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Summary. Three  hundred  and  sixteen pat ients  
underwen t  330 pe rcu taneous  endoscop ic  gastros- 
tomies  (PEG)  of  the Russell or in t roducer  type. 
Seventy-f ive percent  o f  the pat ients  had  neurolog-  
ical condi t ions  that  p rec luded  swallowing. Abso-  
lute cont ra ind ica t ions  inc luded pha ryngea l  or 
esophagea l  obst ruct ion,  uncor rec tab le  coagu-  
lopa thy  or inabil i ty to p e r f o r m  endoscopy .  The  
m e a n  age of  the pat ients  was 75 years. The proce-  
dure  took  an average  o f  17.5 min  to per form.  P E G  
could not  be p e r f o r m e d  in 14pa t ien t s  (4.1%). 
Majo r  compl ica t ions  occur red  in 2.1% of  pat ients ,  
including 5 who deve loped  peritonit is .  N o  infec- 
t ions occur red  at the gas t ros tomy tube  site. The  
p rocedure  mor ta l i ty  was 0.6%. P E G  never  re- 
quired genera[  anesthesia.  For  pat ients  with long- 
t e rm swallowing abnormal i t ies ,  P E G  is prefer red  
to nasogas t r ic  feeding,  opera t ive  gas t ros tomy or 
pa ren te ra l  a l imenta t ion .  

Key words: Percu taneous  endoscop ic  gas t ros tomy 
- Cont ra ind ica t ions  - Indicat ions .  

Percu taneous  endoscop ic  gas t ros tomy (PEG)  has 
b e c o m e  the p rocedure  of  choice  for  gas t ros tomy.  
The  pull  technique,  descr ibed by  G a u d e r e r  et al. 
in 1980 [5] and  the in t roducer  m e t hod  descr ibed 
by  Russell  et al. in 1984 [23] are bo th  safe and  ef- 
fective. By avoid ing  cel io tomy,  P E G  has simpli-  
fied a p rocedure  tha t  is of ten p e r f o r m e d  on el- 
derly poor - r i sk  pat ients .  Our  exper ience  [16] has 
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demons t r a t ed  that  opera t ive  gas t ros tomy (OG) is 
m o r e  compl ica ted  and  expens ive  than  PEG.  

To  date,  there have  been  a p p r o x i m a t e l y  1,500 
P E G s  repor ted  in the li terature.  We cont inue  to be  
enthusiast ic  abou t  P E G  [18] and  the purpose  of  
this repor t  is to upda te  our  exper ience  with part ic-  
u lar  emphas is  on technical  success, compl ica t ions  
and  procedure ,  and  hospi ta l  mortal i ty .  

Materials and methods 
Between November 1984 and October 1988, 316 patients 
underwent PEG using the Russell technique at St. 
Luke's-Roosevelt Hospital Center. There were 170 men and 
146 women and it was necessary to perform a repeat PEG on 
14 patients. Thus, our experience with 330 consecutive PEGs 
forms the basis of this report. 

The majority of patients (75%) had neurological condi- 
tions that precluded swallowing. Other indications for PEG in- 
cluded oropharyngeal cancer, gastroesophageal disease, res- 
pirator dependency, aspiration pneumonia and severe debili- 
tation from systemic diseases, such as metastatic cancer, 
AIDS, collagen vascular diseases and chronic sepsis. 

PEG is absolutely contraindicated in complete pharyngeal 
or esophageal obstruction, uncorrectable coagulopathy or in- 
ability to perform endoscopy. Relative contraindications in- 
clude ascites, severe gastroesophageal reflux, portal hyperten- 
sion with esophageal varices, gastric cancer and gastroenteric 
fistulae. Obesity and prior abdominal surgery are not con- 
traindications. Forty-seven patients (15%) had undergone a va- 
riety of previous abdominal operations. 

The stepwise technique of PEG has been thoroughly de- 
scribed [18, 23]. Briefly, following a complete esophagogastro- 
duodenoscopy, the patient is placed in the supine position. 
The surgeon indents a spot, usually in the left upper quadrant 
of the abdomen which the endoscopist confirms by visualizing 
a clear indentation of the gastric wall. The abdominal wall at 
the site of indentation is anesthetized and a 7 cm 18-gauge 
needle is inserted percutaneously into the stomach: A J-wire 
guide is threaded into the stomach after which the needle is re- 
moved. A 1-cm incision is made in the skin at the exit site of 
the wire. The dilator and sheath (Cook, Russell Gastrostomy 
Tray-Cook, Bloomington, Ind., USA) are threaded over the 
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wire and thrust into the stomach. The inner dilator is removed 
and a Foley catheter inserted into the stomach via the outer 
sheath. The sheath is peeled away, the Foley balloon inflated 
with saline and the catheter snugged up against the gastric 
wall. Finally, the catheter is sutured to the skin. 

Results 

Three hundred and sixteen patients underwent 
330 PEGs. The patients ranged in age from 
16 months to 102 years with a mean of 75 years. 
Four patients were under 2 years of age. The en- 
tire procedure, including endoscopy, averaged 
17.5 min with a range from 4 to 60 min while the 
operative component averaged 5 rain. PEG was 
unsuccessful in 14 additional patients (4.1%). In 4, 
the stomach could not be entered because of 
esophageal obstruction, while prior Billroth II 
gastrectomy prevented safe placement in three pa- 
tients. A variety of procedural reasons accounted 
for failure in the remaining 7 patients. These in- 
cluded inadequate insufflation of the stomach due 
to instrument failure, gastric wall tunneling of the 
dilator and sheath and pneumoperitoneum. Oper- 
ative gastrostomy was performed in these 14 pa- 
tients. In no instance did lack of patient cooper- 
ation prevent successful PEG. Thus, the technical 
success rate was 95.9%. 

There were no complications from the endos- 
copy itself. Tube displacement from Foley bal- 
loon failure occurred in 11 patients and required 
a second PEG or operative gastrostomy. Seven 
patients developed minor transient aspiration 

Table 1. Failure to perform Gauderer-Ponsky PEG 

Reason Reference 

Obesity 
Poor apposition of stomach to 

peritoneum 
Inability to transilluminate 
Inability to pass endoscope 

Billroth II gastrectomy 
Gastric cancer 
Aspiration during endoscopy 
Hematoma gastrostomy site 
Inability to pull tube 

Obstructed esophagus 

"Thickened stomach or 
abdomen" 

Laryngospasm 

Kirby et al. [14] 
Kirby et al. [14], Larson et 

al. [17] 
Larson et al. [17] 
Grant [7], Larson et al. [17], 

Rosenberg and Fried [22], 
Sangster et al. [25] 

Larson et al. [17] 
Larson et al. [17] 
Larson et al. [17] 
Larson et al. [17] 
Larson et al. [17], Rosenberg 

and Fried [22] 
Rosenberg and Fried ]22], 

Sangster et al. [25] 
Thatcher et al. [29] 

Larson et al. [17] 

pneumonia. There were no wound hematomas or 
infections. Post-procedure pain was negligible 
and no patient developed a paralytic ileus. There 
were seven major complications. Five patients de- 
veloped peritonitis due to early post-procedure 
Foley catheter balloon failures. In four the bal- 
loon deflated while in one gastric wall-parietal 
peritoneum apposition was inadequate. Four of 
these patients had either a successful repeat PEG 
(2) or conversion to operative gastrostomy (2) 
while the fifth patient died of sepsis in spite of 
prompt celiotomy and Stamm gastrostomy. One 
patient developed a gastrocolic fistula that closed 
spontaneously after removal of the gastrostomy 
tube and creation of a new PEG. Finally, an ex- 
tremely debilitated patient died of massive aspira- 
tion pneumonia. Therefore, the major complica- 
tion rate was 2.1% and the procedure mortality 
was 0.6%. The 7-day, 30-day and overall hospital 
mortality was 8%, 17% and 29.7%, respectively. In 
these cases, death was due to the primary illness. 

Discussion 

Gastrostomy without celiotomy originated in the 
research laboratory. In 1967, Jascalevich [12] de- 
scribed an introducer technique using a Hurwitz 
trocar and Foley catheter in dogs, while Hall [9] 
reported the Pull technique in rat pups in 1975. In 
1979, Sacks and Glotzer [24] described the non- 
endoscopic percutaneous placement of a gastros- 
tomy tube through the site of a healed Stamm ga- 
strostomy in two patients. Two years later, Pres- 
haw [21] performed non-endoscopic percutaneous 
gastrostomy in 17 patients using a Stamey percu- 
taneous cystostomy catheter following insuffla- 
tion of the stomach with oxygen via a double- 
lumen intestinal tube with balloon. None of these 
innovative techniques, however, utilized the safe- 
guard afforded by the endoscopic methods of 
Gauderer and Ponsky [5] and Russel [23]. The for- 
mer technique requires two passages of the ga- 
stroscope, and a specially prepared mushroom ca- 
theter is pulled through the mouth, pharynx and 
esophagus, and seated in the stomach. The Russell 
technique requires a single gastroscopy and a 
sterile Foley catheter is inserted percutaneously 
directly into the stomach via a peel-away sheath 
introduced over a previously placed wire guide. 
For these reasons we chose the Russell PEG. 

The technical success rate of the Gauderer- 
Ponsky PEG ranges from 76% [29] to 99% [25] and 
failure has been attributed to many factors (Ta- 
ble 1). The reported technical success rate of the 
Russell PEG is 99% and failure is due to de- 
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Table 2. Failure to perform Russell PEG 

Reason Reference 

Deflection of the gastric wall Kozarek et al. [15] 
Esophageal obstruction Miller et al. [18] 
Billroth II gastrectomy Miller et al. [18] 
Inadequate insufflation of the stomach Present series 
Sheath tunneling in the stomach wall Present series 
Pneumoperitoneum Present series 

f lect ion of  the gastric wall during sheath place- 
ment  [15], esophageal  obstruct ion [18] and pr ior  
Billroth II gast rectomy [18]. In the current  series, 
our  success rate for  the Russell P E G  was 95.9%. 
Failure was due to esophageal  obstruct ion,  pr ior  
Billroth II gastrectomy,  inadequate  insufflat ion of  
s tomach,  gastric wall tunnel ing of  the dilator  and 
sheath and p n e u m o p e r i t o n e u m  (Table 2). 

The success of  the Russell P E G  technique de- 
pends  on having a fully inflated stomach,  clear 
visualization endoscopica l ly  of  finger indenta t ion  
of  the gastric wall and not  referred mot ion,  per- 
pendicular  p lacement  o f  the needle,  wire guide, 
di lator  and sheath, and snug t ract ion on the Foley 
catheter  to appose the s tomach to the abdomina l  
wall. Meticulous at tent ion to detail and close co- 
opera t ion  between the endoscopis t  and surgeon 
are essential. A video moni to r  a t tached to the en- 
doscope  facilitates the procedure .  Our  exper ience 
indicates that a t tent ion to several key technical  
points will assure ease of  p lacement  of  the ga- 
s t ros tomy tube [19]. 

In general,  complicat ions  of  P E G  are repor ted  
as major  or minor.  Major  complicat ions  are 
usually def ined as requir ing cel iotomy, resulting 
in death or significantly pro longing  hospitaliza- 
tion. Major  compl ica t ions  of  both  the Gauderer -  
Ponsky and the Russell P E G  range f rom 0% [23] 
to 4.4% [4] while minor  complicat ions  occur  in 
f rom 4% [28] to 16% [22] o f  patients. The repor ted  
complicat ions  are listed in Table  3. 

In our  exper ience  with 330 PEGs  the major  
and minor  compl ica t ion  rates were 2.1% and 
3.6%, respectively. Eleven patients had gastric 
tube d isplacement  due to Foley ba l loon  failure. 
Of  these, 4 were major  complicat ions  resulting in 
peritonitis.  All 4 survived after either repeat  P E G  
(2) or operat ive  gas t ros tomy (2) with gastric de- 
compress ion and antibiotics. Foley ba l loon  fail- 
ure should now be less f requent  since the manu-  
facturer  has replaced the latex Foley catheter  with 
a silastic one. In an addi t ional  patient ,  inadequate  
gastric wall apposi t ion to the parietal  pe r i toneum 
led to peritonitis.  In spite o f  p rompt  cel iotomy 

and Stamm gastrostomy,  the pat ient  died of  sep- 
sis. One pat ient  deve loped  a gastrocolic fistula, 
which closed spontaneous ly  after removal  of  the 
gas t ros tomy tube and creat ion of  a new PEG.  

Seven patients  had minor  aspirat ion with full 
recovery,  but  another  pat ient  died of  massive as- 
p i ra t ion pneumonia .  Factors that  help to prevent  
aspirat ion include vigorous o ropharyngea l  suc- 
t ioning pr ior  to and during endoscopy ,  delaying 
tube feeding for 36 h after PEG,  small vo lume 
feeds, main tenance  of  good bowel funct ion,  
moni tor ing  residual gastric volumes and elevating 
the head o f  the bed. I f  aspirat ion persists, the ga- 
s t ros tomy tube can be conver ted  to a j e junos tomy 
tube. There  are data  to suggest that  P E G  does not  

Table 3. Reported complications PEG 

Complication Reference 

Premature tube dislodgement 

Leaks (internal and external) 

Tube deterioration 
Pneumoperitoneum 

Wound infection 

Aspiration 

Gastric perforation 

Gastric hemorrhage 
Gastric ulcer 
Wound hematoma or bleeding 

Laryngospasm 
Paralytic ileus 
Peritonitis 

Peristomal hernia 
Gastrocolic fistula 

Gauderer et al. [5], Grant [71, 
Kirby et al. [14], Larson et al. 
[17], Ponsky et al. [2% Rosen- 
berg and Fried [22], Thatcher 
et al. [29] 
Grant 17], Hogan et al. [11], 
Larson et al. [17], Sacks and 
Glotzer [24], Sangster et al. 
[25], Slezak and Kozol [26] 
Slezak and Kozol [26] 
Gottfried et al. [6], Ponsky et 
al. [20], Rosenberg and Fried 
[22], Slezak and Kozol [26] 
Cane et al. [1], Cohen et al. [2], 
Ditesheim et al. [3], Grant [7], 
Hogan et al. [11], Kirby et al. 
[14], Larson et al. [17], Ponsky 
et al, 120], Rosenberg and 
Fried [22], Russell et al. [23], 
Sangster et al. [25], Slezak 
and Kozol [26] 
Foutch et al. [4], Grant [7], 
Hogan et al. [10, 11], Kirby et 
al. [141, Larson et al. [17], 
Sangster et al. [25] 
Larson et al. [17], 
Sangster et al. [25] 
Grant [7], Larson et al. [17] 
Foutch et al. [4] 
Larson et al. [17], Steen [28] 
Larson et al. [17] 
Larson et al. [17] 
Foutch et al. [4], Sangster et 
al. [25], Steen [281 
Sangster et al. [25] 
Ponsky et al. [20] 
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worsen gastroesophageal reflux and may actually 
reduce it by raising the lower esophageal sphinc- 
ter pressure [13]. Furthermore, PEG prevents the 
pharyngeal aspiration noted in many neurologi- 
cally or nutritionally impaired patients. Long- 
term enteral feeding by nasogastric tube has a 
high incidence of failure, inadvertent removal 
and aspiration. This has led extended care fa- 
cilities to request PEG rather than continued use 
of nasogastric feedings for their patients. Of par- 
ticular interest is the fact that none of our patients 
developed either minor gastrostomy tube site in- 
fections or fatal necrotizing abdominal wall infec- 
tions as described with the Gauderer-Ponsky PEG 
[3]. Prophylactic antibiotics, meticulous technique 
and the use of a sterile Foley catheter account for 
this difference. 

The procedure mortality of PEG has ranged 
from 0% [2, 7, 14, 18, 20, 22, 23] to 2.5% [11] with a 
mean of 0.6% for approximately 1,500 cases re- 
ported. Deaths were due to excessive sedation 
during the procedure, aspiration, laryngospasm, 
peritonitis and cardiac failure. When noted, the 
30-day mortality has ranged from 7% [28] to 18% 
[14] while overall hospital and late mortality has 
ranged from 11% [23] to 50% [26]. 

In our experience, the procedure mortality was 
0.6%. Death was due to peritonitis in one patient 
and aspiration pneumonia in another. The 7-day, 
30-day and overall hospital mortality was 8%, 14% 
and 29.7%, respectively, reflecting the severity of 
the patients' underlying medical condition. Per- 
forming a PEG earlier in a patient's course might 
improve the nutritional status sufficiently to avoid 
some of these early deaths. Another way of inter- 
preting these data is to note that 70% of these very 
ill patients survived to leave the hospital. Further- 
more, as pointed out by Stellato and Gauderer 
[27], better patient selection might further reduce 
the short-term procedure-related deaths. 

We previously noted that PEG has many ad- 
vantages when compared to operative gastros- 
tomy [18]. PEG is easy to perform and may be em- 
ployed earlier in the patient's course, thus avoid- 
ing long-term nasogastric feedings or parenteral 
alimentation. PEG can be performed at the bed- 
side or in an endoscopy suite. Thus, the need for a 
traditional operating room is avoided. General 
anesthesia is not required for PEG but was used 
in 23% [30] to 66% [16] of operative gastrostomies. 
PEG can be performed quickly with a procedure 
time ranging from 11 to 27.5 min. It is important 
to note that PEG costs less than operative gastros- 
tomy. Russell et al. [23] report a savings of $ 2,000 
per gastrostomy, which is almost identical with 

our experience. Stern [28], reporting from a com- 
munity hospital, and Grant [7], from a university 
medical center, confirmed these advantages. They 
also noted a reduced complication and mortality 
for PEG compared to operative gastrostomy. 
PEG is not useful for every situation in which gas- 
trostomy is indicated. It is contraindicated in 
complete pharyngeal or esophageal obstruction, 
uncorrectable coagulopathy or inability to per- 
form endoscopy. We were unsuccessful in per- 
forming PEG in 4.1% or our patients. In these 
14 patients, operative gastrostomy was used. 

In general, our experience indicates that PEG 
is easy to perform quickly and with few complica- 
tions. The mortality is low and it can be done at 
the bedside or in the endoscopy suite. It is cost ef- 
fective and can be reversed if necessary by simply 
removing the gastrostomy tube. We prefer the 
Russell PEG as compared with the Gauderer- 
Ponsky PEG since only one endoscopy is per- 
formed. Furthermore, a sterile Foley catheter is 
used. There is no need to pull the tube through the 
mouth, pharynx and esophagus. Accordingly, we 
have never had a minor or major abdominal in- 
fection. Finally, meticulous attention to detail is 
the key to successful PEG. 

References 

1. Cane DR, Robinson WR, Brotschi EA (1986) Necrotizing 
fasciitis following percutaneous endoscopic gastrostomy. 
Gastrointest Endosc 32:294-295 

2. Cohen NN, Plumeri PA, Ockrymiek SB, Shah N (1983) 
Percutaneous endoscopic gastrostomy: a prognostic ap- 
proach to nutrition in patients unable to swallow (ab- 
stract). Gastrointest Endosc 29:181 

3. Ditesheim JA, Richards W, Sharp K (1989) Fatal and dis- 
astrous complications following percutaneous endoscopic 
gastrostomy. Am Surg 55 : 92-96 

4. Foutch PG, Woods CA, Talbert GA, Sanowski RA (1988) 
A critical analysis of the Sacks-Vine gastrostomy tube: a 
review of 120 consecutive procedures. Am J Gastroenterol 
83:812-815 

5. Gauderer MWL, Ponsky JL, Izant RJ Jr (1980) Gastros- 
torny without laparotomy: a percutaneous endoscopic 
technique. J Pediatr Surg 15:872-875 

6. Gottfried EB, Plumser AB, Clair MR (1986) Pneumoperi- 
toneum following percutaneous endoscopic gastrostomy: 
a prospective study. Gastrointest Endosc 32:397-399 

7. Grant JP (1988) Comparison of percutaneous endoscopic 
gastrostomy with Stature gastrostomy. Ann Surg 207: 
598-603 

8. Greif JM, Ragland JJ, Ocksner MG, Riding R (1986) 
Fatal necrotizing fasciitis complicating percutaneous en- 
doscopic gastrostomy. Gastrointest Endosc 32:292-293 

9. Hall WG (1975) Weaning and growth of artificially reared 
rats. Science 190:1313-1315 

10. Hogan RB, Polter DE, Hamilton JK (1985) Percutaneous 
gastrostomy: a prospective randomized evaluation of two 
techniques (abstract). Gastrointest Endosc 31:162 



190 

1 I. Hogan RB, DeMarco DC, Hamilton JK, Walker CO, Pol- 
ter DE (1986) Percutaneous endoscopic gastrostomy - to 
push or pull: a prospective randomized trial. Gastrointest 
Endosc 32:253-258 

12. Jascalevich ME (1967) Experimental trocar gastrostomy. 
Surgery 62:452-453 

13. Johnson DA, Hacker JF III, Benjamin SB, Ciarleglio CA, 
Chobanian SJ, Van Ness MM, Cattan EL Jr (1984) Percu- 
taneous endoscopic gastrostomy effects on gastroesoph- 
ageal reflux and the lower esophageal sphincter. Am J Ga- 
stroenterol 82:622-624 

14. Kirby DF, Craig RM, Tsang T, Plotnick BH (1986) Percu- 
taneous endoscopic gastrostomies: a prospective evalua- 
tion and review of the literature. JPEN 10: 155-159 

15. Kozarek RA, Ball T, Ryan J Jr (1985) Percutaneous endo- 
scopic gastrostomy (PEG) (abstract). Gastrointest Endosc 
31:131 

16. Kummer BA, Tiszenkel HI, Kotler DP, Miller RE (1985) 
Percutaneous endoscopic gastrostomy: procedure of 
choice. Gastrointest Endosc 31 : 156- 157 

17. Larson DE, Burton DD, Schroeder KW, Dimagno EP 
(1987) Percutaneous endoscopic gastrostomy: indications, 
success, complications and mortality in 311 consecutive 
patients. Gastroenterology 93 : 48-52 

18. Miller RE, Kummer BA, Tiszenkel HA, Kotler DP (1986) 
Percutaneous endoscopic gastrostomy: procedure of 
choice. Ann Surg 204:543-545 

19. Miller RE, Winkler WP, Kotler DP (1988) The Russell 
percutaneous endoscopic gastrostomy: key technical 
steps. Gastrointest Endosc 34:339-342 

20. Ponsky JL, Gauderer MWL, Stellato TA (1983) Percuta- 
neous endoscopic gastrostomy. Arch Surg 118 : 913-914 

21. Preshaw RM (1981) A percutaneous method for inserting 
a feeding gastrostomy tube. Surg Gynecol Obstet 152: 
659-660 

22. Rosenberg L, Fried GM (1986) Percutaneous endoscopic 
gastrostomy: indications and results. Can J Surg 29: 
311-313 

23. Russell TR, Brotman M, Norris F (1984) Percutaneous 
gastrostomy a new simplified and cost-effective technique. 
AmJ Surg 184:132-137 

24. Sacks BA, Glotzer DJ (1979) Percutaneous reestablish- 
ment of feeding gastrostomies. Surgery 85:575-576 

25. Sangster W, Cuddington GD, Bachulis BL (1988) Percuta- 
neous endoscopic gastrostomy. Am J Surg 155:677-679 

26. Slezak FA, Kozol WH (1987) Combined tracheostomy 
and percutaneous endoscopic gastrostomy. Am J Surg 
154:271-273 

27. Stellato TA, Gauderer MWL (1988) Percutaneous endo- 
scopic gastrostomy in the cancer patient. Am Surg 54: 
419-422 

28. Stern JS (1986) Comparison of percutaneous endoscopic 
gastrostomy with surgical gastrostomy at a community 
hospital. Am J Gastroenterol 81 : 1171 - 1173 

29. Thatcher BS, Ferguson DR, Paradis K (1984) Percuta- 
neous endoscopic gastrostomy: a preferred method of 
feeding tube gastrostomy. Am J Gastroenterol 79: 
748-750 

30. Wasiljew BK, Vjike GT, Beal JM (1982) Feeding gastros- 
tomy: complications and mortality. Am J Surg 143: 
194-195 


