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Selection of Methods for
Percutaneous Endoscopic
Gastrostomy (PEG) that is more
Safety and Useful Techniques on
the Patients
Abstract
Objective: Percutaneous endoscopic gastrostomy has been widely adopted, and its use is
increasing in Japan due to the rapid aging of society and promotion of medical care at home.
Percutaneous endoscopic gastrostomy is performed in patients with a variety of underlying basic
diseases. Therefore, a procedure that is safe and less burdensome for the patient is required.
Material and methods: We studied a percutaneous endoscopic gastrostomy procedure that
is both safe and less burdensome, in 260 patients undergoing gastrostomy in our department.
The items studied were postoperative risk factors for fever, postoperative risk factors for elevated
leukocyte count, and risk factors for C-reactive protein (CRP) elevation.
Results: Serious complications were fewer with the three-point fixing method of the abdominal
and gastric walls. Multivariate analysis indicated that the conventional Pull method was an
independent risk factor for fever (P<0.0001), and the bedridden state of the patient was a risk
factor for leukocyte elevation. High Prognostic Nutrition Index (PNI) was an independent risk
factor for CRP elevation.
Conclusions: Percutaneous endoscopic gastrostomy performed with the Modified Introducer
method by fixing the abdominal and gastric walls showed fewer complications and reduced
burden on the patient compared to other methods.
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Introduction
Ponsky successfully performed endoscopic
gastrostomy for the first time in 1979 [1].
Since then, endoscopic gastrostomy has been
widely adopted, and its use is increasing in
Japan due to the rapid aging of society and
promotion of medical care at home according
to policy instruction of Ministry of Health,
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Labour and Welfare [2-6]. The gastrostomy
method has undergone various improvements,
and many procedures have been developed.
Gastrostomy is relatively easy to perform with
intravenous anesthesia if the environment is
conducive to endoscopy. On the other hand,
patients requiring gastrostomy generally
have a variety of underlying diseases [7-9].
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Therefore, a safe procedure that can reduce the burden
on the patients as much as possible is required [10-13].
At present, the procedures can be broadly classified
into two types, i.e., the Pull/Push method and the
Modified Introducer method [14]. Percutaneous
endoscopic gastrostomy (PEG) has been performed
in our department since May 2001. We used the Pull
method to create a fistula with a PEG kit from Boston
Scientific from May 2001 to June 2007 [15,16]. We have
performed PEG with the Modified Introducer method
using the product from Olympus Corp. or a Seldinger
PEG kit from February 2006 to the present [17,18]. In
future, the need for gastrostomy is expected to increase
due to further aging of society and the corresponding
increase in number of dementia patients. Therefore, we
reconsidered the PEG procedure that is safe and less
burdensome by comparison based on the complication
rate and blood sampling data in patients undergoing
PEG in our department. This research received approval
from the Kanazawa Medical University Hospital Ethics
Committee.

Material and Methods
A total of 260 patients that underwent gastrostomy
in our department between May 2001 and December
2014 were included in this study. In the first half of the
study period from May 2001 to June 2007, the fistula
was created with the Pull method using the PEG kit
manufactured by Boston Scientific Corp. In the later
years, we performed PEG with the Modified Introducer
method using the product from Olympus Corp. or the
Seldinger PEG kit from February 2006 to the present.
The fistula is created by fixing the gastric and abdominal
walls at three points in our department. The procedure
is performed under intravenous anesthesia administered
by the endoscopic center. We used the small-diameter
scopes XP-240 and XP-260 manufactured by Olympus
Corp. The scope was inserted orally.
The first-generation antibiotic, cephalosporin, was
generally used for only 2 days, i.e., the day of the
procedure and the following day.
The body temperature, increase of leukocyte count,
increase in the C-reactive protein (CRP) level, and the
presence or absence of complications after the procedure
were compared as the study items, and the relations
with sex, age, Prognostic Nutrition Index (PNI) [4],
procedure, and procedure location were studied. Body
temperature >37.4°C was treated as “fever,” as cooling
is started at this temperature in our department.
Cases in which the leukocyte count after gastrostomy

112

Clin. Invest. (Lond.) (2017) 7(3)

was ≥1000/μL were treated as showing “leukocyte
elevation.” Cases in which there was an increase in
the inflammation response indicator, CRP, compared
to before gastrostomy were defined as showing “CRP
elevation.” With regard to the procedure location, the
lower and middle parts of the body, and the anterior
wall and near the greater curvature were studied.
Pull method

The gastric and abdominal walls are fixed at three
points with the fixture, and the fistula is created at
the center. The guide wire is inserted into the stomach
from the abdominal wall and held in place with a
snare. It is then drawn from the body along with the
endoscope inserted orally, with the catheter and guide
wire connected outside the body. In this method, the
guide wire coming out of the abdominal wall is pulled,
and the fistula catheter is passed from the oral cavity to
the stomach (Figure 1) [19-24].
Modified introducer method

In the same way, the gastric wall and abdominal
wall are fixed at three points with the fixture and the
fistula is created at the center. An incision is made with
a scalpel in the central part that is fixed, and the guide
wire is inserted into the stomach through the fistula. In
this method, the fistula is expanded adequately using a
dilator and the fistula catheter is placed directly from
the abdominal wall. In recent years, the fistula has been
created using the over tube accessory; there are few
usage examples for over tube at present and it has not
been studied in detail (Figure 2) [20,21,24].
Prognostic nutrition index (PNI)

Prognostic Nutrition Index (PNI) is an index of
nutritional status in humans and is calculated with the
following formula determined using two factors, i.e.,
serum albumin level and peripheral lymphocyte count,
as reported by Onodera et al. [4].
PNI=10×Alb(g/dL) + 0.005×Lymph.
peripheral blood)

C.

(/mm3

We use JMP9 (SAS Institute Japan Ltd.) for statistics.
Univariate and multivariate analyses along with logistic
analyses are used to study the presence or absence of
fever, age, sex, procedure, procedure location, activity
factor, PNI, leukocyte elevation, and CRP elevation.
In all analyses, P<0.05 was taken to indicate statistical
significance.

Results
Patient characteristics are shown in Table 1. The
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procedures used were the Pull method for 52 cases
and Modified Introducer method for 208 cases. The
procedure was performed in the lower part of the body
in 100 cases and the middle part of the body in 160
cases. The procedure was performed on the anterior
wall in 232 cases and on near the greater curvature in 28
cases. With regard to the activity factor, 104 cases were
self-reliant and 156 were bedridden patients (Table 1).
The status after the procedure is shown in Table 2.
There were 50 cases with fever >37.4°C. The Pull method
was used in 30 cases and Modified Introducer method was
used in 20 cases. The number of patients with leukocyte
count ≥1000/μL after the procedure was 97, and 138
patients had elevated CRP after the procedure (Table 2).

Figure1. Percutaneous endoscopic gastrostomy with Pull
method.

The rate of complications during the procedure was 10%
and occurred in 26 cases. The most common complication
was fistula bleeding, which occurred in 22 patients. There
were two cases in the Pull method and 20 cases in the
Modified Introducer method. Although the number of cases
of complications was higher for the Modified Introducer
method, the difference was not statistically significant.
There were no cases of gastric internal bleeding in the
Pull method, while there were five cases in the Modified
Introducer method. However, there were no cases of serious
complications, such as peritonitis, pneumoperitoneum,
and severe pneumonia, after the procedure (Table 3) [25].

Figure2. Percutaneous endoscopic gastrostomy with Modified Introducer method.
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Table 1. Patient characteristics
Fever
Variable

Sex
Age
PNIa
Method
Location
Midd vs. Lowe
Location
Antf vs. Greg
Activity

Male
Female
≤74
≥75
≤34
≥35
MImb
Pullc
Midd
Lowe
Antf
Greg
Self
Bedridden

WBC

CRP

n

No fever
210 (%)

Fever
50 (%)

Leukocyte
no change
163 (%)

Leukocyte
elevation
97 (%)

CRP
no change
122 (%)

CRP
elevation
138(%)

165
95
118
142
96
164
208
52
160
100
232
28
104
156

134 (81.2)
76 (80.0)
102 (86.4)
108 (76.1)
79 (82.3)
131 (79.9)
188 (90.4)
22 (42.3)
130 (81.3)
80 (80.0)
188 (81.0)
22 (78.6)
92 (88.5)
118 (75.6)

31 (18.8)
19 (20.0)
16 (13.6)
34 (23.9)
17 (17.7)
33 (20.1)
20 (9.6)
30 (57.7)
30 (18.8)
20 (20.0)
44 (19.0)
6 (21.4)
12 (11.5)
38 (24.4)

109 (66.1)
54 (56.8)
77 (65.3)
86 (60.6)
61 (63.5)
102 (62.2)
134 (64.4)
29 (55.8)
101 (63.1)
62 (62.0)
143 (61.6)
20 (71.4)
74 (71.2)
89 (57.1)

56 (33.9)
41 (43.2)
41 (34.8)
56 (39.4)
35 (36.5)
62 (37.8)
74 (35.6)
23 (44.2)
59 (36.9)
38 (38.0)
89 (38.4)
8 (28.6)
30 (28.9)
67 (42.9)

81 (49.1)
41 (43.2)
58 (49.2)
64 (45.1)
56 (58.3)
66 (40.2)
95 (45.7)
27 (51.9)
81 (50.6)
41 (41.0)
107 (46.1)
15 (53.6)
51 (49.0)
71 (45.5)

84 (50.9)
54 (56.8)
60 (50.8)
78 (54.9)
40 (41.7)
98 (59.8)
113 (54.3)
25 (48.1)
79 (49.4)
59 (59.0)
125 (53.9)
13 (46.4)
53 (51.0)
85 (54.5)

a
PNI: Prognostic Nutrition Index; bMIm: Modified Introducer Method; cPull: Pull Method; dMid: Middle Body of Stomach; eLow: Lower
Body of Stomach; fAnt: Anterior Wall of Stomach; gGre: near the greater curvature of stomach

Table 2. Complications for PEGa
Variable

n

Fistula bleeding
Gastric internal bleeding
Peritonitis
Pneumoperitoneum
Severe pneumonia
a

22 (Pullb 2, MImc 20)
5 (Pullb 0, MImc 5)
0
0
0

PEG: Percutaneous Endoscopic Gastrostomy; bPull: Pull Method; cMIm: Modified Introducer Method
Table 3. Risk factors for fever
N
variable
Sex
Age
PNIa
Method
Location1
Location2
Activity

Univariate analysis

No fever

fever

ORh (95%CIi)

134
76
102
108
79
131
188
22
130
80
188
22
92
118

31
19
16
34
17
33
20
30
30
20
44
6
12
38

Referent
1.081 (0.564–2.029)
Referent
1.203 (0.740–1.960)
Referent
0.573 (0.349–0.934)
Referent
26.941 (14.240–53.550)
Referent
1.860 (1.140–3.053)
Referent
8.640 (5.001–15.314)
Referent
1.000 (0.615–1.627)

Male
Female
≤74
≥75
≤34
≥35
MImb
Pullc
Midd
Lowe
Antf
Greg
Self
Bedridden

P-value
0.8116
0.4567
0.0253
<0.0001
0.0129
<0.0001
1.0000

Multivariate analysis
OR (95%CI)
Referent
0.829 (0.378–1.831)
Referent
0.706 (0.319–1.531)
Referent
0.970 (0.442–2.156)
Referent
12.024 (5.657–26.702)
Referent
1.023 (0.475–2.173)
Referent
1.566 (0.474–4.702)
Referent
1.260 (0.557–2.922)

P-value
0.6385
0.3808
0.9390
< 0.0001
0.9525
0.4375
0.5817

PNI: Prognostic Nutrition Index; bMIm: Modified Introducer Method; cPull: Pull Method; dMid: Middle Body of Stomach; eLow: Lower
Body of Stomach; fAnt: anterior wall of stomach; gGre: near the greater curvature of stomach; hOR: Odds Ratio; iCI: Confidence Interval

a

Risk factors for fever

The risk factors for patients with fever >37.4°C
after the procedure were studied. As shown in Table
1, 50 of the 260 cases (19.2%) had fever after the
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procedure; 30/52 cases (57.7%) had fever in the Pull
method and 20/208 cases (9.6%) had fever in the
Modified Introducer method. As shown in Table 3,
univariate analysis indicated that the risk of fever
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with the Pull method was 26.941 times that of the
Modified Introducer method (P<0.0001). In addition,
a significant difference was observed even in the high
PNI value group (odds ratio: 0.573, P=0.0253).
In the study of the procedure location, location 1
(comparison of the middle and lower parts), and
location 2 (comparison of the anterior wall and near
the greater curvature), the risk of fever was high for the
procedure (odds ratio: 1.860, P =0.0129) performed in
the middle part of the body and the procedure (odds
ratio: 8.640, P<0.0001) performed in near the greater
curvature for fistula respectively, and the differences
were statistically significant. Further, on multivariate
analysis, gastrostomy was an independent factor for
fever in the Pull method (P<0.0001) with an odds ratio
of 12.024 in comparison with the Modified Introducer
method (Table 3).
Risk factors for leukocyte elevation

As shown in Table 4, the results of univariate and
multivariate analyses showed significant differences
only for activity of the patients as a risk factor for
leukocyte elevation. That is, patients that are bedridden
are at greater risk of leukocyte elevation than those
that live independently (odds ratio: 1.757, P=0.0473).
Leukocyte elevation was observed in 30/104 (28.9%)
of the patients living independently, and in 67/156
(42.9%) of bedridden patients (Table 4).
Risk factors for CRP elevation

The risk factors impacting CRP elevation after
gastrostomy were examined (Table 5). CRP elevation
was observed (Table 1) in 98 cases (59.8%), and high
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PNI was an independent risk factor (odds ratio: 2.101,
P =0.0074) in both univariate and multivariate analyses.

Discussion
We studied a gastrostomy method that is safe and
less burdensome on the patient based on the cases of
gastrostomy performed in our department. First, we
will discuss the complications. The fistula was created
using the Pull method with a small-diameter endoscope
and Funada-style device to fix the gastric and abdominal
walls at three points from the very beginning of
gastrostomy in our department. The small-diameter
endoscope is used to reduce the burden in the pharyngeal
region and physical stress on the patients, and also
to reduce the risk of accidental aspiration. Further, it
is possible to prevent the leakage of gastric juice and
contents of the stomach into the intraabdominal cavity
by fixing the gastric and abdominal walls at three
points, and the risk of serious complications, such as
peritonitis caused by infection and inflammation,
can be significantly reduced. When we adopted the
Modified Introducer method, there were many reports
indicating pneumoperitoneum as a complication of this
method. There were no cases of pneumoperitoneum in
our department with the method where the gastric and
abdominal walls were securely fixed at three points.
While fixing, it is important to bear in mind that a
surface has to be created by maintaining a distance of 5
mm between the sutures. The surface area is reduced if
the distance between the sutures is less than 5 mm, and
the risk of infection increases due to the reduced blood
circulation in the surrounding tissues. On the other

Table 4. Risk factors for leukocyte elevation
N
Variable
Sex
Age
PNIa
Method
Location1
Location2
Activity

Male
Female
≤74
≥75
≤34
≥35
MImb
Pullc
Midd
Lowe
Antf
Greg
Self
Bedridden

Univariate analysis

no
change

elevation

ORh (95%CIi)

109
54
77
86
61
102
134
29
101
62
143
20
74
89

56
41
41
56
35
62
74
23
59
38
89
8
30
67

Referent
0.677 (0.403 – 1.138)
Referent
1.222 (0.738 – 2.036)
Referent
0.828 (0.558–1.587)
Referent
1.436 (0.770–2.657)
Referent
1.049 (0.624–1.755)
Referent
0.643 (0.257–1.472)
Referent
1.857 (1.100 – 3.181)

P-value
0.1397
0.4567
0.8284
0.2521
0.8553
0.3033
0.0203

Multivariate analysis
OR (95%CI)
Referent
0.720 (0.415–1.250)
Referent
1.050 (0.609–1.812)
Referent
0.941 (0.540–1.645)
Referent
1.212 (0.626–2.329)
Referent
1.163 (0.672–2.012)
Referent
0.618 (0.2373–1.4850)
Referent
1.757 (1.012 – 3.092)

P-value
0.2423
0.8599
0.8302
0.5635
0.5877
0.2986
0.0473

PNI: Prognostic Nutrition Index; bMIm: Modified Introducer method; cPull: Pull method; dMid: middle body of stomach; eLow: lower
body of stomach; fAnt: anterior wall of stomach; gGre: near the greater curvature of stomach; hOR: odds ratio; iCI: confidence interval
a
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Table 5. Risk factors for CRP elevation
N
Variable
Sex
Age
PNIa
Method
Location1
Location2
Activity

Univariate analysis

No change elevation
Male
Female
≤ 74
≥ 75
≤ 34
≥ 35
MImb
Pullc
Midd
Lowe
Antf
Greg
Self
Bedridden

81
41
58
64
56
66
95
27
81
41
107
15
51
71

84
54
60
78
40
98
113
25
79
59
125
13
53
85

OR (95%CI )
h

i

Referent
1.270 (0.765–2.117)
Referent
1.178 (0.722–1.924)
Referent
2.079 (1.245–3.485)
Referent
0.778 (0.422–1.432)
Referent
1.475 (0.893–2.454)
Referent
0.742 (0.333–1.631)
Referent
1.152 (0.700–1.896)

P-value
0.3555
0.4567
0.0047
0.2521
0.8553
0.4560
0.5769

Multivariate analysis
OR (95%CI)
Referent
1.193 (0.692–2.064)
Referent
1.373 (0.807–2.352)
Referent
2.101 (1.225–3.642)
Referent
0.640 (0.328–1.234)
Referent
1.460 (0.855–2.512)
Referent
0.751 (0.320–1.743)
Referent
1.131 (0.660–1.938)

P-value
0.5250
0.2442
0.0074
0.1846
0.1679
0.5044
0.6538

a
PNI: Prognostic Nutrition Index; bMIm: Modified Introducer Method; cPull: Pull Method; dMid: Middle Body of Stomach; eLow: Lower
Body of Stomach; fAnt: anterior wall of stomach; gGre: near the greater curvature of stomach; hOR: Odds Ratio; iCI: Confidence Interval

hand, fixing of the gastric and abdominal walls becomes
slack when the surface area increases, and the risks of
inflammation, infection, and pneumoperitoneum
increase. The frequency of complications is expected to
be decreased by fixing the gastric and abdominal walls
securely. There was a severe bleeding tendency from the
fistula in 20 of 22 cases with the Modified Introducer
method. However, there were no statistically significant
differences for either. There are no effective measures
for preventing fistula bleeding at present, and the risk
factors have not been identified. If there is bleeding,
the fistula is sutured, hemostatic treatment is provided,
and the sutures are removed the next day. Hemostatic
treatment was possible for all cases in this method.
Based on our experience, if there is excessive bleeding,
the incision is large, or compression hemostasis is
difficult when an incision is made on the skin during
the procedure, bleeding is stopped by suturing the area
surrounding the fistula after insertion of the fistula
catheter. Although the procedure has been performed
in a small number of cases, no cases of fistula bleeding
were observed with this method. We believe that this
may be an effective method to prevent fistula bleeding.
We examined the rate of increases in fever and
leukocyte count, the number of cases with CRP
elevation after the procedure, and studied the impact
of the PEG procedure on the patients. Fifty of the
260 patients (19.2%) had fever >37.4°C after the
procedure. We studied the relationships between each
factor with the risk factors. On univariate analysis, the
risk factors for fever were low PNI value, Pull method,
and procedure locations of the lower body and near
the greater curvature. From the results of multivariate
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analysis, gastrostomy with the Pull method was an
independent factor. This was considered to be due to
the risk of aspiration or introduction of bacteria from
the oral cavity into the wound, because the endoscope
is drawn out of the oral, and the fistula catheter is again
passed through the oral cavity along with the endoscope
in the conventional Pull method. The endoscope
is inserted only once with the Modified Introducer
method procedure, which is used at present, and the risk
of infection is only at the insertion location because the
fistula catheter is inserted from the abdominal wall side
and the overall risk is considered to be low. In addition,
the risk of fever was higher for procedures performed
in the lower part of the body than the middle, and
for near the greater curvature than the anterior wall.
Anatomically, there are fewer blood vessels, and the
distance from the abdominal wall is shorter for the
middle part of the body and the anterior wall. On the
other hand, the greater omentum of the stomach with
abundant blood vessels is close to the greater curvature
and lower part of the body, and also the distance from
the abdominal wall is greater. The increase in risk of
bacterial exposure compared to the lower part of the
body and the anterior wall is considered to be because
of the greater insertion distance for the fistula catheter.
The body network in the greater curvature also has
abundant blood vessels and is not a suitable location for
gastrostomy. Therefore, the anterior wall in the middle
part of the body is considered to be the best location
for gastrostomy. With regard to PNI, the risk of fever
was low in the group with good nutritional status.
The results indicated a lower risk of fever when the
general health condition was good although the reason
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remains unclear. The nutritional status of gastrostomy
patients is often poor. However, maintaining a good
nutritional status during the procedure is considered to
be important.

These values should be taken as references rather than to
trust them completely during follow-up because there
were no increases based on the gastrostomy technique
used in the present study.

The leukocyte count has increased in 97 (37.3%) of
the 260 cases. The activity factor of the patient was a
risk factor for leukocyte elevation on both univariate
and multivariate analyses. The bedridden state was a
risk factor for the condition of the patient. Notably,
gastrostomy method and gastrostomy location were not
risk factors for leukocyte elevation. Thus, the leukocyte
count elevation after gastrostomy is considered to
reflect physical stress and not infection symptoms due
to gastrostomy. In gastrostomy, it is considered that
the physical stress may be greater in patients that are
bedridden.

Conclusion

We also took into consideration elevated CRP,
but factors directly related to fistula techniques, such
as gastrostomy location, and gastrostomy methods,
were not risk factors for CRP elevation in contrast
to leukocyte count elevation. As a risk factor, the
nutritional status of the group with a high PNI value
was good. Liver function was inferred to be almost
normal in cases with good nutritional status, and the
reaction is sensitive and is considered to participate in
CRP elevation.
In this study, age, sex, gastrostomy method, and
gastrostomy location were not risk factors for leukocyte
count elevation or CRP elevation after gastrostomy.

We believe that the use of the small-diameter scope
and three-point fixing method for the gastric and
abdominal walls at our department was very effective
for preventing infection. Further, the gastrostomy
procedure performed using the Modified Introducer
method at the anterior wall in the middle part of the
body was shown to result in lower risk of fever and
reduced risk of infection in patients, and this method
is considered to reduce the burden on the patient.
Gastrostomy itself is a burden on the patient, but safer
gastrostomy with less burden is possible if gastrostomy
is performed maintaining the health of the patient
using a suitable method at the appropriate location.
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Executive summary
Objective: Percutaneous endoscopic gastrostomy has been widely adopted, and its use is increasing in Japan due to the rapid
aging of society and promotion of medical care at home. Percutaneous endoscopic gastrostomy is performed in patients with a
variety of underlying basic diseases. Therefore, a procedure that is safe and less burdensome for the patient is required.
Material and methods: We studied a percutaneous endoscopic gastrostomy procedure that is both safe and less burdensome, in
260 patients undergoing gastrostomy in our department. The items studied were postoperative risk factors for fever, postoperative
risk factors for elevated leukocyte count, and risk factors for C-reactive protein (CRP) elevation.
Results: Serious complications were fewer with the three-point fixing method of the abdominal and gastric walls. Multivariate
analysis indicated that the conventional Pull method was an independent risk factor for fever (P<0.0001), and the bedridden state
of the patient was a risk factor for leukocyte elevation. High Prognostic Nutrition Index (PNI) was an independent risk factor for
CRP elevation.
Conclusions: Percutaneous endoscopic gastrostomy performed with the Modified Introducer method by fixing the abdominal
and gastric walls showed fewer complications and reduced burden on the patient compared to other methods.
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