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Objective: To compare indications, success rates and complications of pull [P] and introducer [I] techniques for percutaneous
endoscopic gastrostomy (PEG).

Methods: In this retrospective study, inpatients who underwent primary PEG tube insertion between January 2015 and February 2020
at the Endoscopy Center of the First Affiliated Hospital of Fujian Medical University were included.

Results: A total of 103 inpatients were included in this study (P group, n = 67; I group, n = 36). The rates of tube replacement within
first six months in the P and I groups were 1.5% and 11.1%, respectively (P = 0.049). The most common primary indication of PEG
was malignancy. The proportion of patients with esophageal cancer was significantly lower in the P group (24.4% vs 54.2%, P =
0.015). No significant difference was found in the overall, major, or minor complications between the two groups. In patients with
esophageal stenosis, the pull method was a risk factor for complications (P = 0.03; odds ratio [OR] = 12, 95% confidence interval [CI]:
1.164-123.684). Logistic regression analysis showed that the risk factors for major and minor complications were the admission-to-
gastrostomy interval (OR = 1.078, 95% CI: 1.016-1.145, P = 0.014) and lack of antibiotic use (OR = 4.735, 95% CI: 1.247-17.979,
P = 0.022), respectively.

Conclusion: Both PEG techniques have high clinical success rates. The introducer technique is more suitable for patients with
esophageal stricture, which has lower minor complications, but higher rate of tube replacement compared to the pull technique. Use of
antibiotics may reduce minor complications following PEG. Early PEG insertion may help to reduce post-PEG major complications.
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Introduction

Compared to parenteral nutrition, enteral nutrition helps to maintain mucosal barrier protection,' as well as improve the
immunology and nutritional status of patients.” Tube feeding can be considered for patients with poor oral intake due to
various reasons such as neurological disorders, dysphagia, etc. A nasogastric tube is mainly used for temporary enteral
feeding (< 4 weeks), while various gastrostomy and enterostomy techniques are used for long-term enteral feeding (> 4
weeks).? Currently, percutaneous endoscopic gastrostomy (PEG) is the most widely used technique for the establishment
of long-term tube feeding access. It requires endoscopic assistance but is preferred over surgery due to fewer contra-
indications, shorter operation time, and low incidence of serious complications.*’

The three most commonly used methods of PEG insertion include the Ponsky-Gauderer (pull) method, the Sacks-
Vine (push) method, and the Russell (introducer) method.® With the pull method, the feeding tube is pulled from the
mouth to the stomach over an endoscopically placed string in the reverse direction. With the push method, the feeding
tube is pushed over a guide wire into the stomach and out of the puncture site. The steps and procedure-related
complications of these two methods are similar, but the pull method is simpler in the clinical setting. Additionally, the
overall complication rate of the push method has been reported to be significantly higher than that of the pull method
(33% vs 21.4%, P = 0.047).” With the introducer method, the tube is directly inserted into the stomach through the
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abdominal wall, which can reduce the risk of infection and tumor metastasis to a certain extent. It is useful in patients
with severe oropharyngeal or esophageal stenosis where it is difficult to place the tube by the pull method. However, this
method needs a special trocar, which increases the total operation time (12.6 vs 6.4 minutes, P = 0.0166)* and cost.’ The
maintenance of the balloon tube is also more complicated compared to bumper internal fixation of the pull method. For
patients with advanced tumors or patients who can not receive sufficient oral intake for other reasons, if their nutritional
status can be improved by gastrostomy, their quality of life will be greatly improved. This can also be regarded as the
humanistic care of clinicians for terminally ill patients. This single-center study aimed to compare the indications and
outcomes of the pull and introducer techniques for PEG placement and determine which of these techniques is more
suitable for various patients to create access for enteral feeding.

Materials and Methods

Patient Selection

The clinical data of consecutive patients who underwent an endoscopic gastrostomy or enterostomy at the Endoscopy
Center of The First Affiliated Hospital of Fujian Medical University from January 2015 to February 2020 were collected
retrospectively. Patients with a jejunostomy, repeat PEG insertion, or those that were treated on an outpatient basis were
excluded from this study. The enrollment process is shown in Figure 1. PEG was inserted by one of two techniques in
this study: the pull method or the introducer method as described below. The patients were accordingly divided into
either the pull (P) or introducer (I) group.

Devices Used to Construct PEG

A flexible endoscope (GIF-XQ260/290, Olympus, Tokyo, Japan), a pull method gastrostomy kit (Flocare, Nutricia,
Netherlands) and an introducer method gastrostomy kit (Cliny, Create Medic, Yokohama, Japan) were used in the current
study.

Procedure of PEG Insertion

PEG insertion was performed by endoscopists with more than two years of experience in both pull and introducer
techniques. The first and most important step of PEG insertion was identification of the puncture site using the abdominal
wall transillumination test and finger pressure under endoscopic view. If the test failed, then a combination of X-ray

Consecutive patients with endoscopic gastrostomy or enterostomy (n = 171)

Exclusion (n = 68):

Jejunostomy (n = 19)

Repeat PEG (n = 27)

Outpatients (n = 22)

Inclusion (n = 103):
Pull (P) group (n = 67)

Introducer (1) group (n = 36)

Figure | Patient flow diagram with inclusion and exclusion data.
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images and ultrasound-assisted endoscopic water bladder positioning technology on the body surface and finger pressure
were used to locate the puncture site.'”

In the pull method, a small incision was made at the puncture site on the abdominal wall. Using a needle, a string was
inserted through the abdominal wall and into the stomach, and then removed through the mouth using the endoscope.
Subsequently, the string was fixed to the external end of the feeding tube and the tube was pulled from the mouth to the
esophagus, and then out through the abdominal wall. Finally, the position of the bumper was confirmed under the
endoscope, the tube was fixed, and the exposed scale was recorded.

With the introducer method, a gastropexy device was used to fix the stomach to the abdominal wall. First, the double
needle of the gastropexy device was inserted into the gastric lumen. Next, a loop snare was formed from the tip of one
needle, and a suture thread was inserted via the other. The suture thread was then caught by closing the loop snare and
after the double needle was withdrawn from the stomach, the thread was tied outside the abdominal wall.'? After local
anesthesia, a special trocar was inserted in the center of the two fixations, the needle core was withdrawn, a balloon
feeding tube was inserted, and water was infused to complete the internal fixation. The complete procedure for the
introducer method is shown in Figure 2.

Data Collection

Demographic data were collected for all patients, along with biochemical parameters such as liver and kidney function
tests, antibiotic usage (use of antibiotics due to other infections before PEG insertion, prophylactic antibiotics to prevent
infection, and no antibiotics), physical status according to the American Society of Anesthesiologists (ASA) classifica-
tion (refer to as ASAPS),'" PEG indications, complications (major, systemic or life-threatening; minor, local or non-life-
threatening; overall, both major and minor), and contributing factors related to procedure-related complications of the
two groups. An esophageal stricture was defined as a narrowing that an endoscope with a diameter of 8.9 mm could not
pass through.

Statistical Analysis

Statistical analyses were performed using IBM SPSS software (version 23.0, IBM, USA). The #-test was used to compare
measured data, categorical data were compared using the chi-square test or Fisher’s exact probability test, and non-
parametric data were assessed with the rank sum test (Mann—Whitney U-test). The logistic regression model was used to
analyze the possible factors affecting the occurrence of PEG complications. The level of significance was set at P-value
< 0.05.

Results

Baseline Characteristics

A total of 171 patients who underwent gastroenterostomy insertion were selected during the study period. One hundred
and twenty-five patients undergoing primary PEG tube insertion were enrolled, and the percentages of outpatients and
inpatients were 17.6% (22/125) and 82.4% (103/125), respectively. The percentages of inpatients that underwent the pull
or introducer techniques were 82.7% (67/81) and 81.8% (36/44), respectively (P = 0.900). Due to incomplete clinical

Figure 2 The procedure of percutaneous endoscopic gastrostomy (PEG) insertion by the introducer method. (A) Fixing the stomach and abdominal wall with a gastropexy
device. (B) Insertion of the special trocar. (C) Insertion of a balloon feeding tube. (D) Internal fixation was completed by water injection.
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data, 22 outpatients were excluded, and finally 103 inpatients were included for analysis (P group, n = 67; 1 group,
n = 36).

No significant difference was found between the two groups regarding baseline characteristics (P > 0.05; Table 1).
Antibiotics were used for other infections before PEG insertion in 17 patients and 3 patients in the P group and I group,
respectively. While, antibiotics were used for PEG prophylaxis in 8 patients and 4 patients in the P group and the I group,
respectively. The proportion of patients with a negative transillumination test in the P group and I group were 2.99% (2/
67) and 2.78% (1/36), respectively (P > 0.05). The number of patients requiring tube replacement within six months in
the I group was greater compared to the P group [11.1% (4/36) vs 1.5% (1/67), P = 0.049].

Indications for PEG

The most common indication for PEG in both groups was malignant tumors, and the difference was not statistically significant
(P > 0.05; Table 2). However, subgroup analysis based on the location of the cancer found that the proportion of patients with
esophageal cancer in the P and I groups was 24.4% (10/41) and 54.2% (13/24), respectively (P = 0.015; Table 3).

Comparison of PEG-Related Complications

The complication rates and length of hospital stays in the two groups were similar (P > 0.05; Table 3). Pain was the most
common minor complication. After stratifying patients with malignant tumors according to their tumor location, it was found
that the complication rates of the two groups were similar in patients with head, neck and esophageal cancer (P = 0.648 and
P =0.052). After stratifying patients with malignant tumors according to the presence or absence of esophageal stenosis, it was
found that in patients without esophageal stenosis, there was no significant difference in the incidence of complications
between the two groups (P = 0.477), while in patients with esophageal stenosis, the P group was a risk factor for complications
(P =0.03; odds ratio [OR] = 12, 95% confidence interval [CI]: 1.164—123.684). All patients with esophageal stenosis received
pre-PEG dilatation, and the complication rate in the P group was 50% (6/12), and in the I group was 7.69% (1/13).

Factors Affecting the Post-Procedure Complications

There was no significant correlation between PEG-related complications and ASA status of the patients. The risk factor
for major complications was longer admission-to-gastrostomy interval while the lack of antibiotics was associated with
higher rates of minor complications. (Table 4).

Table | Patient Characteristics

Pull-PEG (n = 67) Introducer-PEG (n = 36) P-value

Age (y, mean % SD) 62.10 £ 12.3 62.83 + 135 0.782
Male [(n, %)] 51 (76.1) 29 (80.6) 0.606
Admission-to PEG interval [days, mean (25-75%)] 6 (2-15) 6.5 (2.25-11.5) 0.703
Use of antibiotics [n (%)] 25 (37.3) 7 (194) 0.062
ASA classification [n (%)]

| 0 0 0.839

Il 18 (26.9) 10 (27.8)

1] 36 (53.7) 20 (55.6)

v 13 (19.4) 5(13.9)

\% 0 I (2.8)

\ 0 0
Main biochemical indicators (mean + SD)

Hb (g/L) 108 £ |6 112 £22 0.344

PLT (10°/L) 333+ 126 284 + 120 0.084

INR 1.10 £ 0.12 111 £0.11 0.794

ALB (g/L) 358+ 45 35852 0.997

Abbreviations: ALB, albumin; ASA, American Society of Anesthesiologists; Hb, hemoglobin; INR, international normalized ratio; PEG, percutaneous endoscopic
gastrostomy; PLT, platelet; SD, standard deviation.
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Table 2 Indications for Percutaneous Endoscopic Gastrostomy (PEG) [n (%)]

Indications

Pull-PEG (n = 67)

Introducer-PEG (n = 36)

Neurological disorder*
Cerebrovascular
accident
Brain trauma
Parkinson’s disease
Motor neuron disease
Dementia
Others?®
Tumors™*
Head/neck
Esophagus
Stomach
Pancreas
Duodenum
Others®

16 (24)
7 (10)

5(7)
I 2)

9 (25)
7(19)

0
0
I (3)
0
I (3)
24 (67)
@3l
13 (36)
0
0
0
3(8)

Notes: P=0.718. *P = 0.267; **P = 0.036. *Others: Dysphagia (due to radiation encephalopathy; n = I), multiple cranial
neuritis (n = 1), progressive supranuclear ophthalmoplegia (n = 1). "Others: Posterior mediastinal sarcomatoid carcinoma
after chemotherapy (n = ), nausea and vomiting of unknown etiology (n = I), pneumonia (n = I), functional dysphagia
(n = 1), unexplained dysphagia (n = 1), right vocal cord paralysis (n = 1), post-intracranial aneurysm surgery (n = 2),
traumatic contusions (gastrointestinal, mesenteric [omental] contusion and laceration; n = |), removal of esophageal
foreign body (n = I), postoperative drainage of neck and mediastinal abscess caused by esophageal rupture (n = 1),
thoracic aortic aneurysm-esophageal fistula (n = 1), unexplained malnutrition (n = 2).

Table 3 Comparison of Complications Between the Two Groups [n (%)]

Complications Pull-PEG (n = 67) Introducer-PEG (n = 36) P-value
Overall complications I (I) 3(8) 0.122
Major complications 4 (6) 2 (6) 1.000
Bleeding from the puncture site 34 I 3) 1.000
Aspiration pneumonia 2(3) 3(8) 0.340
Minor complications 19 (28) 6 (17) 0.187
Tube dislodgement 0 2 (6) 0.120
Abscess, wound infection 34 0 0.550
Diarrhea 2 (3) 0 0.541
Tube blockage I (I) 0 1.000
Pain 18 (27) 8 (22) 0.605
Intraoperative complications 0 0 -
Post-procedural complications 24 (36) I @31) 0.591
Therapy 0.575
Medical treatment 14 (21) 5 (14)
Surgical treatment 2 (3) I 3)
Hospital stay [days, mean (25-75%)] 13.5 (9-27.3) 12 (7.5-20) 0.536

Abbreviation: PEG, percutaneous endoscopic gastrostomy.

Discussion
In this study, the most common indications for PEG in both study groups were malignancy followed by neurological
disorders, which is different than that reported by Western-based studies.*'? In addition to the factors associated with

disease occurrence and survival time, it also reflects the differences in understanding the benefits of PEG between

Chinese and Western doctors, and patients’ lower acceptance of PEG. Patient factors that influence PEG decision-making

include appearance, fear of becoming a burden, worry of unknown technology and prognosis, and differences in values
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Table 4 Multivariate Analysis of the Factors Affecting Complications

Influencing Factors Overall Complications Major Complications Minor Complications
OR (95% CI) OR (95% CI) OR (95% CI)
ASA classification 1.476 (0.317-6.879) 2.268 (0.636-8.093) 0.959 (0.464-1.980)
Admission-to-gastrostomy interval (d) 0.890 (0.694-1.142) 1.078 (1.016—1.145)* 1.044 (0.992-1.098)
Lack of antibiotics 0.895 (0.073—11.009) 1.154 (0.163-8.164) 4.735 (1.247-17.979)**
Pull-PEG (versus Introducer-PEG) 0.192 (0.018-2.102) 1.173 (0.162-8.513) 2.303 (0.778-6.817)

Notes: *P = 0.014; **P = 0.022; the rest P > 0.05.
Abbreviations: ASA, American Society of Anesthesiologists; Cl, confidence interval; OR, odds ratio; PEG, percutaneous endoscopic gastrostomy.

and beliefs.'® The life expectancy of patients with neurological diseases is often longer than that of patients with cancer,
so the influence of the above-mentioned factors is greater.

In patients with head and neck cancers that have esophageal strictures due to radiotherapy or the tumor itself, the
success rate of the pull method is reduced to 80-90%.'*'> Moreover, the use of a small endoscope cannot guarantee
the smooth passage of the tube, and up to 23% of cases require prior endoscopic dilation, which also increases the risk
of bleeding and perforation (1-3%).'®'” The I group was dominated by patients with esophageal cancer (54.2%, 13/24;
P =0.015), and the proportion of esophageal stenosis was as high as 100% (13/13). Meanwhile, among patients with
esophageal stenosis, the risk of complications in the P group was 12 times than that of I group (P = 0.030). These
findings indicated that the introducer method is more suitable for cases of severe esophageal stenosis in which the pull
method would be difficult to perform. However, the proportion of tube replacements within the first six months in the
I group was higher than that in the P group [11.1% (4/36) vs 1.5% (1/67), P = 0.049], which is likely due to the short
life of the balloon catheter,'® and is complicated by the process of balloon replacement'® and the smaller diameter of
the feeding tube."’

In this study, the overall, major, and minor complications in the two groups were similar (P = 0.122, P = 1.000, and
P = 0.187, respectively). The admission-to-gastrostomy interval was the single most important risk factor for major
complications (OR = 1.078, 95% CI: 1.016—1.145; P = 0.014). The longer admission-to-gastrostomy interval indicated
the poor clinical condition of the patient and advanced stage of cancer. Moreover, as PEG is an invasive procedure, it
often used as a last resort, so the optimal time for PEG insertion is often missed.

A large retrospective cohort analysis of all adult inpatients undergoing PEG placement in the United States found that
all-cause in-hospital mortality rates of PEG dropped from 10.8% to 6.6% over a 10-year time period (P < 0.001).%°
However, the incidence of complications remained the same over the 10-year time period (4.4% vs 5.1%, P = 0.2).
Moreover, the total number of cases decreased from 174,228 to 155,550. The authors believed that this mainly reflected
changes to the indications and timing of PEG insertion. Among them, the head and neck cancer group had the lowest
mortality rate (3.0%), which may be related to the early acceptance of PEG in this group. On the contrary, patients with
advanced cancer and dementia often have more complications and higher rates of mortality following PEG.?' “Early”
placement refers to undergoing PEG before the underlying disease causes severe malnutrition and weight loss,?' which is
important for patients to truly benefit from PEG.

The incidence of minor complications and postoperative pain was higher in the P group but the difference was not
statistically significant. Studies have reported that the incidence of postoperative pain after PEG with the introducer
method using a conventional diameter trocar (5.5-6.0 mm) was only 3.6% (5/137),>> while in another study using
a 10 mm trocar, 60% of patients still had slight pain on the 10th day after surgery, suggesting that larger skin incisions
increase postoperative pain.”> However, in general, a 4 mm difference in the skin incision is unlikely to cause
a significant difference in postoperative pain. However, since the larger diameter (10 mm) incision does not tightly fit
the feeding tube (outer diameter is 6 mm), it is necessary to routinely rotate the tube to prevent buried bumper syndrome
in the initial period, and the frequent involvement of the feeding tube by movements such as turning over may cause

repeated tears in the wound, thereby prolonging the length of postoperative incisional pain.
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The incidence of infection surrounding the PEG site following the pull method is 26% to 35%,%* which is related to
the contamination of the tube with oral microbiota during tube insertion.”> In general, the prophylactic use of antibiotics
can reduce the local infection rate after PEG to 7-14%.%° In the current study, the incidence of infection in the P group
was 4.5% (3/67), which was significantly lower than that reported in the literature. This low infection rate may be related
to better technology during insertion and nursing. It also may be due to underreporting of mild infections as local pain.
Logistic regression analysis showed that the lack of antibiotics was a risk factor for minor complications (OR = 4.735,
95% CI: 1.247-17.979; P = 0.022).

Interestingly, the proportion of antibiotics used in the I group was lower than that in the P group, but no infection
occurred in the I group. In the introducer method, the feeding tube was directly inserted into the stomach through the
abdominal wall. So, the chance of infection was significantly lower compared to the pull method.?* Martins et al® found
that the introducer method without antibiotics has a lower infection rate compared to the pull method with prophylactic
antibiotics. Hence, the European Society of Parenteral and Enteral Nutrition (ESPEN) guidelines do not recommend the
routine use of prophylactic antibiotics for PEG placement by the introducer method.

Studies have reported that gastric metastasis occurs in approximately 0.5-1.0% of patients with throat and esophageal
cancer following the pull method due to tumor seeding during the transoral passage.”’ >’ Some studies found that the
mean interval between PEG placement and tumor seeding was 7.8 + 5.2 months.?® However, in this study the outcomes
were recorded up to the day of discharge and the mean duration of hospital stay was 19 days. Hence, the effect of the
PEG insertion technique on tumor seeding could not be observed in this study.

There are some limitations to this study. Firstly, it was a single center retrospective study with small sample size.
Many details such as the cost of procedure, timing and severity of postoperative pain, reasons for PEG tube replacement,
etc. were not available. Secondly, the follow up period was short and lacked a unified evaluation of complications.
Hence, future larger prospective studies with long-term follow up are required to study the impact of these methods on
the incidence of tumor implantation, long-term complications, and prognosis.

Conclusion

In conclusion, this study found that both the pull and introducer methods for PEG placement have high clinical success.
The introducer technique may be more suitable for patients with severe esophageal stenosis. It has a lower incidence of
minor complications but a higher rate of tube replacements within the first six months. Early PEG placement after
admission and use of prophylactic antibiotics may reduce the incidence of major and minor complications, respectively.
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