverses malnutri-
ion, ameliorates parenteral nutrition–induced hepatopathy, and improves
unction of the small bowel before repeat operation (134). In patients with
ultiple fistulas, fluoroscopy is used to probe each fistula to find the one
ost distal in the GI tract. Feeding in more proximal fistulas simply

ncreases output from the fistulas below. A small-bore 8–12-F tube may be
laced through the fistula, and secured by a stitch to the fibrous ring at the
outh of the fistula. The tube is further secured by running stitches from

he tube to the adjacent skin, and then clipping the tube into a clamping
evice positioned on the surface of the abdomen next to the open wound.
s a fistula may have both an afferent and an efferent limb, it is important

o place the tube distal to, or downstream from, the fistula. Inadvertent
lacement of the tube in the afferent limb will result in poor tolerance, as
eristalsis will drive the infused formula back out the mouth of the fistula

134).
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Billroth II Anastomosis
Direct percutaneous jejunostomy is actually facilitated or made easier by
surgery resulting in a antecolic Billroth II anastomosis, as proximal jeju-
num is brought out of the retroperitoneal space and the chances for
transillumination are increased. For patients with a long afferent limb, it is
important to correctly identify and place the percutaneous jejunostomy in
the efferent limb. Failure to do so results in a clinical situation similar to
afferent limb syndrome, wherein poor peristalsis and retention of formula
in the afferent limb causes pain, nausea, vomiting, and poor feeding
tolerance (109,135).

CONTINUOUS CARE/MAINTENANCE OF GI

ACCESS

Tube Dressing and Positioning
The gastrostomy site should be cleaned with mild soap and water; hydro-
gen peroxide should not be used after the first week after placement as it
can irritate the skin and contribute to stomal leaks. Cut drain sponges
should be placed over rather than under the external bumper, so as not to
apply excessive tension to the gastrostomy site. Occlusive dressings
should not be used, as they can lead to peristomal skin maceration and
breakdown. Should excessive granulation tissue develop at the gastros-
tomy site, topical silver nitrate or a high-potency topical steroid can be
applied or the tissue can be trimmed with surgical scissors to reduce
irritation and decrease drainage (136). Daily cleaning of the tube with
water and regular or antibacterial soap is adequate to keep the tube clean.
Some institutions do not apply a dressing to the site.

To prevent buried bumper syndrome in transoral tubes, the external
bolster of the transoral placed gastrostomy tube should be positioned a
manner such that the tube can be pushed in and out at least 1 cm. One
retrospective study (137) demonstrated a significant reduction in tube-
related complications in a group of patients with a loose external bolster.

Initiation of Feeding
Traditionally, after endoscopic-guided transoral enteric access placement,
feeding was initiated after period of time between 12 and 24 hours. It was
expected that, during that time, the GI system returns to normal function
and better seal of the enteral opening is achieved (138–140). Later, several
prospective randomized studies (141–145) clearly demonstrated that ear-
lier initiation of feeding at 3 hours (141,142), 4 hours (143), and even
immediately (144) is safe. These data were further analyzed and confirmed
in metaanalysis by Bechtold et al (145) that summarized six randomized
trials.

Similar randomized studies comparing delayed and early feeding
following transabdominal gastrostomy placement have not been per-
formed. Generally, in older literature, the initiation of feeding was reported
to be between 12 and 24 hours (89,146,147). In later studies describing
experience with transabdominal access with endoscopic guidance, the
initiation of feeding was shorter, at 4–6 hours (37,92), and appeared to be
safe. Future randomized studies are needed to confirm this latest experi-
ence.

Choice of Tube Configuration and Material
Gastrostomy tubes can be classified according to the diameter, material,
and retention mechanism. Generally, the choice of diameter of a tube is
dictated by the location of the tube (jejunostomy vs gastrostomy). Smaller-
diameter tubes are prone to more frequent dysfunction (148–151), so it is
recommended to place the largest diameter tube practically reasonable.

Silicone was the material of choice for enteric tubes for a number of
years. Well known to be highly biocompatible, it is structurally weak,
resulting in smaller internal diameter because of the thicker wall. In one
laboratory study (152), polyurethane tubes clogged less than silicone
tubes. In a retrospective study, Sartori et al (153) demonstrated that
silicone tubes deteriorate significantly sooner than polyurethane tubes.
That was supported by a well designed prospective randomized study
(154) that also demonstrated greater patency and structural integrity of

polyurethane gastrostomy tubes. However, in another prospective study, r
an Den Hazel et al (155) showed no difference in long-term patency and
omplications between polyurethane and silicone tubes. In addition, sili-
one tubes were found to be prone to fungal colonization, resulting in
aterial degradation and tube occlusion (156).

outine Tube Flushing to Prevent Clogging
I tubes have a tendency to clog, especially tubes of smaller diameter.
his occurs between 20% and 45% of the time, depending on the definition
f tube occlusion (149). This number could be increased 10-fold if gastric
esiduals are checked through the feeding tube (148). Tube occlusion is
ften caused by the interaction of protein-based formulas with an acidic
nvironment and medications (157). If not flushed properly, the smaller-
iameter tubes—such as jejunostomy tubes—often clog. Several flushing
gents including water, carbonated beverages, and cranberry juice have
een studied (152,158,159). Cranberry juice and carbonated beverages
ere shown to be inferior to water (159,160), most probably because their
igh sugar content was associated with stickiness.

Several published cases of infections were traced to tap water flush-
ng (161–163). It is generally recommended to flush the tubes with the
terile water; however, it is recognized that the practices vary in different
nstitutions. Several reports demonstrated superiority of prophylactic use
f pancreatic enzymes to prevent tube occlusion (164,165).

nclogging the Enteral Tube
ven in the best clinical practice, feeding tubes occasionally clog. Simple
ushing with water can relieve the obstruction in one third of patients
160). If simple water flushing fails to unclog a feeding tube, the instal-
ation of pancreatic enzymes can reopen an additional 50% of occluded
ubes (166). If these efforts fail, attempt to clean the tube with mechanical
evices such as a Fogarty balloon, biopsy brush, or commercially available
ube decloggers can be performed. Replacement of the tube is performed
s a last resort.

astrostomy Tube Change
ith optimal care, most transoral bumper-type gastrostomy tubes can

emain in place for 1–2 years (167). However, eventually, all tubes will
equire replacement as a result of breakage, occlusion, or dislodgment. In
ontrast, the Cope loop type of transabdominal gastrostomy is usually
eplaced 1–3 months after initial placement.

There are two major types of replacement gastrostomy tubes on the
arket that differ in their retention mechanism: a double-lumen balloon-

ype tube and a single-lumen distensible bumper-type tube. The only study
hat compared the performance between these two types of tubes (168)
emonstrated that there is no statistically significant difference in terms of
kin infection and tube malfunction. The main cause of tube failure in
alloon-type tubes was occlusion; that in the distensible bumper-type tubes
as tube degradation.

Low-profile tubes that provide more aesthetic skin-level access to the
tomach are especially popular in the pediatric population (169). The
etention mechanism can be a balloon or distensible bumper, and each
evice is tailored to the length of the stoma tract of each patient.

Preventive maintenance of gastrostomy tubes that includes elective
hange at a fixed period of time (usually 3–6 months) is the standard
ractice in some places (169). This is more common for the balloon-tip
astrostomy tubes because of the potential for balloon failure.

In circumstances in which a gastrostomy is replaced blindly at the
edside, confirmation of the correct placement by using auscultation and
astric content aspiration is imperative. If correct position is in question,
postreplacement radiograph with contrast medium should be performed.
astrojejunostomy tubes are usually changed over a guidewire under
uoroscopy or endoscopy guidance.

As a result of the small diameter and complicated configurations of
astrojejunostomy tubes, they often require more frequent maintenance
nd replacement. Replacement rates of 2.2 times in 39 days have been

eported in a pediatric population (170).
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COMPLICATIONS

Gastrostomy
Overall complication rates (major and minor) are similar for endoscopy-
guided and image-guided gastrostomies, and range from 0.4% to 22.5%
and from 13% to 43%, respectively (Table 4) (106,136,171,172). Proce-
dure-related mortality rates are very low, ranging from 0% to 2% (173).
Thirty-day mortality rates vary from 6.7% to 26%, and mortality is related
to the underlying comorbidities of this debilitated population (174–177). It
should be noted that the incidence of mortality associated with gastros-
tomy placement is significantly higher in hospitalized patients (178) and
patients with diabetes, poor nutritional status, or long-term corticosteroid
administration (179).

Acute Complications
Patients undergoing gastrostomy tube placement are subject to the com-
plications associated with sedation, and, in case of endoscopy-guided
procedures, endoscopy-related complications. Although the rate is low
(0.1%), significant morbidity can result from these complications. The
most common complications of endoscopy include aspiration, hemor-
rhage, and perforation (180), and sedation carries the risks of hypoxia,
hypotension, and aspiration (181,182).

Aspiration
In a report in which 15% of 64 patients had aspiration related to endos-
copy-guided gastrostomy placement, only two of the patients had aspira-
tion during the procedure whereas the other 11 had aspiration during the
next several weeks (183). In other reports (138,184), aspiration related to
the procedure itself occurred in 0.3%–1.0% of cases. Risk factors for
intraprocedural aspiration include supine position, sedation, neurologic
impairment, and advanced age (185). The endoscopist can minimize the
risk of this complication by avoiding excessive sedation, thoroughly
aspirating the gastric contents before the procedure, suctioning previously
insufflated gastric air after the procedure, and performing the procedure
efficiently in terms of time.

Bleeding
Acute bleeding during endoscopy-guided gastrostomy placement is an
uncommon complication, occurring in approximately 1% of cases (186–
188). A review of 1,338 patients (189) reported that fewer than 0.5% of

Table 4. Major and Minor Complications of Gastrostomy
Tube Placement (172)

Complication Frequency (%)

Major

Aspiration 0.3–1.0

Hemorrhage 0–2.5

Peritonitis 0.5–1.3

Necrotizing fasciitis Rare

Death 0–2.1

Tumor implantation Rare

Minor

Ileus 1–2

Peristomal infection 5.4–30

Stomal leakage 1–2

Buried bumper 0.3–2.4

Gastric ulcer 0.3–1.2

Fistulous tracts 0.3–6.7

Inadvertent removal 1.6–4.4
cases are complicated by hemorrhage requiring transfusion and/or lapa- m
otomy. Risk factors include anticoagulation and previous anatomic alter-
tion (190). The development of a hematoma at the gastrostomy site
omplicates approximately 1% of cases (188). Gastrostomy placement is
ategorized as a high risk procedure by the ASGE because of the risk for
leeding, and anticoagulation should be held and/or reversed before the
rocedure (30).

erforation of Viscera/Peritonitis
omplete laceration of the stomach, small bowel, or colon is a potentially
atastrophic complication that occurs in 0.5%–1.3% of cases (138,188).
nadvertent perforation can be minimized with meticulous attention to
btaining excellent endoscopic transillumination and discrete (rather than
iffuse) indention from finger palpation on the anterior abdominal wall to
dentify a safe gastric access site. In addition, full insufflations of the
tomach to allow it to displace the colon caudally can assist in preventing
nadvertent colon perforation. The safe-track maneuver described previ-
usly can also be performed to ensure there are no intervening loops of
owel between the stomach and anterior abdominal wall (68). In cases of
ery abnormal GI anatomy, a CT scan can be used to mark the stomach for
afe insertion of a gastrostomy tube.

It is recognized that transient subclinical pneumoperitoneum occurs
uring gastrostomy placement in as many as 56% of procedures and is
enerally not of any clinical significance (191). Peritonitis manifests in the
ostgastrostomy patient as abdominal pain, leukocytosis, ileus, and fever.
t can result in significant morbidity if not identified and treated early
192). The prevalence of persistent subclinical pneumoperitoneum limits
he utility of plain radiographs for evaluation of suspected peritonitis.
herefore, fluoroscopic imaging of the gastrostomy tube with infusion of
ater-soluble contrast medium is most useful to evaluate visceral integrity

n patients in whom peritonitis is a consideration (193). If active leakage
f contrast medium is identified in a patient with clinical signs of perito-
itis, broad-spectrum antibiotics and surgical exploration are usually in-
icated.

rolonged Ileus
t has been established that tube feedings may begin as soon as 3–4 hours after
astrostomy placement (142). However, in 1%–2% of cases, prolonged ileus
ay follow gastrostomy placement, and should be managed conservatively

138). Acute gastric distension after gastrostomy placement can be decom-
ressed by simply uncapping the gastrostomy tube.

elayed Complications
ite infection. The most common complication of transoral gastros-

omy placement is peristomal infection of the gastrostomy site. As many
s 30% of cases are complicated by peristomal wound infection
140,194,195), but more than 70% of these are minor, with fewer than
.6% of stomal infections requiring aggressive medical and/or surgical
reatment (33). Patients with diabetes, obesity, or poor nutritional status,
nd those on chronic corticosteroid therapy or other immunosuppressive
herapy, are at increased risk for infection (196). In case of transoral
astrostomy, excessive pressure between the gastrostomy external and
nternal bolsters is associated with a higher infection rate and can also lead
o mucosal ulceration, increased leakage, and buried bumper. Loose con-
act of the outer bolster with the skin is all that is required to oppose the
astric and abdominal wall (197). Allowing for approximately 1 cm of
lay between the skin and external bolster setting maintains the proper
ension and decreases the likelihood of these complications. The transab-
ominal approach technique that does not pull the gastrostomy tube
hrough the oropharynx has been shown to result in fewer infections
ompared with transoral techniques (198,199). If it is diagnosed early, oral
road-spectrum antibiotics for 5–7 days may be all that is required for a
astrostomy site infection. If there are more systemic signs, intravenous
road-spectrum antibiotics coupled with local wound care are necessary.
hould a patient with local site infection develop signs of peritonitis,
urgical intervention may be required.

A rare but potentially life-threatening complication is the develop-

ent of necrotizing fasciitis. Patients with diabetes mellitus, chronic renal
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failure, pulmonary tuberculosis, or alcoholism appear to be at increased
risk (200–202). Management consists of broad-spectrum intravenous an-
tibiotics and aggressive surgical debridement.

Peristomal leakage/irritation. Leakage of tube feeding formula
and/or gastric contents around the gastrostomy site can be a significant
management problem and is reported in the literature to occur in 1%–2%
of placements (203). Risk factors include infection of the site, increased
gastric acid secretion, excessive cleansing with hydrogen peroxide, buried
bumper syndrome, side torsion on the gastrostomy tube, and excessive
tension between the internal and external bolsters (204). Evaluation of a
leaking gastrostomy site should include examination for evidence of
infection, ulceration, or a buried bumper. If the patient is not receiving acid
suppression, proton pump inhibitor therapy should be started. Side torsion
resulting in ulceration and enlargement of the tract may be corrected with
a clamping device to stabilize the tube. The same result may also be
accomplished by replacing the gastrostomy with a low-profile device.
Some practitioners replace the gastrostomy tube with a larger-diameter
one, but this is usually ineffective and can result in continued leakage
around an even larger stoma (193). Another potential treatment option is
conversion of the gastrostomy tube to a gastrojejunostomy. After the
primary cause of the stomal leakage has been addressed, stoma adhesive
powder or zinc oxide can be applied to the site to prevent local skin
irritation. Foam dressing rather than gauze can help to reduce local skin
irritation caused by gastric contents (foam lifts the drainage away from the
skin, whereas gauze tends to trap it). Local fungal skin infections may also
be associated with leakage and can be treated with topical antifungal
agents. Wound and ostomy nurses are an invaluable resource in the
management of leaking gastrostomy sites and often are the primary man-
agers in these settings. In refractory cases, the gastrostomy tube must be
removed for several days to allow the stoma to approximate the tube more
closely, and occasionally the tube must be removed and a repeat gastros-
tomy placed at a new site.

Buried bumper syndrome. Buried bumper syndrome refers to the
clinical picture resulting from the partial or complete growth of gastric mucosa
over the internal bolster, or bumper, and occurs in 0.3%–2.4% of patients with
gastrostomy (138,205,206). The bumper may migrate through the gastric wall
and may lodge anywhere along the gastrostomy tract. Buried bumper syn-
drome typically presents with peritubal leakage or infection, an immobile
gastrostomy tube, abdominal pain, and/or resistance with formula infusion.
Risk factors leading to buried bumper syndrome include excessive tension
between the internal and external bolsters, malnutrition, poor wound healing,
and significant weight gain secondary to successful enteral nutrition (204).

The buried bumper may be confirmed endoscopically or radiograph-
ically. Contrast study should be performed with the patient in prone
position, as contrast agent may falsely appear to safely pass through the
imbedded bumper into the gastric lumen by gravity when the patient is in
supine position. Management of buried bumpers has been described by a
number of methods involving endoscopic removal and replacement. The
key principle is to use a technique that minimizes trauma to the gastros-
tomy tract. In many cases, the buried gastrostomy tube can be removed
with external traction and a new gastrostomy tube placed through existing
tract or nearby site. If the bumper is completely covered by gastric mucosa,
electrosurgical incisions may be necessary to access and remove the
bumper endoscopically (207,208).

Gastric ulcer/hemorrhage. Bleeding that occurs after gastrostomy
placement is usually caused by peptic ulcer disease, traumatic erosion of the
gastric wall opposite the internal bolster, or ulceration beneath the internal
bolster, and is reported to complicate 0.3%–1.2% of cases (138,186,187,209).
To reduce risk of ulcerations at the gastrostomy site, excessive lateral traction
on the tube and tension between the internal and external bolsters should be
avoided. During endoscopic evaluation, the mucosa under the internal bolster
should be visualized by externally manipulating the gastrostomy (192).

Fistulous tracts. Fistulas connecting the stomach, colon, and skin are
uncommon but potentially significant complications of gastrostomy place-

ment. These fistulas may occur when the colon is inadvertently punctured r
nd traversed during gastrostomy placement or less commonly with sub-
equent erosion of the tube into juxtaposed colon. Patients may present
cutely with colonic perforation or obstruction. More commonly, patients
resent chronically with stool leaking around the gastrostomy tube and
iarrhea resembling formula during feeding. Another typical presentation
s when a colocutaneous fistula results from a replacement gastrostomy
hat is advanced through a previously created gastrocolocutaneous fistula
nto the colon rather than through the colon into the stomach. A feeding
ube misplaced into the colon may be identified radiographically. Usually,
anagement consists of simply removing the tube and allowing the fistula

o close. Surgery may be required on rare occasions, such as when signs
f peritonitis develop or the fistula fails to heal. Use of the safe-track
echnique as described previously and elevation of the head of the bed with
dequate gastric insufflations to displace the colon during placement to
isplace the colon inferiorly may help lessen this complication (68).

nadvertent tube removal. Accidental gastrostomy tube removal oc-
urs in 1.6%– 4.4% of cases (138,209,210). Gastrostomy tract maturation
sually occurs within the first 7–10 days, but may be delayed as long as 4
eeks in the presence of malnutrition, ascites, or corticosteroid treatment.
gastrostomy tube that is accidentally removed during this period should

e replaced by using endoscopy or image guidance, as the tract may be
mmature and the stomach and anterior abdominal wall can separate from
ach other, resulting in free perforation. If recognized immediately a new
astrostomy tube may be placed through or near the original gastrostomy
ite, sealing the stomach against the anterior abdominal wall. If recognition
s delayed, management consists of NG suction, broad-spectrum antibiot-
cs, and repeat gastrostomy placement in 7–10 days. Surgical exploration
s reserved for patients with signs of decompensation or peritonitis.

Delirium, dementia, and other causes of altered mental status in-
rease the risk for inadvertent tube removal. Multiple maneuvers may
revent or decrease the risk of tube removal in these situations. Placing
ittens on the patient’s hands reduces the ability to grasp and pull the

astrostomy tubing. Abdominal binders are not recommended because
hey increase side torsion at the gastrostomy site, increasing risk of stoma
nlargement. Placing gastropexy devices at time of tube placement will
revent the stomach from falling away from the skin in the event of
remature removal and facilitate safer replacement. Finally, initial place-
ent of, or replacement with, a low-profile device (ie, button gastrostomy)

an be performed. In this case, if the connector tubing is accidentally
ulled, it simply disengages, leaving the button in place (211).

ungal tube infection. Fungal colonization and/or infection of gastros-
omy tubes may lead to tube degradation and failure. This is a long-term
omplication of gastrostomy tubes has been reported to cause as many as 70%
f cases of tube failure by 450 days. Histologic studies (212) have demon-
trated actual fungal growth into the tube wall leading to brittleness, dilation,
nd cracking, with eventual puncture of the tube. No treatment has shown to
e useful, but polyurethane initial placement and replacement devices may be
ore resistant to fungal infection than silicone ones (153,213).

umor tract seeding. Placement of prophylactic gastrostomy feeding
ubes in patients with head and neck cancer has been shown to be
eneficial (214,215). However, implantation of head and neck cancer at
he stoma site has been reported in 28 cases between 1989 and 2005
216,217), and should be suspected in patients with head and neck cancer
ho develop unexplained skin changes at the gastrostomy site. The mech-

nism of implantation is controversial, but is most likely direct seeding of
umor at the gastrostomy site after the tube shears tumor cells as it passes
hrough the aerodigestive tract (218). However, implantation has also been
eported after open gastrostomy with no manipulation of the tumor by the
astrostomy tube (219). It was advocated in these patients to consider the
se of a transabdominal approach, in which the gastrostomy is placed
irectly through the abdominal wall (93). In patients who develop tumor at
he gastrostomy site, metastases are commonly present elsewhere as well.
o treatment is usually given, but palliative radiation therapy has been
eported in one case (220).
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Gastrojejunostomy
Complications of percutaneous gastrojejunal tubes include those noted
with percutaneous gastrostomy tubes, as described earlier. Despite the high
technical success rate of initial endoscopic- or image-guided placement,
functional success is often disappointing. Gastrojejunal feeding tubes are
also complicated by frequent (53%–84%) malfunction caused by retro-
grade tube migration into the stomach or tube dysfunction caused by
kinking, clogging, and/or occlusion of the smaller (8–12 F) jejunal exten-
sion tubes (105,221). Migration of the jejunal tube back into the duodenum
or stomach is a unique complication of percutaneous gastrojejunal tubes
and occurs in 27%–42% of cases (104,221,222). Tube occlusion is a
significant problem, with reported rates of 3.5%–35% (223). To help
prevent tube clogging, medications should be administered through the
much larger diameter gastrostomy port of the gastrojejunostomy when
possible. The average longevity for a jejunostomy tube in a gastrojejunos-
tomy is 3–6 months (99,224). When the jejunostomy arm has become
dislodged, it generally must be replaced to achieve correct positioning.
Fortunato et al (170) conducted a retrospective review of 102 pediatric
patients. The mean number of jejunal tube replacements was 2.2 (range,
1–14) tubes per patient over a median tube functional duration of 39 days
(range, 2–274 d) per patient. The most common reasons for tube replace-
ment included displacement (31%), clogged tube (22%), and mechanical
failure (19%). However, some authors (99) have described gastrojejunos-
tomy tube longevity as long as 120 days when they were placed with an
over-the-wire method as described earlier. Finally, the data do not dem-
onstrate that feeding with percutaneous gastrojejunal tubes decreases as-
piration risk compared with gastric feeding. Aspiration has been reported
in 17%–60% of patients with gastrojejunostomy, which is not significantly
different than outcomes with gastrostomy feeding (1).

Jejunostomy
Complications of jejunal tube placement are similar in nature and fre-
quency to those observed with gastrostomy tubes. In addition, direct
jejunostomy tubes may cause jejunal volvulus, small bowel perforation,
and persistent enterocutaneous fistulas after tube removal. In a reported
series of endoscopy-guided jejunostomy (121), the major complication
rate was approximately 2%, and complications included colonic perfora-
tion, severe gastric bleeding, and an abdominal wall abscess. Minor
complication rates were approximately 6%–11%, and minor complications
included skin site infection, persistent pain at the jejunal access site,
pressure-induced jejunal mucosal ulcerations, and persistent enterocutane-
ous fistulas (121). However, these rates are likely equal to or lower than
reported complication rates of endoscopic or radiologic percutaneous
gastrojejunostomy or surgical jejunostomy. Maple et al (120) performed
the largest analysis of outcomes of jejunostomy placement. A total of 307
jejunostomy attempts were made, with a success rate of 68%. Adverse
events were noted in 22.5%, with severe adverse events occurring in 4.2%
of cases, including seven bowel perforations, three cases of serious bleed-
ing, and three cases of jejunal volvulus. Jejunal volvulus appears to be a
unique complication of endoscopy-guided jejunostomy. Use of multiple
jejunopexy devices during radiologic or endoscopic direct jejunostomy
placement may decrease this occurrence (225).

Cecostomy
Complications of percutaneous cecostomy are similar to those seen with
percutaneous gastrostomy, and include bleeding, excessive granulation
tissue, leakage, and infection with sepsis or peritonitis (130,226–228).
Peristomal infection rates range between 25% and 40% and are not clearly
increased compared with percutaneous feeding tubes (126,225,229). As
described earlier, creation of a cecopexy with T-fasteners may help de-
crease peristomal leakage of fecal contents. Inadvertent placement into the
terminal ileum has been reported with fluoroscopic placement, although
function was intact (24). No differences in rates of complications have
been noted between endoscopic and radiologic placement, but the total

number reported with each method is small (22,24,124,228–233). a
THICAL ISSUES

edical ethics as applied to achievement of enteral access and provision
f artificial specialized nutritional therapy follows five basic principles
234). Autonomy refers to self-autonomy, justice, beneficence, nonmalefi-
ence, and futility. The direct application of these principles means that a
ompetent adult has the right to decide for him- or herself whether a
eeding tube is placed and feedings are started. No tubes should be placed
ithout informed and educated consent. Patient autonomy takes prece-
ence over beneficence. The ultimate decision to place the tube is based
pon the following presumptions: that it would provide net benefit to the
atient and not harm, that the benefits will outweigh the risk of the
rocedure itself, and that the procedure would be offered to the patient
egardless of their socioeconomic status (234).

Following decades of legal cases and decisions formed by state
ourts and the US Supreme Court, the ethical principles that guide the
rovision of nutrition therapy in end-of-life situations have been redefined
234,235). Patient autonomy is paramount. The patient decides whether to
eceive therapy, as the right to consent is meaningless without the right to
efuse medical intervention. Providing unwanted medical care actually
iminishes patient dignity. Nutrition support is no more essential or basic
han any other form of medical therapy. Providing nutrition and hydration is
ndistinguishable in the eyes of ethicists from the provision of antibiotics,
xygen therapy, or pressor support, all of which represent bodily functions
hat a patient cannot provide on their own. The distinctions between ordinary
nd extraordinary are meaningless, as are the distinctions of invasive versus
oninvasive. Withdrawing or withholding nutritional therapy is no different
han the definitive act of initiating provision; one is not “stuck” continuing
eedings when they have been started. Clinicians must assume that a patient
ants nutrition therapy until proven otherwise or until evidence is found to the

ontrary (234,235).
Considerable controversy surrounds the ethics of placing gastros-

omy tubes in patient populations expected to have reduced clinical benefit
236). In certain patient populations, the decision to place a gastrostomy
ube is clear. For neurologic disease, such as a cerebrovascular accident,
astrostomy tube feedings provide a valuable bridge in the interim follow-
ng the initial event, as more than half of patients with dysphagia will recover
eurologic function during the subsequent 4 months (237). Gastrostomy
lacement is more controversial in patient populations such as those with
erminal cancer and widespread metastases or those with advanced dementia.
astrostomy tubes should not be placed routinely in patients with end-stage,

ncurable cancer. Achievement of enteral access and provision of enteral
utrition may actually increase complications. If no therapy is provided, the
ajority of patients (as many as 63%) never experience hunger or thirst (238).
ny symptoms of hunger or thirst that are expressed are transient and relieved

asily with minimal intake. There appears to be no consistent benefit from
astrostomy placement in these patients (238).

Gastrostomy tube placement in patients with advanced dementia is
ommonly done for reasons of preventing aspiration, maintaining skin
ntegrity, preventing pressure sores, improving function, and prolonging
ife expectancy (236). Unfortunately, the point at which there is loss of
peech and smile and difficulty eating marks the terminal phase of demen-
ia; the lifespan remaining is estimated to be less than 12–18 months
234,236). Although diverting the level of feeding lower in the GI tract
rom mouth to stomach to small bowel has been shown to reduce gastro-
sophageal reflux and pulmonary aspiration (10,239), it is not clear that
ctual pneumonia is reduced (240). Placement of a gastrostomy tube and
rovision of enteral nutrition should improve nutritional status and pro-
ote the healing of pressure sores. However, patients with dementia are

sually chemically or physically restrained following the procedure, and
he consequent immobility negates the nutritional benefits from gastros-
omy placement (234,236,237). Although patients with stroke, head
rauma, or an abnormality of the GI tract are more likely to improve in
unction or quality of life following gastrostomy placement, those with
hronic dementia are more likely to see their function or quality of life
orsen (241). Converting from hand feeding to gastrostomy feeding
eprives these patients of touch, taste, nurturing, and social interaction,

nd the physical restraints may lead to distress, agitation, and the need for
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sedation (236). Ironically, the quality of life for family, relatives, and
caregivers usually improves with gastrostomy placement, as the difficulty
and frustration with providing nutrition support to the patient with demen-
tia are vastly improved (242). There is no evidence that the morbidity
directly related to the gastrostomy procedure itself is any worse for
patients with dementia (243). Gastrostomy placement in patients with
dementia probably does not change mortality, as the death rate is more
related to the underlying disease process and comorbidities (234,244). We
have not been able to access the quality of life changes in dementia as
affected by the use of a gastrostomy tube.

CONCLUSIONS

Gastroenteric access is an integral part of the patient care provided by a variety
of health care professionals. Transabdominal and natural-orifice approaches
have been proven to be successful and safe under endoscopic or image
guidance.
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