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Preface 
 

Life is an interesting possibility to realize a dream. 
Paolo Coelho, The Alchemist 

 

The gastrostomy placement is a method of providing nutrition to the patients who are 
unable to eat. The possibility of feeding the patients, who were unable to eat, has been 
physicians' dream for a long time. 

The first way was a surgical introduction using open laparotomy in malignant 
patients, which was used since the 19th century. In the 20th century radiological, and 
later (since the 80s) endoscopic techniques, were implemented and the number of 
patients and new indications was increased. Gastrostomy became the standard 
procedure in patients with various causes of feeding disturbances from birth to the 
advanced age, and by the end of the 20th century, Percutaneous Endoscopic 
Gastrostomy (PEG) served as a gold standard. 

At this time the most frequent groups for gastrostomy introduction are children with 
various disturbances, geriatric patients (especially with cerebral stroke and demency), 
patients with neurological impairment and mostly patients with malignancies. Home 
enteral nutrition is suitable for all these groups of patients and it is more easy with 
gastronomy, so probably this is the dream for patients – to be at home with realtives 
and loved ones despite of their troubles. 

It is no wonder that the individual chapters are focused on children, neurological 
patients and the patients, who most benefit from the introduction of gastrostomy, 
namely head and neck cancer patients.   

The new indications (especially in very young children) required new techniques such 
as: laparoscopic gastrostomy, laparoscopy assisted endoscopic gastrostomy 
with/without fundoplication, ultrasonography assisted gastronomy etc.  

This is the reason, why you can find in this book the chapters about new techniques of 
gastrostomy introduction  - video-laparoscopy techniques, twin gastrostomy and 
other.  
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I realized my dream too, during last 18 years, our team introduced more than 2000 
percutaneous endoscopical gastrostomies (about 140 in children below 15 years) from 
children 6 weeks old to a female-patient 98 years old (she lived about 3 years longer 
with total enteral nutrition and with full mobility), more than 50 introduction of 
gastrostomies contraindicated in the other endoscopy rooms. Therefore, we have 
become the learning center for PEG introduction and the medical center, which solves 
the complicated cases for the whole Czech Republic.  

I was very proud that I got the opportunity to be present at the birth of a new book 
about gastrostomy.  

This book does not serve as a basic textbook, but as an interesting reading material 
and as an aid for physicians who are already familiar with the indication for 
gastrostomy and want to know more. 

 

Prague 28th October 2011                                       

 

Pavel Kohout  
IInd Dept of Internal Diseases  

Thomayer´s Hospital,  
Prague,  

Czech Republic  
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Advances in Gastrostomy Placement  
and Care in Children 

Stephen Adams and Anies Mahomed 
Royal Alexandra Children's Hospital, Brighton 

United Kingdom 

1. Introduction  
Gastrostomy Placement in Children has advanced much in recent years. We have experience 
in standard techniques of open and percutaneous endoscopic Gastrostomy placement and 
continue to expand our surgical portfolio to include minimally invasive techniques for 
gastrostomy placement. Over the past 2 years our department has placed 49 new 
gastrostomy devices, (Age: Median 2.6 years, Range 0-18) for a wide range of diagnoses. 
In this chapter we chart the history of the Gastrostomy in children, indications and methods 
for placement including an overview of more recent techniques, their risks and benefits. 

2. Historical perspective 
Gastrostomy is probably the first operation performed on the human stomach and was 
successfully practised in adults from the mid to late 1800s. The credit for being the first 
surgeon to describe and successfully establish a gastostomy in a human belongs to Sédillot 
of Strasbourg. He published his article “De Ia Gastrostomie FistuIeuse” in France in 1846. 
The main initial complication of the procedure was development of peritonitis in the 
immediate post-operative phase. This was ameliorated somewhat by development of the 
technique to involve suturing a portion of the stomach to the peritoneum and leaving 
several days prior to opening the presenting area of the stomach. In these pre-Listerian days 
success was significantly limited and no patients were recorded as surviving until 1876. This 
is likely to have been affected by the underlying (usually malignant) conditions for which 
the procedure was being used. 
Further developments were aimed at preventing leak and related skin excoriation. 
Notable amongst the earlier success were two French surgeons named Fontan and 
Pénières who in the late 1800s described a new technique whereby all the layers of the 
stomach were used in the creation of a type of valve. A Belgian surgeon named Dépage 
also described the use of a mucous lined tube in the creation of the fistula. By 1899 a 
Japanese surgeon named Watsudjii had published a modification of these techniques such 
as to bring the gastrostomy to the skin through the rectus abdominus muscle, thus 
creating the first continent gastrostomy. Subsequent descriptions and modifications of 
what we now recognise as an open gastrostomy were made by many and names such as 
Janeway, Spivack and Stamm will come to mind when one considers this history further. 
(Cunha 1946) 
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The next significant change in technique came in 1980 when Gauderer and Ponsky first 
described a method for Gastrostomy placement which avoided the previously associated 
laparotomy. The Percutaneous Endoscopic Gastrostomy (PEG) was described in a cohort of 
high risk patients, around one third of whom were children. The technique which will be 
explored in more detail later in this chapter was to revolutionise our concept of gastrostomy 
placement. (Gauderer et al. 1980) 
The first uses of Gastrostomy in children were for treating patients with caustic oesophageal 
strictures. Subsequently the incidence of such strictures has markedly reduced and the 
indication for gastrostomy has changed. Its use in neonates, which was more prevalent in 
the 1970s and 1980s, has now reduced as neonatal and peri-operative care has improved. 
The population of neuro-developmentally delayed children has increased dramatically as 
the capacity to provide advanced neonatal care has developed. This group now presents the 
most common requirement for gastrostomy placement in current paediatric practice. 
(Gauderer 1992) 

3. Indications and assessment for gastrostomy placement 
The three main indications for gastrostomy placement in children are; 
1. Long term feeding 
2. Gastric decompression 
3. A combination of the above 
Additional uses include the administration of medication, gastric access for passage of 
oesophageal dilators and gastroscopy. (Gauderer 1992) 
The European Society for Clinical Nutrition and Metabolism (ESPEN) has issued a 
consensus statement which provides guidelines in relation to Percutaneous Endoscopic 
Gastrostomy (Lo et al. 2005). These suggest that when oral feeding is no longer possible or 
adequate for an expected duration of greater than 2-3 weeks there is an indication for PEG 
placement. Additionally these guidelines suggest that a jejunal extension of the PEG tube be 
placed when there is a significant risk of aspiration. The placement of any form of adjuvant 
device for feeding requires careful consideration and planning and whilst the ESPEN 
statement does provide guidance, the authors feel that they should not be regarded as rules 
to follow, indeed many surgeons will not consider placing a surgical gastrostomy unless it 
will be required for 3 months or more. (Georgeson 1997) 
Given that the most common group to present to the paediatric surgeon for consideration of 
Gastrostomy placement is the neurologically compromised child it is prudent to consider 
the issues of Gastro-Oesophageal Reflux (GOR) and upper GI dysmotility prior to 
proceeding. A combined anti-reflux procedure and Gastrostomy placement can be well 
advised in a proven case of GOR, since placement of Gastrostomy alone is known to 
potentially worsen the GOR. (Chung & Georgeson 1998). The main indications for 
Gastrostomy are listed in Table 1. 
Assessment of the child presenting for Gastrostomy placement should commence with a 
comprehensive clinical history, taking particular note of Acute Life-Threatening Events 
(ALTEs) and progressive neurological disease likely to mandate an anti-reflux procedure in 
the future. Diagnostic imaging should involve an upper gastro-intestinal (GI) contrast study 
in the first instance, this provides both anatomical and functional information likely to 
influence decision making. In the absence of a clinical history to suggest GOR it may seem 
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reasonable to base the decision making on this evaluation alone, however a contrast study 
which does not demonstrate reflux certainly does not exclude it. There are several other 
investigations in the clinician’s armamentarium to help in making this diagnosis.  
 

Indication Underlying Disease 

Inability to swallow Neurological Disorders (>50% all patients) 
 Multiple Congenital Malformations 
 Oropharyngeal dymotility 
 Epidermolysis Bullosa 
 Others 
  
Inadequate Calorific Intake Cystic Fibrosis 
 Congenital Heart Disease 
 Chronic Respiratory Failure 
 Chemotherapy in oncologic disease 
 Others 
  
Special Feeding Requirements Unpalatable formula in multiple food allergies 

 Unpalatable formula or reliable Gastric access in 
metabolic diseases 

 Unpalatable medications in renal failure 
  
Continuous Enteral Feeding Short Bowel Syndrome 
 Malabsorption 

Table 1. Indications and underlying diseases in paediatric patients requiring a PEG - 
adapted from Frohlich et al (2010) 

Twenty-four hour Oesophageal pH monitoring is considered the gold standard test for 
establishing a diagnosis of GOR. A pH probe is placed just above the lower oesophageal 
sphincter and recordings are made on a portable device for the ensuing day and night. 
Gastric-emptying can be assessed to a degree on an Upper GI contrast study, but 
quantification of emptying can only be made using a Nuclear Medicine “Milk Scan”. The 
presence of significantly delayed gastric emptying may be an indication for a gastric outlet 
procedure possibly in addition to fundoplication and gastrostomy. Oesophageal manometry 
and oesophagoscopy, with biopsy, if required can prove a useful adjunct in complex clinical 
scenarios. (Chung & Georgeson 1998) 

4. Standard technique for PEG placement 
The most widely accepted modern technique for paediatric Gastrostomy placement is the 
Percutaneous Endoscopic Gastrostomy (PEG) as first described by Gauderer and Ponsky in 
1980. This technique achieves a sutureless apposition of the stomach to the anterior 
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abdominal wall with a tube Gastrostomy being left in-situ. It was first described with 
equipment that was presently available, now there are many specialised kits available from 
multiple manufacturers to achieve a similar outcome. The basic premise is summarised in 
Figure 1.  
 

 
Fig. 1. Depiction of PEG placement – adapted from (Gauderer, Ponsky, & Izant, 1980, Fig 3) 

The stomach is intubated with a flexible endoscope which has a working channel. It is 
insufflated with air in order to try to push the colon, liver and spleen away from the 
proposed gastrostomy site. A cannula is placed via the anterior abdominal wall into the 
stomach under endoscopic vision. A thread passed via the cannula is grasped by the 
endoscopist and withdrawn through the mouth. A catheter is attached to the string which is 
then used to pull the catheter down the oesophagus and out through the Gastrostomy site, 
the catheter is shaped such that the presenting portion is narrow but widens to the full 
catheter diameter and an internal flange resides against the anterior wall of stomach. A 
flange at skin level enables maintenance of apposition between the stomach and anterior 
abdominal wall.  
The initial concern with this technique was the potential to pierce the colon and this is in fact 
a well documented risk, in a recent selection of paediatric case series the rate of this 
complication is 1 – 2%.  The risk of the same complication when the gastrostomy is created 
in the traditional manner is probably minute and is rarely reported. (Cook 1969) The overall 
complication rate of standard PEG insertion is variously reported as between 5 and 17%. 
The major complications are summarised in Table 2 which is adapted from a single centre 
study of 448 standard paediatric PEG insertions.  
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Major Complications % 
Death (30 days post-PEG) 1.1 
      Procedure-related 0.2 

(1/448 due to PEG related sepsis) 
Oesophageal Perforation 0.2 
Peritonitis 1.6 
Gastrocolic fistula 1.1 
Intra-abdominal bleeding 0.7 
Necrosis (PEG Migration) 0.4 
Major infection 0.9 
GOR after PEG (new or more) 2.9 
Major granulation tissue 1.8 
Buried bumper 2.5 
Miscellaneous  
(Mainly needle perforations of colon and stomach) 

3.3 

Total 16.7

Table 2. Major Complications of PEG insertion, adapted from (Vervloessem et al. 2009) 
 

 
Fig. 2. Complication: extrusion of a Corflo® gastrostomy device 
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Major Complications % 
Death (30 days post-PEG) 1.1 
      Procedure-related 0.2 

(1/448 due to PEG related sepsis) 
Oesophageal Perforation 0.2 
Peritonitis 1.6 
Gastrocolic fistula 1.1 
Intra-abdominal bleeding 0.7 
Necrosis (PEG Migration) 0.4 
Major infection 0.9 
GOR after PEG (new or more) 2.9 
Major granulation tissue 1.8 
Buried bumper 2.5 
Miscellaneous  
(Mainly needle perforations of colon and stomach) 

3.3 

Total 16.7

Table 2. Major Complications of PEG insertion, adapted from (Vervloessem et al. 2009) 
 

 
Fig. 2. Complication: extrusion of a Corflo® gastrostomy device 
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Common, but more minor, complications include minimal granulation tissue, tube 
migration, dislodgement (this can be a major complication if it occurs within the first 4-6 
weeks), stomal enlargement, leakage, skin irritation/breakdown and tube blockage. The 
gastrostomy tube may be an annoyance to the child and some children with PEG avoid 
spending time prone, this may lead to developmental issues with upper torso and head 
control. When it is no longer required the Gastrostomy tube is removed and the stoma 
permitted to close. The stoma usually closes rapidly however occasionally this can take 
several weeks and be problematic due to profuse leakage of gastric content. Rarely a 
persistent gastro-cutaneous fistula will require surgical closure. (Borkowski 1998) 
Contra-indications to traditional PEG placement are rarely absolute. Extreme kypho-
scoliosis, previous upper GI surgery, hepato- or spleno-megaly, colonic interposition, 
presence of ventriculo-peritoneal shunt and Situs Inversus should all be considered to 
present significantly increased risk during PEG placement. In this scenario it is wise to 
consider whether additional measures should be taken for intra-operative imaging of at-risk 
structures. This can be achieved with laparoscopy or additional radiographical imaging at 
the time of PEG placement. Such techniques are discussed later in this chapter. 

5. Gastrostomy devices 
The Malecot, dePezzer and Foley catheters are examples of tubes used when creating an 
open gastrostomy. More recently specific gastrostomy balloon catheters have been 
produced. The type of Gastrostomy tube used in placing a PEG usually has a plastic internal 
disc, examples include the CorFlo® and Freka® PEG tubes (see figure 3). 
 

    
 (a) (b) 

Fig. 3. FREKA® gastrostomy device – (a) External view and (b) endoscopic view 
demonstrating disc secured against anterior gastric wall 
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Button Gastrostomy devices (Figures 4 and 5) have emerged onto the market in the past 
number of years. They have a much lower profile to the patient’s abdomen as there is no 
requirement for tubing to be connected at all times. Instead, the feed tubing is attached, 
usually via insertion of a plastic nipple into a valve on the button, only at times when 
feeding is required. The majority of buttons currently in use have a balloon internally 
holding them in the stomach. There are buttons however available with an internal plastic 
cage, these are felt by some surgeons to be more difficult to pull out by accident and may 
thus be more suitable for some patients.  
 

 
Fig. 4. Infant with button balloon gastrostomy device in situ 

A variety of other specialised devices have been produced which enable radiological 
placement of a gastrostomy tube and also devices to access the jejunum via a gastrostomy, 
either as an extension to a gastrostomy device or as an exclusive gastro-jejunal tube.  
The utility of these jejunal tubes as a long-term solution for enteral feeding, particularly for a 
child with severe gastro-oesophageal reflux, is debatable due to the high rate of associated 
morbidity and in particular the frequency of tube displacement. In one reported series of 14 
patients with gastro-jejunal tubes there were 65 complications reported in 18 tube insertions 
(4.6 complications per child). The most common problem was tube migration/displacement 
(43 episodes). (Godbole et al. 2002) 
The other disadvantage of jejunal feeding is the inability to bolus feed and thus feeds must 
be given continuously over at least 14 hours. These tubes can provide a stop-gap for enteral 
nutrition when necessary and there is supportive evidence for the nutritional benefits, 
however they will not usually be the best choice for ongoing nutrition.  
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Fig. 5. A Selection of balloon and cage type button gastrostomy devices and their 
deployment/removal tools 

The development of buttons and their better acceptance by parents has led to the 
development of techniques by which a button gastrostomy can be placed at the initial 
operation. This technique is addressed in detail in the next section. If this technique is not 
utilised, many surgeons will replace an initial PEG tube with a button only under a second 
anaesthetic, usually when the gastrostomy tract has matured and several months post initial 
PEG placement. 

6. Changes in techniques for gastrostomy placement 
Aside from the sea-change already described following the introduction of the PEG 
technique in 1979, there have been major developments in the area of minimal access 
surgery and interventional radiology. Here we discuss the methods and potential benefits of 
minimal access surgery and interventional radiology in the placement of gastrostomy 
devices. 

6.1 Solely laparoscopic technique 
Laparoscopy has developed a significant role in paediatric surgery, it is used widely for 
fundoplication of the stomach and many other operations that previously required a more 
invasive approach (Chung & Georgeson 1998). The visualisation of structures neighbouring 
the stomach when a laparoscope is used is felt by many to ameliorate the risks of collateral 
injury associated with PEG placement. 
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The purely laparoscopic technique was described initially in a porcine model and then 
utilised in children (G. Stringel et al. 1993). It requires placement of 1 laparoscopic camera 
and 2 working ports in an anaesthetised patient. The stomach is visualised and brought near 
to the anterior abdominal wall. A needle is introduced and seen to pass into the lesser curve 
of the stomach, apparently confirmed by a rush of air through the needle. The stomach is 
secured to the anterior abdominal wall with a T-fastener. A wire is then passed into the 
stomach and a series of dilators are used until the stoma is large enough to accept the 
gastrostomy tube. The system is tested by passing water into the stomach via NG tube and 
then aspirating it via the new gastrostomy.  
The element of uncertainty remains in regard to intra-luminal placement of the gastrostomy 
with this method, hence the test with water as described, and the same authors also describe 
a similar technique for laparoscopic assisted placement. 

6.2 Laparoscopic-assisted PEG +/- Laparoscopic fundoplication 
This technique follows the original principles of PEG placement (Gauderer et al. 1980) with 
the addition of concurrent laparoscopic visualisation of the abdominal viscera. This enables 
avoidance of injury to neighbouring viscera and the other reported benefit is that PEG 
placement can be achieved specifically into the lesser curvature of the stomach which has 
been seen by some to decrease the risk of developing gastro-oesophageal reflux subsequent 
to PEG placement, this is of particular relevance in neuro-developmentally delayed children 
(B. G. Stringel et al. 1995). 
 

 
Fig. 6. Clear views obtained during Laparoscopic assisted FREKA® gastrostomy placement 
in a patient undergoing a fundoplication 

This technique is performed by undertaking laparoscopy with a camera port in the 
umbilicus (5mm or 10mm) and a 5mm working port placed under vision in the upper 
abdomen or epigastrium. The oesophagus is then intubated with a flexible fibre-optic 
gastroscope which is passed to the stomach. The stomach is held with a laparoscopic 
grasper and air is carefully insufflated endoscopically. The stomach is held up to the 
anterior abdominal wall and a needle is passed into its lumen under endoscopic and 
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laparoscopic vision (Figure 6). The wire or string is passed through the needle to the 
stomach, grasped and withdrawn through the mouth for attachment to the PEG tube and 
pulled back down into position as per Gauderer-Ponsky (Charlesworth et al. 2010). 
Whilst the substantial benefits of this procedure are that neighbouring viscera can be clearly 
seen and thus avoided and the position of the site for PEG can be carefully chosen, the major 
potential pitfall is insufflation of too much air into the stomach prior to having laparoscopic 
control of the organ. In this scenario the proximal small bowel may dilate and obscure the 
laparoscopic view, potentially necessitating conversion to open gastrostomy formation. 
The technique for insertion of PEG at the end of a laparoscopic anti-reflux procedure is 
similar to that described here. The obvious concern is that pulling a PEG tube and retaining 
disc through a freshly made fundoplication may impact on the safety and efficacy of the 
initial procedure.  In our series of 20 patients undergoing laparoscopic fundoplication and 
placement of FREKA® PEG we demonstrated no obvious adverse impact of this procedure 
when compared to laparoscopic fundoplication alone.  The placement, or indeed re-
placement, of a PEG at the conclusion of an anti-reflux procedure is occasionally mandated, 
particularly in neuro-developmentally delayed children, as it is safe and does not appear to 
impact on the efficacy of the fundoplication (Barber et al. 2009). 

6.3 Primary Button 
All the PEG insertion techniques described thus far involve an internal retaining disc, this 
usually precludes removal in the awake child and many surgeons routinely change the PEG 
to a balloon gastrostomy device (either Gastrostomy tube or Button) under anaesthetic some 
months, even up to two years, after the initial PEG placement. In order to avoid this first 
change of PEG to balloon device there has been a move in recent years toward primary 
placement of cage or balloon type button gastrostomy devices. (Figure 7) 
 

 
Fig. 7. Laparoscopic assisted primary Button gastrostomy placement in a newborn with 
oesophageal atresia without fistula 

This technique was first presented in 1999. It involves placement of an umbilical 
laparoscopic camera port and a single (5mm) left upper quadrant working port placed 
under direct vision. A stitch is passed into the working port and an instrument is passed 
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down after it. The traction stitch is placed through the desired area of the stomach and the 
ends both brought out through the trocar. The trocar is then removed and if necessary the 
tract is dilated with a clamp, the suture is used to deliver the stomach up into the opening. 
Two stay sutures are placed on either side of the presenting portion and these are secured 
through anterior rectus fascia and are left loose until the button is in place. A single purse-
string suture is placed on the stomach and a gastrostomy incision made in the centre. An 
appropriate button device is placed (the original description is with a balloon type 
gastrostomy button) and the purse-string and then the stay sutures are secured. If the 
wound was increased for access it is then closed. (Rothenberg et al. 1999) 
The significant advantage of this procedure is the direct visualisation of the stomach and 
surrounding organs ensuring safety in placement. The technique as described is minimally 
invasive utilising only one incision in addition to the umbilical camera port, this makes it 
very suitable for use at the end of a laparoscopic procedure where-by an appropriately sited 
port-site can be used for gastrostomy placement. (Figure 8) 
 

 
Fig. 8. Complex patient with Kabuki’s Syndrome with lap assisted primary button 
placement. Patient underwent right nephrectomy and repair of right diaphragmatic 
eventration under the same anaesthetic 

The associated complications in this group are certainly similar to most gastrostomy 
placement methods. Early displacement of the gastrostomy button, however, should be easy 
to manage since the stomach is well apposed to the abdominal wall with sutures. Never-the-
less it is wise to ensure any early replacement tube or button is intra-luminal either 
endoscopically or with water-soluble contrast fluoroscopy. 

6.4 Radiologically placed gastrostomy 
Radiologically Placed Gastrostomy (RPG) is a developing field driven mainly by the 
increasing demand for gastrostomy placement in adults. It has the significant advantage of 
requiring no anaesthetic and no tubes or wires need to be passed down the oesophagus. 
This is particularly helpful in the group of patients with head, neck or oesophageal tumours. 
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Its utility in children remains largely unproven, due to the increased requirement for 
anaesthesia for interventions in children removing one of the factors that recommend RPG. 
The reported complication rates in adults do appear significantly lower than for surgical 
gastrostomy techniques and we should consider whether there is a greater role for RPG in 
children. (Given et al. 2004) 
 

 
(a) 

 

 
(b) 

Fig. 9. The MIC-KEY® percutaneous gastropexy T-fastener and example of its use with a 
gastrostomy button for either radiological or endoscopic placement 

Whilst the methods described for PEG placement have included a “pull technique”; RPG, in 
common with primary buttons and laparoscopic gastrostomy placement, requires a “push 
technique”. This means that a wire being passed into the stomach through the anterior 
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abdominal wall is used as a conduit for dilatation and subsequent passage of the 
gastrostomy device. It is possible, but more complex, to perform a “pull technique” RPG 
and it requires 2 operators. For safety it is widely practised that the patient being fasted for 
this procedure is given a quantity of dilute barium 12 hours prior so as to outline the colon. 
It is usual to perform a localised gastropexy with percutaneous T-fasteners (Figure 9) prior 
to insertion of the gastrostomy to ensure that the stomach wall remains approximated to the 
anterior abdominal wall. 
One of the advantages of these techniques is that placement of gastro-jejunostomy tubes 
as a primary procedure is possible. As remarked earlier in this chapter the utility of such 
tubes is up for debate, however if one does wish to place such a tube the modifications to 
the technique above are not major and there is a relatively high success rate (Given et al. 
2005). 

7. Conclusion  
The history of gastrostomy is very long and there has been very significant progress since 
the introduction of the Percutaneous Endoscopic Gastrostomy in 1979. More recent 
developments in minimal access surgery have driven the production of new devices and 
description of new techniques further and faster still. The benefits to our young patients 
have been significant and our ability to treat more complex and more difficult cases has 
been greatly aided by this process.  
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1. Introduction 
Gastrostomy is one of the most common procedures performed in the pediatric population. 
The first gastrostomy was performed over 150 years ago, with the first successful attempts 
in children occurring in the late 1800’s. [1] The procedure and its use in Pediatric Surgery 
have significantly evolved over the past several decades with the introduction of endoscopic 
and laparoscopic techniques to surgical practice. [2-7]  These advances have resulted in the 
ability to perform these operations quickly, safely, and minimally invasively, while also 
expanding the applications for gastrostomy.  
The primary indication for gastrostomy in infants and children is the need for long-term 
(>3-6 months) primary or supplemental enteral feeding (Table 1). This group can be 
subdivided into the two most common groups of gastrostomy tube candidates: those with 
severe dysphagia and those with failure to thrive (FTT). Most of these children with severe 
dysphagia have neurologic dysfunction that impairs normal swallowing. Potential sources 
of FTT include short gut syndrome, GI malabsorption, malignancy, trauma, chronic lung 
disease, and congenital heart disease, among others. Gastrostomy may also be considered in 
patients with pulmonary disease due to frequent aspiration of oral feeds. Rarely, a child can 
require gastrostomy to administer a non-palatable diet or medication. Finally, for children 
with primary GI abnormalities, gastrostomy placement may be a preferred means of gastric 
decompression.       
   
Severe Dysphagia Frequent Aspiration (documented) 
          Neurologic Impairment                          Leading to Pulmonary Disease 
  
Failure to Thrive Non-palatable Diet or Medication 
          Short Gut Syndrome           Chronic renal failure diet  
          GI Malabsorption           HAART therapy for HIV 
          Malignancy           Cholestyramine for Alagille Syndrome 
          Trauma   
          Chronic Pulmonary Disease, e.g. CF Gastric Decompression 
          Congenital Heart Disease           Esophageal atresia with distal TEF 

Table 1. Indications for Gastrostomy in Children and Infants 
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2. Preoperative workup  
Prior to planning the operative approach to gastrostomy tube placement, one must assure 
the patient is indeed an appropriate candidate for such a procedure. Clinical indications, as 
well as anatomic and physiologic factors should be considered. Specifically, identifying a 
need for concomitant anti-reflux procedure dictates further pre-operative work-up. Practices 
vary, but in general, surgeons employ a combination of an upper gastrointestinal (UGI) 
study, pH probe, gastric emptying study, and in some cases endoscopy.  Overuse of these 
resources has recently been scrutinized, largely due to poorly demonstrated utility of an 
UGI to evaluate GERD and therefore predict a need for an anti-reflux intervention.  
Consequently, a number of recent publications began advocating selective use of radiologic 
studies and only in cases when they were highly suspected to change the operative 
intervention. [8-10] In these cases, a focused history and physical exam are essential, 
designed to elicit symptoms of GERD and gastric feeding intolerance. 
Although the sensitivity of an UGI to assess GERD is low, it remains the most utilized pre-
operative modality in evaluation of patients for gastrostomy tube placement.  Anatomic 
anomalies including malrotation, delayed gastric emptying, or esophageal stricture will 
alter the operative plan.  Clinical evidence of severe GERD, may be difficult to obtain from 
some patients, and precipitates additional testing including a 24-hour pH probe. This is 
particularly true for the severely neurologically impaired (NI) population, which is 
traditionally felt to be at high risk of symptomatic GERD. Recent literature, however, 
challenges this notion as well, demonstrating only a 5-7% conversion rate to an antireflux 
operation, following initial gastrostomy in properly selected patients. [11,12,9]  Finally, 
evidence of delayed gastric emptying may lead to placement of a  gastro-jejunostomy tubes, 
allowing for gastric drainage via the gastric limb, while feeding via the jejunostomy limb.  
In children with severe respiratory compromise, failure to thrive is common.  These patients 
are some of the most frequent candidates for a gastrostomy tube, but also a population 
which presents a particular challenge in pre-operative planning. It is commonly unclear 
whether GERD precipitates and worsens their respiratory symptoms. In addition to the NI 
population, these children are most often submitted to additional pre-operative testing, 
including a 24-hour pH probe. Currently, the pH probe is considered the gold standard for 
establishing the diagnosis of GERD. [13] In most institutions, pediatric testing requires an 
overnight inpatient stay. A naso-esophageal probe is inserted, terminating approximately 
2.5-3 cm above the lower esophageal sphincter.  Continued measurements of the pH are 
recorded, with pH ≤ 4 indicating reflux of gastric contents. Both frequency and duration of 
GER are measured, as well as number of GER episodes lasting > 5 minutes, duration of the 
longest episode, and percentage of time esophageal pH remains ≤ 4. All of these components 
are then factored into a composite score (known as the DeMeester score). Values of more than 
14.7 indicate pathologic GER and a need for a concomitant antireflux operation. [14] 
Endoscopy is rarely used in the pediatric population solely for pre-operative evaluation 
prior to gastrostomy tube placement. It is a valuable tool, however, particularly when 
radiologic studies and history provide an inconclusive picture.  Endoscopy can reliably 
demonstrate esophageal, gastric and duodenal ulcerations, esophagitis or gastritis, polyps, 
stricture or diverticula, all of which can account for feeding intolerance. Although many of 
these findings do not preclude placement of a gastrostomy tube, their symptoms can be 
identical to those of GERD.  When identified, they can help establish a correct diagnosis and 
obviate the need for a concomitant anti-reflux procedure. 
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3. Gastrostomy techniques 
3.1 Open/Stamm gastrostomy 
The technique for a classic open, or Stamm, gastrostomy was first described by Dr. Martin 
Stamm in 1894. Compared with other methods for creating a gastrostomy, the Stamm 
technique is being used with decreasing frequency due to its invasive nature. Indications for 
Stamm gastrostomy include altered anatomy, history of multiple abdominal operations, an 
unstable patient, and concurrent laparotomy for other reasons.  
Several different small open incisions can be used for a Stamm gastrostomy. These include a 
small vertical incision in the midline half way between the umbilicus and the xiphoid 
process, a left oblique subcostal incision, or a left supraumbilical transverse incision. The 
subcutaneous tissue and abdominal wall is divided using electrocautery. The anterior 
portion of the stomach is identified and a suitable anatomic location for the gastrostomy is 
identified. The gastrostomy should be placed in a dependent portion of the anterior wall of 
the stomach near the greater curvature. The gastrostomy location should be sufficiently far 
away from the fundus if a subsequent fundoplication is necessary. However, the position 
should also be sufficiently far away from the pylorus to prevent possible pyloric obstruction 
from an inflated gastrostomy balloon. Two concentric purse string sutures are placed using 
absorbable suture. Next, a small incision is made on the abdominal wall several centimeters 
from the original incision. Kocher clamps are placed at the edge of the fascia and a tonsil 
clamp is placed retrograde through the abdominal wall. A gastrostomy tube is then pulled 
through the tract. Balloon and mushroom tips catheters and low-profile MIC-KEY buttons 
(Kimberly-Clark Worldwide, Inc) have all been used in Stamm gastrostomies. Some centers 
place a traditional gastrostomy tube at first, while others prefer the initial placement of a 
MIC-KEY button.  A gastrotomy is then performed in the central portion of the double purse 
string sutures. The gastrostomy tube is placed in the stomach, and the balloon is inflated. 
The purse strings are tied down to secure the gastric serosa around the tube, and the 
stomach is then sutured to the anterior abdominal wall with interrupted absorbable suture 
in four quadrants. The small abdominal wall incision is closed with a running vicryl suture. 
The skin is closed with a subcuticular stitch. Dressings are applied.  

3.2 Laparoscopic gastrostomy 
Laparoscopic gastrostomy tube placement is one of the most popular methods currently 
used in the pediatric population, particular for smaller children. Advantages of this 
technique include the use of small incisions and direct visualization of the stomach upon 
tube insertion to avoid hollow viscus injury. A review from our institution in 2010 found a 
slightly lower complication rate for laparoscopic gastrostomy compared to PEG tube 
placement. [15]  One disadvantage is that it can be challenging to bring up the stomach 
through the thicker abdominal wall (>2cm thick) of larger children, so laparoscopic 
gastrostomy tube placement is generally reserved for younger, smaller children.  
To perform a laparoscopic gastrostomy, the abdomen is prepped and draped in the usual 
sterile fashion. Prior to insufflation, the costal margin is marked and the proposed optimal 
location for the gastrostomy tube in the left upper quadrant is marked. The optimal position 
is at least two centimeters from the costal margin in a paramedian plane. A small incision is 
made in the umbilicus, the abdomen is inflated with carbon dioxide, and a five millimeter 
trocar is inserted. A five millimeter, thirty degree laparoscope is inserted. At this time, the 
patient’s stomach is decompressed with an orogastric tube. A small incision is made in the 
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left upper quadrant in the intended position for the gastrostomy tube. Care should be taken 
to avoid making the incision too close to the costal margin to avoid chronic pain from the 
tube. A five millimeter trocar is then inserted through this incision. As in the Stamm 
gastrostomy, the optimal location for the gastrostomy tube is a dependent portion of the 
stomach near the greater curvature, sufficiently far away from the pylorus. This is grasped 
with an atraumatic grasper through the left upper quadrant trocar and, under direct vision, 
brought toward the anterior abdominal wall. The abdomen is desufflated, the trocar is 
removed, and a portion of the stomach brought through the small incision. A silk suture is 
then placed through the tip of the stomach. The stomach is then secured to the fascia in four 
quadrants with an absorbable suture, and a single purse string is placed using absorbable 
suture. A gastrotomy is performed sharply or with cautery. A gastrostomy tube is then 
inserted directly into the stomach, and the balloon is inflated. Again, a low-profile MIC-KEY 
button may be placed during the initial procedure. The abdomen is re-insufflated and the 
laparoscope is placed through the umbilical port to confirm proper tube position. The 
umbilical incision is closed with an interrupted absorbable figure-of-eight suture, and the 
skin is closed with a subcuticular stitch. Dressings are applied. 

3.3 Percutaneous Endoscopic Gastrostomy (PEG) 
The PEG procedure for gastrostomy placement was developed in 1980 by Dr. Michael 
Gauderer as a less invasive technique of feeding tube placement for children. [16]  Since that 
time, it has been adopted worldwide as the primary method of gastrostomy placement in 
adults and older children. Whereas many adults can tolerate the procedure under conscious 
sedation, most children still require general anesthesia for PEG placement.  
PEG placement begins with placing the patient in a supine position and prepping the 
patient’s abdomen in a usual sterile fashion. Most standard PEG kits are equipped with a 
sterile drape that may be used to drape the abdomen. A flexible endoscope is then inserted 
through the patient’s mouth and guided into the stomach. For most patients, a pediatric 
endoscope may be used, but larger children may require an adult scope. The stomach is then 
insufflated, but not over-inflated. An under-inflated stomach can allow the transverse colon 
to become interposed between the stomach and the abdominal wall, and an over-
insufflation can cause inflation of the small bowel, increasing the risk of hollow viscus 
injury.  
The surgeon at the abdomen then chooses a proper gastrostomy site under the left costal 
margin at least two centimeters from the margin and depresses the skin, so that the 
endoscopist can identify the indentation in the anterior gastric wall. The endoscopist then 
illuminates the anterior gastric wall along the greater curvature, and the surgeon verifies 
transillumination on the abdominal wall. If clear indentation transillumination cannot be 
attained, then another method of gastrostomy tube placement should be pursued due to the 
risk of hollow viscus injury. Once a site of clear transillumination is found on the abdominal 
wall in a proper gastrostomy site, the surgeon then infuses local anesthetic in the skin and 
subcutaneous tissue. A large bore needle is then inserted through the skin into the stomach. 
The endoscopist then advances a polypectomy snare through the endoscope and places the 
snare around the end of the needle. The surgeon then inserts a looped wire through the 
needle. This wire is enclosed in the polypectomy snare and pulled gently out through the 
mouth along with the endoscope. At this point, the wire marks the tract from the mouth to 
the future gastrostomy site. The surgeon now makes an 8-10mm incision through the 
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abdominal skin on either side of the wire. Next, the endoscopist attaches the steel wire loop 
to the tapered end of the gastrostomy tube, and the surgeon carefully pulls the abdominal 
end of the steel wire, gently pulling the gastrostomy tube through the mouth, esophagus, 
stomach, and abdominal wall. The internal gastric retainer on the gastrostomy tube should 
fit snugly against the anterior gastric wall. The endoscope is re-inserted into the stomach at 
this point to verify internal tube positioning. An external bolster and immobilizing ring are 
then slid over the tube to secure it into place. Care is taken to not put excessive pressure 
across the gastric and abdominal walls to prevent post-procedure pain and tissue necrosis. 
Finally, the tube is cut to the desired length, and a feeding adapter is applied to the end of 
the tube. No sutures are required. The PEG tube is usually changed to a low-profile button 
after at least six weeks to allow for tract maturation. 

3.4 Laparoscopic PEG 
Several studies have shown lower incidence of injury to the small and large bowel during 
laparoscopic gastrostomy compared to the PEG procedure. [6,15,17] The primary reason for 
this difference is the direct visualization of the interface between the gastric and abdominal 
walls that the laparoscopic technique allows. Unfortunately, the laparoscopic gastrostomy 
cannot be performed on children with thicker abdominal walls. For this reason, our group is 
increasingly performing a laparoscopic PEG procedure. Other indications include failed 
attempts at a traditional PEG, altered abdominal anatomy from previous surgery, and 
gastrostomy placement at the conclusion of a laparoscopic operation, such as Nissen 
fundoplication. [4,7] 
The laparoscopic PEG technique is a hybrid of the laparoscopic and percutaneous 
techniques. The patient’s abdomen is prepped in a normal and sterile fashion, and a single 
five millimeter laparoscopic trocar is inserted through the umbilicus. The abdomen is 
moderately insufflated to allow visualization of the stomach. A standard PEG procedure as 
described above is then completed under direct intra-abdominal visualization to prevent 
hollow viscus injury. As the stomach is insufflated, the abdominal cavity is desufflated after 
adequate visualization. An advantage of this technique is that the gastrostomy can be placed 
in the ideal position on the greater curvature of the stomach between the body and the 
antrum. If the surgeon wishes to secure the stomach to the abdominal wall, two to four t-
fasteners can be placed percutaneously through the gastric wall under laparoscopic 
visualization. Alternatively, the surgeon has the option of suturing the gastric wall to the 
abdominal wall intracorporeally, but this requires placement of two additional five 
millimeter ports. We have not found this to be necessary in our experience. As with PEG 
tubes in children, laparoscopic PEGs are usually changed to a low-profile button in a 
separate procedure at least six weeks after initial placement. 

3.5 Image-guided percutaneous gastrostomy 
A recent advance in minimally invasive gastrostomy is the percutaneous placement of a 
gastrostomy tube under fluoroscopic guidance. This technique is performed by 
interventional radiologists or surgeons with advanced training in interventional radiology. 
The ideal patient is one without complex abdominal anatomy or previous abdominal 
surgery. The technique involves insufflating the stomach using an NG tube under 
fluoroscopic visualization. A needle is then advanced into the stomach using fluoroscopy, 
with entry into the lumen verified by contrast injection. A t-fastener is advanced through the 



 
Gastrostomy 20

left upper quadrant in the intended position for the gastrostomy tube. Care should be taken 
to avoid making the incision too close to the costal margin to avoid chronic pain from the 
tube. A five millimeter trocar is then inserted through this incision. As in the Stamm 
gastrostomy, the optimal location for the gastrostomy tube is a dependent portion of the 
stomach near the greater curvature, sufficiently far away from the pylorus. This is grasped 
with an atraumatic grasper through the left upper quadrant trocar and, under direct vision, 
brought toward the anterior abdominal wall. The abdomen is desufflated, the trocar is 
removed, and a portion of the stomach brought through the small incision. A silk suture is 
then placed through the tip of the stomach. The stomach is then secured to the fascia in four 
quadrants with an absorbable suture, and a single purse string is placed using absorbable 
suture. A gastrotomy is performed sharply or with cautery. A gastrostomy tube is then 
inserted directly into the stomach, and the balloon is inflated. Again, a low-profile MIC-KEY 
button may be placed during the initial procedure. The abdomen is re-insufflated and the 
laparoscope is placed through the umbilical port to confirm proper tube position. The 
umbilical incision is closed with an interrupted absorbable figure-of-eight suture, and the 
skin is closed with a subcuticular stitch. Dressings are applied. 

3.3 Percutaneous Endoscopic Gastrostomy (PEG) 
The PEG procedure for gastrostomy placement was developed in 1980 by Dr. Michael 
Gauderer as a less invasive technique of feeding tube placement for children. [16]  Since that 
time, it has been adopted worldwide as the primary method of gastrostomy placement in 
adults and older children. Whereas many adults can tolerate the procedure under conscious 
sedation, most children still require general anesthesia for PEG placement.  
PEG placement begins with placing the patient in a supine position and prepping the 
patient’s abdomen in a usual sterile fashion. Most standard PEG kits are equipped with a 
sterile drape that may be used to drape the abdomen. A flexible endoscope is then inserted 
through the patient’s mouth and guided into the stomach. For most patients, a pediatric 
endoscope may be used, but larger children may require an adult scope. The stomach is then 
insufflated, but not over-inflated. An under-inflated stomach can allow the transverse colon 
to become interposed between the stomach and the abdominal wall, and an over-
insufflation can cause inflation of the small bowel, increasing the risk of hollow viscus 
injury.  
The surgeon at the abdomen then chooses a proper gastrostomy site under the left costal 
margin at least two centimeters from the margin and depresses the skin, so that the 
endoscopist can identify the indentation in the anterior gastric wall. The endoscopist then 
illuminates the anterior gastric wall along the greater curvature, and the surgeon verifies 
transillumination on the abdominal wall. If clear indentation transillumination cannot be 
attained, then another method of gastrostomy tube placement should be pursued due to the 
risk of hollow viscus injury. Once a site of clear transillumination is found on the abdominal 
wall in a proper gastrostomy site, the surgeon then infuses local anesthetic in the skin and 
subcutaneous tissue. A large bore needle is then inserted through the skin into the stomach. 
The endoscopist then advances a polypectomy snare through the endoscope and places the 
snare around the end of the needle. The surgeon then inserts a looped wire through the 
needle. This wire is enclosed in the polypectomy snare and pulled gently out through the 
mouth along with the endoscope. At this point, the wire marks the tract from the mouth to 
the future gastrostomy site. The surgeon now makes an 8-10mm incision through the 

 
Gastrostomy in Pediatric Patients 21 

abdominal skin on either side of the wire. Next, the endoscopist attaches the steel wire loop 
to the tapered end of the gastrostomy tube, and the surgeon carefully pulls the abdominal 
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3.5 Image-guided percutaneous gastrostomy 
A recent advance in minimally invasive gastrostomy is the percutaneous placement of a 
gastrostomy tube under fluoroscopic guidance. This technique is performed by 
interventional radiologists or surgeons with advanced training in interventional radiology. 
The ideal patient is one without complex abdominal anatomy or previous abdominal 
surgery. The technique involves insufflating the stomach using an NG tube under 
fluoroscopic visualization. A needle is then advanced into the stomach using fluoroscopy, 
with entry into the lumen verified by contrast injection. A t-fastener is advanced through the 
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needle to keep the stomach adhered to the anterior abdominal wall. A total of two to four t-
fasteners are used to secure the stomach. A needle is then advanced into the stomach 
through the center of the t-fasteners, and its location is verified by contrast injection. Next, a 
wire is advanced through the needle into the stomach, and the tract is dilated using the 
Seldinger technique. Once the tract is sufficiently dilated, a pigtail or balloon type 
gastrostomy tube is advanced into the stomach, and positioning is again verified by contrast 
injection. Finally, the t-fasteners are tied externally over bolsters. These fasteners can be cut 
between three and seven days post-procedure. As with other gastrostomy tubes, feeding is 
usually initiated within twenty-four hours of tube placement. One large study comparing 
outcomes between PEG and image-guided gastrostomy found low rates of major 
complications in both groups, but significantly less complications in the PEG group. [18]  
This indicates that image-guided percutaneous gastrostomy should not be the standard of 
care for feeding tube placement at this time.       

4. Postoperative care 
Feeding through a new gastrostomy tube may begin within the first twelve to twenty-four 
hours after placement, barring other complicating factors, such as postoperative ileus after 
larger operations. Tube feeds are initiated slowly and then advanced to goal rate by the 
second postoperative day, or as tolerated by the patient. It is important to keep the patient’s 
skin clean and dry by preventing leakage of gastric contents onto the skin. This can be done 
by keeping the external bolster snug, but not too tight, against the skin and securing the 
tube at a perpendicular angle to the abdominal wall. Keeping the tube perpendicular at the 
skin decreases the amount of soft tissue stretching encountered at the gastrostomy site. 
Finally, the area around the gastrostomy tube should be cleansed on a daily basis with soap 
and water starting forty-eight hours after surgery. These children should receive close 
follow-up after gastrostomy placement due to the risk of several catheter-related 
complications. 

5. Complications  
Although a common pediatric surgery procedure, gastrostomy tube placement can have 
serious associated complications. Early recognition, aided by a high index of suspicion, 
allows for prompt intervention and prevention of catastrophic sequelae. Intraoperative, 
early postoperative, and remote complications have all been described. [19] Knowing their 
timeline, as well as presentation, guides further investigations and therapy.  Table 2 outlines 
the specific complications and the timeline in which they generally occur.  
 Regardless of the operative technique, hollow viscus injury, liver injury, bleeding, and 
malposition of the tube can occur during the creation of gastrostomy. If recognized at the 
time of the operation, they can be addressed immediately, preventing serious post-operative 
complications, including hemodynamic instability, peritonitis, and sepsis. Early post-
operative complications, however, have a more subtle presentation and require a high index 
of suspicion. Often they are not recognized until initiation of feeds.  Their symptoms vary 
and range from early feeding intolerance and ileus, to worsening abdominal pain, 
peritonitis, and signs of systemic infection.  Abdominal X-rays, G-tube studies, and UGI 
studies can show pneumoperitoneum suggesting separation of the stomach from the 
abdominal wall, intraperitoneal leak from tube dislodgment, and small or large bowel 
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injury. Contrast studies are also useful in demonstrating appropriate intra-luminal position 
of tube, gastric outlet obstruction from tube migration, and gastro-colonic fistulae. Some 
studies have shown laparoscopic placement to be associated with less complications than 
PEG because of direct visualization of the stomach and greater ability to secure the stomach 
to the anterior abdominal wall. [15] 
Less severe remote complications result in frequent outpatient evaluations following the 
initial post-operative visit. Granulation tissue formation, tube erosion, and skin ulceration 
produce significant discomfort for the child, cause bleeding and leakage of the gastric 
contents, and lead to frequent interruption of feeds. Short of resiting the gastrostomy, the 
most efficient treatment of these complications is prevention. Meticulous hygiene and 
appropriate positioning of external tubing prevents stretching of the skin and subcutaneous 
tissues and subsequent enlargement of the gastrostomy tract. Parental education, both pre-
operatively and post-operatively, is essential in preventing many of the skin and tract 
complications.   
 

Intraoperative Complications Remote complications 
        Hollow viscus injury                         Granulation tissue formation   

        Liver injury 
        Colonic placement (PEGs)                                
        Bleeding                                                            

         Tube erosion 
         Skin ulceration 
         Intraperitoneal leak following tube  
         exchange                                                

Early Postoperative Complications (1-4 weeks)          Gastro-colonic fistula 
        Early tube dislodgment          Gastro-cutaneous fistula  
        Gastric separation from the abdominal wall  
        Intra-peritoneal leak   
        Tube occlusion   
        Gastric outlet obstruction        
        Surgical site infection                     

Table 2. Common complications of gastrostomy tube placement 

6. Conclusion 
Gastrostomy tube placement in pediatric patients is a time-tested procedure that has 
allowed countless children the ability to attain sufficient caloric intake and thus promote 
healing and growth. The decision to place a gastrostomy tube is based primarily on clinical 
factors with ancillary testing as needed. In most patients, the tube can be removed once they 
demonstrate adequate oral consumption of calories to sustain continued growth and 
development. Once removed, the ability for the gastrostomy tract to close spontaneously 
appears to be dependent on the amount of time the tube was in place. One study found that 
tubes left in place longer than 8 months had a significantly higher chance of leaving a 
gastrocutaneous fistula after the gastrostomy tube was removed. [20] Some children, 
particularly the neurologically impaired, require an enteral feeding tube indefinitely. 
Advances in endoscopy and laparoscopic surgery have increased the ease of tube 
placement, minimized invasiveness, and decreased morbidity.     
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appropriate positioning of external tubing prevents stretching of the skin and subcutaneous 
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1. Introduction  
Adequate nutrition is important in the management of children with chronic illnesses. 
Patients who are unwilling or unable to eat will starve. Starvation depletes tissue stores, and 
ultimately leads to impaired organ function and tissue structure. Appropriate caloric intake 
enables growth, promotes tissue repair, and improve immune function. 
Access to the intestinal tract may be via a nasal tube or by the percutaneous route, with 
delivery to the stomach or jejunum. Nasogastric tubes are employed for short- term feeding, 
usually up to four weeks. In children requiring long term tube feeding, nasogastric feeding 
may be uncomfortable, disfiguring and often traumatic. Percutaneous access is usually by 
either endoscopic or radiological techniques. Percutaneous gastrostomy is basically a 
sutureless approximation of the stomach to the abdominal wall. The percutaneous 
endoscopic gastrostomy (PEG) becomes the most popular technique nowadays. 
The first PEG was performed in the pediatric operating room of University Hospitals of 
Cleveland on June 12, 1979 on a four-and-half-month-old child with inadequate oral intake. 
The procedure was performed under sedation and local anesthesia. The child did 
remarkably well. However, because the initial tube used was a 12F catheter with small 
mushroom head, external migration ensued after 3 weeks.  The catheter was changed under 
direct visualization, using a small laparotomy (Gauderer, 2002). Since then the procedure 
has been adopted worldwide for both children and adults. 
Because the procedure is considered minimally invasive, rapid, and associated with low risk 
of complications, and short hospital stay, it has become the preferred method for 
delivering nutritional support in vulnerable pediatric patients. The benefits not only 
include successful nutritional rehabilitation, but also accelerated growth (Craig et al., 
2006, Sullivan et al., 2005)  enhanced carer satisfaction (Avitsland et al., 2006)  and quality 
of life  (Sullivan et al., 2004).  

2. Indications  
The main clinical indications for PEG placement in children are as follows (Table 1): 

2.1 Inability to swallow 
Children with neurological impairment comprise the majority of this category. They often 
have difficulty eating and drinking. These difficulties are due to problems with oro-
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pharyngeal control  (Gisel et al., 1998, Reilly and Skuse, 1992) and esophageal motility  (Ross 
et al., 1988, Heikenen et al., 1999, Fonkalsrud et al., 1995), related gastro-esophageal reflux  
(Ross et al., 1988), and the high risk of aspiration of food and fluids into the lungs (Rogers et 
al., 1994, Morton et al., 1999, Taylor et al., 1994). Among the consequences for these feeding 
difficulties are undernutrition (Stallings et al., 1993, Sullivan et al., 2000), esophagitis 
(Sondheimer and Morris, 1979), recurrent chest infections (Morton et al., 1999), and 
progressive lung disease (Taylor et al., 1994). Much of this feeding difficulty can be 
overcome by giving nourishment through a gastrostomy. Unfortunately, the placement of a 
gastrostomy in a child with neurological impairment does carry some risk, and parents are 
frequently reluctant to have a gastrostomy placed (Sullivan, 1992). Families with affected 
children need better information when making the difficult decision about whether to 
accept or request a gastrostomy for their child. Most children undergoing PEG tube feeding 
showed improved weight gain after PEG tube feeding (Rempel et al., 1988, Shapiro et al., 
1986, Sanders et al., 1990, Brant et al., 1999). Changes in rate of length growth appeared to be 
less predictable and occurred only in a minority of children. The improvement of physical 
growth coupled with improvement in the general health and the family quality of life 
(Stevenson, 2005). Direct aspiration of orally ingested material and saliva may be a reason 
for recommending PEG tube feeding (Brant et al., 1999, Sulaeman et al., 1998). But gastro-
esophageal reflux is also thought to contribute to aspiration indirectly (Morton et al., 1999). 
Both gastro-esophageal reflux and aspiration can occur without symptoms (Rogers et al., 
1994) and the investigations that are often used to diagnose gastro-esophageal reflux appear 
to be unreliable. Therefore, the decision of anti-reflux procedure together with gastrostomy 
may not be easy unless a child’s symptoms are severe despite appropriate medications 
(Puntis et al., 2000, Sullivan, 1999). 
 

   Clinical indications          
1. Inability to swallow, most commonly neurologically 

impaired children 
2. Chronic illnesses with inadequate caloric intake 

                Chronic renal failure 

                Cystic fibrosis 

                Congenital heart disease 

                Childhood cancer 

 Human immune deficiency virus infection (HIV) 

                Crohn’s disease 

3. Unpalatable medication 

4. Permanent enteral access and gastric decompression 

Table 1. Indications for PEG insertion 

2.2 Chronic illnesses with inadequate intake 
Children with chronic illnesses are usually anorexic, have increased metabolic demands and 
usually cachectic. Children with the following conditions fall under this category: 
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2.2.1 Chronic renal disease  
Chronic renal disease is characterized by a predisposition to anorexia and vomiting.  
Poor appetite may be due to abnormal taste sensation (Bellisle et al., 1995), the 
requirement for multiple medications, the preference for water in the polyuric child, and 
elevated level of circulating cytokines, which act through the hypothalamus to affect 
appetite and satiety (Mak et al., 2006). Vomiting may result from gastro-esophageal reflux 
and delayed gastric emptying in association with increased polypeptide hormones 
(Ravelli et al., 1992). 
When the caloric and protein intake become insufficient to maintain growth despite dietary 
manipulation and medication (Rees and Shaw, 2007), enteral feeding is preferred through a 
gastrostomy. Enteral feeding can allow catch-up growth even in infants and young children 
with severe chronic renal failure (Kari et al., 2000). It is better to place the PEG tube prior to 
commencement of peritoneal dialysis in order to decrease the risk of fungal peritonitis (von 
Schnakenburg et al., 2006). 
Children on dialysis have even more problems that affect their nutritional intake. Such 
children are likely to be on fluid restriction, the presence of full abdomen due to indwelling 
dialysate in patients on peritoneal dialysis may affect their appetite, and there may be 
considerable loss of protein in the dialysate. 
Children with chronic renal failure, post renal transplantation tends to improve their 
appetite, and they succeed in the transition to oral feeding, therefore it becomes possible to 
remove the PEG tube (Ledermann, 2005, Pugh and Watson, 2006). 

2.2.2 Cystic fibrosis  
Children with cystic fibrosis (CF) commonly fail to thrive due to increased resting energy 
expenditure (Buchdahl et al., 1988), associated anorexia (Shepherd et al., 1980), increased 
energy requirements associated with chronic respiratory infection (Lapey et al., 1974, 
Kraemer et al., 1978), maldigestion and malabsorption (Lapey et al., 1974).  
Nutritional repletion and intervention involving prescription of energy rich food and fluids, 
optimization of pancreatic enzyme replacement therapy, oral supplements may be required 
(Anthony et al., 1999). However, in a proportion of patients, particularly those with more 
advanced pulmonary disease, these measures alone are insufficient to maintain body weight  
(Durie and Pencharz, 1992). 
Few studies have assessed the efficacy of gastrostomy feeding in malnourished children 
with CF (Efrati et al., 2006, Truby et al., 2009, Oliver et al., 2004, Van Biervliet et al., 2004). It 
has been suggested that the early restoration of nutritional status may result in improved 
weight gain, improved response to treatment for respiratory exacerbations, amelioration of 
the progressive decline in lung function, extended survival, and perhaps improved quality 
of life. 

2.2.3 Congenital heart disease  
Children with heart disease often have a normal birth weight but show poor weight gain 
and cannot maintain their growth after birth. The cause of this thought to be 
multifactorial and may include factors such as inadequate caloric intake, increased oxygen 
consumption, hypermetabolism, reduced absorption, and feeding intolerance (Mitchell et 
al., 1995, Leitch, 2000). These factors reflect the need for increased energy intake, and thus 
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the dietary intervention is often necessary to improve the nutritional status of these 
children.  
Delivering enteral nutritional support through PEG for 15 child with congenital cardiac 
problems was reported to be safe with rare minor complications and no major 
complications, and effective in terms of improving weight gain at 4 weeks and at 6 months 
after PEG tube insertion (Hofner et al., 2000). The rate of gastrostomy complications was 
more when percutaneous radiological technique was used in 58 children with cardiac 
disease. Major complications included intestinal perforation (3.4%) and aspiration 
pneumonia (12.1%). Significant weight gain was observed despite complications (Sy et al., 
2008). 

2.2.4 Childhood cancer 
Almost half of children with cancer experience malnutrition due to numerous tumor- and 
treatment-related factors (Smith et al., 1991, Sala et al., 2004). It is recognized that a 
diminished nutritional status may be a contributing factor for decreased immune function, 
delayed wound healing, and disturbed drug metabolism influencing prognosis (Bosaeus et 
al., 2001, Tisdale, 1997). Children with cancer are particularly vulnerable to malnutrition, 
because they exhibit elevated nutritional needs due to the disease and its treatment. At the 
same time, children have increased requirements of nutrients to attain appropriate growth 
and neurodevelopment (Han-Markey, 2000). It has been demonstrated that adequate 
nutrition is an important determinant for several clinical outcome measures such as 
treatment response, quality of life, and cost of care (van Eys, 1979, Rickard et al., 1986). 
Various types of high energy protein formulas and liquid supplements are offered to 
increase energy density in pediatric patients, but with less success and poor tolerance 
because of taste and smell perception. Children with painful severe mucositis may have 
problem tolerating oral feeding. A PEG is successfully used method with high acceptance by 
oncologists, children, and parents demonstrating improvements in weight gain and reduced 
family frustration due to eating problems (Skolin et al., 2002, Pedersen et al., 1999). The 
placement of a PEG is indicated when oral ingestion is not sufficient to cover the daily 
energy needs. It is rarely associated with more than minor complications. The most common 
complication was superficial wound infection occurred during neutropenic episodes (Skolin 
et al., 2002, Pedersen et al., 1999). 

2.2.5 Human immunodeficiency virus (HIV) infection 
Malnutrition, one of the most common and obvious signs of pediatric human 
immunodeficiency virus (HIV) disease, may influence the infected child’s already 
compromised immune response. In HIV-infected children, reduced growth and lean body 
mass appears early (Miller et al., 1993, Halsey et al., 1990). Gastrostomy tube feedings have 
become a major means of nutrition in children with HIV infection when other oral methods 
fail  (Henderson et al., 1994). HIV-infected children with higher CD4 counts and lower 
weight-for-height z scores are likely to respond favorably to gastrostomy tube feedings and 
had a 2.8-fold reduction in the risk of dying for every positive unit change in weight z score 
(Miller et al., 1995). The HIV-infected children who received gastrostomy tube feeding had 
more complications associated with the tube than has been reported in the non-HIV 
pediatric literature (Marin et al., 1994). The newer combination antiretroviral therapies used 
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to treat HIV-infected children have result in dramatic delays in HIV progression, with 
reduction in the mortality and morbidity. However adherence to highly effective 
antiretroviral therapy in children may be problematic (Matsui, 1997). Reasons for non 
compliance include refusal, drug tolerability, and adverse reactions.  PEG was suggested as 
a mean to administer medications to overcome such problems and improve adherence 
(Temple et al., 2001, Shingadia et al., 2000). PEG also significantly reduced parent reported 
times for medication administration and, therefore, may have the potential to improve the 
quality of life of HIV-infected children and their families (Shingadia et al., 2000). 

2.2.6 Crohn’s disease 
Malnutrition and growth failure are common at presentation in children with Crohn’s 
disease (Kirschner et al., 1978) . Nutritional rehabilitation is often an important part of the 
management of children with Crohn’s disease, but hampered by anorexia and the 
unpalatability of elemental formulas commonly used in children with Crohn’s disease. An 
elemental formula has been shown to be as effective as steroids in reducing the remission of 
active disease while avoiding the negative effects on growth (Sanderson et al., 1987). It has 
been suggested that the more palatable polymeric formulas can be used for treatment of 
active Crohn’s disease rather than the unpalatable elemental formulas. Large amounts are 
required to be consumed daily with no solid food ingestion in order to achieve such 
therapeutic effect, and this may remain difficult to take by mouth. Nasogastric tube has been 
used for this reason (Belli et al., 1988), but has the advantage of being uncomfortable, 
disfiguring, and embarrassing for the child or adolescent if the tube left in place during the 
day time. A PEG can overcome this problem as it is hidden under clothing and is not visible. 
The use of PEG in children with Crohn’s disease to deliver enteral nutrition has been 
reported to be safe and effective (Israel and Hassall, 1995, Pashankar and Israel, 1997, 
Cosgrove and Jenkins, 1997). Most of the complications of gastrostomy were minor and 
easily treatable. Closure of the gastrostomy tract after removal was almost complete. Only 
one study reported no closure of the gastrocutaneous fistula after PEG removal in one 
patient requiring surgical closure (Israel and Hassall, 1995). PEG remains a good and safe 
option if nasogastric tube feeding is not possible. 

2.3 Unpalatable medications 
Occasionally, PEG can be used in children with long-standing renal or cardiac failure who 
are dependent on large quantities of drugs for survival but resist medication provided orally 
(Gauderer, 2002). 

2.4 Permanent enteral feeding 
Patients with limited intestinal function, such as short bowel syndrome (Buchman, 2007)and 
intestinal pseudo-obstruction (Michaud et al., 2001) may benefit from PEG. PEG tube can 
also be used for gastric decompression in patients with intestinal pseudo-obstruction. 

3. Contraindications  
The contraindications for PEG insertion are related to conditions that cause pharyngeal or 
esophageal obstruction, interfere with gastrostomy site identification, or have been 
identified as being more likely to produce complications (Table 2). 
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to treat HIV-infected children have result in dramatic delays in HIV progression, with 
reduction in the mortality and morbidity. However adherence to highly effective 
antiretroviral therapy in children may be problematic (Matsui, 1997). Reasons for non 
compliance include refusal, drug tolerability, and adverse reactions.  PEG was suggested as 
a mean to administer medications to overcome such problems and improve adherence 
(Temple et al., 2001, Shingadia et al., 2000). PEG also significantly reduced parent reported 
times for medication administration and, therefore, may have the potential to improve the 
quality of life of HIV-infected children and their families (Shingadia et al., 2000). 

2.2.6 Crohn’s disease 
Malnutrition and growth failure are common at presentation in children with Crohn’s 
disease (Kirschner et al., 1978) . Nutritional rehabilitation is often an important part of the 
management of children with Crohn’s disease, but hampered by anorexia and the 
unpalatability of elemental formulas commonly used in children with Crohn’s disease. An 
elemental formula has been shown to be as effective as steroids in reducing the remission of 
active disease while avoiding the negative effects on growth (Sanderson et al., 1987). It has 
been suggested that the more palatable polymeric formulas can be used for treatment of 
active Crohn’s disease rather than the unpalatable elemental formulas. Large amounts are 
required to be consumed daily with no solid food ingestion in order to achieve such 
therapeutic effect, and this may remain difficult to take by mouth. Nasogastric tube has been 
used for this reason (Belli et al., 1988), but has the advantage of being uncomfortable, 
disfiguring, and embarrassing for the child or adolescent if the tube left in place during the 
day time. A PEG can overcome this problem as it is hidden under clothing and is not visible. 
The use of PEG in children with Crohn’s disease to deliver enteral nutrition has been 
reported to be safe and effective (Israel and Hassall, 1995, Pashankar and Israel, 1997, 
Cosgrove and Jenkins, 1997). Most of the complications of gastrostomy were minor and 
easily treatable. Closure of the gastrostomy tract after removal was almost complete. Only 
one study reported no closure of the gastrocutaneous fistula after PEG removal in one 
patient requiring surgical closure (Israel and Hassall, 1995). PEG remains a good and safe 
option if nasogastric tube feeding is not possible. 

2.3 Unpalatable medications 
Occasionally, PEG can be used in children with long-standing renal or cardiac failure who 
are dependent on large quantities of drugs for survival but resist medication provided orally 
(Gauderer, 2002). 

2.4 Permanent enteral feeding 
Patients with limited intestinal function, such as short bowel syndrome (Buchman, 2007)and 
intestinal pseudo-obstruction (Michaud et al., 2001) may benefit from PEG. PEG tube can 
also be used for gastric decompression in patients with intestinal pseudo-obstruction. 

3. Contraindications  
The contraindications for PEG insertion are related to conditions that cause pharyngeal or 
esophageal obstruction, interfere with gastrostomy site identification, or have been 
identified as being more likely to produce complications (Table 2). 
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Contraindications          

Patients who are unfit for endoscopy 

Pharyngeal / esophageal obstruction 

Active coagulopathy  

Portal hypertension with gastric varices 

Severe ascites 

Peritoneal dialysis 

Epidermolysis bullosa 

Significant kypho-scolisosis when access to the stomach may be compromised 

Failure of translumination through abdominal wall or clear point of indentation 

Table 2. Contraindications for PEG insertion 

4. PEG placement 
4.1 Technique 
The ‘pull’ technique described by Gauderer and Stellato is recommended and is probably 
the technique most widely employed (Fig.1).  After preparation of the abdomen, 
administration of prophylactic antibiotic and preparing the appropriate PEG equipment, 
under general anaesthesia, a flexible gastroscope appropriate to the size and weight of the 
child is passed into the stomach, which is gently insufflated. The abdominal wall is 
transilluminated by the endoscope. The assistant’s finger then indents the anterior 
abdominal wall, and this indentation must be seen clearly through the endoscope to confirm 
close apposition of the stomach to the venteral abdominal wall. A small skin incision is 
made at the intended gastrostomy site. The percutaneous needle and trocar is passed 
directly into the stomach under endoscopic vision. The guidewire is introduced through the 
needle and grasped by the endoscopist’s snare. The scope is gently withdrawn, bringing the 
guidewire with it. An appropriately sized PEG tube is looped to the thread and lubricated 
along its whole length to enable smooth passage through the throat and oesophagus. The 
thread is gently pulled back from the abdominal insertion site and the PEG placed in 
position. The outer flange of the tube is positioned loosely against the anterior abdominal 
wall. The opposition of the inner flange with the gastric wall can be checked by repeat 
endoscopy.  

4.2 Post-operative care 
Postoperatively, the child will be closely monitored. The PEG tube should not be used for 24 
hours. Feeding usually start with small amount of oral rehydration solution and then 
gradually increased to the desired volume. It is generally best to use diluted formulas 
(quarter-strength or half-strength) and then advance the diet first in volume and then in 
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concentration over 3-4 days. Inability to tolerate increased volume is evident by abdominal 
distension, vomiting, or increased gastric residuals. Inability to tolerate increased osmolarity 
is evidenced by diarrhea. Once the child is able to tolerate formula sufficiently in volume 
and concentration, intravenous fluids can be discontinued. Initially, bolus feeding can be 
delivered slowly using enteral feeding pump several times a day. Gastric residuals should 
be checked before application of every bolus of enteral feeding. Careful assessment of the 
gastric residuals may help in improving feeding tolerance and minimising the risk of 
pulmonaray aspiration. Children who are taking medications for seizures will have their 
medications converted to an intravenous form until they are able to tolerate gastric route of 
administration. 
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Fig. 1. The technique of PEG insertion.1a. The main PEG equipment including, a PEG tube, a 
guidewire, a needle with a trocar and a snare. 1b. Abdominal wall transillumination by the 
endoscope with testing for indentation. 1c. Making a small skin incision at the intended 
gastrostomy site. 1d. Passing the needle and trocar directly to the stomach under endoscopic 
vision. 1e. Passing the guidewire through the needle. 1f. Grasping the guidewire by the 
snare to bring through the mouth. 1g. Pulling the guidewire and the anchored tube back 
from the abdominal insertion site. 1h. Checking the opposition of the inner flange with the 
gastric wall. 1i. PEG tube after insertion 
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5. Feeding through PEG tube  
In Infants less than 12 months of age, an infant formula should be used. In patients with 
high caloric needs or with poor tolerance to increased formula volume, the formula may 
be concentrated and/or modular nutrients, such as glucose polymer or lipid, may be 
added. Infants with Cow’s milk protein allergy, gastrointestinal maldigestion or 
absorption, and short bowel syndrome may benefit from amino acid-based or casein-
based formulas.  
Older children may be offered any of the following options depending on the underlying 
disease and the socio-economic status: 

5.1 Polymeric feeds 
Polymeric feeds are the most commonly used enteral feeds. Most children will tolerate a 
polymeric formula. They contain whole protein as a nitrogen source and energy of 1 
kcal/ml. They are lactose and gluten free. Moreover they contain enough vitamins, trace 
elements and essential fatty acids to prevent deficiencies. Adult formulas should be 
avoided because the caloric-to-nutrient ratio is inadequate for children. Their use may 
result in calcium, phosphorus and vitamin deficiency, especially in patients with low-
caloric needs. 

5.2 Elemental feeds 
Elemental feeds contain either amino acid or hydrolyzed protein. They are relatively 
expensive with unpalatable taste. It should be used only in situations where there is 
profound impairment in the gastrointestinal digestive and absorptive functions. 

5.3 Blenderised food 
This is used in many developing countries primarily because it is cheaper than 
commercially prepared feeds. It is viscous and chunks of food may block the feeding tube 
and increase the risk of complications. Feeding contamination is a further risk that may 
predispose to fungal growth in the lumen of the tube (Fig. 2). 
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6. Care of the PEG tube  
The care of the child with the PEG differs from that of adults, because of the child’s smaller 
yet growing body and because nutritional needs change in time. Moreover, children, 
especially if chronically underfed, have very sensitive skin that must be protected effectively 
(Hagelgans and Janusz, 1994). Two main problems are the accurate selection of a properly 
sized device and then frequent checks and replacement with a more suitable size if 
necessary. The device should grow with the child. It must be as small as possible; both to 
minimize annoyance to the child, but it also must prevent leakage of gastric content or 
pressure necrosis and allow feeding to pass through easily.  
It is important to secure the external flange of the tube nearly 3 mm above skin level  
(Ricciardi and Brown, 1994) to prevent leakage of the gastric content and to allow freedom 
of movement, which is very important for children to avoid traumatizing the gastric mucosa 
or pulling the bumper into the tract. It also allows air circulation to the skin around and 
underneath the disc to avoid pressure necrosis. 
Skin care includes careful daily control of the position of the external flange with rotation 
and careful cleaning of the skin near the gastrostomy. It is important to protect the skin with 
zinc oxide cream or with absorbent powder or paste if there is any leakage (Hagelgans and 
Janusz, 1994). 
Tube obstruction can easily occur. It is necessary to flush with 10 to 15 ml warm water 
before and after any introduction. You may need to flush only after feeding in very small 
babies. Food must be fluids such as liquid enteral formula. Medicine must be well 
dissolved before administration through the tube. If the tube is blocked, it should be 
flushed with a solution of water and half a capsule of crushed and dissolved pancreatic 
enzymes. 
Bolus feeding must take at least 20 minutes and can be administered by a gravity  
flow system, by pump, or by syringe. If the child has fever or when the weather is warm, 
it is necessary to administer additional water, especially if the child is exclusively fed by 
tube. 
In children with PEG oral function should always be stimulated. Babies can be provided 
with a dummy especially during meals while older children can be offered something to 
chew or suck, such as chewing gum, piece of bread etc. It can comfort them and help the 
anatomical and functional development of the mouth (Tawfik et al., 1997). Mouth cleaning 
should be performed daily to allow a healthy growth of teeth. 

7. Replacement of the PEG tube  
Once placed, PEG tubes are left in situ until signs of cracking appear, usually after 12 
months. Damaged tubes need replacing; this can easily be done at bedside, with balloon 
gastrostomy. Initial PEG needs to be removed before replacement. PEG removal techniques 
are varied. PEGs may be removed endoscopically by grasping the inner flange with a snare 
or basket and delivering it via the oral cavity in a retrograde fashion after cutting the 
external tube at skin level. Alternatively, the device can be removed percutaneously by 
traction provided that the inner flange is collapsible. This approach precludes the need for 
endoscopy unless complications are anticipated or encountered. The third approach 
involves cutting the device at skin level and allowing the inner flange to pass via the 
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5. Feeding through PEG tube  
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alimentary tract (‘‘cut and push’’ technique). This is commonly performed in adult practice, 
but is generally thought to be unacceptable in children due to risks of esophageal and 
intestinal obstruction. Esophageal obstruction, perforation, mediastinitis, retropharyngeal 
abscess formation, gastric outlet, intestinal and ileostomy obstruction, enterocutaneous 
stula formation, tract disruption and death have been variously described with PEG 
removal (Yaseen et al., 1996, Siegel and Douglass, 2004, Palmer et al., 2006, Mollitt et al., 
1998, Lattuneddu et al., 2003, Kobak et al., 2000, El-Rifai et al., 2004). Traction removal is 
performed under general anesthesia in children and involves application of a signicant 
pulling force to deliver the device in full. Dilatation of the tract may be required in some 
cases. 
For PEG replacement, parents may prefer a skin-level gastrostomy. This option should not 
be considered until the PEG tube has been in situ for at least 3 months, ensuring that the seal 
between the stomach and abdominal wall is intact and thus avoiding peritoneal soiling. 
Different types of skin-level replacement gastrostomy tubes including Bard® mushroom-
shaped tube and the MICKEY® balloon type tube (Fig.3) are available. These tubes differ in 
the manner in which they are inserted and secured to the abdominal wall. The MICKEY® 
tube is inserted without using a stylet, while Bard® tube is inserted with assistance of a 
stylet. In addition, the MICKEY® tube is secured by a balloon, while the Bard® tube is 
secured by a mushroom-shaped tip. The MICKEY® tube can easily be inserted at bedside 
without the need for endoscopy or dye study to confirm location. The Bard® tube insertion 
using a stylet requires some force. This may increase the risk of disrupting the fistula tract 
(Fox et al., 1997).  It requires endoscopy or dye study for confirmation. Replacement of skin-
level devices may be required if the initial device gets blocked, dislodged, or poorly secured, 
especially after balloon rupture when using The MICKEY® tube. When gastrostomy tube 
dislodged, timely replacement is important because the fistulous tract will begin to close 
within hours, making subsequent replacement more difficult. If commercial replacement 
skin-level devices are not available, a similar size Foley catheter can be temporarily 
inserted. 
 

 

 
 

Fig. 3. Skin-level gastrostomy tubes 
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8. Complications of the PEG tube  
The peri-operative and post-operative complications of the PEG tube are summarized in 
Table 3. 
 

Complications        

         1.    Peri-operative complications 

                Tension pneumoperitoneum 

                Peritonitis  

                Esophageal perforation 

Intra-abdominal bleeding 

         2.    Post-operative complications 

Wound infection 

Necrotizing fasciitis 

Granulation tissue 

Buried bumper syndrome 

Tube migration 

Inadvertent tube removal 

Bloody PEG aspirate / hematemesis 

Bowel perforation 

Gastroesophageal reflux and pulmonary aspiration 

Table 3. Complications of  PEG insertion 

8.1 Peri-operative complications 
8.1.1 Tension pneumoperitoneum  
Benign pneumoperitoneum is common after PEG tube insertion, with reported incidence of 
over 50% (Hillman, 1982, Gottfried et al., 1986, Wojtowycz et al., 1988). Conservative 
management of patients with pneumoperitoneum, who have undergone a recent PEG in the 
absence of additional symptoms, is suggested. It should be of concern if the intraabdominal 
air is worsening or when it is found in the presence of signs of peritonitis, portal and/or 
mesenteric venous gas, systemic inflammatory response and/or sepsis (Wojtowycz et al., 
1988). It may occasionally be a sign of possible bowel injury (Milanchi and Allins, 2007). A 
tension pneumoperitoneum may occur with excessive endoscopic insufflations and a 
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large leak occurs around the gastric needle entry site (Kealey et al., 1996).This can result in 
rapid respiratory embarrassment and cardiopulmonary arrest. Urgent management 
involves cessation of insufflations, gastric aspiration through the endoscope and 
peritoneal decompression via a large cannula placed percutaneously into the peritoneal 
cavity. 

8.1.2 Peritonitis  
Peritonitis occurring shortly after PEG insertion is either due to associated visceral trauma 
(usually colon), or due to gastric leakage because of separation of the stomach from the 
anterior abdominal wall (Kimber et al., 1998). Delay in making the diagnosis and institution 
of appropriate treatment may result in death (Lowe et al., 1997). Children with peritonitis 
may develop abdominal distension, guarding and generalized abdominal tenderness, with 
tachycardia, and pallor, and may be fever. Their clinical condition progressively 
deteriorates. Laparoscopy or laparotomy is warranted after stabilization for children with 
suspected peritonitis. PEG placement in children with chronic renal failure following 
initiation of peritoneal dialysis is associated with a high risk of fungal peritonitis (von 
Schnakenburg et al., 2006, Ledermann et al., 2002). The mortality and morbidity reported 
create more apprehension of recommending the PEG approach after chronic peritoneal 
dialysis has been initiated. At present, the evidence would favor placement of the 
gastrostomy early, before or preferably at the same time as peritoneal catheter insertion 
(Watson, 2006). 

8.1.3 Esophageal perforation 
Esophageal perforation is a rare complication that occurs as a result of using inappropriately 
large gastroscope in small infants or due to poor technique in retrieval of the guidewire 
especially if metallic guidewire is used (Beasley et al., 1995, Haynes et al., 1996). The 
presence of unrecognized esophageal stricture or abnormal fragile mucosa such as 
epidermolysis bullosa can be a predisposing factor for esophageal perforation (Haynes et 
al., 1996). This complication can be avoided with careful examination of the patient, and 
with using an appropriate gastroscope suitable for the age and body weight of the child. 
Metallic guidewires are not commonly used nowadays and being replaced with softer 
guidewires. 

8.1.4 Intra-abdominal bleeding 
PEG can be associated with life-threatening bleeding, especially when multiple needle 
punctures have been made. Acute hemorrhage following PEG is rarely reported (Lau and 
Lai, 2001, Wiggins et al., 2007). Unsussceeful passage of the needle could have caused the 
gastric artery branch laceration or breaches in the splenic and superior mesenteric veins or 
due to a liver laceration. It presents with unexplained post-procedure hypotension. Early 
recognition and treatment are essential. 

8.2 Post-operative complications 
8.2.1 Wound infection  
PEG is a foreign body, and therefore creates and maintains a potential nidus for bacterial 
colonization. Children who require gastrostomy are often malnourished and have other 
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medical problems that make them more susceptible to gastrostomy wound infection(Fig. 4). 
Approximately 10% of children develop erythema and tenderness at the insertion site 
(Khattak et al., 1998). The most common causative organism was staphylococcus aureus 
(Saadeddin et al., 2005, Ahmad et al., 2003). Children tend to harbor polymicrobial aerobic-
anaerobic flora and Candida at the gastrostomy site wound infection (Brook, 1995). Factors 
that contribute to the development of infection may include gastric acid leakage and 
pressure areas from an excessively tight tube (Iber et al., 1996, Bell et al., 1995). Preventing 
measures including checking the position of the exteranal flange, cleaning the skin and 
rotating the tube daily can be followed. Meta-analysis of randomized-controlled trials of 
antibiotic prophylaxis prior to PEG insertion in adults (Jafri et al., 2007) has shown that 
prophylactic antibiotics are effective in reducing the incidence of PEG site wound infection. 
Both cephalosporin-based prophylaxis, such as cefazolin and penicillin-based prophylaxis, 
such as co-amoxiclav are equally effective. If infection diagnosed early, oral broad-spectrum 
antibiotics for 5-7 days may be all that is required for a PEG site infection. If there are more 
systemic signs, intravenous broad-spectrum antibiotics coupled with local wound care are 
necessary.  
 

 

 
 

Fig. 4. Wound infection with associated cellulitis 

8.2.2 Necrotizing fasciitis  
A rare but potentially life-threatening complication is the development of necrotizing 
fasciitis. Children with pre-existing wound infections, malnutrition, and impaired immunity 
are at increased risk (Fox et al., 1997, Farrell et al., 1988). The microbiology of necrotizing 
fasciitis is complex. Multiple aerobic and anaerobic microorganisms display synergy and are 
responsible for the lethality of this condition (Giuliano et al., 1977). Management consists of 
broad spectrum intravenous antibiotics and aggressive surgical debridement. 

8.2.3 Granulation tissue formation  
Granulation tissue following insertion is common (Fig.5). It may occur in response to 
chronic leakage or infection. The granulation tissue can cause discharge, irritation, and 
discomfort. It can bleed in response to trauma.  Frequent topical application of silver 
nitrate is often required and recurrence is common. It is important to protect the 



 
Gastrostomy 36

large leak occurs around the gastric needle entry site (Kealey et al., 1996).This can result in 
rapid respiratory embarrassment and cardiopulmonary arrest. Urgent management 
involves cessation of insufflations, gastric aspiration through the endoscope and 
peritoneal decompression via a large cannula placed percutaneously into the peritoneal 
cavity. 

8.1.2 Peritonitis  
Peritonitis occurring shortly after PEG insertion is either due to associated visceral trauma 
(usually colon), or due to gastric leakage because of separation of the stomach from the 
anterior abdominal wall (Kimber et al., 1998). Delay in making the diagnosis and institution 
of appropriate treatment may result in death (Lowe et al., 1997). Children with peritonitis 
may develop abdominal distension, guarding and generalized abdominal tenderness, with 
tachycardia, and pallor, and may be fever. Their clinical condition progressively 
deteriorates. Laparoscopy or laparotomy is warranted after stabilization for children with 
suspected peritonitis. PEG placement in children with chronic renal failure following 
initiation of peritoneal dialysis is associated with a high risk of fungal peritonitis (von 
Schnakenburg et al., 2006, Ledermann et al., 2002). The mortality and morbidity reported 
create more apprehension of recommending the PEG approach after chronic peritoneal 
dialysis has been initiated. At present, the evidence would favor placement of the 
gastrostomy early, before or preferably at the same time as peritoneal catheter insertion 
(Watson, 2006). 

8.1.3 Esophageal perforation 
Esophageal perforation is a rare complication that occurs as a result of using inappropriately 
large gastroscope in small infants or due to poor technique in retrieval of the guidewire 
especially if metallic guidewire is used (Beasley et al., 1995, Haynes et al., 1996). The 
presence of unrecognized esophageal stricture or abnormal fragile mucosa such as 
epidermolysis bullosa can be a predisposing factor for esophageal perforation (Haynes et 
al., 1996). This complication can be avoided with careful examination of the patient, and 
with using an appropriate gastroscope suitable for the age and body weight of the child. 
Metallic guidewires are not commonly used nowadays and being replaced with softer 
guidewires. 

8.1.4 Intra-abdominal bleeding 
PEG can be associated with life-threatening bleeding, especially when multiple needle 
punctures have been made. Acute hemorrhage following PEG is rarely reported (Lau and 
Lai, 2001, Wiggins et al., 2007). Unsussceeful passage of the needle could have caused the 
gastric artery branch laceration or breaches in the splenic and superior mesenteric veins or 
due to a liver laceration. It presents with unexplained post-procedure hypotension. Early 
recognition and treatment are essential. 

8.2 Post-operative complications 
8.2.1 Wound infection  
PEG is a foreign body, and therefore creates and maintains a potential nidus for bacterial 
colonization. Children who require gastrostomy are often malnourished and have other 

 
Percutaneous Endoscopic Gastrostomy in Pediatric Patients 37 

medical problems that make them more susceptible to gastrostomy wound infection(Fig. 4). 
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surrounding normal skin with petroleum jelly during cauterization with silver nitrate to 
avoid chemical burns. Daily cleaning of the stoma and rotation of the PEG tube may help 
in its prevention. 
 

 

 
 

Fig. 5. Granulation tissue formation 

8.2.4 Buried bumper syndrome  
Buried bumper syndrome is a rare but serious complication of PEG. Published experience in 
children with buried bumper syndrome is very scares (Furlano et al., 2008, Kohler et al., 
2008, Hodges et al., 2001). The bumper becomes lodged anywhere between the gastric wall 
and the skin along the PEG tract. Partial or complete growth of gastric mucosa over the 
internal bolster may occur.  The inability to infuse the feeding formula through the tube and 
leakage around the tube with abdominal pain are the most common manifestation 
(Schwartz et al., 1989). Other symptoms that may be experienced are erythema and edema at 
the gastrostomy site. The endoscopic examination may reveal small irregular slit or a raised 
mount of the mucosa at the previous tube site. A buried bumper should be removed even if 
the patient is asymptomatic, because of the risk of tube impaction in the abdominal wall 
and/or gastric perforation. Computed tomography and ultrasonography can be helpful in 
localizing the bumper and in deciding the appropriate approach for removing the PEG 
either surgical or endoscopic. A number of approaches have been used for the treatment of 
buried bumper syndrome. Initial reports used incision of the skin and dissection to remove 
the impacted bumper, followed by insertion of the replacement tube (Shallman et al., 1988, 
Nelson, 1989, Lee, 1990). Another strategy involves placing a guidewire through the 
impacted tube, followed by pushing the impacted bumper into the stomach using dilators 
externally. The bumper is removed endoscopically and replacement tube is inserted through 
the fistula (Klein et al., 1990, Ma et al., 1995). The selected method has to be safe and should 
be tailored to the individual patient’s needs. 

8.2.5 Gastrostomy tube migration  
The inner flange may enter the pylorus causing complete or partial obstruction (Hussain 
and Thambidorai, 2000, Berry and Vellacott, 1992). If the PEG is within mobile bowel it may 
act as an axis for volvulus causing intestinal obstruction (Waxman et al., 1991, Senac and 
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Lee, 1983). This complication occurs if the PEG has been inserted in the distal antrum, close 
to the pylorus. This complication can be avoided by careful placement of the PEG on the 
greater curve, proximal to the antrum and pyloric canal. 

8.2.6 Inadvertent tube removal  
PEG tract maturation usually occurs within the first 7-10 days but may be delayed up to 4 
weeks in the presence of malnutrition. Inadvertent PEG tube removal can rarely occur 
(Larson et al., 1987, Dwyer et al., 2002). Irritable and hyperactive children are more liable to 
this complication. A PEG tube accidentally removed before the PEG tract maturation 
completed, should be replaced endoscopically. The stomach and the abdominal wall can 
separate from each other, resulting in free perforation.  If the PEG tube is dislodged less than 
one month after placement, repeat endoscopy should be performed to replace the tube.  
When recognized early, the replacement PEG tube can be placed either near or even through 
the same PEG tube site (Galat et al., 1990). Blindly reinserting a new tube may lead to its 
placement inside the peritoneal cavity. If recognition is delayed, the patient should be kept 
NPO (nothing per oral), a nasogastric tube should be placed, and broad-spectrum antibiotics 
should be started. A new PEG should be placed after 7-10 day. Surgical exploration is 
indicated if signs of peritonitis/sepsis are present. A replacement tube can be placed 
without endoscopy through presumably mature tract, when a PEG tube dislodged more 
than one month after placement. 

8.2.7 Bloody PEG aspirate / hematemesis  
Gastrointestinal bleeding after PEG placement has been reported rarely in children (Kazi et 
al., 1997, Weiss et al., 1999). If the PEG flange is loose and mobile within the stomach it can 
irritate the gastric mucosa, and if too tight it can erode the gastric wall by pressure necrosis. 
Either process may lead to gastric bleeding. Most patients present with bleeding between 
two weeks and 6 months. Delayed presentation after 12 years from PEG placement was 
reported in one child.  (Weiss et al., 1999). Because upper gastrointestinal bleeding is not 
always related to the PEG, endoscopy is recommended for diagnosis. Esophagitis and 
gastritis may both occur in chronically ill children, especially in neurologically impaired 
children with reflux esophagitis.  

8.2.8 Bowel perforation  
Gastro-colo-cutaneous fistulae may occur rarely when the colon is inadvertently punctured 
and traversed during PEG placement (Gauderer, 1991, Hacker and Cattau, 1987). Patients 
may present acutely with colonic perforation and peritonitis (Kimber et al., 1998). More 
commonly, patients present chronically with stool leaking around the PEG tube or through 
the stoma during tube removal or replacement. The diagnosis is made using contrast 
radiography via the PEG tube. In most cases, there is no evidence of intraperitoneal leakage 
or gastro-colic fistula. Management consists of removing the tube and allowing the fistula to 
close (Berger and Zarling, 1991). Should the patient develop signs of peritonitis or the fistula 
fail to close, surgery is often required. 
To avoid this complication, the introducing needle should not be inserted into the stomach 
without adequate gastric insufflations, appropriate transillumination, and endoscopically 
visible focal indentation upon external palpation.  
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surrounding normal skin with petroleum jelly during cauterization with silver nitrate to 
avoid chemical burns. Daily cleaning of the stoma and rotation of the PEG tube may help 
in its prevention. 
 

 

 
 

Fig. 5. Granulation tissue formation 

8.2.4 Buried bumper syndrome  
Buried bumper syndrome is a rare but serious complication of PEG. Published experience in 
children with buried bumper syndrome is very scares (Furlano et al., 2008, Kohler et al., 
2008, Hodges et al., 2001). The bumper becomes lodged anywhere between the gastric wall 
and the skin along the PEG tract. Partial or complete growth of gastric mucosa over the 
internal bolster may occur.  The inability to infuse the feeding formula through the tube and 
leakage around the tube with abdominal pain are the most common manifestation 
(Schwartz et al., 1989). Other symptoms that may be experienced are erythema and edema at 
the gastrostomy site. The endoscopic examination may reveal small irregular slit or a raised 
mount of the mucosa at the previous tube site. A buried bumper should be removed even if 
the patient is asymptomatic, because of the risk of tube impaction in the abdominal wall 
and/or gastric perforation. Computed tomography and ultrasonography can be helpful in 
localizing the bumper and in deciding the appropriate approach for removing the PEG 
either surgical or endoscopic. A number of approaches have been used for the treatment of 
buried bumper syndrome. Initial reports used incision of the skin and dissection to remove 
the impacted bumper, followed by insertion of the replacement tube (Shallman et al., 1988, 
Nelson, 1989, Lee, 1990). Another strategy involves placing a guidewire through the 
impacted tube, followed by pushing the impacted bumper into the stomach using dilators 
externally. The bumper is removed endoscopically and replacement tube is inserted through 
the fistula (Klein et al., 1990, Ma et al., 1995). The selected method has to be safe and should 
be tailored to the individual patient’s needs. 

8.2.5 Gastrostomy tube migration  
The inner flange may enter the pylorus causing complete or partial obstruction (Hussain 
and Thambidorai, 2000, Berry and Vellacott, 1992). If the PEG is within mobile bowel it may 
act as an axis for volvulus causing intestinal obstruction (Waxman et al., 1991, Senac and 
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Lee, 1983). This complication occurs if the PEG has been inserted in the distal antrum, close 
to the pylorus. This complication can be avoided by careful placement of the PEG on the 
greater curve, proximal to the antrum and pyloric canal. 

8.2.6 Inadvertent tube removal  
PEG tract maturation usually occurs within the first 7-10 days but may be delayed up to 4 
weeks in the presence of malnutrition. Inadvertent PEG tube removal can rarely occur 
(Larson et al., 1987, Dwyer et al., 2002). Irritable and hyperactive children are more liable to 
this complication. A PEG tube accidentally removed before the PEG tract maturation 
completed, should be replaced endoscopically. The stomach and the abdominal wall can 
separate from each other, resulting in free perforation.  If the PEG tube is dislodged less than 
one month after placement, repeat endoscopy should be performed to replace the tube.  
When recognized early, the replacement PEG tube can be placed either near or even through 
the same PEG tube site (Galat et al., 1990). Blindly reinserting a new tube may lead to its 
placement inside the peritoneal cavity. If recognition is delayed, the patient should be kept 
NPO (nothing per oral), a nasogastric tube should be placed, and broad-spectrum antibiotics 
should be started. A new PEG should be placed after 7-10 day. Surgical exploration is 
indicated if signs of peritonitis/sepsis are present. A replacement tube can be placed 
without endoscopy through presumably mature tract, when a PEG tube dislodged more 
than one month after placement. 

8.2.7 Bloody PEG aspirate / hematemesis  
Gastrointestinal bleeding after PEG placement has been reported rarely in children (Kazi et 
al., 1997, Weiss et al., 1999). If the PEG flange is loose and mobile within the stomach it can 
irritate the gastric mucosa, and if too tight it can erode the gastric wall by pressure necrosis. 
Either process may lead to gastric bleeding. Most patients present with bleeding between 
two weeks and 6 months. Delayed presentation after 12 years from PEG placement was 
reported in one child.  (Weiss et al., 1999). Because upper gastrointestinal bleeding is not 
always related to the PEG, endoscopy is recommended for diagnosis. Esophagitis and 
gastritis may both occur in chronically ill children, especially in neurologically impaired 
children with reflux esophagitis.  

8.2.8 Bowel perforation  
Gastro-colo-cutaneous fistulae may occur rarely when the colon is inadvertently punctured 
and traversed during PEG placement (Gauderer, 1991, Hacker and Cattau, 1987). Patients 
may present acutely with colonic perforation and peritonitis (Kimber et al., 1998). More 
commonly, patients present chronically with stool leaking around the PEG tube or through 
the stoma during tube removal or replacement. The diagnosis is made using contrast 
radiography via the PEG tube. In most cases, there is no evidence of intraperitoneal leakage 
or gastro-colic fistula. Management consists of removing the tube and allowing the fistula to 
close (Berger and Zarling, 1991). Should the patient develop signs of peritonitis or the fistula 
fail to close, surgery is often required. 
To avoid this complication, the introducing needle should not be inserted into the stomach 
without adequate gastric insufflations, appropriate transillumination, and endoscopically 
visible focal indentation upon external palpation.  
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8.2.9 Gastroesophageal reflux and pulmonary aspiration  
Gastroesophageal reflux is a common problem in neurologically impaired children (Bozkurt 
et al., 2004, Gangil et al., 2001). Children with symptoms of reflux who do not respond to 
medical therapy or with evidence of pulmonary aspiration caused by their reflux should 
undergo a surgical gastrostomy along with an anti-reflux procedure. In children without 
symptoms of reflux or with mild reflux responding well to medical treatment, an 
endoscopic percutaneous approach may be used. There is no role for a prophylactic anti-
reflux procedure (Sulaeman et al., 1998, Khattak et al., 1998, Isch et al., 1997). The choice 
between a gastrostomy with or without an anti-reflux procedure has to be carefully 
evaluated because the failure rate and the incidence of major complications are high in 
neurologically impaired children undergoing anti-reflux procedure (Borgstein et al., 1994). 
In difficult cases, it may be useful to attempt a trial of nasogastric feeds for one month to 
assess tolerance before making a decision. It has been suggested that symptomatic 
Gastroesophageal reflux occurs frequently after PEG (Cameron et al., 1995). Pulmonary 
aspiration has been rarely reported in children following percutaneous gastrostomy feeding 
(Morton et al., 1999, Sy et al., 2008). It is unclear whether this is a consequence of the change 
in volume, consistency and composition of the feeds or a consequence of the procedure. If 
this problem occurs, medical treatment with prokinetics and changes in the formula or in 
the rate and volume of feeds should be attempted before restoring to an anti-reflux 
procedure.  

9. Conclusion 
PEG insertion in children who cannot achieve adequate oral intake is an established route 
for providing long term enteral nutrition. Feeding through PEG tube helps improving the 
physical growth and general health of the chronically ill patients, with subsequent effect on 
the family quality of life. The procedure is associated with frequent minor morbidity. 
Awarness of these complications and the use of preventive strategies can allow the 
endoscopist to maximize outcomes and to identify complications early. 
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Percutaneous Endoscopic Gastrostomy  
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1. Introduction 
Patients with neurologic dysfunction are at increased risk for malnutrition due to a 
combination of cognitive, behavioral and mechanical problems. Cohort studies have shown 
that 20-50% of hospital patients are malnourished (McWhirter & Pennington, 1994; Norman 
et al., 2008; Kurien et al., 2010), and 20-40% of critically ill patients show evidence of protein-
energy malnutrition (Ziegler, 2009). Access for supplemental nutrition may be considered to 
meet the nutritional needs of any patient with a functional gastrointestinal tract who is 
unable to safely swallow (Kulick & Deen, 2011; McClave et al., 2009). The primary aim of 
enteral tube feeding is to avoid further loss of body weight, to correct significant nutritional 
deficiencies, to rehydrate the patient, to promote growth in children with growth 
retardation, and to stop the related deterioration of the quality of life of the patient due to 
inadequate oral nutrition intake (Loser et al., 2005). A variety of enteric feeding tube options 
exist, including endoscopically-placed nasogastric feeding tubes, percutaneous endoscopic 
gastrostomy (PEG), radiologically inserted gastrostomy (RIG), and per-oral image guided 
gastrostomy (PIG) (Laasch et al., 2003; Hoffer et al., 1999; Preshaw, 1981; Tao & Gillies, 1983; 
Wills & Oglesby, 1983; Gauderer et al., 1980). The endoscopic access routes have been more 
popular than radiologic routes, which despite being quite effective have been reserved as a 
PEG alternative in cases deemed too risky or difficult for the passage of an endoscope (de 
Baere et al., 1999; Galaski et al., 2009; Loser et al., 2005; Ozmen & Akhan, 2002). Enteral 
access can also be obtained surgically, but this has become much less frequent since the 
advent of these less-invasive techniques (Duszak & Mabry, 2003; Sleisenger et al., 2010). In 
cases where endoscopic access is not obtained, technical considerations and/or local 
availability play a role in determining whether a patient receives a radiological or surgical 
gastrostomy (Kurien et al., 2010; Leeds et al., 2010; Ljungdahl & Sundbom, 2006).  

2. Techniques commonly employed in early feeding 
The incidence of malnutrition worsens over time in patients who require prolonged 
hospitalization. Malnutrition is associated with increased morbidity and mortality in 
hospitalized patients; protein-calorie malnutrition is associated with skeletal muscle 
weakness, an increased rate of hospital-acquired infection, impaired wound healing, and 
prolonged recovery time. The relationship between malnutrition and adverse clinical 
outcomes is complex. Patients who are more difficult to feed are more critically ill and at 
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higher risk for death and complications.  Commonly-employed techniques for early 
feeding to address nutritional deficiency include parenteral, nasogastric and nasoenteric 
feeding. 

2.1 Parenteral access 
In most cases enteral feeding is a viable option early during the course of hospitalization. 
Although early enteral nutrition has been shown to be associated with a significantly lower 
incidence of infections and a reduced length of hospital stay (Marik & Zaloga, 2001), enteral 
feeding is not always possible. In such cases, parenteral hydration and nutrition may be the 
only option to maintain healthy levels of fluid and nutrition. Studies suggest that in these 
instances patients with moderate-to-severe protein-energy malnutrition may benefit from 
parenteral nutrition (Heyland et al., 1998). Published guidelines suggest that when enteral 
feeding is not possible, parenteral nutrition should be initiated within 3-7 days; among such 
patients who have protein-energy malnutrition at the time of admission to the intensive care 
unit, the American Clinical Practice Guidelines suggest that parenteral nutrition should be 
initiated without delay (Ziegler, 2009). 
This is not an option without inherent risks. A meta-analysis of well-designed intention-to-
treat trials comparing enteral nutrition with parenteral nutrition in critically ill patients 
(with each study enrolling fewer than 200 patients) showed a significant reduction in 
mortality among patients receiving parenteral nutrition (Simpson & Doig, 2005). The risk of 
infection was significantly increased with parenteral nutrition. A systematic review of 13 
randomized clinical trials involving critically ill adults showed a significant reduction in 
infectious complications with enteral nutrition, as compared with parenteral nutrition 
(Gramlich et al., 2004). In general, a catheter that is inserted for parenteral nutrition should 
not be used for any other purpose, such as phlebotomy or the administration of 
medications; and particular care must be taken to maintain the catheter and the 
percutaneous entry site with appropriate sterile access and dressing techniques (Ziegler, 
2009; American Society for Parenteral and Enteral Nutrition, 2002; Mirtallo et al., 2004). The 
estimated daily cost of standard central venous parenteral nutrition is approximately $60 to 
$90, depending on additives (e.g., supplemental micronutrients). Personnel costs for 
monitoring by nutritional-support health professionals and for preparation of parenteral 
nutrition by pharmacists is approximately $20 per day, with additional minor costs for 
intravenous tubing, nursing time. Central-vein parenteral nutrition may also be associated 
with mechanical, metabolic, and infectious complications (American Society for Parenteral 
and Enteral Nutrition, 2002; Ziegler, 2009). 

2.2 Nasogastric access 
Nasogastric tube (NG) feeding is the most common and oldest form of interventional 
feeding. Nasogastric tubes have the advantage of being simple to insert but are often poorly 
tolerated by the patient, and are difficult to maintain in position. They have a significant 
associated risk of aspiration (Ciocon et al., 1988), and carry a high risk for accidental 
displacement (Keohane et al., 1986; Payne-James & Silk, 1988). 
The benefits of placing a nasogastric tube include the fact that little skill is required for tube 
placement and it enables early commencement of enteral feeding. This maintains intestinal 
function. The ability to use the tube for bolus feedings has the added advantage of being 
more physiologic than is continuous feeding. Manual placement of a nasogastric tube at the 
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bedside, without guidance, is often done without complications. Verification of the 
placement of the tube was once thought to be sufficiently accomplished by auscultation, 
listening for a gastric bubble as air is forced into the tube. Extraction of gastric contents is 
another such verification method: measuring pH of the gastric contents could allow for 
verification of the fluid extracted as that from the stomach, though in practice this is rarely 
done.  Despite its simplicity, however, this method can result insignificant and potentially 
lethal complications. These include misplacement, mucosal injury with bleeding and/or 
esophageal, gastric, or intestinal perforation. These complications require immediate 
treatment.  
Enteral feeding can usually be continued after misplacement or bleeding. With perforation, 
however, alternative feeding such as Total Parenteral Nutrition (TPN), along with 
antibiotics and bowel rest, are undertaken. It is common for the nasogastric tube not to be 
inserted far enough and to be left in the distal esophagus or, in the extreme situation, placed 
in the trachea or bronchial tree rather than passed into the stomach.  These placements will 
increase the risk of aspiration. To ensure correct placement in the stomach, at least 50 cm of 
the tube should b. While placement can be initially assessed by the insufflation of 50 mL of 
air—which should be easily audible by auscultation (with bubbling) in the epigastrium—
confirmation of correct placement should be sought by radiography before feeding 
commences. Correct placement is confirmed when the shadow of the tube is detected below 
the level of the diaphragm. 
The decision to move from a nasogastric tube to a gastrostomy tube is based on a number of 
factors including the length of time that is being considered for the enteral feeding. Often 
when initially placed, it is not clear how long will be the need for the NG feeding. What is 
initially placed as a very short term measure may, due to complications with treatment, 
evolve into a more chronic situation. The majority of patients requiring nutritional support 
will need it for less than one month, and nasogastric tube feeding is by far the most 
commonly used route of access. Fine bore nasogastric tubes have reduced the incidence of 
complications, such as rhinitis, esophageal reflux, strictures and esophagitis that were 
associated with the large bore Ryle’s tube (Pearce & Duncan, 2002). 

2.3 Nasoenteric access 
Nasoenteric tube placement is more invasive than the corresponding nasogastric procedure 
and, therefore, carries a greater risk of mucosal injury if the tube is placed manually. As the 
control of delivery of fluid by the stomach is bypassed, nasoenteric feeds should be given as 
a constant infusion and not in bolus form. Furthermore, since the stomach is bypassed, 
bacterial suppression by gastric acid is lost and a sterile feed must be given via a 'closed' 
system. 
The complications of nasoenteral feeding tubes have become less common since the 
introduction of fine bore nasoenteral feeding tubes in the 1970s. These tubes are easier to 
pass, more flexible and are less likely to cause erosions, esophagitis, or strictures. Local 
complications are common, however, with patients noting discomfort when the tubes are 
passed, and with tube maintenance as the securing devices are manipulated. This is again 
dependent largely on the tube’s diameter, softness and type of tip. As in other methods of 
tube access, detection of correct placement is not an insignificant concern. Patients most at 
risk from misplacement of nasogastric tubes include those on ventilators, those who have 
altered level of consciousness and/or those with neuromuscular abnormalities, such as 
reduced gag, swallow, and cough reflexes.  
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the level of the diaphragm. 
The decision to move from a nasogastric tube to a gastrostomy tube is based on a number of 
factors including the length of time that is being considered for the enteral feeding. Often 
when initially placed, it is not clear how long will be the need for the NG feeding. What is 
initially placed as a very short term measure may, due to complications with treatment, 
evolve into a more chronic situation. The majority of patients requiring nutritional support 
will need it for less than one month, and nasogastric tube feeding is by far the most 
commonly used route of access. Fine bore nasogastric tubes have reduced the incidence of 
complications, such as rhinitis, esophageal reflux, strictures and esophagitis that were 
associated with the large bore Ryle’s tube (Pearce & Duncan, 2002). 

2.3 Nasoenteric access 
Nasoenteric tube placement is more invasive than the corresponding nasogastric procedure 
and, therefore, carries a greater risk of mucosal injury if the tube is placed manually. As the 
control of delivery of fluid by the stomach is bypassed, nasoenteric feeds should be given as 
a constant infusion and not in bolus form. Furthermore, since the stomach is bypassed, 
bacterial suppression by gastric acid is lost and a sterile feed must be given via a 'closed' 
system. 
The complications of nasoenteral feeding tubes have become less common since the 
introduction of fine bore nasoenteral feeding tubes in the 1970s. These tubes are easier to 
pass, more flexible and are less likely to cause erosions, esophagitis, or strictures. Local 
complications are common, however, with patients noting discomfort when the tubes are 
passed, and with tube maintenance as the securing devices are manipulated. This is again 
dependent largely on the tube’s diameter, softness and type of tip. As in other methods of 
tube access, detection of correct placement is not an insignificant concern. Patients most at 
risk from misplacement of nasogastric tubes include those on ventilators, those who have 
altered level of consciousness and/or those with neuromuscular abnormalities, such as 
reduced gag, swallow, and cough reflexes.  
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Other complications of nasoenteral access include the development of tracheo-esophageal 
fistula, which may develop when large-bore nasoenteric tubes are used. Commonly, 
nasoenteric tubes become displaced, particularly in the critically ill and/or those who have 
altered levels of consciousness. 
Placing nasoenteral feeding tubes postpylorically can be difficult; spontaneous transpyloric 
passage of standard feeding tubes after 24 hours is only in the order of 30% and does not 
seem to be affected by tip profile or addition of a weight to the tip of the feeding tube 
(Pearce & Duncan, 2002).  

3. Techniques commonly employed for long-term feeding 
As a result of some of the difficulties encountered with nasogastric and nasoenteric feeding 
tubes, alternative routes of tube feeding have been developed, some of which have proven 
useful for long term feeding (Pearce & Duncan, 2002). Tube enterostomies can be placed 
using surgical, endoscopic, or radiological methods into the gastrointestinal tract. 

3.1 Percutaneous endoscopic gastrostomy 
First described in 1980, PEG has become the most commonly-employed method of enteral 
access, due to its relative ease of deployment in most patients and overall tolerability. PEG 
placement is a common indication for endoscopy of the upper gastrointestinal tract (Park et 
al., 2011; Srinivasan et al., 2009), and is now much more widely used than surgical or 
radiological insertion. Rates of PEG insertion have risen in recent years: in 1989, 15,000 PEG 
tubes were placed; in 1995, 121,000 PEG tubes were placed, and in 2000, more than 216,000 
tubes were inserted for feeding (Delegge, 2008; Grant et al., 1998; Roche, 2003; Duszak & 
Mabry, 2003). The greatest increase in feeding tube placement has occurred in those 75 years 
of age and older (Freeman et al., 2010; Lewis et al., 2004). Various treatment guidelines have 
been developed to assist clinicians in navigating the clinical and ethical issues informing the 
decision to place a PEG (Ritchie et al., 2007; Greff, 1999; Loser et al., 2005; Maillet et al., 2002; 
Niv & Abuksis, 2003; Rosner, 1997). 
PEG is commonly used in patients with neurologic dysfunction who have intact cognition 
and/or a high likelihood to maintain their current baseline, or recover their premorbid 
neurologic function (DeLegge et al., 2005; Gauderer et al., 1980). A recent meta-analysis 
found that PEG carries a lower risk of intervention failure when compared with use of 
nasogastric (NG) tube, although no significant difference in mortality rates between 
comparison groups, or pneumonia  irrespective of underlying disease was found (Gomes et 
al., 2010). When compared with NG access, PEG has been shown to be a more reliable 
enteral access tube, allowing patients to receive more calories daily because of a reduction in 
tube dysfunction (Park et al., 1992; Sleisenger et al., 2010). However, the unproven efficacy 
of enteral nutrition in prolonging survival and improving quality of life in many clinical 
settings, and the potential for multiple complications have tempered the “enthusiasm” for 
performing this procedure for nutritional support in many clinical situations (Potack & 
Chokhavatia, 2008); nevertheless, gastrostomy feeding has the potential to reduce mortality, 
length of hospital stay, and complications in carefully selected patients who are likely to be 
or later become nutritionally depleted for longer than four to six weeks (Green, 1999; Kurien 
et al., 2010; Wicks et al., 1992).  
The gastrostomy tube can be placed via a “pull” (Ponsky-Gauderer) technique, be pushed 
into place by a “push” (Sacks-Vine) method, or secured via the “introducer” (Russell) 
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procedure, where the stomach is be directly punctured and a Foley catheter placed over a 
guidewire. A wide variety of commercial PEG systems are available. The tube diameters 
commonly used range from 6 mm to 8 mm. In general, small-diameter tubes should be 
avoided in patients with poor gastric emptying who require intragastric administration of 
medication. If a PEG with jejunal extension is required, such as for patients with 
gastroparesis, a wide (for example, 8 mm diameter) tube is required that can be cannulated 
with a narrow (for example, 5.3 mm diameter) jejunal tube (O'Keefe, 2009). 

3.1.1 Indications for percutaneous endoscopic gastrostomy 
Placement of a PEG tube should be considered for patients who continue to require enteral 
feeding beyond 4 weeks; it is also indicated as first-line intervention in conditions where 
enteral feeding is expected to be required for longer than 2–4 weeks (O'Keefe, 2009). 
Neurogenic indications for gastrostomy include dysphagia from a variety of causes, 
including stroke, brain injury, cerebral palsy, brain tumors, HIV encephalopathy, neonatal 
encephalopathy, and neurodegenerative syndromes; non-neurological indications include 
such conditions as head and neck cancer, surgery to the mouth and throat, aspiration, 
Crohn’s disease, severe burns, and decompression of the stomach in obstructing intra-
abdominal malignancy (Buchholz, 1994; Laasch et al., 2003; Nishiwaki et al., 2009; El-
Matary, 2008; Naik et al., 2009; Park et al., 2011). The most common indication for PEG in 
children and adults is neurogenic dysphagia (El-Matary, 2008; Miller et al., 1989; Nicholson 
et al., 2000; Friedman et al., 2004; Srivastava et al., 2005). Enteral access can also facilitate the 
delivery of medications in patients whose illness limits their ability to take them by mouth 
(Phillips & Nay, 2008; El-Matary, 2008; Loser et al., 2005); and it can also facilitate hydration 
in these patients (Sleisenger et al., 2010). 
Neurogenic dysphagia secondary to stroke is the most common cause for PEG insertion in 
adults (James et al., 1998; James et al., 2005; Rimon et al., 2005; Gencosmanoglu, 2004); 
dysphagia occurs in around 40% of patients at the time of diagnosis, with up to 10% of 
stroke patients suffering long-term dysphagia (Barer, 1989; Gordon et al., 1987; Kidd et al., 
1995; Laasch et al., 2003; O'Neill, 2000; Smithard et al., 1996). Early feeding (within the first 
week) via PEG is no longer recommended in the most recent guidelines for management of 
acute stroke, as it has not been shown to improve long-term survival, complication rates or 
length of hospitalization (Koretz et al., 2007; Kulick & Deen, 2011). More recent guidelines 
recommend the early initiation of NG tube feeds for dysphagic patients with acute ischemic 
stroke (within 48 hours), and not placing PEG within the first two weeks (Ringleb et al., 
2008). Others have recommended continuing the NG feeds for the first month in patients 
whose swallow function does not recover (Hill, 2008). 
Patients with hypertensive intracerebral hemorrhage may benefit from early enteral nutrition 
based on observational data (Lee et al., 2010); however, no randomized data exist. Data is 
similarly lacking for the use of PEG in dysphagic patients with Parkinson’s disease (Deane et 
al., 2001).  
A recent meta-analysis of nutritional support in head-injured patients concluded that, while 
data are lacking, early feeding may be associated with a trend toward better outcomes in 
terms of survival and disability (Perel et al., 2006). 
Amyotrophic Lateral Sclerosis (ALS) is another condition where PEG is routinely employed 
(James et al., 1998; James et al., 2005; Rimon et al., 2005; Mitsumoto et al., 2003). In addition 
to progressive issues with dysphagia, ALS patients have increased energy needs, and it has 
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Other complications of nasoenteral access include the development of tracheo-esophageal 
fistula, which may develop when large-bore nasoenteric tubes are used. Commonly, 
nasoenteric tubes become displaced, particularly in the critically ill and/or those who have 
altered levels of consciousness. 
Placing nasoenteral feeding tubes postpylorically can be difficult; spontaneous transpyloric 
passage of standard feeding tubes after 24 hours is only in the order of 30% and does not 
seem to be affected by tip profile or addition of a weight to the tip of the feeding tube 
(Pearce & Duncan, 2002).  

3. Techniques commonly employed for long-term feeding 
As a result of some of the difficulties encountered with nasogastric and nasoenteric feeding 
tubes, alternative routes of tube feeding have been developed, some of which have proven 
useful for long term feeding (Pearce & Duncan, 2002). Tube enterostomies can be placed 
using surgical, endoscopic, or radiological methods into the gastrointestinal tract. 

3.1 Percutaneous endoscopic gastrostomy 
First described in 1980, PEG has become the most commonly-employed method of enteral 
access, due to its relative ease of deployment in most patients and overall tolerability. PEG 
placement is a common indication for endoscopy of the upper gastrointestinal tract (Park et 
al., 2011; Srinivasan et al., 2009), and is now much more widely used than surgical or 
radiological insertion. Rates of PEG insertion have risen in recent years: in 1989, 15,000 PEG 
tubes were placed; in 1995, 121,000 PEG tubes were placed, and in 2000, more than 216,000 
tubes were inserted for feeding (Delegge, 2008; Grant et al., 1998; Roche, 2003; Duszak & 
Mabry, 2003). The greatest increase in feeding tube placement has occurred in those 75 years 
of age and older (Freeman et al., 2010; Lewis et al., 2004). Various treatment guidelines have 
been developed to assist clinicians in navigating the clinical and ethical issues informing the 
decision to place a PEG (Ritchie et al., 2007; Greff, 1999; Loser et al., 2005; Maillet et al., 2002; 
Niv & Abuksis, 2003; Rosner, 1997). 
PEG is commonly used in patients with neurologic dysfunction who have intact cognition 
and/or a high likelihood to maintain their current baseline, or recover their premorbid 
neurologic function (DeLegge et al., 2005; Gauderer et al., 1980). A recent meta-analysis 
found that PEG carries a lower risk of intervention failure when compared with use of 
nasogastric (NG) tube, although no significant difference in mortality rates between 
comparison groups, or pneumonia  irrespective of underlying disease was found (Gomes et 
al., 2010). When compared with NG access, PEG has been shown to be a more reliable 
enteral access tube, allowing patients to receive more calories daily because of a reduction in 
tube dysfunction (Park et al., 1992; Sleisenger et al., 2010). However, the unproven efficacy 
of enteral nutrition in prolonging survival and improving quality of life in many clinical 
settings, and the potential for multiple complications have tempered the “enthusiasm” for 
performing this procedure for nutritional support in many clinical situations (Potack & 
Chokhavatia, 2008); nevertheless, gastrostomy feeding has the potential to reduce mortality, 
length of hospital stay, and complications in carefully selected patients who are likely to be 
or later become nutritionally depleted for longer than four to six weeks (Green, 1999; Kurien 
et al., 2010; Wicks et al., 1992).  
The gastrostomy tube can be placed via a “pull” (Ponsky-Gauderer) technique, be pushed 
into place by a “push” (Sacks-Vine) method, or secured via the “introducer” (Russell) 
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procedure, where the stomach is be directly punctured and a Foley catheter placed over a 
guidewire. A wide variety of commercial PEG systems are available. The tube diameters 
commonly used range from 6 mm to 8 mm. In general, small-diameter tubes should be 
avoided in patients with poor gastric emptying who require intragastric administration of 
medication. If a PEG with jejunal extension is required, such as for patients with 
gastroparesis, a wide (for example, 8 mm diameter) tube is required that can be cannulated 
with a narrow (for example, 5.3 mm diameter) jejunal tube (O'Keefe, 2009). 

3.1.1 Indications for percutaneous endoscopic gastrostomy 
Placement of a PEG tube should be considered for patients who continue to require enteral 
feeding beyond 4 weeks; it is also indicated as first-line intervention in conditions where 
enteral feeding is expected to be required for longer than 2–4 weeks (O'Keefe, 2009). 
Neurogenic indications for gastrostomy include dysphagia from a variety of causes, 
including stroke, brain injury, cerebral palsy, brain tumors, HIV encephalopathy, neonatal 
encephalopathy, and neurodegenerative syndromes; non-neurological indications include 
such conditions as head and neck cancer, surgery to the mouth and throat, aspiration, 
Crohn’s disease, severe burns, and decompression of the stomach in obstructing intra-
abdominal malignancy (Buchholz, 1994; Laasch et al., 2003; Nishiwaki et al., 2009; El-
Matary, 2008; Naik et al., 2009; Park et al., 2011). The most common indication for PEG in 
children and adults is neurogenic dysphagia (El-Matary, 2008; Miller et al., 1989; Nicholson 
et al., 2000; Friedman et al., 2004; Srivastava et al., 2005). Enteral access can also facilitate the 
delivery of medications in patients whose illness limits their ability to take them by mouth 
(Phillips & Nay, 2008; El-Matary, 2008; Loser et al., 2005); and it can also facilitate hydration 
in these patients (Sleisenger et al., 2010). 
Neurogenic dysphagia secondary to stroke is the most common cause for PEG insertion in 
adults (James et al., 1998; James et al., 2005; Rimon et al., 2005; Gencosmanoglu, 2004); 
dysphagia occurs in around 40% of patients at the time of diagnosis, with up to 10% of 
stroke patients suffering long-term dysphagia (Barer, 1989; Gordon et al., 1987; Kidd et al., 
1995; Laasch et al., 2003; O'Neill, 2000; Smithard et al., 1996). Early feeding (within the first 
week) via PEG is no longer recommended in the most recent guidelines for management of 
acute stroke, as it has not been shown to improve long-term survival, complication rates or 
length of hospitalization (Koretz et al., 2007; Kulick & Deen, 2011). More recent guidelines 
recommend the early initiation of NG tube feeds for dysphagic patients with acute ischemic 
stroke (within 48 hours), and not placing PEG within the first two weeks (Ringleb et al., 
2008). Others have recommended continuing the NG feeds for the first month in patients 
whose swallow function does not recover (Hill, 2008). 
Patients with hypertensive intracerebral hemorrhage may benefit from early enteral nutrition 
based on observational data (Lee et al., 2010); however, no randomized data exist. Data is 
similarly lacking for the use of PEG in dysphagic patients with Parkinson’s disease (Deane et 
al., 2001).  
A recent meta-analysis of nutritional support in head-injured patients concluded that, while 
data are lacking, early feeding may be associated with a trend toward better outcomes in 
terms of survival and disability (Perel et al., 2006). 
Amyotrophic Lateral Sclerosis (ALS) is another condition where PEG is routinely employed 
(James et al., 1998; James et al., 2005; Rimon et al., 2005; Mitsumoto et al., 2003). In addition 
to progressive issues with dysphagia, ALS patients have increased energy needs, and it has 



 
Gastrostomy 56

been suggested that PEG can play an important role in preventing additional muscle loss 
(Desport et al., 1999; Spataro et al., 2011; Vaisman et al., 2009). Recent guidelines recommend 
ALS patients receive PEG when oral intake is limited and body weight begins to decline 
(Andersen et al., 2007; Radunovic et al., 2007; Spataro et al., 2011). Some have recommended 
PEG be placed for weight loss of more than 10% over baseline and before forced vital 
capacity (FVC) falls below 50%; however, safe PEG insertion has been documented in 
patients with FVC below 50% (Gregory et al., 2002; Spataro et al., 2011). Limited data from 
non-randomized studies suggest a survival advantage and improved nutrition with enteral 
feeding (Katzberg & Benatar, 2011; Chio et al., 1999; Mazzini et al., 1995; Spataro et al., 2011). 
No randomized controlled trials exist. 
Multiple sclerosis (MS) is also associated with progressive dysphagia prompting the use of 
PEG; small case reports have demonstrated an improvement in comorbid disease states, 
such as pressure ulcer healing, in patients with MS and dysphagia who receive tube 
feedings (Annoni et al., 1998; Sleisenger et al., 2010). 
More than 36,000 older patients with dementia receive a PEG tube each year (Gillick, 2000; 
Sleisenger et al., 2010). PEG placement in elderly patients with dementia is controversial 
(Palecek et al., 2010; Delegge, 2009; Garrow et al., 2007; Gillick, 2000; Cervo et al., 2006; 
Chernoff, 2006). No randomized controlled trials exist in this patient population, and 
observational studies do not show any evidence of increased survival with PEG; nor was 
there any reduction in pressure ulcers, improvement in quality of life, function behavior or 
psychiatric symptoms of dementia (Sampson et al., 2009). However, while earlier data 
suggested worse clinical outcomes in patients with dementia or significant cognitive 
impairment who received PEG, more recent data suggests outcomes in these populations 
are no different than in other patient populations receiving PEG (Freeman et al., 2010; 
Delegge, 2008; Higaki et al., 2008; Gaines et al., 2009). As in other patient populations, the 
decision to insert a PEG tube in an elderly demented patient should always be made on an 
individual basis (National Collaborating Centre for Acute Care, 2006; Kurien et al., 2010; 
Rabeneck et al., 1997). 
In children and adults with intellectual disability/mental retardation, feeding via PEG has been 
shown to improve nutritional status and quality of life in certain patients (Loser et al., 2005; 
Mathus-Vliegen et al., 2001) but not others (Lee & MacPherson, 2010); no randomized 
studies have been performed. 

3.1.2 Complications of percutaneous endoscopic gastrostomy 
Despite its strong safety record, PEG tube placement can be associated with an overall 
complication rate of 4.9–50% (Amann et al., 1997; Fröhlich et al., 2010). Complications are 
more likely to occur in elderly patients with comorbid illness, particularly those with an 
infectious process or who have a history of aspiration (Naik et al., 2009); it is therefore 
important to recognize that some patients are too frail for the sedation necessary for the 
endoscopy, particularly those patients with severe respiratory disease (Nicholson et al., 
2000). Potential risk factors for complications in younger patients include age less than 1 
year, mental retardation, scoliosis, constipation, hepatomegaly, previous upper abdominal 
surgery, presence of ventriculoperitoneal shunt, peritoneal dialysis and coagulopathy 
(Fröhlich et al., 2010; Vervloessem et al., 2009; von Schnakenburg et al., 2006). 
Inadequate transillumination is considered the primary absolute contraindication for PEG 
placement because this indicates the inability to oppose the anterior gastric wall to the 
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abdominal wall; this could result from organomegaly, severe ascites or an interposed colon 
(Nicholson et al., 2000). An absolute containdication to PEG placement is the inability to 
bring the anterior gastric wall in apposition to the abdominal wall. Prior gastric resection, 
ascites, hepatomegaly and obesity are some conditions which may impede gastric 
transillumination and subsequent PEG placement. Percutaneous endoscopic gastrostomy 
feeding should not be used when gastrointestinal obstruction is present. Relative 
contraindications to PEG include neoplastic, inflammatory and infiltrative diseases of the 
gastric and abdominal walls (Nicholson et al., 2000). 
Pneumoperitoneum can be rather common among those that receive a PEG. This can occur 
when air escapes into the peritoneal cavity during the puncture of the abdominal wall and 
the stomach. In much of medical practice the detection of or air within the peritoneal cavity 
frequently indicates a perforated abdominal viscus that requires emergent surgical 
management. On radiograph, pneumoperitoneum appears as a characteristic radiolucency 
seen below the diaphragm on chest radiograph or in a superiorly dependent location on 
abdominal radiograph; in the appropriate clinical setting, the radiographic presence of 
intraperitoneal air often is believed to be a diagnostic finding. In fact, pneumoperitoneum 
reflects visceral perforation in 85% to 95% of all occurrences. In 5% to 15% of cases, however, 
pneumoperitoneum does not reflect perforation and results from another source that does 
not require emergency surgery. In a recent review, the most common abdominal etiology of 
non-surgical peritoneum (NSP) was retained postoperative air (prevalence 25% to 60%). 
NSP occurred frequently after peritoneal dialysis catheter placement (prevalence 10% to 
34%) and after gastrointestinal endoscopic procedures (prevalence 0.3% to 25%, varying by 
procedure). The most common thoracic causes included mechanical ventilation, 
cardiopulmonary resuscitation, and pneumothorax. Clinicians should maintain a high index 
of suspicion for nonsurgical causes of pneumoperitoneum and should recognize that 
conservative management may be indicated in many cases (Mularski et al., 2000). In one 
study of patients undergoing PEG placement, of the 65 patients who underwent PEG 
placement, 13 developed a pneumoperitoneum on the initial chest radiograph; 10 of the 13 
patients experienced complete resolution of pneumoperitoneum at 72 hours, and in 3 
patients, the free air persisted but was of no clinical significance (Wiesen et al., 2006). Wiesen 
et al. conclude that pneumoperitoneum following PEG is of no clinical significance and 
hence, does not warrant any further intervention (Garcia-Bueno et al., 1998; Wiesen et al., 
2006).  
Replacement is sometimes required if a PEG is inadvertently removed; premature removal of 
PEG tubes by either the patient or healthcare staff occurs in 2% of patients and can lead to 
significant complications if not promptly recognized and appropriately treated (Galat et al., 
1990; Larson et al., 1987; Marshall et al., 1994; Orlando Regional Medical Center Department 
of Surgical Education, 2009). Agitated or delirious patients who inadvertently pull out their 
PEG tube often can be successfully managed with nasogastric suction and PEG replacement 
(Galat et al., 1990; Marshall et al., 1994). A Foley catheter can be inserted through the tract 
and feeding restarted until the PEG is replaced either endoscopically with a standard PEG 
tube or non-endoscopically with a button gastrostomy. Anecdotally, the PEG tract closes in 
24–48 hours when the patient is treated with bowel rest with or without nasogastric suction. 
Subsequent placement of a PEG tube in a new site is often successful. Signs of peritonitis 
mandate treatment with antibiotics and a surgical consultation. If a PEG tube is 
inadvertently removed from a mature tract (> 3–4 weeks old), a Foley catheter can be 
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been suggested that PEG can play an important role in preventing additional muscle loss 
(Desport et al., 1999; Spataro et al., 2011; Vaisman et al., 2009). Recent guidelines recommend 
ALS patients receive PEG when oral intake is limited and body weight begins to decline 
(Andersen et al., 2007; Radunovic et al., 2007; Spataro et al., 2011). Some have recommended 
PEG be placed for weight loss of more than 10% over baseline and before forced vital 
capacity (FVC) falls below 50%; however, safe PEG insertion has been documented in 
patients with FVC below 50% (Gregory et al., 2002; Spataro et al., 2011). Limited data from 
non-randomized studies suggest a survival advantage and improved nutrition with enteral 
feeding (Katzberg & Benatar, 2011; Chio et al., 1999; Mazzini et al., 1995; Spataro et al., 2011). 
No randomized controlled trials exist. 
Multiple sclerosis (MS) is also associated with progressive dysphagia prompting the use of 
PEG; small case reports have demonstrated an improvement in comorbid disease states, 
such as pressure ulcer healing, in patients with MS and dysphagia who receive tube 
feedings (Annoni et al., 1998; Sleisenger et al., 2010). 
More than 36,000 older patients with dementia receive a PEG tube each year (Gillick, 2000; 
Sleisenger et al., 2010). PEG placement in elderly patients with dementia is controversial 
(Palecek et al., 2010; Delegge, 2009; Garrow et al., 2007; Gillick, 2000; Cervo et al., 2006; 
Chernoff, 2006). No randomized controlled trials exist in this patient population, and 
observational studies do not show any evidence of increased survival with PEG; nor was 
there any reduction in pressure ulcers, improvement in quality of life, function behavior or 
psychiatric symptoms of dementia (Sampson et al., 2009). However, while earlier data 
suggested worse clinical outcomes in patients with dementia or significant cognitive 
impairment who received PEG, more recent data suggests outcomes in these populations 
are no different than in other patient populations receiving PEG (Freeman et al., 2010; 
Delegge, 2008; Higaki et al., 2008; Gaines et al., 2009). As in other patient populations, the 
decision to insert a PEG tube in an elderly demented patient should always be made on an 
individual basis (National Collaborating Centre for Acute Care, 2006; Kurien et al., 2010; 
Rabeneck et al., 1997). 
In children and adults with intellectual disability/mental retardation, feeding via PEG has been 
shown to improve nutritional status and quality of life in certain patients (Loser et al., 2005; 
Mathus-Vliegen et al., 2001) but not others (Lee & MacPherson, 2010); no randomized 
studies have been performed. 

3.1.2 Complications of percutaneous endoscopic gastrostomy 
Despite its strong safety record, PEG tube placement can be associated with an overall 
complication rate of 4.9–50% (Amann et al., 1997; Fröhlich et al., 2010). Complications are 
more likely to occur in elderly patients with comorbid illness, particularly those with an 
infectious process or who have a history of aspiration (Naik et al., 2009); it is therefore 
important to recognize that some patients are too frail for the sedation necessary for the 
endoscopy, particularly those patients with severe respiratory disease (Nicholson et al., 
2000). Potential risk factors for complications in younger patients include age less than 1 
year, mental retardation, scoliosis, constipation, hepatomegaly, previous upper abdominal 
surgery, presence of ventriculoperitoneal shunt, peritoneal dialysis and coagulopathy 
(Fröhlich et al., 2010; Vervloessem et al., 2009; von Schnakenburg et al., 2006). 
Inadequate transillumination is considered the primary absolute contraindication for PEG 
placement because this indicates the inability to oppose the anterior gastric wall to the 
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abdominal wall; this could result from organomegaly, severe ascites or an interposed colon 
(Nicholson et al., 2000). An absolute containdication to PEG placement is the inability to 
bring the anterior gastric wall in apposition to the abdominal wall. Prior gastric resection, 
ascites, hepatomegaly and obesity are some conditions which may impede gastric 
transillumination and subsequent PEG placement. Percutaneous endoscopic gastrostomy 
feeding should not be used when gastrointestinal obstruction is present. Relative 
contraindications to PEG include neoplastic, inflammatory and infiltrative diseases of the 
gastric and abdominal walls (Nicholson et al., 2000). 
Pneumoperitoneum can be rather common among those that receive a PEG. This can occur 
when air escapes into the peritoneal cavity during the puncture of the abdominal wall and 
the stomach. In much of medical practice the detection of or air within the peritoneal cavity 
frequently indicates a perforated abdominal viscus that requires emergent surgical 
management. On radiograph, pneumoperitoneum appears as a characteristic radiolucency 
seen below the diaphragm on chest radiograph or in a superiorly dependent location on 
abdominal radiograph; in the appropriate clinical setting, the radiographic presence of 
intraperitoneal air often is believed to be a diagnostic finding. In fact, pneumoperitoneum 
reflects visceral perforation in 85% to 95% of all occurrences. In 5% to 15% of cases, however, 
pneumoperitoneum does not reflect perforation and results from another source that does 
not require emergency surgery. In a recent review, the most common abdominal etiology of 
non-surgical peritoneum (NSP) was retained postoperative air (prevalence 25% to 60%). 
NSP occurred frequently after peritoneal dialysis catheter placement (prevalence 10% to 
34%) and after gastrointestinal endoscopic procedures (prevalence 0.3% to 25%, varying by 
procedure). The most common thoracic causes included mechanical ventilation, 
cardiopulmonary resuscitation, and pneumothorax. Clinicians should maintain a high index 
of suspicion for nonsurgical causes of pneumoperitoneum and should recognize that 
conservative management may be indicated in many cases (Mularski et al., 2000). In one 
study of patients undergoing PEG placement, of the 65 patients who underwent PEG 
placement, 13 developed a pneumoperitoneum on the initial chest radiograph; 10 of the 13 
patients experienced complete resolution of pneumoperitoneum at 72 hours, and in 3 
patients, the free air persisted but was of no clinical significance (Wiesen et al., 2006). Wiesen 
et al. conclude that pneumoperitoneum following PEG is of no clinical significance and 
hence, does not warrant any further intervention (Garcia-Bueno et al., 1998; Wiesen et al., 
2006).  
Replacement is sometimes required if a PEG is inadvertently removed; premature removal of 
PEG tubes by either the patient or healthcare staff occurs in 2% of patients and can lead to 
significant complications if not promptly recognized and appropriately treated (Galat et al., 
1990; Larson et al., 1987; Marshall et al., 1994; Orlando Regional Medical Center Department 
of Surgical Education, 2009). Agitated or delirious patients who inadvertently pull out their 
PEG tube often can be successfully managed with nasogastric suction and PEG replacement 
(Galat et al., 1990; Marshall et al., 1994). A Foley catheter can be inserted through the tract 
and feeding restarted until the PEG is replaced either endoscopically with a standard PEG 
tube or non-endoscopically with a button gastrostomy. Anecdotally, the PEG tract closes in 
24–48 hours when the patient is treated with bowel rest with or without nasogastric suction. 
Subsequent placement of a PEG tube in a new site is often successful. Signs of peritonitis 
mandate treatment with antibiotics and a surgical consultation. If a PEG tube is 
inadvertently removed from a mature tract (> 3–4 weeks old), a Foley catheter can be 
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inserted to maintain tract patency, but this should not be attempted if the PEG tract is 
immature. Burke et al. have evaluated the use of an air contrast insufflation through a 
recently replaced gastrostomy tube as a quick and cost-effective method for confirming 
appropriate positioning. Following an initial case report, the authors subsequently reported 
their experience with gastrostomy tube confirmation using 240 mL of room air instilled into 
the stomach, with before and after radiographs. Twenty-nine gastrostomy tubes were 
replaced using air insufflation and 19 tubes using water-soluble contrast followed by 
fluoroscopy. At two weeks post-procedure, the authors found no difference between the 
two techniques in terms of complications or mis-positioned tubes (Burke et al., 2006; Burke 
et al., 2005; Burke & Hoaglin, 2007; Orlando Regional Medical Center Department of 
Surgical Education, 2009).  
Peritonitis is a feared complication of PEG that often carries a high mortality rate. 
Intraperitoneal leakage of gastric contents, wound dehiscence, and delayed stoma closure 
can cause peritonitis (Pearce et al., 2000). Peritonitis complicates up to 2.3% of procedures in 
large series (Luman et al., 2001). We have previously described the case of a 33-year-old 
brain-injured patient whose PEG insertion was complicated by inadvertent 
malpositioning and subsequent infection; after initially being placed through the liver, the 
PEG tube migrated out several weeks later, resulting in intra-abdominal feed collection, 
peri-hepatic abscess formation, and peritonitis (Burke & Geller, 2009). Other such cases 
have been recorded with one large series reporting this in 2.3% of the cases (Luman et al., 
2001). 
Hemorrhage occurs in up to 2.5% of PEG placements (Larson et al., 1987; Schapiro & 
Edmundowicz, 1996). During the procedure hemorrhage may be caused by puncture of 
gastric wall vessels; the most common cause of hemorrhage post-PEG is due to the 
ulceration of the gastric mucosa underneath the internal bumper when applied in very tight 
approximation to the mucosa (Potack & Chokhavatia, 2008). Post-PEG hemorrhage is 
managed similar to other episodes of upper gastrointestinal bleeding. Diagnostic upper 
endoscopy is often performed. If endoscopy does not reveal a bleeding source, it is useful to 
loosen the external bolster on the PEG tube to free it from the gastric mucosa and evaluate 
for underlying ulceration (Cappell & Abdullah, 2000). 
Visceral perforation is also a concern in PEG placement. As concerns the small intestine, 
normally the greater omentum restricts the small bowel from positioning in the upper 
abdomen; in children with prior abdominal surgery, however, adhesions could displace the 
small bowel in front of the liver (Fröhlich et al., 2010; Wilson et al., 1990). Small bowel 
volvulus around the PEG and subsequent obstruction has also been reported (Alawadhi et 
al., 1991; Al-Homaidhi & Tolia, 2001; Hoffer et al., 1999). Additionally, loosening of the 
external bolster can allow migration of the internal bumper through the pylorus into the 
small bowel, mimicking small bowel obstruction (Hoffer et al., 1999; Mollitt et al., 1998; 
Schrag et al., 2007).  
Wound Infection is a common occurrence, with local infection found to occur in up to 23% of 
cases (Lee et al., 2002). The majority of infections (>70%) are minor (Gossner et al., 1999). 
Trials of use of prophylactic systemic antibiotics have demonstrated significant reductions 
in the rate of these infections, while attempts to use topical antibiotics at the peristomal site 
have been met with much less success. As many patients with PEG tube placement are 
hospitalized, there is a risk for nosocomial colonization that complicates this use of 
antibiotics. 

 
Percutaneous Endoscopic Gastrostomy in Neurological Patients 59 

Excessive leakage at the peristomal site is one of the more commonly encountered 
complications of PEG placement, and has been reported in 1-2% of the cases (Lin et al., 
2001). It can result from mechanical factors such as side torsion on the tube with ulceration 
on one side of the tract and absence of an external bolster (McClave & Chang, 2003). Side 
torsion with ulceration in the tract may require stabilization of the PEG tube with a 
commercial clamping device that prevents side-to-side motion. If there is increased 
granulation tissue around the peristomal site, this may be addressed with topical silver 
nitrate.  
Colon perforation is another complication of PEG insertion. The transverse colon is apposed 
to the greater curvature of the stomach; and if the stomach is not well insufflated during 
placement of the PEG tube, the colon may not be completely displaced out of the field, thus 
leading to puncture by the gastrostomy tube (Hogan et al., 1986). One such example is 
illustrated in Figures 1, 2 and 3. This complication is seen more frequently in pediatric 
populations, where it occurs at a rate of 2%-3.5% (Khattak et al., 1998). The early 
presentation of this complication is that of peritonitis or large bowel obstruction, although 
many patients present months later with partial large bowel obstruction or diarrhea due to 
leakage of feedings into the colon (Hogan et al., 1986). Intractable diarrhea has been 
described as a possible presenting sign of PEG placement through the transverse colon 
(Burke & Carayannopoulos, 2005).  
 

 
Fig. 1. PEG tube exiting transverse colon 

Diagnosis of colon perforation is confirmed by barium enema examination, colonoscopy, or 
CT scan. Patients who do not manifest signs of obstruction or peritonitis can be managed by 
tube removal. In most cases, the fistula will close and a second gastrostomy can be 
performed (Hogan et al., 1986; Potack & Chokhavatia, 2008; Schapiro & Edmundowicz, 
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Diagnosis of colon perforation is confirmed by barium enema examination, colonoscopy, or 
CT scan. Patients who do not manifest signs of obstruction or peritonitis can be managed by 
tube removal. In most cases, the fistula will close and a second gastrostomy can be 
performed (Hogan et al., 1986; Potack & Chokhavatia, 2008; Schapiro & Edmundowicz, 
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1996). If obstruction or peritonitis is present or the fistula does not close despite PEG 
removal, operative takedown of the fistula is necessary (Cappell & Abdullah, 2000; 
Patwardhan et al., 2004; Potack & Chokhavatia, 2008; Schapiro & Edmundowicz, 1996). 
Anecdotal reports support the practice of using a fluid-filled syringe attached to the finder 
needle during PEG placement for reducing the risk of colonic perforation. Aspiration of air 
bubbles prior to visualizing the needle in the stomach suggests the presence of interposed 
bowel between the abdominal wall and stomach (Potack & Chokhavatia, 2008). Friedmann 
et al. identified 6 hospitalized patients who had misplacement of a PEG into the colon, and a 
review of the English literature revealed another 22 adult cases with this complication 
(Friedmann et al., 2007). Of the total 28 cases, 8 had previous abdominal pathology. 
Seventeen patients developed symptoms after tube replacement, whereas in 11 the tube had 
not been changed. Fourteen had diarrhea, 11 presented with fecal discharge in or around the 
tube, and 3 were asymptomatic. Thirteen showed colocutaneous fistula without residual 
connection to the stomach. Ten patients were treated surgically and 14 conservatively by 
removal of the tube. One patient had colonoscopic clipping of the fistula. Clinicians should 
therefore suspect misplacement of the tube into the colon when there is recurrent severe 
diarrhea of undigested food or fecal content in the tube, particularly after tube replacement; 
and treatment may be conservative in most cases (Friedmann et al., 2007).  
 

 
Fig. 2. PEG tube entering transverse colon 

Buried bumper syndrome is defined as migration of the PEG tube into the gastric wall and the 
subsequent epithelization of the ulcer site (Safadi et al., 1998). Buried bumper syndrome 
often occurs months to years after PEG placement (median duration was 35 months after 
PEG placement) as the patient develops abdominal pain; difficulty feeding or flushing the 
tube; and the inability to advance, withdraw, or rotate the tube (Horbach et al., 2007). Buried 
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bumper is thought to arise from excessive traction on the tube causing it to erode into the 
gastric wall. The incidence of this complication has lessened with newer tube designs which 
utilize a softer internal bumper (Schapiro & Edmundowicz, 1996). Treatment involves 
removing the tube (which may require upper endoscopy), allowing the tract to close while 
an alternative method of feeding is established, and then placing a new PEG tube in a 
different location (Horbach et al., 2007). 
 

 
Fig. 3. PEG tube properly positioned, internal stomach view 

3.2 Post-pyloric access 
One concern about the use of nasogastric feeding in critically ill patients is the risk of reflux 
and aspiration of gastric contents; gastric reflux is often caused, however, by factors other 
than feeding (O'Keefe, 2009). These include sepsis, trauma, drugs, body position, 
gastroparesis, esophageal dysmotility, and obesity (O'Keefe, 2009). Gastric reflux, therefore, 
need not be a contraindication to gastric feeding; if gastric reflux persists despite the 
employment of preventative strategies, postpyloric enteral feeding may be employed 
(O'Keefe, 2009). Thus, in cases of gastroduodenal motility problems, pyloric stenosis or 
aspiration, a jejunal catheter, such as a PEG with jejunal extension (PEG/J) or direct 
percutaneous endoscopic jejunostomy (DPEJ), can be used (Niv et al., 2009; Kwon et al., 
2010; Ho, 1983); such access systems can also be used to administer medications intra-
jejunally, for example in therapy-resistant Parkinson’s disease (Mathus-Vliegen, 2000). There 
are conflicting data in the recent literature about whether or not jejunal feeding definitely 
reduces the rate of reflux and aspiration (Loser et al., 2005; Finucane & Bynum, 1996; 
Lazarus et al., 1990; Mathus-Vliegen & Koning, 1999). Although PEJ was originally 
introduced to prevent aspiration, there remains a 2.4% risk of aspiration with post-pyloric 
feeding; the major indication for PEJ is significant impairment of gastric emptying (Cecil et 
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al., 2008; Gutierrez & Balfe, 1991). No significant difference in inpatient mortality and length 
of stay was found in a recent observational study comparing PEG and PEJ (Poteet et al., 
2010). PEJ insertion is also considered technically more demanding than PEG (Pearce et al., 
2000). As an alternative to endoscopically-placed jejunostomy tubes, fluoroscopically-
guided catheters can be placed. Percutaneous radiologic gastrojejunostomy (PRGJ) involves 
a longer and narrower tube than that placed in the stomach, and is thought to carry the 
potential for more frequent complications, such as tube blockage; PRGJ can be considered as 
a conversion from gastrostomy or placed as a primary option (Given et al., 2005; Shin & 
Park, 2010; Hoffer et al., 1999). Percutaneous radiologic jejunostomy (PRJ) is indicated in 
patients whose stomach is inaccessible for gastrostomy placement, or in those who have had 
a previous gastrectomy (Given et al., 2005; Shin & Park, 2010). 

3.3 Surgical gastrostomy 
Surgical gastrostomy is indicated for patients in whom PEG, RIG or PIG cannot be 
performed, or as an adjunctive procedure at the time the patient is undergoing surgery. 
Indications include esophageal atresia, stricture development, cancer, dysphagia due to 
neuromuscular disorders, or after trauma. Complications include local irritation, 
hemorrhage, skin excoriation from leaking of gastric contents, and wound infection. This 
procedure has largely been replaced by the PEG for its improved simplicity, and reduced 
costs (Pearce & Duncan, 2002). Surgical gastrostomy is technically simple but does involve 
an abdominal incision under general anesthesia. As most patients receiving surgical 
gastrostomy are malnourished, often with multiple medical problems, the operative risk is 
high and the gastrostomy site may heal poorly, causing leakage and not an insignificant 
amount of morbidity (Shellito & Malt, 1985).  

4. Conclusion 
Patients with neurologic dysfunction are at risk for malnourishment. The provision of 
supplemental nutrition, such as that afforded by percutaneous endoscopic gastrostomy, is 
potentially beneficial in many of these patients, but is not a risk-free procedure. Risks and 
benefits, ethical considerations, as well as the specific approach to be employed in any 
particular patient, must be weighed and discussed as part of the decision-making process. 
An awareness of the potential complications and their manifestations will both aid the 
clinician in advising patients about the decision to pursue gastrostomy, and help ensure a 
safer post-procedure course.  
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1. Introduction 
Malnutrition is a common problem in head and neck cancer with up to 50%  of the patients 
developing some degree of nutritional deficiency.1 The etiologies of this problem can be 
divided into two categories: tumor related or treatment related. Patient with tumor related 
malnutrition typically present with obvious clinical signs and symptoms of 
undernourishment. Tumor cachexia can contribute but this is primarily caused by physical 
impediments to oral consumption such as pain, oropharygeal obstruction, or nerve 
compression , all resulting in discordant degluttination.2 Prior to definitive cancer therapy, 
this group of patients requires nutritional resuscitation. 
Additionally many patients who present nutritionally sound and who undergo surgical 
resection experience some degree of postoperative nutritional difficulties. In many cases it a 
short lived and inconsequential. However, a subset of patients will experience a more severe 
prolonged course requiring enteral supplementation. Prior studies have shown that if these 
patients are not supplemented, they will likely experience severe dehydration, treatment 
intolerance, or severe treatment related complications that require hospitalization.3,4 
Inherently, the surgical treatment of head and neck malignancies can be quite debilitating 
and result in significant mastication and deglutination dysfunction.5-7  At times this involves 
radical resections that require complex reconstructions to maintain oropharyngeal 
continuity; and adjuvant radiation and/or chemotherapy may be required to maximize local 
control. Indiscriminately placing PEG tubes in all patients would put many patients at risk 
for PEG related complications.8-13  Therefore, the difficulty has been trying to preoperatively 
identify which patients likely to experience prolonged treatment induced malnutrition and 
benefit from early nutritional supplementation. 
Groups have identified some factors that are predictive of a need for enteral support.3,4,14-17  
One factor that has been clearly established is radiation therapy, particular when given 
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postoperatively.3,4,17  Other factors such as  Stage IV disease, base of tongue tumor location, 
and heavy alcohol ingestion are less clearly defined.14-16  Some criticisms have been that the 
studies conducted to identify these variables were small, used a mixed population of 
surgical and non-surgical patients, and often used durations of enteral support that were 
short (< 4 weeks) or undefined.  
At Roswell Park Cancer Institute (RPCI) prophylactic PEG are routinely placed in surgically 
treated patients who require a composite resection, flap reconstruction, radiation therapy, 
chemotherapy, and at the discretion of the attending surgical staff. We found that many 
patients required their PEG tube for 4 weeks or less; while some patients required their PEG 
for a year or longer. In order to more accurately define which patients benefited from 
prophylactic PEG placement we reviewed our experience. We used a homogenous 
population of surgically treated head and neck cancer patients to identified patient, tumor, 
and treatment factors that were predictive of a short-term (≤ 3 months) and long-term (≥1 
year) PEG tube dependency.  

2. Methods 
One hundred forty one cases of surgically treated head and neck cancers treated at RPCI 
from January 1, 1999 to December 31, 2003 who underwent pretreatment placement of PEG 
tubes were reviewed. Only patients with squamous cell carcinoma (SCC) of the oral cavity, 
oropharynx, larynx, and pharynx were included in this study eliminating 14 patients. 
Seven patients had PEG tube placed a second time for the treatment of a new primary or 
recurrent disease, and six patients did not have complete records, leaving 114 patients for 
evaluation.  
The variables analyzed were divided into patient factors (age and sex), tumor factors 
(primary site, T stage and nodal status), and treatment factors (flap reconstruction, 
radiation, and chemotherapy). A short-term dependency required that the PEG tube be in 
place for 3 months or less, while a long-term dependency require usage for a year or 
longer. 

2.1 Statistical method 
The duration of PEG tube dependency was calculated from the date of placement until the 
time of removal. Patients who had their PEG tube removed and not replaced were 
considered to be no longer dependent on it. Patients who died while still dependent on their 
PEG tube, or who were still dependent at last documented follow-up were considered to 
have censored durations. Because of this censoring, time to event analyses was used. The 
distribution of PEG duration was compared across age, sex, tumor sites, T stage, N stage, 
flap reconstruction, radiation, and chemotherapy. Kaplan-Meier estimates of the 
proportions (and 95% confidence intervals {CIs}) of patients with PEG tubes in place at 3 
and 12 months after placement were determined for each variable and log-rank tests were 
used to compare durations. 
Proportional hazards regression models were used to compare durations while accounting 
for other factors. Variables were selected for inclusion in the model in a stepwise selection 
process. Variables were entered in the model if p<0.05 and were retained if p<0.05. Because 
a number of patients had unknown T stage (8 patients) and unknown N stage (20 patients), 
in the proportional hazards regression models, these factors included separate levels for 
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‘unknown’ T and ‘unknown’ N stage, respectively. In the log-rank analyses of T stages and 
N stages, patients with unknown stages were not included. 
These analyses are post hoc so no adjustments for multiplicity are made. All tests were 
done two-sided with a significance level of 0.05. All analyses were done using SAS 
version 8.2. 

3. Results 
The mean age of patients in this study was 65 and 65% of patients were male. Sixty-four 
percent of the patients had advanced T stage or recurrent disease and node positive disease 
was present in 49% of the patients. Flap reconstructions were performed in 39% of patients, 
while the rate of adjuvant therapy was 40% for radiation and 11% for chemotherapy. The 
percentage of patients  in each of the four major tumor sites were 42% oral cavity, 23% 
oropharynx, 26% larynx, and 9% pharynx. In Table 1 the patient characteristics (age, sex), 
tumor characteristics (T stage, N stage), and treatment (flap reconstruction, radiation, 
chemotherapy) characteristic, along with PEG status at the end of the study is presented for 
each major tumor site. Overall 64% (73/114) of patients in the study had their PEG tubes 
removed. 
Sixty-nine percent of patients had short-term PEG usage. When the group receiving 
adjuvant radiation was compared to the group that did not receive radiation treatment a 
significant difference was observed 91% (83, 99) vs. 53% (41, 65). Eighty-nine percent of 
pharyngeal tumor site patient and 92% of chemotherapy patients had a short term 
dependency but this was not statistically different from the other tumors site or the no 
chemotherapy group respectively. The short-term dependency was not influenced by 
patient age, sex, T stage, N stage, or flap reconstruction (Table 2).  
The long-term dependency for this group of patients was 36%. Table 2 presents Kaplan-
Meier estimates of the proportions of patients with PEG tubes in place at 12 months for each 
variable. PEG tube duration was statistically significantly different across surgical sites: 78% 
of pharynx patients still had their tubes in place after 12 months, while only 45% of oral 
cavity patients, 34% of oropharynx patients, and 11% or larynx patients had tubes in place. 
Patients who underwent flap reconstruction also had statistically significantly (p=0.004) 
longer PEG tube durations than those who did not, 52% vs. 25%, respectively. When a 
multivariate analysis was performed, adjusting for other factors, site and flap reconstruction 
remained as statistically significantly long-term risk factors. Chemotherapy was also found 
to be significant factor in long-term PEG dependency.  

4. Discussion 
The prevention of malnutrition and early nutritional support in the management of cancer 
patients is well documented. Specifically in head and neck cancer, suboptimal nutrition 
during definitive treatment results in a significant increase in surgical complications, 
dehydration, therapy breaks and hospitalizations. (3). Because malnutrition can result in 
reduced immunosurvelliance, it may contribute to early local and distant cancer recurrence. 
(18, 19)  Avoidance of treatment induced malnutrition may prevent these complications, and 
prophylactic placement of PEG tube provides access for the delivery of nutrition. 
Identification of the risk factors which contribute to prolonged enteral support ensures 
PEG placement in the appropriate patients. Of equal importance is that accurate risk 
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N stages, patients with unknown stages were not included. 
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version 8.2. 
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factors can avoids subjecting low risk patients to PEG related complications, and costs. In 
this study we found that radiation was the only predictor of a short-term dependency; 
while pharyngeal tumor site, flap reconstruction, and chemotherapy were predictive a 
long-term need.  
 

Site 
 

 Oral cavity Oropharynx Larynx Pharynx 
 n % n % n % n % n % 
All 49 26 30 9  114  
Removal Category 

Died 10 20 5 19 2 7 6 67 23 20 
In Use at End of Follow-up 11 22 4 15 1 3 1 11 17 15 
Removed 28 57 17 65 26 87 2 22 73 64 
Unknown/Loss to Follow-up 0 0 0 0 1 3 0 0 1 1 

Age, PEG Placed (y) 
<55 10 20 9 35 7 23 2 22 28 25 
55-64 10 20 8 31 12 40 3 33 33 29 
65-74 16 33 6 23 7 23 3 33 32 28 
>=75 13 27 3 12 4 13 1 11 21 18 

Sex 
F 24 49 5 19 8 27 3 33 40 35 
M 25 51 21 81 22 73 6 67 74 65 

Chemotherapy 
Unknown 1 2 0 0 0 0 0 0 1 1 
No 46 94 22 85 24 80 9 100 101 89 
Yes 2 4 4 15 6 20 0 0 12 11 

Radiation 
Unknown 1 2 0 0 0 0 0 0 1 1 
No 32 65 11 42 19 63 5 56 67 59 
Yes 16 33 15 58 11 37 4 44 46 40 

Flap Reconstruction 
No 34 69 7 27 25 83 3 33 69 61 
Yes 15 31 19 73 5 17 6 67 45 39 

T Stage 
Unknown 3 6 3 12 2 7 0 0 8 7 
Recurrence 14 29 7 27 9 30 0 0 30 26 
T1 2 4 1 4 2 0 2 22 5 4 
T2 16 33 6 23 5 17 1 11 28 25 
T3 5 10 7 27 11 37 4 44 27 24 
T4 9 18 2 8 3 10 2 22 16 14 

Node Involvement 
Unknown 6 12 6 23 6 20 0 0 18 16 
No 21 43 2 8 13 43 4 44 40 35 
Yes 22 45 18 59 11 37 5 56 56 49 

Table 1. Characteristics of Patients by Surgical Site 
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 N
¶ 

Median 
Duration 
(95% CI) 

Percent† (95% CI) of Patients With 
PEG at p (log-

rank) 

p for 
selected 
covariates
‡ 3 months 12 months 

Site       
Oral cavity 49 11.2 (4.1, NE) 64% (51%, 78%) 45% (31%, 60%) 

0.007 0.004 
Oropharynx 26 6.6 (4.0, 18.2) 80% (64%, 96%) 34% (15%, 53%) 
Larynx 30 3.5 (2.6, 5.9) 62% (45%, 80%) 11% (0%, 23%) 
Pharynx 9 NE 89% (68%, 100%) 78% (51%, 100%) 
Age, PEG Placed (y)     
 <55 28 7.1 (4.7, 11.3) 78% (63%, 94%) 29% (11%, 47%) 

0.157 NA 
 55-64 33 3.1 (2.3, 6.6) 52% (34%, 69%) 26% (10%, 41%) 
 65-74 32 11.2 (5.0, NE) 87% (75%, 99%) 50% (31%, 68%) 
 ≥75 21 4.4 (2.6, 19.1) 60% (38%, 81%) 41% (18%, 64%) 
Sex       
F 40 5.0 (4.0, 11.2) 68% (54%, 83%) 32% (16%, 48%) 

0.583 NA 
M 74 6.6 (4.9, 11.3) 70% (59%, 80%) 37% (25%, 49%) 
Radiation       
No 67 3.2 (2.3, 8.7) 53% (41%, 65%) 34% (22%, 46%) 

0.102 NA 
Yes 46 8.2 (6.6, 13.8) 91% (83%, 99%) 38% (23%, 53%) 
Chemotherapy       

No 10
1 5.9 (4.1, 8.7) 66% (57%, 76%) 35% (25%, 44%) 

0.141 <0.001 
Yes 12 10.6 (4.9, NE) 92% (76%, 100%) 46% (17%, 76%) 
Flap Reconstruction     
No 69 4.9 (2.7, 6.6) 62% (50%, 73%) 24% (13%, 35%) 

0.002 0.011 
Yes 45 18.2 (5.6, NE) 82% (70%, 93%) 54% (38%, 69%) 
T Stage       
Recurrence 30 5.9 (2.7, 18.2) 66% (49%, 83%) 42% (22%, 61%) 

0.151 NA 
T1 5 NE 80% (45%, 100%) 53% (5%, 100%) 
T2 28 6.3 (3.8, 11.3) 71% (55%, 88%) 27% (9%, 45%) 
T3 27 5.0 (2.6, 9.9) 66% (48%, 84%) 24% (7%, 41%) 
T4 16 NE 80% (60%, 100%) 60% (35%, 85%) 
Node Involvement     
No 40 5.4 (2.6, 8.7) 62% (47%, 77%) 33% (18%, 49%) 

0.663 NA 
Yes 56 6.6 (4.7, 11.2) 74% (63%, 86%) 30% (18%, 43%) 
¶ At PEG placement. 
† Percents and medians are Kaplan-Meier estimates. 
‡ From likelihood ratio tests for selected covariates from proportional hazards regression models using 
stepwise selection. 
NA = not applicable (term not selected for inclusion in proportional hazards regression model). 
NE = not estimable

Table 2. Time-to-Event Analyses of PEG Duration 
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factors can avoids subjecting low risk patients to PEG related complications, and costs. In 
this study we found that radiation was the only predictor of a short-term dependency; 
while pharyngeal tumor site, flap reconstruction, and chemotherapy were predictive a 
long-term need.  
 

Site 
 

 Oral cavity Oropharynx Larynx Pharynx 
 n % n % n % n % n % 
All 49 26 30 9  114  
Removal Category 

Died 10 20 5 19 2 7 6 67 23 20 
In Use at End of Follow-up 11 22 4 15 1 3 1 11 17 15 
Removed 28 57 17 65 26 87 2 22 73 64 
Unknown/Loss to Follow-up 0 0 0 0 1 3 0 0 1 1 
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<55 10 20 9 35 7 23 2 22 28 25 
55-64 10 20 8 31 12 40 3 33 33 29 
65-74 16 33 6 23 7 23 3 33 32 28 
>=75 13 27 3 12 4 13 1 11 21 18 
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No 46 94 22 85 24 80 9 100 101 89 
Yes 2 4 4 15 6 20 0 0 12 11 
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No 32 65 11 42 19 63 5 56 67 59 
Yes 16 33 15 58 11 37 4 44 46 40 
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No 34 69 7 27 25 83 3 33 69 61 
Yes 15 31 19 73 5 17 6 67 45 39 

T Stage 
Unknown 3 6 3 12 2 7 0 0 8 7 
Recurrence 14 29 7 27 9 30 0 0 30 26 
T1 2 4 1 4 2 0 2 22 5 4 
T2 16 33 6 23 5 17 1 11 28 25 
T3 5 10 7 27 11 37 4 44 27 24 
T4 9 18 2 8 3 10 2 22 16 14 

Node Involvement 
Unknown 6 12 6 23 6 20 0 0 18 16 
No 21 43 2 8 13 43 4 44 40 35 
Yes 22 45 18 59 11 37 5 56 56 49 

Table 1. Characteristics of Patients by Surgical Site 
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 N
¶ 

Median 
Duration 
(95% CI) 

Percent† (95% CI) of Patients With 
PEG at p (log-

rank) 

p for 
selected 
covariates
‡ 3 months 12 months 
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0.007 0.004 
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F 40 5.0 (4.0, 11.2) 68% (54%, 83%) 32% (16%, 48%) 

0.583 NA 
M 74 6.6 (4.9, 11.3) 70% (59%, 80%) 37% (25%, 49%) 
Radiation       
No 67 3.2 (2.3, 8.7) 53% (41%, 65%) 34% (22%, 46%) 

0.102 NA 
Yes 46 8.2 (6.6, 13.8) 91% (83%, 99%) 38% (23%, 53%) 
Chemotherapy       

No 10
1 5.9 (4.1, 8.7) 66% (57%, 76%) 35% (25%, 44%) 

0.141 <0.001 
Yes 12 10.6 (4.9, NE) 92% (76%, 100%) 46% (17%, 76%) 
Flap Reconstruction     
No 69 4.9 (2.7, 6.6) 62% (50%, 73%) 24% (13%, 35%) 

0.002 0.011 
Yes 45 18.2 (5.6, NE) 82% (70%, 93%) 54% (38%, 69%) 
T Stage       
Recurrence 30 5.9 (2.7, 18.2) 66% (49%, 83%) 42% (22%, 61%) 

0.151 NA 
T1 5 NE 80% (45%, 100%) 53% (5%, 100%) 
T2 28 6.3 (3.8, 11.3) 71% (55%, 88%) 27% (9%, 45%) 
T3 27 5.0 (2.6, 9.9) 66% (48%, 84%) 24% (7%, 41%) 
T4 16 NE 80% (60%, 100%) 60% (35%, 85%) 
Node Involvement     
No 40 5.4 (2.6, 8.7) 62% (47%, 77%) 33% (18%, 49%) 

0.663 NA 
Yes 56 6.6 (4.7, 11.2) 74% (63%, 86%) 30% (18%, 43%) 
¶ At PEG placement. 
† Percents and medians are Kaplan-Meier estimates. 
‡ From likelihood ratio tests for selected covariates from proportional hazards regression models using 
stepwise selection. 
NA = not applicable (term not selected for inclusion in proportional hazards regression model). 
NE = not estimable
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Other groups have documented that radiation treatment results in significant 
malnutrition.(3,4,20)  Radiation treatment often results in xerostomia, loss of taste, 
mucositis, and tumor edema which all contribute to poor oral intake and nutritional deficits. 
When patients receive primary radiation without nutritional support 40% of patient loose 
more than 10% of their baseline weights, 40% of patients require hospitalization during 
the treatment with 20% of patients requiring therapy break, and 40% of these patients will 
require a gastrostomy placement to complete therapy. (3,4,20)  As expected 91% of 
patients who received radiation in addition to surgical resection required short term 
enteral support. However, this dependency was self-limited, and did not impact long 
term oral nutrition, evident by no difference at 1 year between the radiated or 
unirradiated (Table 2). 
A pharyngeal site was significant on univariate analysis, while flap reconstruction was 
significant on both univariate and multivariate analysis. Given the significant amount of 
dysfunction associated with these surgical procedures, this data validates our clinical 
expectation that these subsets benefit from prophylactic PEGs. Importantly, given the 
propensity of oral pharyngeal bacterial overgrowth in this patient subset and significant 
intra-oral tumor burden, we believe that the T-fastener technique should be used to 
prevent/reduce PEG site abscess and local cancer recurrence. We previously published that 
the T-fastener technique has a low rate of local infection and cancer recurrence in head and 
neck carcinoma population. (21) 
Chemotherapy was the only other significant factor on multivariate analysis. Although our 
series was small, the increasing use of chemotherapy in the management of the head and 
neck SCC population will dramatically increase this patient fraction requiring nutritional 
support. In our study almost half of chemotherapy patients required long-term support. We 
believe that prophylactic PEG placement should be part of the management discussion in 
patients receiving adjuvant or neoadjuvant chemotherapy. 
Importantly when PEG tubes are placed in this patient population, the usage of the T-
fastener technique is critical. Most of these patients are at high risk for PEG site infection 
and tumor implantation when the pull through technique is used in this patient population. 
We recently published that the rate of these complications can be significantly reduced by 
direct PEG placement with T-fastener strategy. 
This review confirmed the favorable current approach to prophylactic PEG tube in the head 
and neck cancer population. Aside from patients who present malnourished, prophylactic 
PEG tubes should be placed in all SCC head and neck cancer patients who have a 
pharyngeal primary tumor site, require flap reconstruction, undergo radiation therapy, 
and/or chemotherapy. 
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The Place of Laparoscopic Gastrostomy  
in the Surgical Armamentarium  

Philip Ng Cheng Hin  
Department Of Surgery, University Hospital Lewisham, London  

UK 

1. Introduction 
Historically, gastrostomy has been performed for centuries and recently with the advent of 
Laparoscopic surgery, laparoscopic gastrostomy (ref 1) has been added to the options 
available to surgeons. 
Laparoscopic gastrostomy can be considered when other minimally invasive methods such 
as PEG (Percutaneous Endoscopic Gastrostomy) is not feasible or fails. PEG can be come 
impossible if the endoscope cannot be introduced, because of physical or functional 
obstruction. The alternative is to consider PRG (Percutaneous Radiologically Guided) 
insertion prior to considering open gastrostomy via laparotomy, (LG) Laparoscopic 
gastrostomy has carved itself an important niche in that respect. 

2. Indications of gastrostomy 
a. Patients requiring Medium or long term feeding 
- Starvation 
- Swallowing problems, long term neurological conditions 
- Chronic problems in children e.g. mucoviscidosis, reflux 
- Impassable benign or malignant stricture  
b. Decompression of the stomach 
c. Gastric access 
d. Failure of PEG 
e. Failure of PRG 

3. Contra indications 
a. Unfit patients who cannot lie flat. 
b. Abdominal access not possible due to previous operations or gross obesity, fixed flexion 

deformity. 

4. Techniques 
a. Double puncture laparoscopic assisted gastrostomy (ref 2, 4) 
Once the abdomen prepped, entry into the peritoneal cavity is performed using any 
preferred technique through a periumbilical port and the pneumoperitoneum is 
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established, the anterior wall of the stomach is identified with certainty, and a second  
port (10mm) is inserted at a convenient point on the anterior abdominal wall. This  
operative step is greatly assisted by changing the position of the operating table 20 
degrees head up. Once the anterior gastric wall is identified, it is firmly grasped using a 
Babcock forceps and withdrawn slowly through the port site while the abdomen is 
deflated. (Fig1) 
The stomach usually comes easily to be exteriorised through the port site, which is then 
enlarged.  
Two concentric purse strings of 2/0 PDS are inserted on the gastric wall, (fig 2) keeping the 
needles attached and a small gastrotomy performed using either diathermy or a No 11 
blade. (Fig3) 
The appropriate size gastrostomy tube or button can then be inserted (Fig 4) and the 
retaining balloon inflated. The two purse strings are tied securely, creating a small well, and 
the needles used to attach the stomach wall to the anterior abdominal. Two extra stitches are 
then used to secure the stomach wall to the anterior abdominal wall as in a 4-point fixation. 
The correct intragastric position of the feeding tube is then verified   by reinflating the 
peritoneal cavity slowly to 5mm Hg. (Fig 5) The patency and absence of leakage is then 
tested with the laparoscope in situ and if satisfactory, the entry port is closed after deflation. 
Feeding can start immediately at 30-ml/ hour increasing to 60ml/hr, then full feed. Local 
anaesthetic is infiltrated into the wounds as required. 
 

 
Fig. 1. 
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Fig. 2. 
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Fig. 4. 

b. Single puncture laparoscopic assisted gastrostomy 
In the Single puncture technique, the site of the gastrostomy is chosen first. Either local 
anaesthetic is infiltrated or a general anaesthetic administered to allow access to the 
abdominal cavity is achieved. A 10 mm trocar is used to carry a 10 mm scope and an 
operating laparoscope with an instrument channel is used.  After identification of the 
anterior gastric wall, a forceps is used to grasp the anterior gastric wall, which is then 
exteriorised as the abdomen is deflated. The gastrotomy can be performed between two 
concentric purse strings as in the double puncture technique, its position inside the 
stomach ascertained and the tube secured in the same manner.  

c. Button laparoscopic gastrostomy 
The technique here is also similar to the gastrostomy technique substituting the button for 
the gastrostomy tube (Ref 5). A useful measure is to first insert a Foley catheter into the 
gastrotomy and mark the level (Fig5) in order to measure the exact size of button. 
Once the button gastrostomy tube has been inserted, the purse strings tied, and the balloon 
inflated, the correct intragastric position can be verified by reinflating the abdomen to a 
pressure of 5mm Hg and tugging on the tube while checking the position under direct 
vision.(fig6) 
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Fig. 7. 

5. Anaesthetic 
Local infiltration, Loco regional or general can be used 
a. General anaesthetic with or without muscle relaxant although use of the latter facilitates 

rapid exploration and identification of intra abdominal organs. 
b. Loco regional 
c. Spinal anaesthetic where indicated 
d. Local and sedation 
e. Where neither General nor loco regional is indicated simple local anaesthetic can be 

used with success after careful infiltration of anaesthetic such as Xylocaine 1% in the 
tissues prior to cutting. Sedation is useful to keep the patient compliant. A preset 
pressure of 5-10mm Hg is adequate for laparoscopic visualisation. 

f. Local only. When all other options cannot be used just simple infiltration can be used in 
thin patients. 

6. Patient position 
The ideal patient position is flat on the operating table with a 20 degree head up tilt. Patients 
who have problems straightening their spine may prove difficult to access. Patients with 
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fixed flexion deformity of the hip may prove difficult to scope, in which case,  a  20 degree 
left side up tilt table rotation may prove useful. 

7. Consent 
The 30-day mortality in most studies indicates  a mortality of 15-25 %  which many argue is 
not directly related to procedure but to the  general patient debility.  This however must be 
included in the consent as well as the risks of infection, bleeding organ injury and leakage 
both peritubular or intraperitoneal, aspiration pneumonia. 

8. Post operative 
Care is taken to ensure the secure fixation of the gastrostomy tubes and the correct 
intragastric positioning. Should there be any doubt, feeding is interrupted and the position 
can be rapidly checked by another contrast study. Tube dressings are verified daily and if in 
doubt as to the patency and position they can be verified specially in restless patients. 
Nursing the patients in the semi- sitting position may prevent pneumonia in these 
debilitated patients. 

9. Complications 
The main complications of Gastrostomy tube placement are: 
EARLY 
1. Misplacement. 

Using the verification steps as described should prevent any inadvertent placement of 
the tubes. Before feeding the intragastric position and absence of leakage must be 
confirmed preferably by a contrast study. 

2. Leakage 
This is a troublesome complication and can be prevented and treated by judicious 
choice of the size othe tube which should be a snug fit. However, in malnourished  
patients wit severe hypoalbuminemia, the gastrotomy sites can break down, hence the  
attention paid to insert a wide double purse string. 

3. Infection 
Infection of the stoma site can be treated with Metronidazole ointment and daily 
dressings. 

4. Peristomal skin  irritation. 
This is due to leakage of acid stomach contents. A barrier dressing of  Duoderm is 
helpful in shielding the skin from the inevitable spillage.  

LATE 
Later complications include tube slippage, patient pulling the tube out or inadvertent  
displacement. Once a track has been established, it is a simple matter of replacing the tube 
with a similar size  and type. Once this is achieved, a new contrast study is mandatory to 
confirm the intragastric position and absence of leakage before  resuming feeds. 
MORTALITY 
The mortality has been described as varying up to 12% (Ref6). 
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1. Introduction 
A gastrostomy is frequently used as an alternative to a nasogastric tube in children who are 
unable to manage normal oral feeding for a long time and in whom the nasogastric tube 
causes respiratory or other problems. Gastrostomy tube placement is associated with 
frequent postoperative complications and considerable help from the emergency 
department and outpatient clinic is required for children with gastrostomy tubes. 
The history of gastrostomy, from the first known publications through its surgical evolution, 
is thoroughly described in a previous publication (Gauderer & Stellato, 1986). This work 
summarizes the different operative procedures that have been described for operatively 
performing a gastrostomy. These include the time-honored open surgical methods and the 
more recently introduced minimal invasive methods for gastrostomy. The publication 
ended with the introduction in 1979 of the percutaneous endoscopic gastrostomy (PEG) 
procedure (Gauderer et al., 1980). It has been named the world’s first natural orifice trans-
luminal endoscopic surgery (NOTES). The video-assisted or laparoscopic technique, that 
was developed before 1990 and entered the scene on a broad scale after 1990, has since then 
become firmly established and is still widely used. 
The PEG method is cheap, fast, and easy to perform but has serious flaws. A shortcoming 
with the method is that it does not take into account the consequences of the blind puncture 
through the abdominal cavity and hampers the safety of the child subjected to an operative 
intervention for a gastrostomy button placement. The serious complications with the PEG 
procedures in children are well documented and are mainly related to the blind puncture of 
the abdominal wall (Gauderer, 1991, 2001; Khattak el al, 1998; Kimber et al., 1998; Lantz et 
al., 2009, 2010) with a risk of perforation of internal organs, bleeding, obstruction or 
development of a gastroenteric fistula in up to 3.5% (Lantz et al., 2009, 2010; Patwardhan, 
2004) of the children. 
In order to avoid the complications associated with PEG, the laparoscopy or video-assisted 
gastrostomy (VAG) technique was developed and used since soon after 1990 (Anderson et 
al., 1997; Mikaelsson et al., 1995). Laparoscopy reduces the risk of unnoticed intra-
abdominal injury and allows for the exact positioning of the gastrostomy site on the stomach 
as well as on the abdominal wall. Suture of the stomach to the anterior abdominal wall 
decreases the risk of dislodgement. Placement of a primary low profile gastrostomy button 
eliminates the need for anesthesia later when changing the gastrostomy device used when 
performing the PEG technique. The VAG technique may be more technically demanding but 
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is mastered by surgeons today. Furthermore, the VAG technique is more time consuming 
and may be more expensive. The safety of the children is well worth more time and cost. 
With time, evidence of the greater safety of the video-assisted technique as compared with 
the PEG technique has been repeatedly proved and collected in reports (Lantz et al., 2009, 
2010) Table 1. Laparoscopy-aided gastrostomy has been found to be a significantly safer 
procedure than PEG (Aprahamian et al., 2006; Fanelli & Ponsky, 1992; Jones et al., 2007; 
Kellnar et al., 1999; Rothenberg el al., 1999; Tomicic el al., 2002; Zanakhshary el al., 2005;). 
 

 Percutaneous
Endoscopic  
Gastrostomy 
PEG 

Video-
Assisted 
Gastrostomy 
VAG 

Statistics  
Method:  
Fisher's 
Exact 
Test 

Number of children reported, n = 3441 2599 842  
Number of gastrointestinal complications  40 (1.54%)  0 p < 0.001 
Number of publications, total: 48,  and 
four publications reported both PEG and 
VAG 

28 16  

Table 1. A summary of the reports in the literature describing complications after minimally 
invasive gastrostomy in children using Percutaneous Endoscopic Gastrostomy (PEG) or 
Video-Assisted Gastrostomy (VAG) or laparoscopic gastrostomy. Abstract presented in 
EUPSA + BAPS Common Congress in Graz, Austria in 17-20 June 2009 (Lantz et al., 2009) 

1.1 Indications 
The indications for a gastrostomy are nutritional problems in severely ill or neurologically 
impaired children. Gastrostomy feeding is advocated if nasogastric feeding is likely to 
persist for more than 6 months (Behrens et al., 1997; Norton et al., 1996). The operation 
should be carried out only when it is considered that the child’s condition would safely 
allow surgical intervention and when the need for nutritional support is considered 
necessary for more than 6 months. The VAG procedure is not performed prophylactically. 

1.2. Work up 
The work up includes an upper GI X- ray to rule out gastric outlet obstruction, hiatal hernia 
or some gastro-intestinal anomalies. A gastric emptying scan can reveal any gastric 
emptying problem. All patients should be clinically evaluated for gastro esophageal reflux 
disease (GERD) before the gastrostomy placement. An endoscopy and 24 h pH 
measurements should be performed whenever considered necessary. Impedance 
measurement can be considered especially in younger children with no acid gastro 
esophageal reflux, in order to evaluate the volume of vomiting and regurgitation into the 
esophagus and to rule out the indications for surgery for GER.  
Gastrostomy operations may be performed on children without being influenced by the 
child’s state of nutrition. This has been motivated by the idea that a gastrostomy would 
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enable fast and secure improvement in the state of nutrition. However, since there is a 
report on a significant correlation between the child’s state of nutrition and the 
postoperative complications during the first six postoperative months, a routine of 
nutritional evaluation and support through a nasogastric tube should be considered prior to 
performing a gastrostomy operation (Backman et al., 2009). 

2. The method  
The method now used is described here (Backman et al., 2010).  
 

 
Fig. 1. Two, three or five millimeters trocar is introduced by a mini laparotomy through the 
umbilicus 
 

 
Fig. 2. The stomach is seen under the liver 
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Prophylactic antibiotics were given prior the operative intervention. All operations were 
performed under general and local anesthesia. The method of VAG is described in several 
variations (Mikaelsson et al., 1995; Mikaelsson & Arnbjörnsson, 1998). A 2 to 5 mm trocar is 
inserted by performing a mini laparotomy through the umbilicus, Figure 1. The abdomen is 
insufflated with CO2 up to a pressure of 8 - 10 mmHg at a flow rate of 0.5 – 1.5 l / min. In 
order to visualize the abdominal cavity a 2 to 5 mm, 0 ° or 30 ° laparoscope optic is used, 
Figures 2 and 3. 
A site for the gastrostomy is chosen approximately at the midpoint from the left costal 
margin to the umbilicus, through the left rectus muscle, and far enough from the costal 
margin to ensure that the button does not ride against cartilage when the abdomen is 
desufflated. At that site, a single 5 mm trocar is placed. Through the trocar, a grasper is 
passed and used under direct vision to catch the stomach wall at the site selected for the 
gastrostoma, Figure 4. The grasping site needs to be far enough away from the pylorus to 
prevent gastric outlet obstruction by the intraluminal balloon on the button, especially in 
small infants. The stomach wall is then exteriorized when the trocar and the instrument are 
withdrawn, Figures 5 and 6. If necessary, a clamp is used to mildly dilate the tract. In 
patients with a thicker abdominal wall, this procedure may be more difficult and the 
incision may have to be enlarged to allow adequate access to the stomach.  
 

 
Fig. 3. When the liver is lifted up the stomach is visualized 

With the grasper holding the stomach wall, a needle with an absorbable suture is inserted 
through the abdominal wall, beginning through a small incision half a centimeter from the 
gastrostoma, Figure 7. The suture is passed through the abdominal wall and then the 
anterior wall of the stomach and visualized using either the video-scope or under direct 
vision on the abdominal wall. The suture is then pulled up through the abdominal wall on 
the contra lateral side half a centimeter from the gastrostoma. The needle is then turned 180 
degrees and the procedure repeated, passing the suture back through the two small 
incisions on each side of the gastrostoma and the stomach, Figure 8. Thus, the stomach is 
fixated to the abdominal wall with two continuous double U-stitches forming a purse string 
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suture on the stomach wall around the gastrostoma in the center of the loop. To facilitate 
placement of this suture, the retracted stomach is returned into the abdomen to allow 
greater exposure of the fascia. It is important not to tighten these sutures until the button is 
in place, since they pull the stomach back into the abdomen and close the gastrostomy. 
 

 
Fig. 4. Where the operating surgeon decides to place the gastrostomy on the stomach the 
latter is grasped with a two, three or five millimeter grasper through a trocar placed through 
the abdominal wall where the surgeons decide to place the gastrostomy 

 

 
Fig. 5. The stomach wall is grasped and pulled out through the hole in the abdominal wall 
left when the trocar is withdrawn 
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After the stitches are placed, the stomach is opened with a needle diathermy or scissors and a 
catheter inserted, leading the button into the stomach. After measurement, an appropriately 
sized button (12 – 14 French 1.0- 2.0 cm) with a balloon tip is then placed through the 
gastrostomy. We use mainly a MicKey® gastrostomy button type (provided by Ballard 
Medical Product, Draper, UT, USA) or the Mini ONETM (provided by Applied Medical 
Technology Inc, Breckville, OH, USA). Lubrication of the button with water may be needed to 
ease its placement, as the tract is usually quite snug. The suture is tightly tied and the balloon 
inflated with three to five cc of water. The incision is usually not sutured around the button. 
 

 
Fig. 6. The stomach wall sticking out through the abdominal wall 
 

 
Fig. 7. A photo showing the trocar for the laparoscopy optic in the background and the right 
arrow pointing to the entrance for the U-stitch suture. The stomach exteriorized and held by 
graspers indicated by the arrow in the middle and the needle used for the suturing is 
sticking out as pointed out by the left arrow 
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Fig. 8. The double U-stitch suture that forms a purse-string suture around the gastro stoma 
on the stomach, emerges from the abdomen at the place indicated by the right arrow. The 
left arrow indicates the stomach, which has been opened and a thin catheter has been 
inserted and used as a guide for the insertion of the gastrostomy button 

 

 
Fig. 9. The gastrostomy button in place. The arrows indicate the locations of the double U-
stitch suture 

The gastrostomy button in place is shown in Figure 9. On each side of the button two small 
wounds can be seen. These are the places of the double U-stitch holding the button in place 
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After the stitches are placed, the stomach is opened with a needle diathermy or scissors and a 
catheter inserted, leading the button into the stomach. After measurement, an appropriately 
sized button (12 – 14 French 1.0- 2.0 cm) with a balloon tip is then placed through the 
gastrostomy. We use mainly a MicKey® gastrostomy button type (provided by Ballard 
Medical Product, Draper, UT, USA) or the Mini ONETM (provided by Applied Medical 
Technology Inc, Breckville, OH, USA). Lubrication of the button with water may be needed to 
ease its placement, as the tract is usually quite snug. The suture is tightly tied and the balloon 
inflated with three to five cc of water. The incision is usually not sutured around the button. 
 

 
Fig. 6. The stomach wall sticking out through the abdominal wall 
 

 
Fig. 7. A photo showing the trocar for the laparoscopy optic in the background and the right 
arrow pointing to the entrance for the U-stitch suture. The stomach exteriorized and held by 
graspers indicated by the arrow in the middle and the needle used for the suturing is 
sticking out as pointed out by the left arrow 
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and forming a purse string suture around the button and the gastro stoma on the stomach. 
A gastroscopy is performed as the last part of the operative intervention. The view from the 
stomach through the gastroscopy is shown on Figure 10. The gastroscopy can verify the 
placement of the gastrostomy button and disclose any anomaly such as hiatal hernia or 
esophagitis. 
Oral feeding is started as soon as the child is awake. Nutrition through the gastrostomy is 
usually started within 4 hours and continued with increasing amounts of fluid, as tolerated 
by the child. Bolus or continuous feeding is continued as preoperatively. When it is no 
longer needed, the gastrostomy button can be removed. We recommend a routine 
expectance after the removal of a gastrostomy device for at least 1 month. If no spontaneous 
closure occurs a gastroraphy should be performed (Arnbjörnsson et al., 2005). 
 

 
Fig. 10. A view from the gastroscopy showing the balloon on the tip of the gastrostomy 
button 

3. Children  
A prospective study was conducted on a heterogeneous group of children who underwent 
gastrostomy tube placement from June 2006 through February 2011 at a tertiary center for 
pediatric surgery. The children’s comorbidities, Table 2 and demographics, Table 3 are 
summarized. The children’s BMI (Body mass index) is demonstrated in Figure 11.  

3.1 Follow-up 
The endpoint of the study was six months after the surgery reached by 125 children. All the 
patients had contact with a dietician and all were prospectively followed up by specially 
trained nurses during the first postoperative days in hospital and at one and six months 
after the operation. Additional follow-ups were performed at any time at the request of the 
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child’s guardians. All postoperative complications were documented according to a 
standardized protocol including only those requiring treatment. The registered 
postoperative complications requiring treatment included: 
Severe complications:  
- Complications demand emergency re-operations, including bleeding, gastrointestinal 

fistula or intestinal obstruction. 
Minor complications: 
- Infectious complications treated with antibiotics and frequent changes of dressing of the 

wound. 
- Granuloma resulting in intervention, such as cauterization or operative intervention.  
- Leakage, that required further management, including a change to a new button with a 

different length or size, or a change of volume in the balloon of the button, or frequent, 
greater than two times a day, change of dressings. 

- Pain around the gastrostoma after the first two postoperative days, treated with 
analgesics. 

- Any discomfort leading to the change of device in the gastrostomy. 
- The number of parents’ consultations for the child’s gastrostomy. 
 

Diagnosis in 135 children Number of children 

Cerebral pares  43 (32%) 

Cardiac malformation 25 (19%) 

Epilepsy 21 (16%) 

Metabolic diseases 18 (13%) 

Syndrome 14 (10%) 

Cerebral anomaly 12 (9%) 

Malformations of the gastrointestinal tract 11 (8%) 

Malignancy 8 (6%) 

Respiratory insufficiency 7 (5%) 

Ventricular - peritoneal shunt 5 (4%) 

Mitochondrial disease 4 (3%) 

Myopathia 3 (2%) 

Table 2. The diagnosis and comorbidity of the included group of 135 children 
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Age in years MEAN ± STD 3 ± 3 

N = 135 Median (range) 2 (1 month - 14 years)

Weight in kg MEAN ± STD 11.4 ± 7.6 

 Median (range) 9.2 (3.7 – 41) 

SD* MEAN ± STD – 2.2 ± 1.7 

 Median (range) – 2.1 (-7.1 – 1.3)) 

Length i cm MEAN ± STD 82.4 ± 24.4 

 Median (range) 78 (36.2 - 162) 

SD* MEAN ± STD – 1.8 ± 1.7 

 Median (range) – 1.7 (-7.4 – 1.5) 

BMI (kg/m2) MEAN ± STD 16 ± 2 

 Median (range) 15 (11 - 22) 

*The individual weight and length at the time of the VAG procedure are shown and assessed by using 
charts for gender- and age-matched growth standard deviation (SD) scores for Swedish children. Age 
was approximated to age in months, and weight scores were approximated to the closest whole number 
in standard deviation. These figures are expressed as weight-for-age Z-scores calculated as: (actual 
weight-mean weight)/standard deviation (Liou et al., 2001), according to the nationally standardized 
weight curves (Albertsson-Wikland & Karlberg, 1994). 

Table 3. The demography of the children included in the study 

4. Results 
One hundred and thirty five patients underwent laparoscopic-assisted gastrostomy with the 
double U-stitch technique and were prospectively evaluated. Three children died from their 
underlying disease, two after five weeks and one after six months. There were no major 
complications as bleeding or enteric fistulas requiring emergency reoperations. One 
hundred and twenty five children reached the endpoint of the study and had been followed 
for at least six months and were thus included in the report of the results. 
Granulation tissue was the most common postoperative complication, occurring in 24% of 
patients. Two out of three of the patients with granulation tissue had full resolution by the 
sixth postoperative month, Table 4. At six months postoperatively, a granuloma had 
developed in 11% of those without any previous granuloma, Table 5.  Infection and leakage 
were also common. Both these minor complications decreased in frequency with time. 
However, even after six months none of the most usual minor complications disappeared 
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completely. Tube dislodgement was an uncommon complication, occurring 13 times in 125 
patients (10%) and resulting in emergency department visits for replacement of the 
gastrostomy button under general anesthesia in 5 children less than two weeks after the 
gastrostomy operation, Table 4.  
 

 
Fig. 11. The summary of the Body mass index (BMI) of the children included in the report 
 

Minor complications After: Statistical method: 
Fisher´s exact test 

n = 125 1 month 6 months p value* 

Granuloma 30 (24%) 20 (16%) 0.0365 

Vomiting 29 (23%) 20 (16%) 0.2022 

Infection 26 (21%) 3 (2%) <0.0001 

treated with antibiotics 20 (16%) 1 (1%) <0,0001 

Leakage 18 (14%)   4 (3%) 0,0012 

Tube dislodgement   6 (5%)   7 (6%) 1 

Table 4. A summary of the minor complications found at prospective follow-up in 125 out of 
the 135 children included 

A summary of the frequency of minor complications after a video-assisted gastrostomy 
operation from the perspective of their fate over time is shown in Table 5. A minor 
complication was not always present directly postoperatively. It could occur later in the 
progression of the patient. This suggests that the minor complications were not only due to 
the insertion of the gastrostomy button, but were partly due to the child´s clinical situation 
during the course of their underlying disease. 
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Vomiting was an exception to the rule that the minor complications reduced in frequency 
with time Table 6. The gastrostomy operation does not significantly influence the vomiting 
which probably depends on the underlying disease and its progress as well as the child´s 
clinical situation. 
 

Minor complications After: Statistical method: 
CHI2 TEST 

 N = 125 1 month 6 months p value 

Granuloma 30   10 (33%)  

– No granuloma 95 10 (11%) < 0.0001 

Infection 26 1  

- No infection 99 2 < 0.0001 

Leakage 18 1  

- No leakage 102 3 < 0.0001 

Table 5. Summary of the frequency of minor complications after a video-assisted 
gastrostomy operation from the perspective of their fate over time 

 
Vomiting:  

Preoperatively Postoperatively, after 6 months: Statistical 
method:  
Mann-Whitney 
U test 

N=125  Not vomiting Kept on vomiting Started vomiting  P value 
Yes 29 (23%) 16 (55%) 13 (45%) 0  
No 96 89 (93%) 0 7 (7%) 0.6650 

Table 6. The pre- and postoperative frequency of vomiting in patients undergoing a video-
assisted gastrostomy operation 

The described method used for the operation is easier the smaller the child and the thinner 
the abdominal wall. Therefore it was of interest to compare the infants, less than two years 
of age, with those who were older, with respect to postoperative complications. This 
comparison is summarized in Table 7 disclosing no practical differences and not suggesting 
that infants are less prone to postoperative complications, despite the surgeons’ impression 
that the operative intervention is easier with these small patients. 

5. Discussion  
The primary laparoscopic placement of gastrostomy buttons for feeding tubes is a safe and 
simple technique and the preferred method of gastrostomy in children (Aprahamian et al., 
2006; Fanelli & Ponsky, 1992; Jones et al., 2007; Kellnar et al., 1999; Rothenberg el al., 1999; 
Tomicic el al., 2002; Zanakhshary el al., 2005;). However, the results show that gastrostomy 
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tube placement is associated with many early and late complications as has been reported 
(Arnbjornsson et al., 1999). 
The complication rates with VAG in pediatric patients are reported and the subgroups of 
children who run the highest risk for postoperative complications have been identified. No 
major complications, defined as life-threatening, have so far been reported in children 
operated on with VAG. Minor problems including leakage, irritation, and granuloma 
formation were frequently noted and need care (Arnbjörnsson et al, 1998, 1999; 
Arnbjörnsson & Larsson, 2005; Backman et al, 2007).  

5.1 The treatment of minor complications 
In order to avoid the minor problems appearing postoperatively after the placement of a 
gastrostomy button the following measures can be taken: 
- Increase the length of the gastrostomy canal by increasing the distance between two 

purse string sutures on the stomach wall. 
- Wash the skin around the gastrostoma with chlorhexidine (Hibiscrub®) daily during 

the first five postoperative days. 
- Reduce the movements of the gastrostomy button by leaving the feeding catheter in 

place and fastening it with tape onto the skin during the first five postoperative days. 
- The gastrostomy button dimension has been studied and led to the conclusion that a 

reduction of postoperative gastrostomy site leakage may be gained with the use of 
gastrostomy buttons of a smaller dimension (Sjövie et al, 2010). 

Solid scientific support for the most of these measures is still missing from the literature. 
 
Minor complications Children’s age groups Statistical method: 

Fisher´s exact test 
n = 125 < 2 years, n = 78 >2 years, n = 47  
Age in years,  MEAN ± STD 
 MEDIAN  (range)

1 ± 1 
1 (0 – 2) 

6 ± 4 
5 (2 – 14) 

 

Weight in kg,  MEAN ± STD 
  MEDIAN  (range)

8 ± 3 
8 (2 – 14) 

20 ± 9 
16 (9 - 42) 

 

Number of: After After p value after: 
 1 month 6 months 1 month 6 months 1 month/6 months 
Granuloma 22 12 8 8 0.0649/0.1909 
Vomiting 22 14 7 6 0.0415*/0.1536 
Infection 14 2 12 1 0.1069/0.4442 
Leakage 12 2 6 2 0.1945/0.3350 
*The difference is not statistically significant when using the chi square test or Pearson´s test. 

Table 7. Comparison of the number of minor postoperative complications between infants, < 
2 years, and older children 

5.2 The preoperative state of nutrition 
Gastrostomy operations have been performed on children referred to the pediatric surgical 
clinic without any regard taken to the results of the routine evaluation of the nutritional 
status of the patient. This has been motivated by the idea that a gastrostomy would enable a 
fast and secure improvement of the patient in this regard. The question arises whether an 
improvement in the preoperative nutritional status would reduce the number of 
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postoperative complications. In a prospective registration (Backman et al., 2009) the 
nutritional parameters before a gastrostomy operation in a heterogeneous sample of 50 
children with nutritional problems were collected. The children were followed up according 
to a protocol and the occurrence of postoperative complications was correlated to their 
nutritional status at operation. The hypothesis was that the better the patients’ preoperative 
nutritional status, the fewer the postoperative complications. The aim was to collect 
information that can be used to improve the practice when performing gastrostomy 
operations in children, thus increasing the quality of the work as well as improving safety 
when performing a gastrostomy operation in cases where it is needed.  
The routine preoperative evaluation of the children’s nutritional status included laboratory 
tests, as well as weight and length. The age-adjusted Z-score of weight and length to 
normalize the data relative to a reference population was used. These figures are expressed 
as weight-for-age Z-scores calculated as: (actual weight-mean weight)/standard deviation 
(Liou et al., 2001), according to the nationally standardized weight curves (Albertsson-
Wikland & Karlberg, 1994). The children were ranked according to the frequency and 
severity of these postoperative problems up to six months after the gastrostomy operation 
which was the endpoint of the study. The results disclosed that there was a significant 
correlation between the frequency of postoperative problems and the low Z-score for weight 
and length as well as for low phosphate, magnesium and iron levels in the blood at the time 
of the operation. The results support the necessity of preoperative nutrition evaluation and 
treatment before a video-assisted gastrostomy operation. These findings are influenced by the 
fact that the children included had already had a period of treatment and care, and been given 
a sufficient amount of nutrition through a naso-gastric tube or intravenous nutritional support. 
The diet anamnesis was intended to be included. However, when this was to be registered, 
the dietitian had already met the patient and for a while administered the amount of 
nutrition considered necessary for the child’s age and weight. The children under one year 
of age usually received 100 – 120 kcal/kg/day. The older children received Kcal according 
to the formula: Kcal/kg/day = 95 – (3 x ages in years), or more when considered necessary. 
Thus the children’s problems were failure to thrive due to complex medical issues and not 
malnutrition. Therefore, this parameter could not been used.  Preoperatively, all the children 
had had a nasogastric tube for feeding while waiting for the operative intervention to 
provide the child with a gastrostomy. The latter took place within six weeks from the time 
when the decision to operate was taken. In spite of this treatment, the difference in the 
children’s nutrition status correlated with the frequency and severity of the postoperative 
complications. The preoperative intake of nutrition was, in all the patients, considered 
sufficient for the child’s age and weight, and took into account the increased need seen in 
some patient groups, i.e. children with congenital cardiac anomalies who are in need of up 
to 40% more nutrition than other children of the same age and weight. Therefore the Z-
scores used are not any direct marker of malnutrition, but are more a reflection of a failure 
to thrive. Postoperatively, no changes were made in the amount of nutrition the child had 
been given preoperatively. 
During the period studied there were no children with tracheostomies. These are well 
known to have considerable problems with their gastrostomies; the greater effort required 
to breathe leads to increased abdominal pressure and subsequently more leakage around 
the gastrostomy tube. The rate of serious complications in this group of patients is lower 
than that previously reported for PEG or standard Stamm gastrostomies, which is as high as 
40% (Rothenberg et al., 1999). The most serious complications were wound infections that, 

 
Video-Assisted Gastrostomy in Children 105 

in this series of patients, were resolved with oral antibiotics or just frequent changes of 
dressing.  
The study revealed a significant correlation between the patients’ state of nutrition and the 
postoperative complications during the first six postoperative months. Thus, the findings 
bear out a routine of nutritional evaluation and support prior to performing a gastrostomy 
operation. 

5.3 Video-assisted gastrostomy in infants of less than one year of age 
The experience with the VAG technique in infants operated on during their first year of life 
encourages the use of VAG as a safe technique to provide a route for long-term nutritional 
support even in such young infants (Backman et al, 2005). Aspiration and chest infections, as 
well as reduction in feeding time and parents’ stress are the major reasons for direct enteral 
feeding using either a nasogastric tube or gastrostomy (Haynes L et al., 1996; Heine et al., 
1995).The gastrostomy feeding regimen provides adequate nutrition to promote normal 
growth and development and supports the increased or special requirements for those 
patients with an underlying disease condition.  
To analyze the nutritional consequences of gastrostomy in infants operated on during their 
first year of life, an age-adjusted Z-score (Albertsson-Wikland  & Karlberg, 1994) was used 
to normalize the data in relation to a reference population. The body weight was recorded 
on the day before the operation and at follow-up 6 months later. The weights at operation 
and at follow-up were compared using the age-adjusted Z-score of weight as describes in 
the text in Table 3. No corrections were made for prematurity. If the Z-score of weight after 
operation is higher than before, it indicates an accelerated weight gain i.e. catch-up. The 
study (Backman et al, 2005) comprised a consecutive series of 53 severely disabled infants 
aged six months, varying from three weeks to 11 months, who underwent a video-assisted 
gastrostomy and were prospectively followed up. Included were infants with neurological 
dysfunction, chromosomal anomalies, metabolic disorders, cardiac anomalies or respiratory 
insufficiency.  
The infants were followed with a scheduled control at 1 and 6 months postoperatively, 
documenting complications and weight gain. The main outcome measure was the number 
and type of complications as well as weight gain using the age-adjusted Z-score of weight to 
normalize the data relative to a reference population. The Z-score increased significantly, 
illustrating the postoperative weight gain and catch-up. Short- and long-term complications 
included minor local wound infection, leakage around the gastrostomy tube and 
granuloma, but none of these were severe.  
The results encourage the use of video-assisted gastrostomy as a safe technique to provide a 
route for long-term nutritional support even in infants less than one year of age. The present 
study did not reveal any difference between infants less than two years of age, and older 
children with respect to minor postoperative complications. As in other reports we found an 
improvement in the patients’ nutritional status after supplementary enteral feeding via 
gastrostomy (Andersson et al., 1997; Chang et al., 2003), in spite of the fact that the children 
were preoperatively fed by a nasogastric tube. The complication rate was lower than that 
reported by others in the literature for both PEG and surgical gastrostomy (Gauderer, 1991; 
Grant, 1988; Haws et al., 1966; Hogan et al., 1986; Kimber et al., 1998; Larson et al., 1987; 
Marin et al., 1994; Patwardhan et al., 2004). Gastro-colic fistulas, bleeding, leakage to the 
peritoneal cavity, peritonitis, dislodgement or occlusion of the gastrostomy button were not 
seen. The problems met by the infants and their parents are scarcely reported in the 
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postoperative complications. In a prospective registration (Backman et al., 2009) the 
nutritional parameters before a gastrostomy operation in a heterogeneous sample of 50 
children with nutritional problems were collected. The children were followed up according 
to a protocol and the occurrence of postoperative complications was correlated to their 
nutritional status at operation. The hypothesis was that the better the patients’ preoperative 
nutritional status, the fewer the postoperative complications. The aim was to collect 
information that can be used to improve the practice when performing gastrostomy 
operations in children, thus increasing the quality of the work as well as improving safety 
when performing a gastrostomy operation in cases where it is needed.  
The routine preoperative evaluation of the children’s nutritional status included laboratory 
tests, as well as weight and length. The age-adjusted Z-score of weight and length to 
normalize the data relative to a reference population was used. These figures are expressed 
as weight-for-age Z-scores calculated as: (actual weight-mean weight)/standard deviation 
(Liou et al., 2001), according to the nationally standardized weight curves (Albertsson-
Wikland & Karlberg, 1994). The children were ranked according to the frequency and 
severity of these postoperative problems up to six months after the gastrostomy operation 
which was the endpoint of the study. The results disclosed that there was a significant 
correlation between the frequency of postoperative problems and the low Z-score for weight 
and length as well as for low phosphate, magnesium and iron levels in the blood at the time 
of the operation. The results support the necessity of preoperative nutrition evaluation and 
treatment before a video-assisted gastrostomy operation. These findings are influenced by the 
fact that the children included had already had a period of treatment and care, and been given 
a sufficient amount of nutrition through a naso-gastric tube or intravenous nutritional support. 
The diet anamnesis was intended to be included. However, when this was to be registered, 
the dietitian had already met the patient and for a while administered the amount of 
nutrition considered necessary for the child’s age and weight. The children under one year 
of age usually received 100 – 120 kcal/kg/day. The older children received Kcal according 
to the formula: Kcal/kg/day = 95 – (3 x ages in years), or more when considered necessary. 
Thus the children’s problems were failure to thrive due to complex medical issues and not 
malnutrition. Therefore, this parameter could not been used.  Preoperatively, all the children 
had had a nasogastric tube for feeding while waiting for the operative intervention to 
provide the child with a gastrostomy. The latter took place within six weeks from the time 
when the decision to operate was taken. In spite of this treatment, the difference in the 
children’s nutrition status correlated with the frequency and severity of the postoperative 
complications. The preoperative intake of nutrition was, in all the patients, considered 
sufficient for the child’s age and weight, and took into account the increased need seen in 
some patient groups, i.e. children with congenital cardiac anomalies who are in need of up 
to 40% more nutrition than other children of the same age and weight. Therefore the Z-
scores used are not any direct marker of malnutrition, but are more a reflection of a failure 
to thrive. Postoperatively, no changes were made in the amount of nutrition the child had 
been given preoperatively. 
During the period studied there were no children with tracheostomies. These are well 
known to have considerable problems with their gastrostomies; the greater effort required 
to breathe leads to increased abdominal pressure and subsequently more leakage around 
the gastrostomy tube. The rate of serious complications in this group of patients is lower 
than that previously reported for PEG or standard Stamm gastrostomies, which is as high as 
40% (Rothenberg et al., 1999). The most serious complications were wound infections that, 
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in this series of patients, were resolved with oral antibiotics or just frequent changes of 
dressing.  
The study revealed a significant correlation between the patients’ state of nutrition and the 
postoperative complications during the first six postoperative months. Thus, the findings 
bear out a routine of nutritional evaluation and support prior to performing a gastrostomy 
operation. 

5.3 Video-assisted gastrostomy in infants of less than one year of age 
The experience with the VAG technique in infants operated on during their first year of life 
encourages the use of VAG as a safe technique to provide a route for long-term nutritional 
support even in such young infants (Backman et al, 2005). Aspiration and chest infections, as 
well as reduction in feeding time and parents’ stress are the major reasons for direct enteral 
feeding using either a nasogastric tube or gastrostomy (Haynes L et al., 1996; Heine et al., 
1995).The gastrostomy feeding regimen provides adequate nutrition to promote normal 
growth and development and supports the increased or special requirements for those 
patients with an underlying disease condition.  
To analyze the nutritional consequences of gastrostomy in infants operated on during their 
first year of life, an age-adjusted Z-score (Albertsson-Wikland  & Karlberg, 1994) was used 
to normalize the data in relation to a reference population. The body weight was recorded 
on the day before the operation and at follow-up 6 months later. The weights at operation 
and at follow-up were compared using the age-adjusted Z-score of weight as describes in 
the text in Table 3. No corrections were made for prematurity. If the Z-score of weight after 
operation is higher than before, it indicates an accelerated weight gain i.e. catch-up. The 
study (Backman et al, 2005) comprised a consecutive series of 53 severely disabled infants 
aged six months, varying from three weeks to 11 months, who underwent a video-assisted 
gastrostomy and were prospectively followed up. Included were infants with neurological 
dysfunction, chromosomal anomalies, metabolic disorders, cardiac anomalies or respiratory 
insufficiency.  
The infants were followed with a scheduled control at 1 and 6 months postoperatively, 
documenting complications and weight gain. The main outcome measure was the number 
and type of complications as well as weight gain using the age-adjusted Z-score of weight to 
normalize the data relative to a reference population. The Z-score increased significantly, 
illustrating the postoperative weight gain and catch-up. Short- and long-term complications 
included minor local wound infection, leakage around the gastrostomy tube and 
granuloma, but none of these were severe.  
The results encourage the use of video-assisted gastrostomy as a safe technique to provide a 
route for long-term nutritional support even in infants less than one year of age. The present 
study did not reveal any difference between infants less than two years of age, and older 
children with respect to minor postoperative complications. As in other reports we found an 
improvement in the patients’ nutritional status after supplementary enteral feeding via 
gastrostomy (Andersson et al., 1997; Chang et al., 2003), in spite of the fact that the children 
were preoperatively fed by a nasogastric tube. The complication rate was lower than that 
reported by others in the literature for both PEG and surgical gastrostomy (Gauderer, 1991; 
Grant, 1988; Haws et al., 1966; Hogan et al., 1986; Kimber et al., 1998; Larson et al., 1987; 
Marin et al., 1994; Patwardhan et al., 2004). Gastro-colic fistulas, bleeding, leakage to the 
peritoneal cavity, peritonitis, dislodgement or occlusion of the gastrostomy button were not 
seen. The problems met by the infants and their parents are scarcely reported in the 
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literature, although they are well known and often seen after a surgical gastrostomy or PEG. 
These problems, albeit not life-threatening, affect the lives of the infants and their families; 
they should be taken into account in patient counseling and when discussing the need for a 
gastrostomy for each individual patient. 
The procedure was well tolerated by all the children younger than one year (Backman et al, 
2005).  No mortality was related to the video-assisted gastrostomy placement. Four infants 
died of underlying diseases later. Two patients died of intracranial bleeding, one with an 
astrocytoma and one with a progressive neurological disease. Two died of circulatory 
failure, one due to a constrictive cardiomyopathy and one due to a cardiac anomaly. There 
were no deaths related to gastro-oesophageal reflux or pneumonia. 
When correlating the incidence of complications in this group of infants (Backman et al, 
2005) with different groups of diagnosis, there was no significant difference found between 
the groups. This is not in agreement with previous reports on 98 children, 0–18 years, where 
children with congenital heart disease, chronic respiratory failure and metabolic diseases 
were found to experience the highest rate of minor postoperative complications 
(Arnbjornsson et al., 1999). Using the method described here as well as the open surgical 
procedure, the gastrostomy button is put in place directly, eliminating the need for a later 
change to a gastrostomy button as is the case after a PEG, where this is usually done after 3–
6 weeks (Marin et al., 1994). The results encourage the use of video-assisted gastrostomy as a 
long-term route for safe and effective nutritional support even in children less than one year 
of age. This is supported by the findings in the present report comparing children younger 
than two years and those who were older, Table 7. 

5.4 Gastro-oesophageal reflux (GER) before and after a video-assisted gastrostomy 
Vomiting was a problem before and after a VAG operation in 23% of the children reported 
here, Table 6. GER has been described as a frequent complication of surgical gastrostomy 
(Hament et al., 2001; Isch et al., 1997; Launay et al., 1996; Samuel & Holmes, 2002; Doyle & 
Kennedy 1994; Gottrand & Michaud, 2002). Three prospective studies used 24-h pH 
monitoring before and after a gastrostomy performed with the percutaneous endoscopic 
technique (PEG) (Launay et al., 1996; Razeghi et al., 2002; Samuel & Holmes, 2002). In one 
study (Razeghi et al., 2002) the localization of a PEG-catheter in the antrum of the stomach 
caused an increase in GER. In an animal study the localization of the gastrostomy to the 
lesser curvature was associated with a reduced incidence of GER. The ambition was to 
localize the gastrostomy button at the lesser curvature well above the antrum on the anterior 
wall of the stomach, thereby reducing the angle of His and increasing the intraabdominal 
length of the oesophagus (Seekri et al., 1991). 
Although gastroesophageal reflux (GER) has been described as a frequent complication of 
surgical gastrostomy, available data concerning GER and gastrostomy have been conflicting, 
possibly because of different study designs (Hament et al., 2001; Isch et al., 1997; Launay et 
al., 1996; Razeghi et al., 2002; Samuel & Holmes, 2002). The risk of developing a gastro 
esophageal reflux (GER) after a gastrostomy operation is reported. When studying the 
frequency of GER after VAG the authors concluded that a gastrostomy using the video-
assisted technique and placing the stoma on the anterior wall of the stomach close to the 
lesser curvature does not cause aggravation of acid reflux (Plantin et al, 2006). The question 
of whether the addition of an antireflux procedure to the gastrostomy might promote better 
weight gain than a gastrostomy alone remains to be answered. A conclusive comparison is 
lacking. Theoretically, an antireflux operation should lead to an increase in weight by 
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reducing the losses of energy by vomiting the food. An antireflux operation was not 
performed in any of the children included in this study at the time it was performed. 
Vomiting was not a great concern and could be coped with by continuous feeding or 
frequent feeding with smaller meals. Furthermore, the children’s gastroesophageal reflux 
problems, such as vomiting, disappeared with time and after successful reconstructive 
cardiac surgery in children with congenital cardiac anomalies. In these situations, an 
antireflux operation would have been unnecessary.   
In a prospective uncontrolled study including 23 neurologically disabled children, from 10 
months to 15 years of age, all with severe nutritional problems and in need of a 
gastrostomy, the frequency of GER pre- and postoperatively was studied (Plantin et al., 
2006).  The children all had a history of clinical GER problems including vomiting, 
choking and chest infections. A 24-h pH monitoring was used for a quantitative 
assessment of GER the day before surgery and 12 months (range 7–22 months) 
postoperatively. Before the preoperative pH investigation the naso-gastric tube was 
removed. A Synectics 24 antimony electrode and the Digitrapper recording device 
(Medtronic Functional Diagnostics A/S, Tonsbakken, Denmark) were used for the 24-h 
pH monitoring. The electrode was placed fluoroscopically two vertebrae above the 
diaphragm according to ESPGAN criteria (Vandenplas et al., 1993). The reflux index (RI) 
was calculated as the percentage of time with pH below 4. 
The gastrostomy was placed on the anterior wall of the stomach near the lesser curvature. 
The main outcome measure was the comparison of the pre- and postoperative 24-h pH 
monitoring and the reflux index (RI), i.e. the percentage of time with pH below 4. The 
results showed a no significant reduction of RI from 6.8±4.5 preoperatively to 3.7±2.0 
postoperatively. The authors conclude that a gastrostomy using the video-assisted technique 
and placing the stoma on the anterior wall of the stomach close to the lesser curvature 
does not cause aggravation of acid reflux. During the observation period the RI decreased 
in 19 patients and increased in 4. Preoperative gastroscopy disclosed macroscopic 
oesophagitis in 10 of 23 patients whereas postoperative (7–22 months later) endoscopy 
performed in 21 patients showed macroscopic signs of oesophagitis in only 3. Two 
children were later operated on with a fundoplication due to a GER. All the patients had 
clinical symptoms of GER preoperatively. Two had been treated medically during a short 
period of 2–4 months postoperatively and at follow-up 12 months (range 7–22 months) 
later all the patients showed a gain in weight (from 0.6 to 3.8 kg) and regression of clinical 
reflux symptoms. 
The slight decrease in RI in the patient group may be explained not only by the beneficial 
effect of the gastrostomy technique but also by physiological improvement over time. The 
decrease in reflux symptoms registered in the group of neurologically disabled patients 
could, of course, be explained by the need of these particular patients for enteral nutrition. 
Preoperatively, this had entailed the use of a naso-gastric tube which may have caused 
reflux as well as upper respiratory problems. This study does not compare the results of this 
method with any other technique. The important question whether one surgical approach is 
superior to the other remains unanswered. There is no reason to believe that the method 
here described is superior to the open surgical technique from the point of view of the exact 
placement of the gastrostomy tube. With both methods it is possible to place the tube at the 
same preferred place on the lesser curvature. On the other hand, using the PEG method the 
site of placement of the tube cannot be easily decided. In conclusion, the data suggest that 
there is no significant risk for accentuation of GER after a gastrostomy operation using the 
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literature, although they are well known and often seen after a surgical gastrostomy or PEG. 
These problems, albeit not life-threatening, affect the lives of the infants and their families; 
they should be taken into account in patient counseling and when discussing the need for a 
gastrostomy for each individual patient. 
The procedure was well tolerated by all the children younger than one year (Backman et al, 
2005).  No mortality was related to the video-assisted gastrostomy placement. Four infants 
died of underlying diseases later. Two patients died of intracranial bleeding, one with an 
astrocytoma and one with a progressive neurological disease. Two died of circulatory 
failure, one due to a constrictive cardiomyopathy and one due to a cardiac anomaly. There 
were no deaths related to gastro-oesophageal reflux or pneumonia. 
When correlating the incidence of complications in this group of infants (Backman et al, 
2005) with different groups of diagnosis, there was no significant difference found between 
the groups. This is not in agreement with previous reports on 98 children, 0–18 years, where 
children with congenital heart disease, chronic respiratory failure and metabolic diseases 
were found to experience the highest rate of minor postoperative complications 
(Arnbjornsson et al., 1999). Using the method described here as well as the open surgical 
procedure, the gastrostomy button is put in place directly, eliminating the need for a later 
change to a gastrostomy button as is the case after a PEG, where this is usually done after 3–
6 weeks (Marin et al., 1994). The results encourage the use of video-assisted gastrostomy as a 
long-term route for safe and effective nutritional support even in children less than one year 
of age. This is supported by the findings in the present report comparing children younger 
than two years and those who were older, Table 7. 

5.4 Gastro-oesophageal reflux (GER) before and after a video-assisted gastrostomy 
Vomiting was a problem before and after a VAG operation in 23% of the children reported 
here, Table 6. GER has been described as a frequent complication of surgical gastrostomy 
(Hament et al., 2001; Isch et al., 1997; Launay et al., 1996; Samuel & Holmes, 2002; Doyle & 
Kennedy 1994; Gottrand & Michaud, 2002). Three prospective studies used 24-h pH 
monitoring before and after a gastrostomy performed with the percutaneous endoscopic 
technique (PEG) (Launay et al., 1996; Razeghi et al., 2002; Samuel & Holmes, 2002). In one 
study (Razeghi et al., 2002) the localization of a PEG-catheter in the antrum of the stomach 
caused an increase in GER. In an animal study the localization of the gastrostomy to the 
lesser curvature was associated with a reduced incidence of GER. The ambition was to 
localize the gastrostomy button at the lesser curvature well above the antrum on the anterior 
wall of the stomach, thereby reducing the angle of His and increasing the intraabdominal 
length of the oesophagus (Seekri et al., 1991). 
Although gastroesophageal reflux (GER) has been described as a frequent complication of 
surgical gastrostomy, available data concerning GER and gastrostomy have been conflicting, 
possibly because of different study designs (Hament et al., 2001; Isch et al., 1997; Launay et 
al., 1996; Razeghi et al., 2002; Samuel & Holmes, 2002). The risk of developing a gastro 
esophageal reflux (GER) after a gastrostomy operation is reported. When studying the 
frequency of GER after VAG the authors concluded that a gastrostomy using the video-
assisted technique and placing the stoma on the anterior wall of the stomach close to the 
lesser curvature does not cause aggravation of acid reflux (Plantin et al, 2006). The question 
of whether the addition of an antireflux procedure to the gastrostomy might promote better 
weight gain than a gastrostomy alone remains to be answered. A conclusive comparison is 
lacking. Theoretically, an antireflux operation should lead to an increase in weight by 
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reducing the losses of energy by vomiting the food. An antireflux operation was not 
performed in any of the children included in this study at the time it was performed. 
Vomiting was not a great concern and could be coped with by continuous feeding or 
frequent feeding with smaller meals. Furthermore, the children’s gastroesophageal reflux 
problems, such as vomiting, disappeared with time and after successful reconstructive 
cardiac surgery in children with congenital cardiac anomalies. In these situations, an 
antireflux operation would have been unnecessary.   
In a prospective uncontrolled study including 23 neurologically disabled children, from 10 
months to 15 years of age, all with severe nutritional problems and in need of a 
gastrostomy, the frequency of GER pre- and postoperatively was studied (Plantin et al., 
2006).  The children all had a history of clinical GER problems including vomiting, 
choking and chest infections. A 24-h pH monitoring was used for a quantitative 
assessment of GER the day before surgery and 12 months (range 7–22 months) 
postoperatively. Before the preoperative pH investigation the naso-gastric tube was 
removed. A Synectics 24 antimony electrode and the Digitrapper recording device 
(Medtronic Functional Diagnostics A/S, Tonsbakken, Denmark) were used for the 24-h 
pH monitoring. The electrode was placed fluoroscopically two vertebrae above the 
diaphragm according to ESPGAN criteria (Vandenplas et al., 1993). The reflux index (RI) 
was calculated as the percentage of time with pH below 4. 
The gastrostomy was placed on the anterior wall of the stomach near the lesser curvature. 
The main outcome measure was the comparison of the pre- and postoperative 24-h pH 
monitoring and the reflux index (RI), i.e. the percentage of time with pH below 4. The 
results showed a no significant reduction of RI from 6.8±4.5 preoperatively to 3.7±2.0 
postoperatively. The authors conclude that a gastrostomy using the video-assisted technique 
and placing the stoma on the anterior wall of the stomach close to the lesser curvature 
does not cause aggravation of acid reflux. During the observation period the RI decreased 
in 19 patients and increased in 4. Preoperative gastroscopy disclosed macroscopic 
oesophagitis in 10 of 23 patients whereas postoperative (7–22 months later) endoscopy 
performed in 21 patients showed macroscopic signs of oesophagitis in only 3. Two 
children were later operated on with a fundoplication due to a GER. All the patients had 
clinical symptoms of GER preoperatively. Two had been treated medically during a short 
period of 2–4 months postoperatively and at follow-up 12 months (range 7–22 months) 
later all the patients showed a gain in weight (from 0.6 to 3.8 kg) and regression of clinical 
reflux symptoms. 
The slight decrease in RI in the patient group may be explained not only by the beneficial 
effect of the gastrostomy technique but also by physiological improvement over time. The 
decrease in reflux symptoms registered in the group of neurologically disabled patients 
could, of course, be explained by the need of these particular patients for enteral nutrition. 
Preoperatively, this had entailed the use of a naso-gastric tube which may have caused 
reflux as well as upper respiratory problems. This study does not compare the results of this 
method with any other technique. The important question whether one surgical approach is 
superior to the other remains unanswered. There is no reason to believe that the method 
here described is superior to the open surgical technique from the point of view of the exact 
placement of the gastrostomy tube. With both methods it is possible to place the tube at the 
same preferred place on the lesser curvature. On the other hand, using the PEG method the 
site of placement of the tube cannot be easily decided. In conclusion, the data suggest that 
there is no significant risk for accentuation of GER after a gastrostomy operation using the 
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laparoscopic technique as described, and that a routine performance of concomitant 
fundoplication cannot be recommended (Georgeson, 1993). 

5.5 Gastrostomy in children with cardiac malformations 
Cardiac malformations were found in 19% of the children included in this study, Table 2. 
This high frequency may be due to the fact that the hospital is a tertiary center for cardiac 
surgery on children. Malnutrition and failure to thrive is a common and well-known 
problem in the treatment of children with severe congenital heart disease (Mitchell et al., 
1995). Three main factors contribute to malnutrition: insufficient oral intake raised metabolic 
demands, and malabsorption. Adequate growth improves the success of cardiac surgery 
and influences postoperative morbidity (Blackburn et al., 1977). Previous studies have 
shown that children with ventricular septal defects have 140% of normal total energy 
expenditure and 250% of normal energy expenditure of activity (Ackerman et al., 1998). This 
indicates that children with congenital heart disease may not be able to meet their elevated 
energy demands. Continuous nasogastric tube feeding has been successful regarding weight 
gain in children with congenital heart disease (Vanderhoof et al., 1982). Long-term feeding 
is, however, associated with several disadvantages, such as repeated tube dislocations, 
gastroesophageal reflux, esophagitis, aspiration, and impaired development of oromotor 
feeding skills (Warady et al., 1990; Strologo et al., 1997). Retrospective studies of 
percutaneous endoscopic gastrostomy in children with congenital heart disease have 
reported an increase in weight (Hofner el al., 2000; Ciotti el al., 2002). 
Children with congenital heart disease are reported to have an increased risk of 
complications after VAG procedures compared to other subgroups of children operated on 
with VAG (Norén et al, 2007). The aim of that retrospective study was to study the type and 
frequency of complications and change in weight after a laparoscopic gastrostomy 
procedure in 31 children with congenital heart disease, comparing patient groups of 
children with univentricular and biventricular circulation, and with completed and 
uncompleted cardiac surgery. The main outcome measures were the body weight changes 
and postoperative complications during follow-up. The results disclosed that minor stoma-
related problems were common in both groups. Two severe complications, dislodgements, 
requiring an operative intervention occurred in the univentricular circulation group. This, 
together with our previous results of laparoscopy-aided gastrostomy procedures in 98 
children with various diseases with no major complications (Arnbjörnsson el al., 1999) 
might indicate that children with congenital heart disease are at a higher risk of 
complications than children with other diseases. This is probably more true for children 
with univentricular circulation, who most likely are more catabolic and, therefore, at an 
even higher risk of complications than other children with congenital heart disease. Weight 
was normal at birth, low at the time of the gastrostomy procedure, and did not catch up 
completely during the follow-up period of a mean of 20 months. There were no significant 
differences regarding mean weight gain between the groups with univentricular and 
biventricular circulation. 
Children with congenital heart disease seem to have an increased risk of complications after 
laparoscopy aided gastrostomy procedures, than other children. The laparoscopy-aided 
gastrostomy procedure has previously been shown to have a low rate of complications and, 
therefore, we still recommend it to be the first method of choice for the placement of a 
gastrostomy in children with congenital heart disease. Although there were no significant 
differences, growth seemed to be slower in children with univentricular circulation as well 
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as those with uncompleted cardiac surgery. This suggests that the energy expenditure in 
these children could be higher than previously assumed. Possibly the caloric intake, 140% of 
normal energy expenditure, is insufficient. Further studies are needed to investigate the true 
energy expenditure in this group of children with severe congenital heart disease and 
uncompleted cardiac surgery. 

5.6 Gastrostomy in children with malignancies 
Nutrition in children with a malignant disease often poses serious problems. 6% of the 
children included in this study had a malignant disease, Table 2. The malignant disease as 
well as the intensive chemotherapy may result in malnutrition as it may lead to loss of 
appetite, food aversions, mucositis, nausea and vomiting (Mathew et al., 1996; Pedersen et 
al., 1999; Skolin et al., 1997). A nasogastric tube has previously been the standard method for 
administering enteral nutrition to a child with malignant disease who is unable to eat 
adequately. Tube feeding is associated with several side effects, especially pain from severe 
mucositis as well as infection and perforation of the esophagus (Doyle & Kennedy 1994). 
Parenteral nutrition carries the risk of catheter-related infections, and a lack of enteral 
nutrition may contribute to the passage of bacteria into the systemic circulation (Christensen 
et al., 1993). Surgery in children with malignancies has been uncertain regarding the relation 
to the timing of cytostatic drug treatment, posing several questions. Should cytostatic drugs 
be withheld during the week before surgery and/or the postoperative days? Is the rate of 
postoperative complications influenced by the immediate administration of cytostatic drugs, 
and is it higher than when performed in children with neurological disability?  
A study was undertaken to test the hypothesis whether the administration of cytostatic 
drugs close to surgery in children with malignancies influences the rate of postoperative 
complications after a VAG procedure (Arnbjornsson et al., 2006). The study group 
comprised a heterogeneous group of 27 children, aged from 6 months to 18 years, with 
malignancies treated with cytostatic drugs and a VAG procedure. The control group 
consisted of 27 neurologically impaired children matched for age, sex and operative 
procedure, selected from a cohort of 154 patients with neurological disabilities operated on 
with VAG during the same period. The decision to operate did not depend on the timing of 
the chemotherapy. In the study group the complications were correlated to the time elapsed 
from completion of the last preoperative or the first postoperative cytostatic drug treatment. 
The number of days after finishing the last cytostatic treatment and the performance of the 
VAG were documented. The number of days after surgery to the start of postoperative 
treatment with cytostatic drugs was also documented. All complications were documented 
according to a special protocol and correlated to the time elapsed from the last cytostatic 
drug treatment before and the time of the first treatment after the operation. Significant 
postoperative complications requiring treatment were included only, e.g. granuloma 
resulting in intervention such as cauterization or extirpation, infection requiring antibiotics 
and external leakage demanding some form of management. The complications in the two 
groups were compared. 
The results disclosed no difference in postoperative complications between the study group 
and the control group. There was no increase in postoperative complications related either 
to a shorter interval from the last preoperative treatment with cytostatic drugs or timing of 
the first postoperative cytostatic drug treatment. There was no correlation between white 
blood cell count, neutrophil count and platelet count at the time of surgery and the 
frequency of post-surgery complications. In conclusion, the children with malignant 



 
Gastrostomy 108 

laparoscopic technique as described, and that a routine performance of concomitant 
fundoplication cannot be recommended (Georgeson, 1993). 

5.5 Gastrostomy in children with cardiac malformations 
Cardiac malformations were found in 19% of the children included in this study, Table 2. 
This high frequency may be due to the fact that the hospital is a tertiary center for cardiac 
surgery on children. Malnutrition and failure to thrive is a common and well-known 
problem in the treatment of children with severe congenital heart disease (Mitchell et al., 
1995). Three main factors contribute to malnutrition: insufficient oral intake raised metabolic 
demands, and malabsorption. Adequate growth improves the success of cardiac surgery 
and influences postoperative morbidity (Blackburn et al., 1977). Previous studies have 
shown that children with ventricular septal defects have 140% of normal total energy 
expenditure and 250% of normal energy expenditure of activity (Ackerman et al., 1998). This 
indicates that children with congenital heart disease may not be able to meet their elevated 
energy demands. Continuous nasogastric tube feeding has been successful regarding weight 
gain in children with congenital heart disease (Vanderhoof et al., 1982). Long-term feeding 
is, however, associated with several disadvantages, such as repeated tube dislocations, 
gastroesophageal reflux, esophagitis, aspiration, and impaired development of oromotor 
feeding skills (Warady et al., 1990; Strologo et al., 1997). Retrospective studies of 
percutaneous endoscopic gastrostomy in children with congenital heart disease have 
reported an increase in weight (Hofner el al., 2000; Ciotti el al., 2002). 
Children with congenital heart disease are reported to have an increased risk of 
complications after VAG procedures compared to other subgroups of children operated on 
with VAG (Norén et al, 2007). The aim of that retrospective study was to study the type and 
frequency of complications and change in weight after a laparoscopic gastrostomy 
procedure in 31 children with congenital heart disease, comparing patient groups of 
children with univentricular and biventricular circulation, and with completed and 
uncompleted cardiac surgery. The main outcome measures were the body weight changes 
and postoperative complications during follow-up. The results disclosed that minor stoma-
related problems were common in both groups. Two severe complications, dislodgements, 
requiring an operative intervention occurred in the univentricular circulation group. This, 
together with our previous results of laparoscopy-aided gastrostomy procedures in 98 
children with various diseases with no major complications (Arnbjörnsson el al., 1999) 
might indicate that children with congenital heart disease are at a higher risk of 
complications than children with other diseases. This is probably more true for children 
with univentricular circulation, who most likely are more catabolic and, therefore, at an 
even higher risk of complications than other children with congenital heart disease. Weight 
was normal at birth, low at the time of the gastrostomy procedure, and did not catch up 
completely during the follow-up period of a mean of 20 months. There were no significant 
differences regarding mean weight gain between the groups with univentricular and 
biventricular circulation. 
Children with congenital heart disease seem to have an increased risk of complications after 
laparoscopy aided gastrostomy procedures, than other children. The laparoscopy-aided 
gastrostomy procedure has previously been shown to have a low rate of complications and, 
therefore, we still recommend it to be the first method of choice for the placement of a 
gastrostomy in children with congenital heart disease. Although there were no significant 
differences, growth seemed to be slower in children with univentricular circulation as well 
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as those with uncompleted cardiac surgery. This suggests that the energy expenditure in 
these children could be higher than previously assumed. Possibly the caloric intake, 140% of 
normal energy expenditure, is insufficient. Further studies are needed to investigate the true 
energy expenditure in this group of children with severe congenital heart disease and 
uncompleted cardiac surgery. 

5.6 Gastrostomy in children with malignancies 
Nutrition in children with a malignant disease often poses serious problems. 6% of the 
children included in this study had a malignant disease, Table 2. The malignant disease as 
well as the intensive chemotherapy may result in malnutrition as it may lead to loss of 
appetite, food aversions, mucositis, nausea and vomiting (Mathew et al., 1996; Pedersen et 
al., 1999; Skolin et al., 1997). A nasogastric tube has previously been the standard method for 
administering enteral nutrition to a child with malignant disease who is unable to eat 
adequately. Tube feeding is associated with several side effects, especially pain from severe 
mucositis as well as infection and perforation of the esophagus (Doyle & Kennedy 1994). 
Parenteral nutrition carries the risk of catheter-related infections, and a lack of enteral 
nutrition may contribute to the passage of bacteria into the systemic circulation (Christensen 
et al., 1993). Surgery in children with malignancies has been uncertain regarding the relation 
to the timing of cytostatic drug treatment, posing several questions. Should cytostatic drugs 
be withheld during the week before surgery and/or the postoperative days? Is the rate of 
postoperative complications influenced by the immediate administration of cytostatic drugs, 
and is it higher than when performed in children with neurological disability?  
A study was undertaken to test the hypothesis whether the administration of cytostatic 
drugs close to surgery in children with malignancies influences the rate of postoperative 
complications after a VAG procedure (Arnbjornsson et al., 2006). The study group 
comprised a heterogeneous group of 27 children, aged from 6 months to 18 years, with 
malignancies treated with cytostatic drugs and a VAG procedure. The control group 
consisted of 27 neurologically impaired children matched for age, sex and operative 
procedure, selected from a cohort of 154 patients with neurological disabilities operated on 
with VAG during the same period. The decision to operate did not depend on the timing of 
the chemotherapy. In the study group the complications were correlated to the time elapsed 
from completion of the last preoperative or the first postoperative cytostatic drug treatment. 
The number of days after finishing the last cytostatic treatment and the performance of the 
VAG were documented. The number of days after surgery to the start of postoperative 
treatment with cytostatic drugs was also documented. All complications were documented 
according to a special protocol and correlated to the time elapsed from the last cytostatic 
drug treatment before and the time of the first treatment after the operation. Significant 
postoperative complications requiring treatment were included only, e.g. granuloma 
resulting in intervention such as cauterization or extirpation, infection requiring antibiotics 
and external leakage demanding some form of management. The complications in the two 
groups were compared. 
The results disclosed no difference in postoperative complications between the study group 
and the control group. There was no increase in postoperative complications related either 
to a shorter interval from the last preoperative treatment with cytostatic drugs or timing of 
the first postoperative cytostatic drug treatment. There was no correlation between white 
blood cell count, neutrophil count and platelet count at the time of surgery and the 
frequency of post-surgery complications. In conclusion, the children with malignant 
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diseases did not have more postoperative complications from the VAG than those with 
neurological defects. There was no correlation to complications regarding timing of the 
operation and administration of cytostatic drugs. 
Surgical intervention in children with malignancies could potentially be more dangerous 
and subject to a higher frequency of complications as a consequence of the treatment with 
cytostatic drugs. It has been speculated that children with malignancies and a gastrostomy 
often have more problems from their gastrostomy while on treatment with cytostatic drugs. 
It therefore seemed a reasonable assumption that surgery in a child undergoing treatment 
with cytostatic drugs would lead to more postoperative complications than in 
neurologically impaired children. The findings of previous studies do not support this 
suggestion (Arnbjornsson et al., 1999). The study population receiving chemotherapy was 
heterogeneous and varied widely in age, from 6 months to 18 years, in the type of disease 
and in  the administered chemotherapy. This is significant. For example, age would have 
had a major effect on the ability of the child to tolerate chemotherapy. Furthermore, age 
matching with neurologically impaired children does not negate these problems. These 
children also vary widely in terms of operative risk and complications. A more logical study 
would have compared oncology children with and without cytotoxic effects, e.g. bone 
marrow depression. VAG complications in this study were recorded prospectively and 
therefore were probably more reliable than retrospective information obtained from other 
reported series in the medical literature. Complications resulting from the VAG button 
including local infections and mechanical problems with leakage as well as feeding 
intolerance with nausea, vomiting and diarrhea were reported (Aquino et al., 1995). 
There was no increased frequency of complications in the children receiving cytostatic drugs 
within a few days before or even within one week after surgery. The same types and 
frequency of complications were encountered in the control group of disabled children with 
no malignant disease or cytostatic drug treatment (Arnbjornsson et al., 1999). Moreover, the 
time of cytostatic drug administration did not significantly change the rate of complications. 
White blood cell count at the time of the operation would be a better marker of 
chemotherapy effect than the time from chemotherapy. However, this was not statistically 
verified in this study. The study revealed no aggravated influence of cytostatic drug 
treatment on early postoperative problems of VAG. The timing of cytostatic drug 
administration in relation to the surgical intervention did not influence the frequency of 
postoperative complications. As a conclusion of the study a VAG procedure was 
recommended even in children with a malignant disease. A postponement of cytostatic 
treatment for some days after surgery was suggested despite the lack of clear evidence 
supporting this statement. 

5.7 Gastrostomy in children with ventricular-peritoneal shunt (VPS) 
Ventricular-peritoneal shunt ( VPS) occurring in 4% of the included children, Table 2, is 
frequently associated with complications, such as shunt obstruction, infection and migration 
with or without erosion into nearby structures. These complications may occur at the 
abdominal site of a VPS raising the question of whether concurrent use of a separate intra-
abdominal catheter such as a PEG, is safe and effective. Surgical intervention in children 
with VPS could potentially be more dangerous and subject to a higher frequency of 
complications. Many of the complications from VPS could preclude a VAG operation or 
raise serious concern with respect to VAG placement. Thus, it is acknowledged that the rate 
of peritonitis may be increased by the presence of a VPS. This issue remains unresolved and 

 
Video-Assisted Gastrostomy in Children 111 

is influenced by institutional and individual expertise of which some have concluded that 
simultaneous placement of a VPS and PEG should be avoided since some 5–10% of all 
inserted VP shunts eventually require revision for infection (Taylor et al., 2001). 
The infective complications of PEG include stoma site infection in 3–9% and peritonitis in 1–
7% (Sane et al., 1998). The standard pull-through technique of PEG insertion exposes the 
gastrostomy tube to oropharyngeal bacterial flora. Thus, following PEG, there are a number 
of factors that could lead to an intra-peritoneal catheter becoming exposed to bacterial 
pathogens. This theoretically increased risk for VP shunt infections after PEG insertion has 
however, not yet been established. On the contrary, previous reports have shown that there 
was no significant morbidity associated with a PEG in the presence of a VPS (Graham et al., 
1993; Baird &, Salasidis, 2004). 
The safety of VAG was prospectively studied in children who had a ventriculoperitoneal 
shunt (VPS) (Backman et al., 2007). The study was undertaken to test the hypothesis 
whether the presence of a VPS influences the type and frequency of complications after a 
VAG procedure in children. The study group comprised a heterogeneous sample of 15 
consecutive children, aged from 2 months to 12 years, with VPS, operated on with the VAG 
procedure and prospectively included. The control group consisted of 15 neurologically 
disabled children without VPS, matched for age, sex and operative procedure, 
retrospectively selected from a cohort of 167 patients with neurological disabilities operated 
on with VAG during the study period. All the patients were clinically evaluated for GER 
before the gastrostomy placement. In nine studied patients and in eight control patients an 
endoscopy and 24 h pH measurements were performed. None had the indications for 
surgery for GER. No patient in the present study had clinical signs of an intra-abdominal 
infection at the time of PEG placement and none were on steroid or cytostatic medication. 
All the VPS had been placed at least 8 weeks prior to the placement of the gastrostomy 
button. There were no serious operative complications, such as puncture of hollow organs 
or bleeding. In the immediate postoperative period, no wound or intra-abdominal 
complications occurred. There were no reoperations of the VAG due to adhesions or 
leakage.  There was no difference in postoperative complications between the study and the 
control group. 
Although the study does not indicate that children with VPS who undergo the VAG 
procedure are at greater risk of infection and subsequent shunt malfunction, there are other 
studies recommending prophylactic antibiotic therapy to cover skin and oral flora (Baird &, 
Salasidis, 2004; Taylor et al., 2001). The patients in the presented study all received antibiotic 
prophylaxis. The placement of a percutaneous gastrostomy feeding tube, in the acute phase, 
in children with brain tumors and VP shunts may increase the risk of ascending 
meningitis especially if there are early gastrostomy-related complications (Gassas et al., 
2006). Greatly disabled patients often have other potential risk factors for VP shunt 
infections, such as poor nutritional status, long-term hospitalization, subclinical infections 
and pressure ulcers. There seems to be consensus in the literature that antibiotic 
prophylaxis for PEG insertion is desirable in order to reduce the percentage of PEG site 
infection (Nicholson et al, 2000). 
Co-placement of PEG and a VPS is reported (Nabika et al., 2006). The authors recommended 
at least 1 month between the procedures as well as administration of antibiotic prophylaxis. 
In the case series presented here, there was a lapse of at least 2 months between VPS and 
VAG. The VAG complications in this study were recorded prospectively and were, 
therefore, more reliable than retrospective information obtained from other reported series 
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diseases did not have more postoperative complications from the VAG than those with 
neurological defects. There was no correlation to complications regarding timing of the 
operation and administration of cytostatic drugs. 
Surgical intervention in children with malignancies could potentially be more dangerous 
and subject to a higher frequency of complications as a consequence of the treatment with 
cytostatic drugs. It has been speculated that children with malignancies and a gastrostomy 
often have more problems from their gastrostomy while on treatment with cytostatic drugs. 
It therefore seemed a reasonable assumption that surgery in a child undergoing treatment 
with cytostatic drugs would lead to more postoperative complications than in 
neurologically impaired children. The findings of previous studies do not support this 
suggestion (Arnbjornsson et al., 1999). The study population receiving chemotherapy was 
heterogeneous and varied widely in age, from 6 months to 18 years, in the type of disease 
and in  the administered chemotherapy. This is significant. For example, age would have 
had a major effect on the ability of the child to tolerate chemotherapy. Furthermore, age 
matching with neurologically impaired children does not negate these problems. These 
children also vary widely in terms of operative risk and complications. A more logical study 
would have compared oncology children with and without cytotoxic effects, e.g. bone 
marrow depression. VAG complications in this study were recorded prospectively and 
therefore were probably more reliable than retrospective information obtained from other 
reported series in the medical literature. Complications resulting from the VAG button 
including local infections and mechanical problems with leakage as well as feeding 
intolerance with nausea, vomiting and diarrhea were reported (Aquino et al., 1995). 
There was no increased frequency of complications in the children receiving cytostatic drugs 
within a few days before or even within one week after surgery. The same types and 
frequency of complications were encountered in the control group of disabled children with 
no malignant disease or cytostatic drug treatment (Arnbjornsson et al., 1999). Moreover, the 
time of cytostatic drug administration did not significantly change the rate of complications. 
White blood cell count at the time of the operation would be a better marker of 
chemotherapy effect than the time from chemotherapy. However, this was not statistically 
verified in this study. The study revealed no aggravated influence of cytostatic drug 
treatment on early postoperative problems of VAG. The timing of cytostatic drug 
administration in relation to the surgical intervention did not influence the frequency of 
postoperative complications. As a conclusion of the study a VAG procedure was 
recommended even in children with a malignant disease. A postponement of cytostatic 
treatment for some days after surgery was suggested despite the lack of clear evidence 
supporting this statement. 

5.7 Gastrostomy in children with ventricular-peritoneal shunt (VPS) 
Ventricular-peritoneal shunt ( VPS) occurring in 4% of the included children, Table 2, is 
frequently associated with complications, such as shunt obstruction, infection and migration 
with or without erosion into nearby structures. These complications may occur at the 
abdominal site of a VPS raising the question of whether concurrent use of a separate intra-
abdominal catheter such as a PEG, is safe and effective. Surgical intervention in children 
with VPS could potentially be more dangerous and subject to a higher frequency of 
complications. Many of the complications from VPS could preclude a VAG operation or 
raise serious concern with respect to VAG placement. Thus, it is acknowledged that the rate 
of peritonitis may be increased by the presence of a VPS. This issue remains unresolved and 
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is influenced by institutional and individual expertise of which some have concluded that 
simultaneous placement of a VPS and PEG should be avoided since some 5–10% of all 
inserted VP shunts eventually require revision for infection (Taylor et al., 2001). 
The infective complications of PEG include stoma site infection in 3–9% and peritonitis in 1–
7% (Sane et al., 1998). The standard pull-through technique of PEG insertion exposes the 
gastrostomy tube to oropharyngeal bacterial flora. Thus, following PEG, there are a number 
of factors that could lead to an intra-peritoneal catheter becoming exposed to bacterial 
pathogens. This theoretically increased risk for VP shunt infections after PEG insertion has 
however, not yet been established. On the contrary, previous reports have shown that there 
was no significant morbidity associated with a PEG in the presence of a VPS (Graham et al., 
1993; Baird &, Salasidis, 2004). 
The safety of VAG was prospectively studied in children who had a ventriculoperitoneal 
shunt (VPS) (Backman et al., 2007). The study was undertaken to test the hypothesis 
whether the presence of a VPS influences the type and frequency of complications after a 
VAG procedure in children. The study group comprised a heterogeneous sample of 15 
consecutive children, aged from 2 months to 12 years, with VPS, operated on with the VAG 
procedure and prospectively included. The control group consisted of 15 neurologically 
disabled children without VPS, matched for age, sex and operative procedure, 
retrospectively selected from a cohort of 167 patients with neurological disabilities operated 
on with VAG during the study period. All the patients were clinically evaluated for GER 
before the gastrostomy placement. In nine studied patients and in eight control patients an 
endoscopy and 24 h pH measurements were performed. None had the indications for 
surgery for GER. No patient in the present study had clinical signs of an intra-abdominal 
infection at the time of PEG placement and none were on steroid or cytostatic medication. 
All the VPS had been placed at least 8 weeks prior to the placement of the gastrostomy 
button. There were no serious operative complications, such as puncture of hollow organs 
or bleeding. In the immediate postoperative period, no wound or intra-abdominal 
complications occurred. There were no reoperations of the VAG due to adhesions or 
leakage.  There was no difference in postoperative complications between the study and the 
control group. 
Although the study does not indicate that children with VPS who undergo the VAG 
procedure are at greater risk of infection and subsequent shunt malfunction, there are other 
studies recommending prophylactic antibiotic therapy to cover skin and oral flora (Baird &, 
Salasidis, 2004; Taylor et al., 2001). The patients in the presented study all received antibiotic 
prophylaxis. The placement of a percutaneous gastrostomy feeding tube, in the acute phase, 
in children with brain tumors and VP shunts may increase the risk of ascending 
meningitis especially if there are early gastrostomy-related complications (Gassas et al., 
2006). Greatly disabled patients often have other potential risk factors for VP shunt 
infections, such as poor nutritional status, long-term hospitalization, subclinical infections 
and pressure ulcers. There seems to be consensus in the literature that antibiotic 
prophylaxis for PEG insertion is desirable in order to reduce the percentage of PEG site 
infection (Nicholson et al, 2000). 
Co-placement of PEG and a VPS is reported (Nabika et al., 2006). The authors recommended 
at least 1 month between the procedures as well as administration of antibiotic prophylaxis. 
In the case series presented here, there was a lapse of at least 2 months between VPS and 
VAG. The VAG complications in this study were recorded prospectively and were, 
therefore, more reliable than retrospective information obtained from other reported series 
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in the medical literature. The complications from the VAG button were recorded, including 
local infections and mechanical problems with pain and leakage. Contrary to expectations, 
no increased frequency of complications was found following VAG in the children with 
VPS. The same types and frequency of complications were encountered in the control group 
of disabled children with no malignant disease or cytostatic drug treatment as had been 
reported earlier (Arnbjornsson et al., 2006). 
Placement of a gastrostomy button in patients with VPS raises valid concern for CNS 
infection and shunt malfunction. Thus the gastrostomy button should be put in place several 
weeks after VPS placement, and the patients should be given an antibiotic prophylactically 
to prevent infection with skin flora. Using the laparoscopy and visualizing the VPS catheter 
is preferable to a blind trans-abdominal puncture as when using the PEG technique. The 
study indicates that children with VPS who undergo a VAG are at no greater risk of 
infection and subsequent shunt malfunction. Until the results of larger clinical trials are 
available, it is recommended to use VAG in patients with VPS when long-term enteral 
nutrition is required. The children with ventricular-peritoneal shunt (VPS) who underwent a 
VAG button placement were not at high risk for infection and subsequent shunt 
malfunction. They did not have more postoperative problems than a matched control group 
of neurologically disabled children (Backman et al, 2007). 

5.8 Closure after gastrostomy button removal 
A gastrostomy device is removed from the gastrostomy when no longer needed and the 
stoma usually closes within a short period of time without any surgical measures. 
Occasionally spontaneous closure does not occur and the stoma has to be closed surgically. 
For the patient the operative procedure includes a laparotomy and closure of the stomach 
wall and the abdominal wall in separate layers. The question is whether it is possible for the 
surgeon to decide which stoma has to be closed with a gastroraphy and which to leave for a 
spontaneous closure within a reasonable period of time. It would be of importance to find a 
factor correlating to the spontaneous closure of a gastrostomy after the device or button had 
been removed from the stoma. This knowledge regarding when to decide which 
gastrostomy has to be closed surgically and which to leave for spontaneous closure within a 
short time would be valuable to the surgeon. Gastrostomies constructed by using VAG or 
PEG are considered equal when it comes to spontaneous closure or the need for a 
gastroraphy. Although not studied we have no reason to believe that gastrostomy after a 
PEG would behave otherwise. The resulting gastrostomy has similar anatomical structures 
and thus it seems logical that a PEG and a VAG behaves similar. 
Out of a cohort of 321 patients, who had been operated on with a video-assisted 
gastrostomy, all the 48 (15%) patients who had their gastrostomy button removed were 
included. The children were postoperatively carefully followed up and the closure of the 
gastrostomy was registered. According to the old institutional routine the child waited at 
least 3 months after the removal of the gastrostomy device before suggesting to the child’s 
guardians an operative closure of the stoma (Arnbjornsson et al., 2005). Spontaneous closure 
of the gastrostomy happened in 26 patients within a 3-month expectance. In 14 of these 26 
children the closure occurred within 2 weeks and in a further six children within 1 month. In 
only one child did the gastrostomy close spontaneously after 2 months. With the same 
expectance period the stoma did not close in 22 patients and they were consequently 
operated on with a gastroraphy. In 13 patients this procedure was performed within 5 
weeks. 

 
Video-Assisted Gastrostomy in Children 113 

There was no difference found between the two groups regarding the patients’ diagnoses, 
the duration of the gastrostomy use or the patient’s age at the time of removal of the 
gastrostomy device. The small numbers of patients in each group of diagnosis made 
statistical calculations insignificant. Thus the hypothesis that any factor could predict the 
closure of the gastrostomy was consequently rejected. Thus, a routine expectance after the 
removal of a gastrostomy device for a short time of one month is recommended. If no 
spontaneous closure occurs, then a gastroraphy should be performed. A randomized study 
should replace the kind of observations reported here. However, such a randomized study 
would lead to an unnecessary gastroraphy in some patients or a long waiting time to a 
gastroraphy in others.  
From the surgical point of view it is important that the gastroraphy is performed under 
general anesthesia. The procedure starts with a circular incision around the gastrostomy and 
the dissection is performed through the abdominal wall down to the stomach wall without 
opening the abdomen. We routinely close the stomach wall and the abdominal wall 
separately. This routine is based on our previous experience of cases where the opening was 
simply closed by a small local procedure suturing only the skin and subcutaneous tissue 
without layered closure. In all the patients, the postoperative course was complicated by a 
subcutaneous leakage from the stomach causing an infection. A third option doing a 
laparotomy into free abdomen would be too extensive in these cases. Evidence based on a 
randomized study comparing these methods is still missing.  

6. The future  
The future will provide better materials and design of the gastrostomy buttons and thereby 
avoid complications reported to be due to the design of the gastrostomy button 
(Arnbjörnsson et al., 1998). The materials used in the gastrostomy buttons and feeding tubes 
are still under development as is the construction of gastrostomy buttons. As technology 
improves so will its use for the children in need of a gastrostomy. Time will tell if the 
method described here can be further improved or replaced with still safer and better 
procedures for the children in need of a gastrostomy. 
The way of performing a gastrostomy in children described here is certainly not the only 
way. Nor is it the definite final solution to the problem of performing a gastrostomy 
operation in children. Surgeons have been very creative in performing this simple 
communication between the stomach and the external surface of the body and let us hope 
that their ingenious talents and inventions will continue to flourish in the future for the 
benefit of the small patients. The equipment used in surgery today will improve and new 
technique inventions will enter the scene. The rapid development seen in the surgical field 
will also lead to new technology in the field of gastrostomies, unknown today. 
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in the medical literature. The complications from the VAG button were recorded, including 
local infections and mechanical problems with pain and leakage. Contrary to expectations, 
no increased frequency of complications was found following VAG in the children with 
VPS. The same types and frequency of complications were encountered in the control group 
of disabled children with no malignant disease or cytostatic drug treatment as had been 
reported earlier (Arnbjornsson et al., 2006). 
Placement of a gastrostomy button in patients with VPS raises valid concern for CNS 
infection and shunt malfunction. Thus the gastrostomy button should be put in place several 
weeks after VPS placement, and the patients should be given an antibiotic prophylactically 
to prevent infection with skin flora. Using the laparoscopy and visualizing the VPS catheter 
is preferable to a blind trans-abdominal puncture as when using the PEG technique. The 
study indicates that children with VPS who undergo a VAG are at no greater risk of 
infection and subsequent shunt malfunction. Until the results of larger clinical trials are 
available, it is recommended to use VAG in patients with VPS when long-term enteral 
nutrition is required. The children with ventricular-peritoneal shunt (VPS) who underwent a 
VAG button placement were not at high risk for infection and subsequent shunt 
malfunction. They did not have more postoperative problems than a matched control group 
of neurologically disabled children (Backman et al, 2007). 

5.8 Closure after gastrostomy button removal 
A gastrostomy device is removed from the gastrostomy when no longer needed and the 
stoma usually closes within a short period of time without any surgical measures. 
Occasionally spontaneous closure does not occur and the stoma has to be closed surgically. 
For the patient the operative procedure includes a laparotomy and closure of the stomach 
wall and the abdominal wall in separate layers. The question is whether it is possible for the 
surgeon to decide which stoma has to be closed with a gastroraphy and which to leave for a 
spontaneous closure within a reasonable period of time. It would be of importance to find a 
factor correlating to the spontaneous closure of a gastrostomy after the device or button had 
been removed from the stoma. This knowledge regarding when to decide which 
gastrostomy has to be closed surgically and which to leave for spontaneous closure within a 
short time would be valuable to the surgeon. Gastrostomies constructed by using VAG or 
PEG are considered equal when it comes to spontaneous closure or the need for a 
gastroraphy. Although not studied we have no reason to believe that gastrostomy after a 
PEG would behave otherwise. The resulting gastrostomy has similar anatomical structures 
and thus it seems logical that a PEG and a VAG behaves similar. 
Out of a cohort of 321 patients, who had been operated on with a video-assisted 
gastrostomy, all the 48 (15%) patients who had their gastrostomy button removed were 
included. The children were postoperatively carefully followed up and the closure of the 
gastrostomy was registered. According to the old institutional routine the child waited at 
least 3 months after the removal of the gastrostomy device before suggesting to the child’s 
guardians an operative closure of the stoma (Arnbjornsson et al., 2005). Spontaneous closure 
of the gastrostomy happened in 26 patients within a 3-month expectance. In 14 of these 26 
children the closure occurred within 2 weeks and in a further six children within 1 month. In 
only one child did the gastrostomy close spontaneously after 2 months. With the same 
expectance period the stoma did not close in 22 patients and they were consequently 
operated on with a gastroraphy. In 13 patients this procedure was performed within 5 
weeks. 
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There was no difference found between the two groups regarding the patients’ diagnoses, 
the duration of the gastrostomy use or the patient’s age at the time of removal of the 
gastrostomy device. The small numbers of patients in each group of diagnosis made 
statistical calculations insignificant. Thus the hypothesis that any factor could predict the 
closure of the gastrostomy was consequently rejected. Thus, a routine expectance after the 
removal of a gastrostomy device for a short time of one month is recommended. If no 
spontaneous closure occurs, then a gastroraphy should be performed. A randomized study 
should replace the kind of observations reported here. However, such a randomized study 
would lead to an unnecessary gastroraphy in some patients or a long waiting time to a 
gastroraphy in others.  
From the surgical point of view it is important that the gastroraphy is performed under 
general anesthesia. The procedure starts with a circular incision around the gastrostomy and 
the dissection is performed through the abdominal wall down to the stomach wall without 
opening the abdomen. We routinely close the stomach wall and the abdominal wall 
separately. This routine is based on our previous experience of cases where the opening was 
simply closed by a small local procedure suturing only the skin and subcutaneous tissue 
without layered closure. In all the patients, the postoperative course was complicated by a 
subcutaneous leakage from the stomach causing an infection. A third option doing a 
laparotomy into free abdomen would be too extensive in these cases. Evidence based on a 
randomized study comparing these methods is still missing.  

6. The future  
The future will provide better materials and design of the gastrostomy buttons and thereby 
avoid complications reported to be due to the design of the gastrostomy button 
(Arnbjörnsson et al., 1998). The materials used in the gastrostomy buttons and feeding tubes 
are still under development as is the construction of gastrostomy buttons. As technology 
improves so will its use for the children in need of a gastrostomy. Time will tell if the 
method described here can be further improved or replaced with still safer and better 
procedures for the children in need of a gastrostomy. 
The way of performing a gastrostomy in children described here is certainly not the only 
way. Nor is it the definite final solution to the problem of performing a gastrostomy 
operation in children. Surgeons have been very creative in performing this simple 
communication between the stomach and the external surface of the body and let us hope 
that their ingenious talents and inventions will continue to flourish in the future for the 
benefit of the small patients. The equipment used in surgery today will improve and new 
technique inventions will enter the scene. The rapid development seen in the surgical field 
will also lead to new technology in the field of gastrostomies, unknown today. 
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1. Introduction 
For tube feeding, the nasogastric tube and the percutaneous endoscopic gastrostomy (PEG) 
have been the main options, putting aside their minor variations, for decades. The relative 
relationship between these two options is illustrated in Figure 1. And the clinical evidence is 
undeniable: the nasogastric tube is low-comfort and low-risk whereas the PEG is high-
comfort and high-risk.  
For long-term use, patients and caregivers want a high-comfort and low-risk option ().  
 

 
Fig. 1. The best-in-class option is high-comfort and low-risk 
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oedematous. At these times, breathing through both nostrils is exhausting even for a normal 
person. For the patient with one nostril plugged by the tube and the other by mucus, the 
sensation is akin to suffocation.  
Despite the use of soft materials like silicone, the nasogastric tube remains an uncomfortable 
option. A thinner tube will cause less discomfort but will choke faster. Tube exchange is far 
more distressing than a tube in-situ. Thus, from the comfort perspective, a thinner tube may 
not be a better deal because it must be exchanged more frequently.  
The fault, if a normal structure can be faulted, lies with the nose and pharynx. Sneezing and 
gagging are basic reflexes. In a person who is unrestrained, if these reflexes do not clear the 
noxious stimulus (the tube), his hands and head will move to do so.  
Clearly, to be a high-comfort option, the tube must bypass the nose and pharynx. 

3. Why the PEG is high-risk 
After more than 3 decades of clinical use, the complications associated with the PEG are well 
known (Gauderer, 2001).  
The following complications have occurred because the PEG moved out of position: death, 
peritonitis, buried bumper syndrome, hemorrhage, oesophageal dislocation, intestinal 
obstruction, necrotizing fasciitis, track stenosis and loss of stoma. The following 
complications have occurred because of difficult tube exchange: track disruption, 
hemorrhage, peritonitis and death.  
For the PEG, good tube security and easy tube exchange appear to be incompatible 
bedfellows. If the tube is anchored securely, it won’t be easy to exchange. If made easy to 
exchange, it is not secure. Clearly, to be a low-risk option, the tube must always stay in 
position and must be easy to exchange.  

4. Why the LOOPPEG® 3G tube is high-comfort and low-risk 
The LOOPPEG 3G tube, being a gastrostomy tube, is high-comfort because it by-passes the 
sensitive nose and pharynx. It is low-risk because it is devoid of complications which plaque 
the PEG.  
It is a hollow silicone tube with the exit opening at its midpoint. Distances from the opening 
are marked on the tube. Each end is fitted with a dilator for pull-through like a PEG (Figure 
2). After pull-through, the ends are crossed and locked together. When locked in this 
configuration, the tube cannot be dislodged, inward or outward. All the complications due 
to tube insecurity that plagued the PEG cannot happen. 
The tube can be exchanged in four simple steps (Figure 3). First, unlock the old tube. 
Second, attach a new tube to any end of the old tube using the connector. Third, pull the 
other end of the old tube, removing it and guiding the new tube into position. Fourth, 
detach the old tube and lock the new tube. From a caregiver’s perspective, it is easier to 
exchange the 3G tube than the nasogastric tube. All the complications due to difficult tube 
exchange that plagued the PEG cannot happen.  
Visit www.looppeg.com for more information about this tube, the best in class. In the 
subsequent paragraphs, we will refer to it simply as the 3G tube. Other suitable names 
would be the loop-gastrostomy tube, u-tube, sg-tube, loop-PEG, buddy-PEG, twin-PEG and 
U-PEG.  
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Fig. 2. LOOPPEG 3G Tube 

 

 
Fig. 3. LOOPPEG 3G tube exchange is simple and easy 
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5. Portal versus Tube 
We “blame” the sensitive mucosal lining for making the nasogastric tube low-comfort. 
Likewise, we blame the single stoma for the PEG being high-risk. Conversely, we credit the 
twin-stoma gastrostomy for making the 3G tube a high-comfort low-risk option. 
It is easy to prove that portal is more important than tube. Take the 3G tube and use it with 
the other two portals. It will become low-comfort with one, and high-risk with the other. 
Then take other tubes and modify them for use with the twin-stoma gastrostomy; all will 
become high-comfort and low-risk. The inevitable conclusion is that the high-comfort low-
risk profile is organic to the twin-stoma portal, not the tube. 
To paraphrase Mark Twain, portal maketh the tube. 

6. Why the twin-stoma gastrostomy is more effective 
The term “twin-stoma gastrostomy” may be new but the concept, twinning for a better 
outcome, is not. Table 1 lists diverse examples where the concept has been successfully 
employed for a quantum improvement in performance.  
The twin-stoma allows the use of a simple tube in a loop configuration, obviating the need 
for a balloon- or mushroom-shaped internal retaining structure. The single lock which keeps 
the tube in a loop configuration rests on normal skin, unlike the flange or bolster of the PEG. 
One end can be reserved for liquid food, and the other, liquid medicines. 
The twin-stoma gastrostomy is akin to the dual PEG, used to treat gastric volvulus for the 
past 25 years (Altenwerth, 1994; Eckhauser & Ferron, 1985). Thus, it is a tried and tested 
procedure.  
 

Singleton Twins 

Unicycle Bicycle 

Monohull boat Catamaran 

Single-engine aircraft Twin-engine aircraft 

Single-bolt lock Double-bolt lock 

One-key encryption Two-key encryption 

Single-point anchor Two-point anchor 

One-layer intestinal anastomosis Two-layer intestinal anastomosis 

Author Co-authors 

Table 1. Twinning is an established concept 
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7. Why the twin-stoma gastrostomy is safer 
Suppose a large tube is split into halves, and the halves are converted into two smaller 
tubes. Since the total circumference of the two smaller tubes equals that of the large tube, the 
wounds are equal. Therefore, the twin-stoma is as large (safe) as the single-stoma, at worst. 
There are two reasons why the twin-stoma may have a lower infection rate than the single 
stoma of equivalent size. First, a smaller sized tube has been shown to have a lower infection 
rate (Zopf et al., 2008). Since the twin-stoma uses a small sized tube, the infection rate can be 
lower.  
Second, a dirty tube predisposes to wound infection. We know that the PEG is so difficult 
to exchange that it is hardly exchanged at all, unless forced to by tube dysfunction (Sartori 
et al., 2003). Thus, the PEG is prone to infection. In contrast, the 3G tube is very easy to 
exchange, and the caregiver can exchange it monthly or even fortnightly. Therefore, with 
more frequent tube exchanges, and better tube hygiene, the twin-stoma can have a lower 
infection rate.  
Many medical examples of twinning to improve safety exist. A two-layer intestinal 
anastomosis has twice as many punctures as the single-layer anastomosis, each puncture 
created by the same needle. Yet it is accepted as safer by many surgeons. Another example 
is double-ligature of a major artery to keep hemorrhage at bay, practised by almost all 
surgeons. Most medical journals have a two-peer review process. 
Thus, whether by way of analysis or medical example, the twin-stoma is safer than the 
single stoma. 

8. How to add a gastropexy 
Gastrostomy and gastropexy are related but separate moieties. By excluding the peritoneal 
cavity, the latter enhances the safety of the former.  
For the twin-stoma gastrostomy, the gastropexy may be effected with T-fasteners or 
suturing. An alternative method is the loop-lock technique. A secondary loop is created at 
the midportion of the 3G tube with absorbable ligatures. Two ligatures, each comprising 
two square knots, are required (Figure 4). This is done before pull-through.  
After pull-through, the secondary loop and lock are used to appose the stomach wall to the 
abdominal wall (Figure 5B). When the LOOPPEG is used in this fashion, we refer to it as 
the LOOPPEGG (the additional G to represent the gastropexy). 
A polyglactin 3/0 ligature will undergo gastric acid hydrolysis and release the secondary 
loop about 30 days later (Chu, 1982). This duration is sufficient for adhesions to develop. If a 
longer duration is desired, polydioxanone may be selected (Hoile, 1983). Release is easily 
detected; the lock is lifted off the skin (Figure 5D). 
Our current practice is to always insert the 3G tube with a secondary loop. Besides 
providing traction, the secondary loop keeps the central opening of the tube within the 
stomach and away from the gastric puncture sites.   
Tube exchange using the percutaneous method (Figure 3) cannot be done unless the 
secondary loop is released. Thus, do not select a ligature material which takes a long time to 
biodegrade. Ideally, the material should biodegrade after adhesions have formed but before 
tube exchange is due. If tube exchange (or removal) is required before release, it must be 
done endoscopically.  
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Fig. 4. The secondary loop is created with absorbable ligatures 

 

 
Fig. 5. The secondary loop is created before pull-through (A). The secondary loop and lock 
keep stomach apposed to abdominal wall (B). Adhesions develop with time (C). The lock is 
lifted off the skin when the ligatures undergo biodegradation, and release the secondary 
loop (D) 
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9. How to convert the single-stoma PEG to twin-stoma gastrostomy 
Where feasible, the stoma occupied by the PEG should be used as one of the twin stomas. In 
this way, a matured track is not wasted; only one extra gastric puncture is needed.  
If there is a size discrepancy, the PEG stoma is likely to be too loose for the 15 Fr 3G tube. 
Parenteral feeding may be used while the track stenose spontaneously to provide a snug 
fit. 
For removal of the PEG, we recommend the technique described by Turner et al. (2010). The 
technique involves transfixion-ligature of the PEG. It is helpful to keep the end of the 
transfixion-ligature long for easy retrieval by a tripod snare. Removal is done after initial 
gastroscopy and the extra gastric puncture.  If this sequence is not followed, air leak from 
the PEG stoma may cause loss of gastric distension, and interfere with the conduct of the 
conversion.  

10. The road ahead 
The twin-stoma gastrostomy and the 3G tube refer to the same thing, the best-in-class option 
(Figure 1). They are suitable for extended-term use; for patients who tend to pull on their 
tubes (e.g. mental retardation and dementia); for situations demanding stringent hygiene 
and frequent tube exchange (e.g. diabetes mellitus); and for places where access to medical 
facilities is limited (e.g. physically vast country). 
22% of physically restrained residents in nursing homes in Singapore were “abused” to 
protect their nasogastric tubes from being pulled out (Mamun & Lim, 2005).  In the 
Netherlands, a developed country, 22% of patients with nasogastric tubes were physically 
restrained for the same reason (Baeten & Hoefnagels, 1992). We hope the twin-stoma 
gastrostomy will encourage caregivers to convert their patients, reduce misuse of the 
nasogastric tube, and nip needless immobilisation by physical restraints. 
A few doctors disagree with the use of the PEG in the demented elderly (Akner, 2005). What 
tipped the balance might have been its high-risk relative to the few months of remaining 
life. If so, the availability of the low-risk 3G tube should invite a re-think. The lack of 
improved survival with a feeding tube should not be a reason to reject it. After all, Medicine 
is not just about cure. More often, it is about caring and compassion, making the journey 
“less inhumane” for a loved one who will depart soon. The feeding tube can provide 
palliative decompression too (Pang, 2011).  
Others believe that the gastrostomy tube should be established early, not late (Figueiredo et 
al., 2007). For them, the twin-stoma gastrostomy (or 3G tube) should help their cause. 

11. Misconceptions 
At the roadshows of the 3G tube for doctors, a frequent question posed to us was whether it 
had been “proven to be safe and effective with a randomized controlled trial (RCT).” This 
misconception immediately tells two things about the questioner. First, he is not a general 
surgeon.  The practicing general surgeon, or one capable of anything more complex than a 
gastrectomy, from operative experience, knows intuitively that the 3G tube is safe and 
effective. 
Second, the questioner is not conversant with the limitations of a RCT. Randomization is 
just a means to control bias in a study, in this case an experiment in human beings. After  
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Fig. 4. The secondary loop is created with absorbable ligatures 
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9. How to convert the single-stoma PEG to twin-stoma gastrostomy 
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randomization, if the test group is given the 3G tube, the control group would not be 
given it. In other words, the control group will get a sham tube. Two issues become 
apparent. Isn’t the study, particularly the control (sham tube) arm, unethical? Isn’t the 
conclusion, specifically the finding in the test group, predicable? Of course, the answer is 
yes for both. Thus, the bona fide general surgeon will not conduct a RCT on the 3G tube, 
for no reason other than he is ethical and does not perform sham operations. (This is not 
to say that he cannot collect a case series, and report it in a medical journal. My own cases 
have been reported elsewhere.) 
Another misconception is that the 3G tube should not be allowed into mainstream practice 
unless it has been shown to prolong patient survival. But a feeding tube cannot cure the 
dysphagic patient of his primary condition, be it stroke, dementia, Parkinsonism, cancer, 
motor neurone disease, etc. Many of these patients will die soon after they become 
dependent on the feeding tube. It is unreasonable to expect the 3G tube to be a miracle 
drug. 
The 3G tube is a device, not a drug. Its effects are “local and predictable” in the words of the 
Food and Drug Administration of the United States of America. It is silly to obstruct its 
introduction into clinical practice, or deny the patient his rights to have a secure and easy to 
exchange gastrostomy tube, using oppressive and irrelevant requirements like “Phase I – IV 
clinical trials”.  
Yet another common misconception is that two stomas will cause more pain to the patient. 
While this is true if we use a 3G tube which is as large as the PEG, it need not be so. A fine 
bore tube can always be used as the 3G tube because we are not bothered by tube blockage. 
If blockage happens, we can simply and easily exchange the tube. In contrast, we always 
need to use the largest PEG tolerable by the patient. With the PEG, we dread blockage; we 
want to avoid having to exchange a blocked PEG and all the attendant dangers.  
Critics of the 3G tube tend to harp: “The insertion of the loop PEG requires more steps 
than the PEG. Why should I do the more difficult operation?” These critics have forgotten 
the Hippocratic Oath. PEG tube dislodgements are extremely traumatic events: 
physically, psychologically and financially, for the victim, not the doctor (Pang & Low). 
Doing a simpler PEG operation may result in a lifetime of worry about tube accidents for 
the patient and his family. On the other hand, the 3G tube, more “difficult” for the doctor 
– by virtue of one more gastric puncture with a 14G needle - will lessen the burden of care 
for the patient. To turn away from the 3G tube is to turn a blind eye to the plight of 
dysphagic patients (Pang & Maetani, 2011). 
Early adopters of the 3G tube should be aware of a bizarre hazard. Until the rationale of the 
twin-stoma becomes widely known, it will appear that these adopters have violated their 
patients with an unnecessary extra wound. They may find themselves hauled by their rivals 
to appear before the regulatory authority to answer a charge of professional misconduct. 
Strange as it may seem here, it did happen to me.  

12. Conclusion 
The twin-stoma gastrostomy, high-comfort and low-risk, is the option for all seasons. One 
complete approach is provided by the LOOPPEG 3G tube. For the cost of a strand of 
absorbable material, a gastropexy can be added. 
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1. Introduction 
In Japan, percutaneous endoscopic gastrostomy (PEG) has been used mainly in patients 
with stroke and dementia, who are unable to undertake oral ingestion voluntarily. The 
number of patients who rely on PEG feeding has recently increasing. The occurrence of 
aspiration pneumonia after PEG placement is difficult to predict. With a simple and new 
examination procedure which measures intra-gastric pressure (IGP) during the hungry 
period, we were able to determine the presence of aspiration pneumonia in PEG patients. 
Sixty patients living in a home-care type facility or nursing home were examined in our 
hospital from November, 2010 to January 2011. The patient lies down horizontally in the 
supine position. IGP is measured using a PEG tube. Using like this method, the intra-
abdominal pressure (IAP) is measured in cases of the abdominal compartment syndrome, 
while central venous pressure (CVP) is measured in cases of heart disorder. The mean IGP 
in patients without complicated pneumonia was 2.1 ± 1.7 cmH2O. In patients with 
complicated pneumonia (p<0.0001), it was 7.9 ± 2.7 cm H2O. There is a relationship between 
IGP and the symptoms of aspiration pneumonia. Our simple and easy technique can 
estimate the level of complication and can assist in the prevention of pneumonia in patients 
living in nursing facilities. 

2. Prognostic significance of intra-gastric pressure for the occurrence of 
aspiration pneumonia 
Percutaneous endoscopic gastrosotomy (PEG) tubes have been used mainly in the patients 
with stroke and dementia who are unable to undertake oral ingestion voluntary. PEG 
feeding nutrition has been reported to be an effective and safe procedure with a low 
incidence of complications. Nevertheless, with increased use by many patients in serious 
condition and among very old patients, complications have been encountered more 
frequently in recent years in Japan. One of the most common complications is aspiration 
pneumonia and PEG tube problems such as obstruction accompanied with pollution inside 
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the tube. There have been several reports of cases of PEG patients having died as a result of 
aspiration pneumonia (1, 2).  
Due to the benefits of enteral nutrition and with improvements in PEG patient management, 
the number of PEG patients has increased remarkably. However, the placement and 
management of PEG tubes are not without risks (3, 4). The overall complication rate has 
remained stable over the last 15-20 years, ranging from 4 % to 23.8 % of cases. Three to 4% of 
all cases are affected by major complications, i.e. those that are life threatening and/or 
require surgical intervention or hospitalization. More common minor complications occur in 
between 7.4% and 20.0% of cases (5). 
In many cases, PEG patients live in home-care facilities or nursing homes which lack the 
more sophisticated instruments available in hospitals. It is necessary to distinguish patients 
for whom complications can easily arise from patients for whom complications are unlikely. 
Our new technique measures intra-gastric pressure (IGP) for the purpose of screening for 
high risk cases of aspiration pneumonia (6). This examination technique is a modification of 
that technique being used to measure intra-abdominal pressure (IAP) in the case of the 
abdominal compartment syndrome ( 7 ) and for measuring central venous pressure (CVP) to 
monitor cardiac function and so on ( 8 ). A rise of IGP causes the reflux to the esophagus 
from the stomach. And as a result of aspiration of gastric juice to the lung, symptoms of 
aspiration pneumonia occur. We can prevent aspiration pneumonia by monitoring IGP. 
We have confirmed that a relationship between pneumonia and a high IGP level exists, and 
hope to introduce this safe, simple and effective bedside technique for evaluating patients 
living in home-care facilities, in the hope that we can decrease complications such as the 
pneumonia and the obstruction of the PEG tube. 

2.1 Materials and methods 
Sixty consecutive patients (23 men, aged 49-89 and 37 women, aged 43-90) who had received 
a medical examination with PEG catheter, were studied from November 2010 to January 
2011. A PEG tube of from 20 to 24 Fr in diameter had been inserted as the primary means of 
long-term nutrition in patients with swallowing disorders. It had been 3 months since the 
PEG operation. In many cases, patients had been maintained in home-care type facilities or 
nursing homes lacking hospital-level medical instruments. 
The patient lies down horizontally in the supine position. Intra-gastric pressure is measured 
directly using the PEG catheter over 6-8 respiratory cycles in the empty period. First, the air 
in the stomach is aspirated, and we put into 50 ml of warm water in the syringe into the PEG 
tube and the stomach. We measure the height from the top of the skin of the abdomen to the 
surface of the water in the PEG tube (Fig. 1). We wait several minutes and measure when 
the IGP value is high. The height of the surface of the water is unstable; however, the value 
can be measured at the center. We repeat the same technique three times and we average the 
results 
Patients were classified into two groups. In the first group there was no suspicion of 
pneumonia while in the second group pneumonia was complicated. The first group 
contained of 19 men aged 44-89 and 30 women aged 46-89. The second group consisted of 
four men aged 48-86 and 7 women aged 43-90. For all cases, diatrizoate (Gastrografin) study 
was performed.  Gastrografin 30 ml was given by using PEG tube, and confirmed that the 
PEG tube was in proper position in the stomach and the discharge from the stomach to the 
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duodenum was normal. Finally, the gastro-esophageal reflux and the movement and 
function of the stomach are confirmed carefully. 
 

 
Fig. 1. The technique of measuring intra-gastric pressure using PEG tube. The patient lies 
down horizontally in the supine position. The water contains 0.1 mg/ml Indigocarmine. 
Intra-gastric pressures show 3 cmH2O in this case 

A chest x-ray, a body temperature over 37.5 degrees C, pulse rate is over 100 beats/min and 
listening to the lungs with a stethoscope (auscultation), were criteria used to diagnose 
pneumonia. 

2.2 Statistical analysis 
The data was stored on Microsoft Excel Office 2007 and processed using SPSS Scientific 
package SPSS 12.0 (SPSS Inc., Chicago, IL). Statistical significance of the changes in routines 
was evaluated by χ２and Fisher exact test. Results were considered to be statistically 
significant at an alpha of 0.05. 

2.3 Results of intra-gastric pressure of PEG patient 
The median IGP was 2.1 ± 1.7 cmH2O for patients who were not suffering from complicated 
pneumonia (n=49) and 7.9 ± 2.7 cmH2O for patients who were suffering from complicated 
pneumonia (n=11) ( p < 0.0001 )(Fig. 2). In cases where the pneumonia was not complicated, 
IGP was lower than 8 cm. The rate of IGP was equal to or greater than 7 cm was 0%. While 
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duodenum was normal. Finally, the gastro-esophageal reflux and the movement and 
function of the stomach are confirmed carefully. 
 

 
Fig. 1. The technique of measuring intra-gastric pressure using PEG tube. The patient lies 
down horizontally in the supine position. The water contains 0.1 mg/ml Indigocarmine. 
Intra-gastric pressures show 3 cmH2O in this case 

A chest x-ray, a body temperature over 37.5 degrees C, pulse rate is over 100 beats/min and 
listening to the lungs with a stethoscope (auscultation), were criteria used to diagnose 
pneumonia. 

2.2 Statistical analysis 
The data was stored on Microsoft Excel Office 2007 and processed using SPSS Scientific 
package SPSS 12.0 (SPSS Inc., Chicago, IL). Statistical significance of the changes in routines 
was evaluated by χ２and Fisher exact test. Results were considered to be statistically 
significant at an alpha of 0.05. 

2.3 Results of intra-gastric pressure of PEG patient 
The median IGP was 2.1 ± 1.7 cmH2O for patients who were not suffering from complicated 
pneumonia (n=49) and 7.9 ± 2.7 cmH2O for patients who were suffering from complicated 
pneumonia (n=11) ( p < 0.0001 )(Fig. 2). In cases where the pneumonia was not complicated, 
IGP was lower than 8 cm. The rate of IGP was equal to or greater than 7 cm was 0%. While 
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in cases involving complicated pneumonia and the rate of IGP was equal to or greater than 7 
cm, it was 63.6%. 
 

 
Fig. 2. Intra-gastric pressure (IGP) cm H2O 

Intra-gastric pressure of PEG patient. The median IGP were 2.1 ± 1.7 cmH2O for the patient 
without complicated pneumonia and 7.9 ± 2.7 cmH2O for the patient with complicated 
pneumonia ( p < 0.0001 ). 

2.4 Discussion 
Percutaneous endoscopic gastrostomy (PEG) is generally used for long-term enteral 
nutrition in patients with prolonged swallowing difficulties and inabilities. Patients 
requiring PEG placement are often very sick, and suffer from postoperative complications. 
One such complication, aspiration pneumonia, can be especially fatal. Complications 
encountered in a large series of studies have demonstrated that procedure-related mortality 
occurred in less than 1%, of major complications and in 3% of minor complications in less 
than 14% of patients(9). During observation after PEG operation, the occurrence of 
aspiration pneumonia is well recognized. Over 70 % of causes of death after PEG operation 
at our hospital were aspiration pneumonia even if the gastrografin study is normal in the 
stable postoperative condition (6). Therefore, an examination aimed at prevention of 
pneumonia in PEG patients is needed. 
Moreover, physicians who place PEG tubes endoscopically often do not have the 
opportunity to provide these patients with long-term follow up care (10). Thus, those 
nutrition support specialists who do treat PEG patients may be different than those 
members of the health care team who are in the most advantageous position for ongoing 
inspection and maintenance of the access devices. Dietitians, wound-care ostomy nurses, 
and other nutrition support specialists are encouraged to be more proactive with their 
participation in the care and management of the PEG site. However, because all the 
members are not experts in PEG, simple methods for identifying problems are necessary. 
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In preventing complications in PEG patients, inspection techniques are of primary 
importance. 
When a patient develops a distended and taunt abdomen in the case of the abdominal 
injury, the measurement of abdominal compartment pressure can help with early 
recognition of organ dysfunction (7). Normal IGP is 0-5 mmHg (0-7 cmH2O). At 10 mmHg, 
the cardiac output may begin to decrease. Hypotension and oliguria can occur at 15 to 20 
mmHg (20-26 cmH2O), and anuria will occur with pressure over 40 mmHg. The collective 
effects of the increased abdominal pressure are called Abdominal Compartment Syndrome. 
When pressure in the abdominal compartment overcomes the pressure inside the capillaries 
perfusing the organs of the abdomen, ischemia and infarction of the organ can occur. 
The reason for measuring intra-abdominal pressure is due to the following structure (7). The 
bladder is an extraperitoneal, intra-abdominal structure with a very soft wall. Because of 
this, changes in intra-abdominal pressure are reflected in changes in bladder pressure. 
When the bladder is filled with 50 to 100 ml of fluid, there is virtually no pressure exerted 
on the bladder wall, allowing it to act as a passive pressure monitor. A foley catheter can be 
then used to monitor for abdominal compartment syndrome. Failure to recognize and treat 
intra-abdominal hypertension will results in increased risk of renal impairment, visceral and 
intestinal ischemia, respiratory failure and death. 
 From a similar point of view, CVP is clinically applied to monitor cardiac function. CVP is 
an indicator of cardiac preload and reflects right ventricular function (8). In most cases, left 
heart function correlates well with right heart function. Considering the above, measuring 
IGP by using the PEG tube was useful for determination of the patient’s condition. 
IGP has also been used for other purposes. For example, IGP is used to estimate abdominal 
wall hernia formation following surgery. The mean pressures of males and females do not 
differ. And, it has been reported that the mean IAP for sitting and standing is 16.7 and 20 
mm Hg respectively. Coughing and jumping generate the highest IAP (107.6 and 171 
mmHg, respectively) (11). 
The endoscopist who places PEG tubes is not often concerned with long-term management 
and follow-up care in PEG patients. There needs to be a system for identifying 
complications more easily. It is important that the measurement of IGP in PEG patients can 
be determined easily without any special instrument. 
According to our measurements, the median IGP of patients with complicated pneumonia 
were 7.9 ± 2.7 cmH2O, and 2.1 ± 1.7 cmH2O and for patients without complicated 
pneumonia ( p < 0.0001 ). We reported the similar results in the previous manuscript in 
2008(6) and confirmed that by the results of our measurement, the median IGP of the patient 
who complicated pneumonia were 10.4 ± 7.1 cmH2O, and 4.7 ± 4.5 cmH2O for the patient 
who did not have complicated pneumonia ( p < 0.0001 ). The higher pressure reflects the 
status of the pneumonia. Based on our observations, patients who have symptoms of 
pneumonia appear to generate a significant elevation in IGP, and IGP reflects the prognosis 
of PEG patients by a similar method of IAP and CVP. In cases of complicated pneumonia, 
the rate of IGP over 7 cmH2O was 63.6 %.On the other hand, in cases without complicated 
pneumonia, the rate of IGP over 7 cmH2O was 0%. Cases in which IGP is equal to or greater 
than 7 cm H2O, may possibly be complicated pneumonia. 
The highest intra-abdominal pressure in healthy patients is generated during coughing. 
And, coughing is a symptom of pneumonia. Therefore, the IGP of patients with pneumonia 
increases. The measurement of IGP is also related to physiological conditions. 
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heart function correlates well with right heart function. Considering the above, measuring 
IGP by using the PEG tube was useful for determination of the patient’s condition. 
IGP has also been used for other purposes. For example, IGP is used to estimate abdominal 
wall hernia formation following surgery. The mean pressures of males and females do not 
differ. And, it has been reported that the mean IAP for sitting and standing is 16.7 and 20 
mm Hg respectively. Coughing and jumping generate the highest IAP (107.6 and 171 
mmHg, respectively) (11). 
The endoscopist who places PEG tubes is not often concerned with long-term management 
and follow-up care in PEG patients. There needs to be a system for identifying 
complications more easily. It is important that the measurement of IGP in PEG patients can 
be determined easily without any special instrument. 
According to our measurements, the median IGP of patients with complicated pneumonia 
were 7.9 ± 2.7 cmH2O, and 2.1 ± 1.7 cmH2O and for patients without complicated 
pneumonia ( p < 0.0001 ). We reported the similar results in the previous manuscript in 
2008(6) and confirmed that by the results of our measurement, the median IGP of the patient 
who complicated pneumonia were 10.4 ± 7.1 cmH2O, and 4.7 ± 4.5 cmH2O for the patient 
who did not have complicated pneumonia ( p < 0.0001 ). The higher pressure reflects the 
status of the pneumonia. Based on our observations, patients who have symptoms of 
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the rate of IGP over 7 cmH2O was 63.6 %.On the other hand, in cases without complicated 
pneumonia, the rate of IGP over 7 cmH2O was 0%. Cases in which IGP is equal to or greater 
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The highest intra-abdominal pressure in healthy patients is generated during coughing. 
And, coughing is a symptom of pneumonia. Therefore, the IGP of patients with pneumonia 
increases. The measurement of IGP is also related to physiological conditions. 



 
Gastrostomy 136 

Among elderly people such as PEG patients, the lower esophageal sphincter (LES) pressure 
shows a greater decrease than in younger people (12, 13). Consequently, for elderly people, 
the risk of aspiration pneumonia is higher than it is in younger people. We confirmed 
gastro-esophageal reflux by the Gastrografin study. The result showed that the reflex is 
recognized in only thirteen of one hundred thirty –two cases (9.8%) (6). we need further 
examination to determinate the condition of PEG patients from these results (date not 
shown) (14). 
Serious complications related PEG tubes which can not be predicted were reported several 
months after PEG placement. For example, a case of prolonged duodenal paralysis after 
PEG replacement in a patient with traumatic brain injury was reported in 2011 (15). This 
case report describes an uncommon complication of PEG placement in a vegetative state 
after traumatic brain injury: the development of prolonged duodenal paralysis. This patient 
was treated by placement of a transient jejunostomy until recovery of duodenal function 
activity, to permit adequate nutrition. This transient jejunostomy for duodenal paralysis has 
been previously unreported. In this case, persistent high level of IGP is expected, the 
aggravation of the symptom can be prevented.  
Buried bumper syndrome is a serious complication related to PEG tubes and needs hospital 
treatment (16). It is difficult to diagnose from the appearance of the PEG tube and vital signs 
of the patient. Computed tomography examination of the abdomen is effective to reveal 
buried bumper syndrome. But in many cases, patients live in a nursing facilities or at home. 
In addition, buried bumper syndrome is not uncommon and can occur soon after insertion 
of a PEG tube. The buried tube can be safely removed by external traction and in most cases 
can then be replaced with a pull-type or balloon replacement tube by expert doctor (17). It is 
essential that the condition be easily recognized without any instrument at nursing facilities 
and in the patient’s home. In cases of buried bumper syndrome, IGP is assumed to be 
approximately 0 cm H2O. Although buried bumper syndrome is still relatively uncommon, 
it may be a complication that deserves increasing attention because PEG tube replacement is 
expected to be used more frequently in the future (18). 
Incorrect insertion of the PEG tube that may occur in case of PEG tube replacement is a 
common complication. This changeover complication may seriously affect the patient’s 
nutrition, so it is important to detect it early. The frequency of incorrect insertion of the 
balloon gastrostomy tube is lower than that of the bumper type PEG tube. Although the 
balloon gastrostomy tube may be used as alternative to PEG tubes in patients on long-
term enterable feeding in the community, the higher cost of using balloon gastrostomy 
tube over PEG tubes should be considered when selecting feeding tubes for patients in 
community (19). In many cases of the patient utilize bumper type PEG tube feeding. 
Correct replacement of PEG tube can be confirmed by Gastrografin study or endoscopic 
examination at the hospital. It is possible to confirm this complication by comparing IGP 
before and after exchange PEG tube. If the staff at the nursing facilities or patient’s family 
measure IGP, it is possible to suspect that some problem has occurred after PEG tube 
replacement.  
PEG proved an effective method for enteral nutrition (20), and many people have been able 
to return to their home (21). The appropriate training of care professionals and familiar 
supporters in charge of the patients carrying a PEG tube ensures its continuous functioning 
and reduces the risk of complications (22). A system for identifying complication more 
easily is important, and the measurement of IGP in PEG patients can be determined easily 
without the need for any special instrument.  
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3. Conclusion 
There is a relationship between IGP and the symptoms of aspiration pneumonia. Our simple 
and easy technique can estimate the level of complication and can assist in the prevention of 
pneumonia in patients living in nursing facilities and at home. We conclude that our 
technique is useful in monitoring PEG patients and in preventing aspiration pneumonia and 
other complications related to PEG feeding. Indeed, it is not possible to prevent aspiration 
pneumonia in all cases, but higher IGP is one of the causes of aspiration pneumonia. We 
believe that this technique will prove to be an effective technique for monitoring PEG 
patients under a network of integrated services. 
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1. Introduction 
There are several pathologies that can demand the indication and practice of Gastrostomies 
in patients with pathologies in head and neck areas, from patients with diverse medical 
aetiology affection to others with pathologies that register in the surgical scope. 
We are going to deal with, as the title indicates, those patients that essentially are derived 
from patients of the scope of surgery, although we will not totally leave the gastrostomies in 
patients with anatomical and /or functional affections located properly in the territory of 
oral and craniofacial or whose origin can be far from this, as the case of patients with more 
or less global and complex syndromes that repels in elementary function of a relationship. 
Like the ear, the language, the sight, and the oral structures and as in the case that occupies 
us, the feeding. 
The recent incorporation of the face transplants has been able to awake in us a bigger feeling 
even more than it already did over the isolation and dependency that these patients suffer, 
besides all what a surgery of this spread entails, valuing the meaning that this can represent 
to them seeing themselves forced to support the loss of a habit so primitive and natural as it 
can be eating by ordinary routes, this is going to be on addition to what the transplanted 
patient is going to support such as isolation, being too long in bed, tracheotomy, 
tarsorrhaphy, more or less complex monitoring, drainages, droppers through central and 
peripheral vessels for very prolonged periods of time, urinary catheter, intermaxillary 
blocks, … etc. that altogether, is going to decrease his independence, and he will have to 
depend on other persons and/ or machines, artifices and even robots, all this is going to 
decrease or reduce their freedom and capacities of expression and self- esteem. Their 
primitive liberties to move, to communicate and to be made understood, to eat by the 
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natural routes and to be able to chew, to swallow safely and to savor foods, also to move 
their hands and members in general, and all of this with a more or functionless face. 
Further on, we will incorporate and develop a novel term or maybe two, that have lots to do 
with what we are explaining in this chapter, organintegration (O), and or better 
Pseudoorganintegration (PsO), that comes to synthesize in several psychopathological 
aspects, which first of all means for the patient as a receiver, his family and the society in 
general and specially for the professionals in medicine, understanding that we are in front of 
a special almost unique situation by the organization of the act and what it means to the 
above mentioned to understand in a clear way, the patients as a receiver of a compound 
tissue, as can be a face, faces multitude of unsuspicious circumstances, perceptions, and 
situations no matter how much preparation he had previously. We will denominate them in 
the text as (O) and or (PsO).   

2. Psychosomatic manifestations  
When we talk about the psychosomatic manifestations in gastrostomized patients, we must 
understand that it will not only affect the patient, but also families and even the caregivers 
themselves. 
Gastrostomy, has more or less immediate therapeutical purposes in patients with head and 
neck pathologies, such as giving them food support, there are many other causes that can 
bind to but we are not going to list them in our Chapter.  Other times its mission, is to set as 
a need to save mainly problems or relieve gastric reflux contents, this can determine one of 
the most significant risks, the aspiration, leading to pneumatic profiles and its consequences, 
even lethal. 
Made this digression, it is understood then that patients with sensory capacities and / or 
brain damage in more or less degree, we are going to determine that this issue will pass 
almost unnoticed, from the point of view of these psychosomatic cases the situation must be 
transferred to the relatives, who are the ones that will understand their needs, no matter 
how hard it may seem. The installation of the gastrostomy itself, the care tempore and / or 
the complications that start almost at the moment of the indication of their implementation, 
care and control of the standard, periods may become indefinite or even permanent. Here, 
the prescribing physician should give clear explanations of the gastrostomy, to help the 
family understand that they are capable of helping the patient and accepting it in an 
understandable and rational way and not dramatize and telling them at the same time about 
the therapeutic and lifesaving benefits it may have. 
Our experience as Head and Neck Surgeons in patients and families, particularly 
oncological, derived from major trauma nature and or with malformation in the craniofacial 
area, etc., this means that during the previous explanation of our surgical procedures, they 
will make out first the therapeutic approach, which our exéresis and / or spotting attitudes 
are essential and have proven curative intention to proceed immediately to the possibilities 
of reconstruction. In the case of major trauma and in general, other patients not affected by 
cancer, there is a component to our advantage and that is that in general, these patients do 
not fear for their lives, as it happens to the previous, in which the ghost of cancerous disease 
flies, which is superimposed, usually with mutilating surgery, that will prescribe to them. 
It is clear then that once informed of these issues this will help us explain acts more 
"collateral" as comparatively may be performing a gastrostomy, without major problems in 
general, considering this act, as less entity, but not something we should underestimate. It is 
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very common that the patients and their families, which at first are concerned about the 
risks of the major surgery and the disease itself, they're focusing more on the "less entity, 
such as the maintenance of tracheotomy, tubes or channels of various kinds and of course, 
the Gastrostomies, of which they usually inquire whether they still have to carry with it for 
longer time or when they are going to remove it and they usually claim, will they remove it? 
...! etc., and frequently we have to remind them  that as we said before, the gastrostomy tube 
in our case, could be applied by more or less indefinite time. ... And / or forever, but it is not 
uncommon that they "forget the deal ...." 
We have been able, in this rigorous and human reporting, that patients and their families, 
do not feel cheated at the postoperatively panorama, along our experience we remember of 
few patients that needed psychiatric or psychological support or even personal assistance or 
social platforms, thus acting, and to  be more precise not even in our radical surgery, with 
tracks such as avalanches and tracheotomies, etc., permanent or temporary, did we have  
intolerant attitudes, depression or even autolytic by our patients. 
 Therefore, we will insist, from the outset, the prescribing specialist, must show the patient 
and his environment, in addition to his experience and scientific understanding, sincere 
feelings of the unquestionable need for radical views, but all without going into ambiguities, 
that may cause ultimately that the patient and his family, will not responsibly accept our 
advice and search for other options, which may appear less aggressive, such as treatments, 
chemotherapy and / or radiotherapy, which despite its potential indications and therapeutic 
capabilities are frequently used as  complementary therapy in surgery in head and neck 
oncology, where they still occupy therefore a less important role in treatment, in the case 
pointed out, cancer of the oral and maxillofacial region.  
 Since the introduction and advancement of  what we denominate as radical and functional 
reconstructive microsurgery where dental implants, epithesis and / or facial transplantation 
have contributed  probably in essential aspects in our times of social demand or even social 
media, to recover these reconstructive actions and  functions, such as chewing and even 
aesthetics, which makes most of the sceptic patients be more collaborating in the decision of  
surgery to  recapture of these capabilities and this allows also the surgeon, sparing no limits 
of their resections, which is important to ensure with greater certainty, the total eradication 
of  the tumours, as now they are able to expand " with no limits, previously unthinkable or 
at least questionable" safety margins during surgery, depending on the location and extent 
of the tumour.  
The existence of social support organizations, however, may have and in fact is very 
important to help our patients and their environment, providing experience, assets and 
motivation to avoid intolerance and anxiety towards the artificial means of support before 
us, with the intent to recover positive feelings for the future, and not entering into attitudes 
of grief or disability and yes for the search of rational and even exciting arguments for the 
future. 
Frequently family members more than the patients themselves are the ones who need help 
and it is logical that the informed society should get involved in their support, plain and 
simple collective sense of humanity or proximity, but also practical, since this help, will 
impact on the patient, which however should be monitored. Although, those directly 
affected must understand that they will have to strive to seek support and assistance by 
themselves and not just because they alluded to society may be inadequate, but simply 
because most of the times they are not correctly informed about their problems or detract 
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from their abilities or possibilities, by indifference and negligent attitudes, so it is not 
uncommon to institutionalize days of claims for the support and help of patients 
with certain pathologies. 
For all this, the collaboration of associations as in this case, sheltering among other 
gastrostomized and in collaboration with the Hospital Service Units basically, once they are 
no longer admitted patients or their independence has increased, should be knowing that 
they will host different patients suffering from different diseases and that within them, will 
most likely be situations similar to those affected, whom will understand and cope with the 
difficulties. Before or at the very moment they occur, or are occurring to other patients. 
Any medical act is subject to complications, one of the most remarkable for instance, in the 
case of the gastrostomy, which concerns us is the syndrome called "buried bumper" (internal 
button gastrostomy buried), which must be considered as a major complication of 
endoscopic gastrostomy and is not very widespread. Like it is caused by a gastric mucosal 
ischemia, compression of the buffers that maintain and secure the gastrostomy tube. The 
clinical problem may pass unnoticed to determine from the output of gastric contents into 
the abdominal wall surface or even pictures of peritonitis. The diagnosis and treatment, are 
once again, endoscopic procedures or open surgery. 
All this and other considerations in complications should be permanently controlled and are 
part of good healthcare. We have considered this brief clinical contribution and "out" of 
psychosomatic purpose of our chapter, which deals with issues related more with "mood”, 
can help come closer to the reality of everyday life, the invasive procedures, and certainly 
unnatural ectopic, because of its location and type of use, being functional and 
psychosomatic artificially separated from a multifunctional organ as it is the oral cavity, in 
conscious patients even for their family and caregivers. 
Earlier we talked about the creation of associations for special patients with more or less  
extreme cases, that are staying home now, or in centres for a more or less prolonged stay, to 
serve as an explanation of how the  care of them and the  similarity with  other patients who 
need parenteral nutrition support (AP) more or less "indefinite", which of course, as our 
gastrostomized,  have risks coming from the devices themselves such as rupture of the bag, 
pellet and pollution content and more local influence, due to the catheter (migration, 
breakage, occlusion) and / or reservoir. Common being phlebitis and thrombosis and septic 
complications, medications and even precipitation of air embolism, in addition to those 
expressed in some parenchyma and major organs like the liver (cholestasis, gallstones, liver 
fibrosis), and even lipid deposition in the bone bone, as well as allergic complications to 
latex. 
The relationship with family and staff in similar circumstances can be helpful not only for 
timely care aspects of the procedure but to learn from other more experienced companions, 
associated with this problem as well, an exchange of emotions, which may be essential for 
all those involved in such complex environments, but precisely the contact with each others, 
can fundamentally relieve them. 
Parenteral nutrition and gastro-jejunostomy,nowadays, have a  therapeutic undisputed or 
even essential place, and we refer in this case to the parenteral in children with 
gastrointestinal failure to fulfil the nutritional requirements that otherwise, would lead from 
dehydration to malnutrition and electrolyte, this can be seen specially in individual cases of 
short bowel syndrome, of different aetiologies, acquired or congenital recessionals surgery, 
intestinal volvulus, intestinal atresia, necrotizing enterocolitis, gastroschisis, etc. You can 
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also see, as in diseases such as Hirschsprung disease and idiopathic intestinal pseudo-
obstruction where intestinal motility disorders is prevalent,  the ectopic techniques we are 
referring to  are unquestionably therapeutic, in sensitive patients such as children and their 
 parents, usually forced to get in an illness environment, incomprehensive to a small, 
innocent, helpless and so dear being. Very similar to the gastrostomized and the reason why 
we used it as an example  
Psychosomatic manifestations of patients, families and caregivers, etc., may have aspects in 
common and similar to other patients and their environment, but we should  never forget 
that we must be vigilant and smart, to perceive and solve when possible, the particularities 
of each case (there are no diseases there are patients, there are no families there are relatives 
and to be more concrete we should say there aren’t medicines but doctors), since success 
will depend on our therapeutic and partnership with associations (which seems the most 
ideal) and take advantage of their knowledge and initiatives, they are versatile and collegial, 
with long and recognized applied experiences and therefore undoubtedly useful for similar 
cases and the recognition of different and varied individuals, identifying needs, such as 
hiring psychologists to psychiatrists and even specialized personnel specifically trained, 
who will cover all the aspects they are recommended for each patient, by the 
specialists. And as we said, with the main support of the family, along with medical 
personnel and in this way help the Association, if necessary. 
They are highly recommended to identify needs, assessing whether the hospitalization is 
going to be of long-term treatments, to combat the syndrome that could derive from it, 
taking in consideration the patient's separation from his beloved ones and their 
environment, including the social and labour difficulties he will have and those of their 
families who are taking care of him. Without knowing the exact duration of the ostomy and 
its possible complications such as the breaking-off of the family unit, disorder of the 
artificial tract acceptance, travel from their place of residence, reviews, anxieties about the 
duration of ectopic feeding, disordered eating habits and other open-ended problems, that 
would make the list endless, it is important that the patient should not bear the weight and 
the consequences of his illness alone. Even in the best cases when the disease is overcome 
but the need for a feeding route is still necessary, where we try to minimize the risks it is 
equally important to keep alert and ready to supply immediate and permanent relief even 
when everything is going well. 
To avoid as far as possible, a greater number of Gastrostomies in patients with oral and 
maxillofacial pathologies and in general in  head and neck  or elsewhere area, specially in 
the case of temporary cases in adults, children, and infants, we have designed our “ectopic 
digestive tubes” a nouvelle procedure still not very popular which we will briefly describe, 
but it can help reduce the effects of conventional Gastrostomies in patients with a variety of 
general pathologies and oral and maxillofacial pathologies often require extraordinary 
measures for to ensure enteral feeding and aspiration. We report a new method for inserting 
what we call "ectopic enteral tubes" (EET).   
Conventional enteral tubes are inserted into the digestive tract using "ectopic" insertion 
routes. Currently, the most common routes available are the per cranial or sub mental 
routes, as well as wounds and trajectories that are present or created expressly for this 
purpose in the craniofacial area. We report the clinical case of a patient with comminuted 
fractures of the temporal and left suprazygomatic region, where the EET was inserted.  
This new method obviates the need for more aggressive techniques, such as surgical or 
percutaneous gastrostomy, and the use of natural facial orifices when not practicable or not 
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also see, as in diseases such as Hirschsprung disease and idiopathic intestinal pseudo-
obstruction where intestinal motility disorders is prevalent,  the ectopic techniques we are 
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 parents, usually forced to get in an illness environment, incomprehensive to a small, 
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of each case (there are no diseases there are patients, there are no families there are relatives 
and to be more concrete we should say there aren’t medicines but doctors), since success 
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indicated while maintaining a viable route for enteral feeding and aspiration.  
Ectopic entral tubes (EET) is a useful addition to our therapeutic arsenal. 
In the world of the face transplanted patients, some of those who are in need of gastrostomy, 
although our experience is very limited, we wanted them to be as outstanding example to 
gain a deeper understanding of the global uncertainties  that psychosomatic patients, their 
families and even in some degree medical and professional authors themselves can have, 
(without taking in consideration the main problem of the  potential immune rejection of the 
transplant itself) through what we call, Organintegration  or Pseudoorganintegration,  is a 
term which we will detail in the next chapter, we believe that the patients with head and 
neck cancer, reconstructed or not, are receivers by default (virtual) and others by the 
contributions of a new face (real),  and this determines probably reactive processes that 
might  be compared to the  real transplant patients (effective). 
The virtual, the real and the effective, must adapt to new self-perceptions and of others 
which they're going to affect. You may say that comparing the two situations may not be the 
best comparison or the more akin to a "simple gastrostomy, but, we dare to qualify what 
looks like a simple gastrostomy, in some patients with somatic and complex psychological 
condition, that make the subject with the installed probe match up in personal 
characteristics of comparative significance with others of the surgical patient's body more 
ability to relate, this is the face, "mirror of the soul.” 
The act of feeding by gastrostomy should keep a protocol that is as close as possible to that 
applicable to a ceremony, relatively speaking, which may correspond to the protocol of a 
conventional food. Established schedules without stiffness, preparation of the environment 
(even if most of the time they eat prepared food), meticulous hygiene, availability by the 
family, etc., in the preparation of the act, with samples of true love and affection for the 
patient and his environment. 
Occupational therapy with training intent mainly, if they were indicated or were possible, 
for the specific circumstances of the gastrostomized patient can provide even more than 
those of pure entertainment and therefore may make them feel more useful and 
therefore more integrated into society. 
Dramatically and hopefully understandable by readers, after these sketches psychosomatic 
disorders in patients with various head and neck pathologies, especially aimed to 
gastrostomized of this territory, with some notes to other diseases. 
I want to take you now as announced, to the world of transplantation of organs and tissues, 
especially the face, it will be of exceptional because through them, we sense, thoughts and 
surgical approach, which come from far and by direct contact with them, there are very 
interesting questions, we want to present, through the new terms, which we denominated 
above Organintegration and / or better Pseudoorganintegration, with the claim to help 
understand what that means any changes, psychosomatic structures and conventional 
functional human being 

3. Organintegration or better to say Pseudoorganintegration 
We understand by Organintegration or better to say Pseudoorganintegration all phenomena 
that can happen between the biological transplanted material and the receiver to local an 
general level, in aspects that range from the immunohistological to psychosomatic  and from 
the beginning we have made things clear, in the present time the referred concept is utopian 
and incomparable from all points of view, with the one of oseeorientation by some of the 
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pointed reasons and others that can occur, which forces us to specify that the biological 
transplants at the present time, cannot be considered truly integrated in the receiver,. In 
transplanted cases with coincident genetic codes and immunological between 
transplanted and donor, we can be truly speaking, by the moment, of true 
Organintegration. 
Few years have passed since the first face transplant and it seems to us to have been able to 
perceive, from what the implied professionals transmit, mass media and mainly the 
observation of some of the few patients who contact generally with the society over some of 
the capacities achieved from a practical point of view and of social relation, sensorial, 
functional and even emotional and it is in this sense in where we mainly want to make some 
observations or considerations. 
The direct access to a face transplanted person is for the moment within the exceptional and 
I would say even “mysterious” for obvious reasons.  
Therefore, the material for our considerations, to which we made reference before, we have 
to understand it from a pure distant observational and with no doubt very subjective, 
philosophical and even metaphysical point of view, for someone interested in transplants, in 
this case of face (Without leaving perhaps to point similar details, for external transplants  or 
more peripheral transplants with functional interests and psycho aesthetics, of the  central 
or internal ones, and specially, vitals) as it can be our case, even long before few realized 
facial surgeries till this moment took place. Where we spoke of our possible contributions of 
three-dimensional blocks of craniofacial structures for its possible use, in case it happened 
finally it would be a fact, the subject of the face transplants. 
This interest, has allowed us to perhaps appreciate some details that I would like to share 
with you, with a casuistry so peculiar, for being subjective, distant, dark, scarce, and with no 
doubt, more likely, little trustworthy from a statistical point of view, and therefore scientific. 
It is for this reason that our work will necessarily be treated and interpreted by the reader, 
wisely and even with benevolence, knowing that we have analytical intentions not with 
critical interest and yes with constructive ones, as it couldn’t be in any other way, taking in 
consideration the exceptional effort of patients ( donor and receiver), relatives, professionals 
and of the society in general, and their representatives, standing before an almost religious 
fact, highly artisan and surrounded by needs and exceptional scientific means. 
The methodological aspect, is going to be as we already pointed earlier, distant subjective 
and distantly observed, since the means, can be blinded with the particularity of the 
procedure and not being able to discerniate the scientific spectacle, of the human, the reason 
why the value of our contributions, must be open critics, without direct experience ( it is 
frequent that some  anxious scientists in front of almost unique and uncommon phenomena, 
dare to give opinions  over what they believe to perceive).  
At the present time we believe that it is very difficult that a transplanted person of any 
peripheral organ will be able to transmit his emotions towards that organ and vice versa, 
feeling sensations that can be considered as similar of those that he had with the “original” 
organ. It is like the non-existence of the circuit of independence between the transplanted 
organ and the brain, or we dare to say, between the organ and/ or the transplanted tissue 
and the soul to make him his in all senses. 
I don’t want to  go further without making notice that the face donor, contributes giving the 
receiver, through his surgical mediator, a peripheral, more or less complex and always 
afunctional  and morphobilogical cover ( pure inert bioorganic material is transplanted, and 
I call it that way, because in the case of the face and members, they are not organs, in the 
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strict sense of the word, that is used in slang of parenchyma transplants, where they have 
immediate functional capacities, once connected to the corresponding circulatory system, 
even being disconnected of the conventional nervous system, not thus, perhaps, of the 
organic neurotransmitters that can pass on their functions and metabolic influences, through 
circulatory fluid and perhaps even, of the own atmosphere that surrounds them to the 
transplanted organ). 
It is important to recognize as soon as possible, that the peripheral structure receiver, is the 
one who is going to give the transplanted material, if it has been done with the best 
anatomomorphophysiological reconstruction possible, his more primitive functional 
capacities, very far from the primeval surgery. And I mean primitive functional capacities, 
because we still have to see, to what point, he recovers functional aspects that reflect more 
or less clear states of encourage, emotionality, amazement, joy (the eyes of the transplanted 
person can maybe able to express his sensations and feelings till the transplanted covertures 
can be animated and vice versa) sadness even a mimic and coherent sensibility with the 
emotional and psychological situations of the transplanted person. 
Without being sceptic, what is transplanted is very difficult to no longer be a “mask” , if it is 
in the face or an organic prosthesis. These aspects, without doubt, obviously should be 
deeply commented previously to the receivers so that they won’t get a disappointment 
afterwards which in the future can lead to rejections, not of immunological type but others 
not less important and very difficult to control, like those that we catalogue like coexistence 
rejections or emotional dependency between the transplanted material and the receiver, that 
will be for a life time in the best of cases. 
This way the rehabilitation staff and the patient’s atmosphere, should try maybe with  
“tricks” so as the receiver will interiorize as soon as possible the organic and functional 
sensations coming from the transplant that for an indefinite time will be an  inherited 
biological material, for which a sort of bypass should be made of the most noble sensations 
of the patient, so that the transplanted person can feel them not from the sensorial and 
perceptive atmosphere, we refer to sensations like petting, affection, etc for an “organ” maybe 
little or non-receiving at all unfeeling and really disconnected, or not, in a neuroanatomic 
sense, but probably neurohormonal and even sensorial disconnected  in a central level (fig 1). 
So, the nearness to a face transplanted person in an affective or educational way should be 
probably more beneficial for the transplanted person and for the individual. Accompanied by 
the facial approach accompanied with the hand shake or giving him a deep and polite hug in 
the precise moment. Knowing from the beginning probably the transplanted person will have. 
Activated his sensation of out of the area of the self transplanted, we will evaluate with care 
the peripheral sensations or any other type that can arise between human beings and the 
transplanted person others than the ones already mentioned. The way they should look and 
talk to them in a natural, educated, sincere, sensible, respectful and affable way, without any 
kind of difference, this is how we will do it with a beloved or admired person for different 
reasons. 
This aspect that we consider fundamental is similar for example when we approach a lady 
to give her two kisses in a social act, that probably has delicate make- up, prudence  will 
force you to bring your cheeks up to her delicately for obvious reasons  and to avoid 
damaging her make- up. And the habit is to shake her hand she has offered you so that she 
really feels the affection of the salutation, not through the facial area, which is as we know 
the area for this social greeting. 
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Fig. 1. Musical face  
In the transplanted area the music is different from the rest of the face  

We should say also that it is not even similar, what a patient can feel when he is submitted 
to a rehabilitation implantological treatment in the  intra-oral structures of the stomatology 
area with what a transplanted patient of biological material of face or more peripheral areas 
could feel. In these cases, the implanted teeth have fundamentally functional and aesthetic 
reasons, but not as demanding and even vital as the one asked for to a face transplanted 
person which is the individual we are talking about in this chapter. 
The concept of integration or Osseo integration of the dental implants, is also a clear 
example of the organic acceptance, functional and emotional of a biological transplanted 
person, that we repeat for the first time in organintegration medicine atmospheres, for the 
moment it is artificial, till it is not necessary to use immunosuppressive for life to try and 
really integrate it and not in a timeless way. 
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Definitely, a transplanted organ is not an integrated organ in a biological sense, and we can 
maybe say, that it will be difficult then to consider it as one in a functional and even 
physiological point of view. 
The human being is the guardian of his physical integrity, and even though nobody wants 
to have the necessity of an organ transplant, it is not wrong to say that even governments 
and social organizations should insist in human behaviour in companies,... etc and the 
obligation and responsibility that each one of us should have with his physical integration, 
and even psychical, and not to transmit the sensation that nothing happens, that in case of 
cutting a finger a hand or an arm, you put it in ice and you can saw it once again, it is not 
that easy, ( neither in the case of transplants). 
People should be taught how to work and minimize dangers, it is as if our children 
wouldn’t take care not to catch their fingers with the door, etc… something like this, should 
be done with drivers, workers, ect, and explain to them that their principal obligation when 
they do risk activities, begins by avoiding injuries and not pretending that politicians are the 
ones who should take care of us fundamentally. The direct responsible are we ourselves and 
for that, we have to act in life with all our senses, trying to avoid imprudence that nowadays 
is more than known to common human beings. 
Society has to understand that the best way to avoid transplanting an organ, tissues, is to 
avoid once again, alcohol, tobacco, drugs and all its consequences, traffic and occupational 
accidents, all types of aggressions, contagious diseases …etc, to be more concrete, take care 
of our physical and psychical health. That compromise is an obligation not only of the 
governments and society in general but as we just said of each one of us. 

4. Conclusions 
I am going to finish by saying that when I see an external organ transplanted person, face, 
members…etc. I first see its aesthetic aspect in global, to look for immediately for 
fundamental aspects emotional expressiveness and functional, especially in the face. In the 
peripheric members, we have to priorize, once more, first the aesthetic aspect and 
immediately next the funcionality, without delaying ourselves looking for more subtle 
expressive aspects, for example manual ones, that we of course will not discard. 
We can’t think, in case somebody still doesn’t have it clear, that an organ or a tissue 
transplanted, nowadays, can’t be considered an organ integrated structure in a physiological 
sense, and not only the purely parenchyma ( kidneys, liver, lungs, heart, etc) but also the 
peripherals (face, arms, legs …ect) as they are constantly submitted to rejection from the 
receiver, by histoimmunological phenomena and not few times by negative self-criticism 
supported by the pressure and even well intentioned critics from the patient’s social 
atmosphere. 
Note: Organointegración and Pseudoroganointegración as The Royal Spanish Language 
Academy, appear new terms, after consulted hundreds of Spanish and Hispanic American 
Dictionary included the Academic Dictionary (Department of "Spanish daily" Royal Spanish 
Academy, Wednesday November 3, 2010). 

5. References  
[1] Pavan M. Patil, BDS, M. Neelkant Warad, MDS, Rajshekhar N. Patil, MDS, and 

S.M. Kotrashetti, MDS, Cervical pharyngostomy: an alternative approach to enteral 

 
Psychosomatic Manifestations of Gastrostomy in Head and Neck Surgery 151 

feeding, KLE Institute of Dental Sciences, Rajiv Gandhi University of Health Belgium, 
India. (Surge Oral Med Oral Pathol Oral Radial Oral Ended 2006, 102:736-40). 

[2] Hernández Altemir F.: Letter to the Director of the Great Extra -Very Interesting 
Magazine-  Summer 2002-   (Questions and Answers).  

[3] Hernández Altemir F.: Sofia Hernández Montero, Susana Hernández Montero, Elena 
Hernández Montero,  Manuel Moros  Peña: A versatile route to the midfacial 
skeleton. Revista Española de Cirugía Oral y Maxilofacial 2007, 29, 3 (May-June) 182-
187, 2007. 

[4] Hernández Altemir F.: Hernández Montero Sofía, Hernández Montero Susana,  
Hernández Montero Elena,  Moros  Peña Manuel: -Ectopic enteral tube- Insertion in 
Patients with Head and Neck and Other Pathologies natural when are 
impracticable or inadvisable tracts, A new method. Revista Española de Cirugía Oral 
y Maxilofacial (January-February) 41-44. 2008 

[5] Hernández Altemir F.: Hernández Montero Sofia, Hernández Montero Susana,  
Hernández Montero Elena, Clau Terré Fernando, Manuel Moros Peña: The real 
origen of transfacial Methodology, Revista  Española de Cirugía Oral y Maxilofacial. 
Vol. 31.nº.6 (November-December) 367-375, 2009. 

[6] Hernández Altemir F.: Hernández Montero Sofia, Hernández Montero Susana,  
Hernández Montero Elena.: What can happen to the Oral and Maxillofacial Surgery 
at the Stomatology and Dentistry with perhaps uncontrolled development of 
the implant therapy or similar and similarly to medicine and its specialties, in 
matters concerning them each? . Revista  Española de Cirugía  Oral y Maxilofacial, 30, 
3 (May-June) 211-213. 

[7] Hernández Altemir F.: Information on facial transplantation - "Face Transplant 
Information) Revista Española de Cirugía Oral y maxilofacial, 31.6 (November-
December) 403, 2009. 

[8] Hernández. Altemir F.: ¡Open Letter to the transplant surgeons! Maxillofacial News: No. 
38, 23.20 

[9] Rioja-Sanz L.A. Doctor in Medicine and Surgery, Professor of Urology at the University 
of Zaragoza and Chief of Urology at the Hospital University Hospital Miguel 
Servet, and President of the Teaching Commission.  Signe Certificate from the  
University Hospital Miguel Servet in Zaragoza, which estimates that more ... that 
Dr. Don Francisco Hernández Altemir, is a creditor of the establishment of the 
Microsurgery Unit at the Hospital referral ... and also, that early in the eighties, 
proposed and / or warned of the possibility of facial transplantation with 
microsurgical techniques in cancer patients with severe mutilation .... Zaragoza on 
June 7, 2010. 

[10] Hernández Altemir F.: Pedicled temporal disarticulation of the upper jaw to cheek (s) as 
an approach to the regions primarily transfacial retromaxilares and for other 
indications (maxilopterigoidea Way).  A new technique. Stoma 1982; 3:75. 

[11] Hernández Altemir F.: Pedicled  temporal disarticulation of the upper jaw to cheek (s) 
as an approach to the regions primarily transfacial retromaxilares and for other 
indications (Maxilopterigoidea Way). A new technique. Revista Iberoamericana de 
Cirugía Oral y Maxilofacial  1983, 

[12] Hernández Altemir F.: Transfacial   access to the retromaxillary area. J. Max  Fac  Surg 
1986.  



 
Gastrostomy 150 

Definitely, a transplanted organ is not an integrated organ in a biological sense, and we can 
maybe say, that it will be difficult then to consider it as one in a functional and even 
physiological point of view. 
The human being is the guardian of his physical integrity, and even though nobody wants 
to have the necessity of an organ transplant, it is not wrong to say that even governments 
and social organizations should insist in human behaviour in companies,... etc and the 
obligation and responsibility that each one of us should have with his physical integration, 
and even psychical, and not to transmit the sensation that nothing happens, that in case of 
cutting a finger a hand or an arm, you put it in ice and you can saw it once again, it is not 
that easy, ( neither in the case of transplants). 
People should be taught how to work and minimize dangers, it is as if our children 
wouldn’t take care not to catch their fingers with the door, etc… something like this, should 
be done with drivers, workers, ect, and explain to them that their principal obligation when 
they do risk activities, begins by avoiding injuries and not pretending that politicians are the 
ones who should take care of us fundamentally. The direct responsible are we ourselves and 
for that, we have to act in life with all our senses, trying to avoid imprudence that nowadays 
is more than known to common human beings. 
Society has to understand that the best way to avoid transplanting an organ, tissues, is to 
avoid once again, alcohol, tobacco, drugs and all its consequences, traffic and occupational 
accidents, all types of aggressions, contagious diseases …etc, to be more concrete, take care 
of our physical and psychical health. That compromise is an obligation not only of the 
governments and society in general but as we just said of each one of us. 

4. Conclusions 
I am going to finish by saying that when I see an external organ transplanted person, face, 
members…etc. I first see its aesthetic aspect in global, to look for immediately for 
fundamental aspects emotional expressiveness and functional, especially in the face. In the 
peripheric members, we have to priorize, once more, first the aesthetic aspect and 
immediately next the funcionality, without delaying ourselves looking for more subtle 
expressive aspects, for example manual ones, that we of course will not discard. 
We can’t think, in case somebody still doesn’t have it clear, that an organ or a tissue 
transplanted, nowadays, can’t be considered an organ integrated structure in a physiological 
sense, and not only the purely parenchyma ( kidneys, liver, lungs, heart, etc) but also the 
peripherals (face, arms, legs …ect) as they are constantly submitted to rejection from the 
receiver, by histoimmunological phenomena and not few times by negative self-criticism 
supported by the pressure and even well intentioned critics from the patient’s social 
atmosphere. 
Note: Organointegración and Pseudoroganointegración as The Royal Spanish Language 
Academy, appear new terms, after consulted hundreds of Spanish and Hispanic American 
Dictionary included the Academic Dictionary (Department of "Spanish daily" Royal Spanish 
Academy, Wednesday November 3, 2010). 
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