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Summary

 Background: The percutaneous endoscopic gastrostomy is the method of choice in patients with advanced tu-
mours of the upper aerodigestive tract, after surgery or before radiochemotherapy, for the estab-
lishment of a sufficient nutrition therapy. The aim of this observation study was to investigate, to 
what extent the abdominal thickness and other factors have an influence on the rate of peristo-
mal infection after a percutaneous endoscopic gastrostomy.

 Material/Methods: Percutaneous endoscopic gastrostomy was performed on 135 patients in 2008–2009. 101 patients 
were fully evaluated and included in the study. The different layers of the abdominal wall were 
measured with B-scan ultrasound (7.5 MHz). Furthermore, potential patient-related risk factors 
(gender, age, nutritional status (Body Mass Index, Nutritional Risk Score, total serum protein, the 
tumor stage and presence of Diabetes mellitus) and their effect on the occurrence of a wound in-
fection were evaluated.

 Results: A peristomal infection was documented in 21.8% of the patients (22/101). Serious complications 
were not observed. There were no statistically significant predictors for the occurrence of a peris-
tomal infection detected.

 Conclusions: The hypothesis that the abdominal wall thickness has an influence on the rate of the peristomal 
infection is not confirmed. This is of clinical relevance in patients, who are still in a relatively good 
general and nutritional condition before radiochemotherapy. The intraoperative ultrasonogra-
phy can be used to guide catheter insertion while providing a safe adjunct to confirm proper tube 
placement and minimizing the risk of inadvertently entering adjacent intraabdominal organs.
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Background

Since the introduction of the method in the early 1980s 
[1], several modifications have been made and percutane-
ous endoscopic gastrostomy has become the most popular 
method for providing long-term enteral nutritional support. 
Early and consistent enteral nutrition via percutaneous en-
doscopic gastrostomy (PEG) helps to stabilize the state of 
nutrition of patients with head and neck cancer, and is rec-
ommended, especially for patients already suffering from 
malnutrition before starting an aggressive multimodal tu-
mor therapy (oncological surgery, reconstructive surgery, 
radiochemotherapy). Even with other medical and neuro-
logical disorders is the percutaneous endoscopic gastrosto-
my nowadays the method of choice in maintaining a suffi-
cient nutritional status (Table 1).

The percutaneous endoscopic gastrostomy is contraindicat-
ed in severe coagulation disorders, lack of intraoperative di-
aphanoscopy, ileus, peritonitis, ascites, peritonitis carcino-
matosa, severe psychosis, anorexia nervosa and by patients 
with a significantly reduced life expectancy.

Prospective studies have proved the effectiveness and safe-
ty of the procedure. The complications of percutaneous 
endoscopic gastrostomy may be slightly (wound infection, 
wound leakage, bleeding around the PEG tube, skin or gas-
tric ulceration, Pneumoperitoneum, temporary ileus, gas-
tric obstruction) or severe (necrotic fasciitis, perforation 
of the oesophagus, gastric perforation, colocutaneus fistu-
la, “buried bumper” syndrome, accidental PEG removal) 
[2]. The complication rate after percutaneous endoscopic 
gastrostomy, as shown by various study results, depends on 
both the definition of complications as well as the exam-
ined patient group. In the series of Taylor et al. the rate of 
“minor” complications (wound infection, wound leakage 
and PEG-dislocation) was 70% [3].In the study of Larson 
et al., 13% of patients had minor and 3% severe complica-
tions [4]. In the study of Lee et al., 22 (16.4%) of 134 pa-
tients developed complications. In this patient series, the 

wound infection represents the most frequent complication 
(19 patients, 14.2%) [5]. In a study by Ahmad et al. 18% of 
the patients developed a wound infection (without periop-
erative antibiotic administration) [6].

The background to our study was the clinical observation 
that the rate of local complications after percutaneous en-
doscopic gastrostomy is higher in obese patients or in pa-
tients with higher abdominal wall thickness. Clinical and 
epidemiological data show that the postoperative infec-
tion rates are significantly higher in obese patients [7–9]. 
It is known that the adipose tissue is relatively poorly sup-
plied with blood vessels and therefore poorly accessed by 
the immune system. Hypothetically could be assumed that 
in patients with thicker abdominal wall (and therefore a 
longer PEG channel) more pressure is exerted on the tis-
sue between the outer and inner bumper. As a result, the 
blood circulation of the subcutaneous layer would dete-
riorate further due to vascular compression and thus the 
risk of wound infection would increase. However, it is also 
possible that wound healing is also impaired in patients 
with lower body mass index or lower abdominal thickness 
because of malnutrition. Thus, another hypothesis could 
be that patients with thin abdominal wall have also an im-
paired wound healing – provided that the Body Mass Index 
correlates with the sonografic measured abdominal wall 
thickness. So far, the influence of the (sonographic mea-
sured) thickness of the abdominal wall on wound infec-
tion after PEG has not yet been systematically reviewed in 
the literature. Furthermore, potential patient-related risk 
factors (gender, age, nutritional status (Body Mass Index, 
Nutritional Risk Score, total protein in serum), the tu-
mor stage and presence of Diabetes mellitus) and their 
effect on the occurrence of a peristomal wound infection 
were evaluated.

Material and Methods

In the period from 01.03.2008 to 02.03.2009 a percutaneous 
endoscopic gastrostomy was performed in 135 patients in 

Oncology
Stenotic ENT tumors, tumors of the upper gastrointestinal tract
Radiation/ Chemotherapy with expected weight decrease
Inadequate oral food intake

Neurology
Potentially reversible und irreversible swallowing disorders
Brain tumors, apallic syndrome, bulbar paralysis
Multiple sclerosis, amyotrophic lateral sclerosis

Otolaryngology, Head and Neck Surgery
Tumors with swallowing disorders and weight loss
Facial und Head trauma
Reconstructive surgery

Gastroenterology

Tumors of the upper gastrointestinal tract
Short bowel syndrome
Morbus Crohn
Serious resorption disorders
Decompression by gastrointestinal obstruction 

Internal Medicine
„Wasting“ by AIDS
Prolonged coma by non infaust prognosis
Palliative gastric decompression by chronic gastrointestinal stenosis

Table 1. Indications for percutaneous endoscopic gastrostomy [2].
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our clinic. Included in the observational study were patients 
suffering from dysphagia because of a tumor in the head 
and neck area, or previous to radiochemotherapy. Patients 
were excluded from the study if one or more of the follow-
ing criteria were present: sonografic measurement of the 
thickness of the abdominal wall due to scarring and pre-
vious surgery not possible, perioperative administration 
of antibiotics, corticosteroid or non-steroidal anti-inflam-
matory drugs (NSAIDs). Routine antibiotic prophylaxis is 
currently not applied in uncomplicated PEG procedures 
in our department.

In order to estimate the nutritional status, the “Nutritional 
Risk Screening” (NRS-2002) [10] and the “Body Mass Index 
(BMI = weight (kg)/height (m)2) were recorded in the pre-
operative phase in all patients of our study. Another nutri-
tional status parameter was the total protein in blood se-
rum (normal range: 60–80 g/L).

B-scan ultrasonography

Before the oesophagogastroscopy, the first measurement of 
the abdominal wall thickness, the subcutaneous layer and 
muscle layer was made at the injection site with B-scan ul-
trasonography. As shown on Figure 1, it can be easily dis-
tinguished between the subcutaneous tissue and muscle 
layer of the abdominal wall with B-scan ultrasonography 
(Figure 1). In the typical injection site, the muscle layer of 
the abdominal wall consists of the anterior wall of the rec-
tus sheath (aponeurosis of M. obliquus externus abdominis 
and the anterior portion of the aponeurosis of M. obliquus 
internus abdominis), the M. rectus abdominis, the posterior 
wall of the rectus sheath (posterior portion of the aponeu-
rosis of M. obliquus internus abdominis and aponeurosis 
of the M. transversus abdominis) and the Fascia transversa-
lis. After positive diaphanoscopy the second measurement 
of the above parameters was performed using B-scan ultra-
sonography. The oesophagogastroscopy was performed in 
the pull-through technique by the same surgeon. In all pa-
tients of the study the same tube size (Freka® PEG Set gas-
tral CH 9 Fresenius Kabi Deutschland GmbH) was used. 

The sonography of the abdominal wall was performed by 
the same investigator using the same ultrasound device 
(SonoSite TITAN®, 7.5 MHz).

Additional parameters

Moreover, the following parameters were recorded for all 
patients of our study: gender, age, tumor stadium and the 
presence of diabetes mellitus. In the postoperative phase, 
the Jain-score for all patients was documented [10].

The tumor staging was performed according to the UICC 
Classification (International Union Against Cancer, 6th edi-
tion, 2002), collecting the information from the clinical ex-
amination, imaging (ultrasonography, head and neck com-
puter tomography) and endoscopy in all patients of the study.

Statistical analysis

The statistical analysis of our data and the construction of 
the corresponding diagrams were made with the statistical 
program SPSS v. 16.0 for Windows. The significance level 
was set at 5%. The patients were classified in two groups ac-
cording to the presence of peristomal infection. The com-
parison of the means for the total abdominal wall thickness, 
muscle layer and subcutaneous layer thickness before and 
after the insufflation of the stomach and the total protein 
between patients with and without peristomal infection 
was performed using the T-test for independent samples. 
Furthermore, the patients were classified in 2 groups ac-
cording to the values of the categorical independent vari-
ables of the study (gender, age, body mass index, age-ad-
justed Nutritional Risk Score, tumor stadium, presence of 
diabetes mellitus) (Table 2). The evaluation of the prognos-
tic value of each of the categorical independent variables of 

Variable Value
Number 

of 
patients

%

Gender
Male 87 86.1

Female 14 13.9

Age
≤60 57 56.4

>60 44 43.6

Body Mass 
Index

Underweighted/normal 
weighed (≤24.99) 51 50.5

Overweighed (>25) 50 49.5

Age-adjusted 
NRS

≤3 34 33.7

>3 67 66.3

Tumor stadium 
(UICC)

Primary stadium (I, II) 18 17.8

Advanced stadium (> II) 83 82.2

Diabetes 
mellitus

Yes 17 16.8

No 84 83.2

Table 2.  Classification of the patients according to the categorical 
variables of the study.

Figure 1.  Measurement of the abdominal wall thickness with 
sonography: The thickness of the total abdominal wall, the 
subcutaneous and the muscle layer can easily be measured 
with the 5.0 MHz ultrasound probe (here: subcutaneous 
layer =0.69 cm and muscle layer =1.34 cm).
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Continuous variables T Sig. (2-sided)

Total abdominal wall thickness before oesophagogastroscopy –.287 .776

Subcutaneous layer thickness before oesophagogastroscopy –.503 .616

Muscle layer thickness before oesophagogastroscopy –1.297 .207

Total abdominal wall thickness after stomach insufflation –.390 .698

Subcutaneous layer thickness after stomach insufflation –.398 .691

Muscle layer thickness after stomach insufflation –.825 .411

Total serum protein 1.011 .315

Table 3.  Comparison of the means for the total abdominal wall thickness, the subcutaneous layer thickness and the muscle layer thickness before 
oesophagogastroscopy and after stomach insufflation for the patient groups with and without peristomal wound infection (T-Test for 
independent samples).

Figure 2.  Graphic display of the comparison of the means of the total 
abdominal wall thickness before oesophagogastroscopy for 
the patient groups with (n=22, 21.8%) and without (n=79, 
78.2%) peristomal infection (T=–0.287, p=0.776).

Figure 4.  Graphic display of the comparison of the means of the 
muscle layer thickness before oesophagogastroscopy for the 
patient groups with (n=22, 21.8%) and without (n=79, 
78.2%) peristomal infection (T=–1.297, p=.207).

Figure 3.  Graphic display of the comparison of the means of the 
subcutaneous layer thickness before oesophagogastroscopy 
for the patient groups with (n=22, 21.8%) and without 
(n=79, 78.2%) peristomal infection (T=–0.503, p=0.616).

Figure 5.  Graphic display of the comparison of the means of the total 
abdominal wall thickness after stomach insufflation for the 
patient groups with (n=22, 21.8%) and without (n=79, 
78.2%) peristomal infection (T=–0.39, p=0.698).
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the study (“univariate data analysis”) has been performed 
using the Chi-square test (c2). The selection of the statis-
tical models was based on the dichotomous nature of the 
dependent variable of the study (“presence of peristomal 
infection”).

results

Between March 2008 and March 2009, percutaneous en-
doscopic gastrostomy was performed on 135 patients in 
the Department of Otorhinolaryngology, Head and Neck 
Surgery, University of Erlangen. 101 patients were included 
in the study and fully evaluated (87 male, 14 female; mean 
age 61.3 years). The PEG tube was inserted by the Ponsky-
Gauderer (pull-through) technique. The placement of the 
gastrostomy tube was successful in all cases. Demographic 
and clinical factors were analysed to detect variables asso-
ciated with the development of wound infection after PEG 

procedures. 6 patients were underweight (5.9%), 45 had 
normal weight (44.6%) and 50 were overweight (49.5%). 
7 patients were stage I (6.9%), 11 patients stage II (10.9%), 
15 stage III (14.9%), 49 stage IVA (48.5%), 18 stage IVB 
(17.8%) and 1 patient stage IVC (1%). 22 patients (21.8%) 
developed a peristomal wound infection.

The T-Test showed no statistically significant difference be-
tween patients with and without peristomal infection with 
respect to the mean values of the total abdominal wall thick-
ness, muscle layer and the subcutaneous layer thickness be-
fore and after the insufflation of the stomach and the total 
serum protein (Table 3, Figures 2–8). The univariate anal-
ysis gave no evidence for a statistically significant relation-
ship between the categorical variables of the study (gender, 
age, body mass index, age-adjusted Nutritional Risk Score, 
tumor stage, presence of diabetes mellitus) and the occur-
rence of peristomal infection (Table 4). The statistical anal-
ysis of our data showed a moderate to strong (r>0.3) pos-
itive statistically significant correlation of the investigated 
anthropometric parameters of our study with the Body Mass 
Index (Table 5, Figures 9,10).

Figure 6.  Graphic display of the comparison of the means of the 
subcutaneous layer thickness after stomach insufflation for 
the patient groups with (n=22, 21.8%) and without (n=79, 
78.2%) peristomal infection (T=–0.398, p=0.691).

Figure 8.  Graphic display of the comparison of the means of the total 
serum protein for the patient groups with (n=22, 21.8%) 
and without (n=79, 78.2%) peristomal infection (T=1.011, 
p=0.315).

Figure 7.  Graphic display of the comparison of the means of the 
muscle layer thickness after stomach insufflation for the 
patient groups with (n=22, 21.8%) and without (n=79, 
78.2%) peristomal infection (T=–0.825, p=0.411).

Categorical 
variables

Continuity 
correction P value

Gender .147 .701

Age .868 .352

Body Mass Index 0.000 1.000

Age-adjusted NRS .543 .337

Tumor stadium (UICC) .325 .127

Diabetes mellitus .248 .072

Table 4.  Univariate Analysis: Correlation of the categorical variables of 
the study with the probability of a peristomal infection (x2).
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discussion

Since its first description by Gauderer and Ponsky in 1980 
[1], percutaneous endoscopic gastrostomy has become a 
convenient means for long-term enteral nutrition. A large 
proportion of patients with advanced head and neck can-
cer are at the time of initial diagnosis already in a poor nu-
tritional status because of the prolonged dysphagia. In this 
way, the morbidity of the underlying tumor disease can be 
positively influenced [12,13]. Additionally, drugs such as 
antibiotics and analgesics could be administered via PEG, 
leading to an improvement of the quality of life in this pa-
tient group.

While the technique of the method largely matured, the 
need for perioperative systemic antibiotic prophylaxis in per-
cutaneous endoscopic gastrostomy in the literature is still 
controversial. The recommendations for antibiotic prophy-
laxis on the type of antibiotic or the duration of the periop-
erative treatment are still under review. In the study by Lee 
et al. the perioperative antibiotic prophylaxis could not be 
statistically significantly associated with the rate of peristomal 
infection [5]. Jonas et al. considered a perioperative admin-
istration of antibiotics for not necessary [14]. On the con-
trary, Ahmad et al. [6] and Preclik et al. [15] recommend a 
routine antibiotic prophylaxis by percutaneous endoscopic 

gastrostomy. In a metaanalysis of 10 relevant studies, Lipp 
and Lusardi concluded that the administration of systemic 
prophylactic antibiotics by PEG reduces the rate of local in-
fection [16]. In our sample, antibiotic prophylaxis was not 
administered. The significantly lower infection rate in pa-
tients treated with antibiotics in similar studies in compar-
ison with our results leads to the hypothesis that perioper-
ative antibiotic prophylaxis would be reasonable for most 
multimorbid patients.

The cancer patients are exposed to a high risk of peristomal 
infection due to age, reduced nutritional status due to the 
tumor und immunosuppression because of the underlying 
disease (malignancy, diabetes mellitus) [5]. In the study by 
Lee et al., 29% of the patients with diabetes mellitus devel-
oped an infection after PEG (p=0.015) [5]. Abnormalities 
in granulocyte adherence, chemotaxis, phagocytosis, and 
microbicidal function in patients with poorly controlled di-
abetes mellitus have been demonstrated [17]. In addition, 
diabetes mellitus can cause significant changes in stomach 
function, which may exert an effect on the development of 
wound infection after PEG [18].

A peristomal wound infection was identified in 22 of 101 
patients of our study (21.8%). The literature data on the 
incidence of peristomal infection varies from 2 to 60% 
[4,19–23]. The rate of wound infection may differ signif-
icantly depending on the definition of the term “peristo-
mal wound infection” used in studies, the study type or the 
presence of an antibiotic prophylaxis. The head and neck 
cancer patients sometimes suffer from obstruction of the 
upper aerodigestive tract, resulting in a significant oral and 
hypopharyngeal bacterial overgrowth. When the pull tech-
nique is used, these organisms can adhere to the tube and 
are transported to the PEG surgical site. This may explain 
the high rate of PEG-site infections in head and neck can-
cer patients who undergo the pull-through technique [24].

Severe complications were not documented in our series. 
This could be explained by the fact that in case of lack or 
inadequate intraoperative diaphanoscopy the procedure 
was in our clinic abandoned. Moreover, ultrasound imaging 

Variables Correlation (r) 
with BMI (Pearson) Significance

Total abdominal wall 
thickness before 
oesophagogastroscopy

.466 .000

Total abdominal wall 
thickness after stomach 
insufflation

.526 .000

Table 5.  Correlation of the total abdominal wall thickness before 
oesophagogastroscopy and after stomach insufflation with 
the Body Mass Index (bivariate Correlation nach Pearson).

Figure 9.  Graphic display of the correlation of the total abdominal 
wall thickness before oesophagogastroscopy with the Body 
Mass Index (r=0.466, p=0.000).

Figure 10.  Graphic display of the correlation of the total abdominal 
wall thickness after stomach insufflation with the Body 
Mass Index (r=0.526, p=0.000).
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at the time of endoscopy allowed a rapid localization of an 
appropriate area for PEG placement, thereby minimizing 
the risk of inadvertently entering adjacent abdominal or-
gans. It is easily understood that the intraoperative sonog-
raphy can be used to guide catheter insertion while pro-
viding a safe and quick adjunct to confirm proper G-tube 
placement [25–29].

The statistical analysis of our data did not show a statistical-
ly significant relationship between gender, age, nutrition-
al status (Body Mass Index, Nutritional Risk Score), tumor 
stage, presence of diabetes mellitus and the occurrence of 
a wound peristomalen evidence. Also, no statistically signif-
icant difference was found in the mean values of the total 
abdominal wall thickness, muscle layer and the subcutane-
ous layer thickness before and after the insufflation of the 
stomach and the total serum protein between the groups 
of patients with and without local infection. However, this 
could be possibly attributed to the size of our study sample 
(n=101). On the contrary, the analysis showed a moderate 
to strong (r>0.3) positive statistically significant correlation 
of the investigated anthropometric parameters (total ab-
dominal wall thickness before oesophagogastroscopy and af-
ter positive diaphanoscopy) with Body Mass Index. In their 
study, Milad and Terkildsen found a statistically significant 
correlation between Body Mass Index and abdominal wall 
thickness [30]. Our results agree with the existing litera-
ture and thus the total abdominal wall thickness could be 
possibly helpful to estimate the Body Mass Index and thus 
the nutritional status of a patient.

According to the literature, the rate of local infection after 
PEG tube placement depends among others on the clinical 
institution performing the procedure, the experience of the 
endoscopist and the size of PEG tubes used [23]. The role 
of the personal factor (competence of the physician per-
forming the bedside ultrasound examination, efficiency of 
the surgeon) was counterbalanced in our study by the fact 
that the same examiner performed the bedside ultrasound 
examination and the gastrostomy. Equally important in this 
sense was the use of the same type and size of PEG tubes in 
all patients of our study with the pull through technique.

To avoid the development of local infectious complications 
after PEG, except the perioperative systemic antibiotic pro-
phylaxis, some other methods have been also described (re-
ducing oropharyngeal contamination by gargling with an 
antibiotic solution [31], performing an adequate skin in-
cision and avoiding an excessive traction on the internal 
bumper [32], applying a povidone-iodine ointment to the 
stoma [33]).

conclusions

Our hypotheses were not confirmed by the results of the 
statistical analysis of our study. This is of clinical relevance, 
as the percutaneous endoscopic gastrostomy does not seem 
to be connected with an increased risk of local infection in 
ENT tumor patients, which are, prior to undertaking tu-
mor surgery or receiving primary chemotherapy, often in 
a relatively good nutritional status. Interesting was the fact 
that 95 patients of our series (94.1%) had normal weight or 
overweight. According to our study results, even in under-
nourished patients with a low BMI or very thin abdominal 

wall, the risk of local wound infection does not seem to in-
crease. The technique is thus in experienced hands a gen-
erally safe, relatively risk-free and less uncomfortable pro-
cedure for the patient. Sonographic guidance enables 
completion of PEG oft despite inadequate findings on di-
aphanoscopy and is a useful tool intraoperatively to avoid 
injury of intraabdominal organs (ultrasound-guided percu-
taneous endoscopic gastrostomy).
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