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ABSTRACT

Objective: Pediatric gastrostomy devices (GD) are associated with frequent planned and unplanned ongoing care. The objective
was to examine the association between planned or unplanned repeat intervention and 1) the type of tube at initial placement and
2) the method of initial device placement: operative, endoscopic or image-guided.
Methods: We performed a retrospective review from January 1, 2010 – December 31, 2011 of consecutive patients that received
a GD or gastrojejunostomy device (GJ) at a freestanding pediatric hospital. We estimated the risk of hospital utilization in terms
of repeat interventions or device-related emergency department visits for initial GJ versus GD placement and based on method of
initial device placement.
Results: Over the two year period, 275 (92.0%) GDs and 24 (8.0%) GJs were placed. One hundred forty-five (48.5%) were
placed surgically, 113 (37.8%) endoscopically, and 41 (13.7%) with an image-guided technique. Repeat utilization occurred in
60.9% of patients. Multivariate Poisson regression estimated that GJs compared to GDs were 2.05 (95% CI: 1.01 - 4.16) times as
likely to have repeat hospital utilization. Multivariate Cox regression estimated that endoscopic and image-guided placements
were associated with higher rates of hospital utilization than surgical placement (HR 2.56; 95% CI: 1.73 - 3.79 and 2.07; 95% CI:
1.20 - 3.58, respectively).
Conclusions: Resource utilization after GD/GJ placement is not equal relative to the method of initial placement. Process
standardization requires further investigation to reduce this health care burden.
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1. INTRODUCTION

Gastrostomy feeding device (GD) placement is a common
pediatric procedure associated with frequent complications
and significant hospital resource utilization.[1–3] Most com-
plications are associated with long-term device maintenance
and include excess granulation tissue, infection, device dys-
function, peritonitis, pain, and leakage.[4, 5] Beyond the risk

of complications, each tube requires intensive ongoing care
after placement both at home and by medical professionals.
Some of this utilization depends on the type of device placed.
For example, in many institutions percutaneous endoscopic
gastrostomy (PEG) tubes require a planned device change
that is scheduled under anesthesia. While the procedure
itself may be minor, it requires additional physician time,
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nursing resources, and a second anesthetic. As with many
institutions, multiple services are responsible for placing
GDs. The numerous medical and surgical services involved
in the care of children requiring GD insertion make them a
heterogeneous and difficult patient population to study. The
existing literature examines the outcomes of GD placement
in certain patient populations or with a particular method of
insertion.[2, 4, 6–8] While multiple methods for GD insertion
have been described, including open, laparoscopic, endo-
scopic and fluoroscopic approaches, no study to date com-
pares outcomes of all of these methods while controlling for
characteristics of pediatric patients with multiple complex
medical problems.[1, 3]

In order to understand the full scope of the problem of high
resource utilization, we must first understand the landscape
of gastrostomy device placement. The purpose of our study
is not to study the complication rate of a single method for
placement or the resource utilization of a particular type of
patient, but rather to understand what resource utilization is
required in the process of device placement and maintenance
at the hospital level. We sought to determine, beginning
at a single institution, how many devices are placed, what
services are involved in placement, and how many returns to
the system there are based on specific factors. The factors of
interest for this study were the type of device initially placed
and the service that performed the placement. While it may
be common knowledge that Gastrojejunostomy devices (GJs)
require more maintenance than GD’s, again the specifics of
this difference have never been studied. We examined all
reasons for health care utilization, not simply complications,
because our experience suggests that the significant amount
of health care utilization related to GD placement occurs
after device insertion and is a formidable strain on the health
care system and the families of these complicated patients.
An important benefit to practicing clinicians will be to be
able to prepare patients and their families for the challenges
they may face after placement of planned or unplanned in-
terventions. Enhanced parental education may help reduce
both the burden on the health care system and the strain on
families.

2. METHODS
A retrospective review was performed of all patients who
received a new GD or GJ at our institution between January
1, 2010 and December 31, 2011, after approval by the insti-
tutional review board (approved application #14816). The
data were initially obtained using internal administrative data
and verified using chart review. Patients were excluded if the
procedure was performed at another institution or if a fun-
doplication was performed at the time of device placement.

Demographic information including age, gender, American
Society of Anesthesiologists (ASA) Physical Status, and up
to nine pre-existing comorbidities based on ICD-9-CM diag-
nostic codes found listed in the patient’s chart were collected
for each patient. Characteristics of the device placement were
documented, including operative provider specialty and the
type of device inserted (GD or GJ). Three different methods
for placement were identified for initial device placement: op-
erative, endoscopic, or image-guided placement. Operative
placement was performed with either the open, laparoscopic
or robotic approach under general anesthesia. Endoscopic
placement was performed jointly with a gastroenterologist to
provide the esophago gastroduo denoscopy (EGD) for inser-
tion point localization and a surgeon to perform the puncture
and PEG placement under general anesthesia. Interventional
radiologists inserted the device under image-guidance under
general anesthesia.

The primary outcome of interest was the requirement for
gastrostomy-related procedures or emergency department
visits following initial placement. For each patient that was
identified as having primary GD or GJ placement during
the study period, the chart was reviewed for any operative,
endoscopic, or fluoroscopic imaging procedures related to
the device. All emergency department contacts related to
the GD or GJ were also recorded. Planned and unplanned
gastrostomy-related procedures included 1) device changes
or replacements performed in the operating room, gastroen-
terology suite, or using fluoroscopic guidance, 2) GD or GJ
location verification using fluoroscopy following inadvertent
removal and subsequent replacement, 3) successful or at-
tempted conversion of a GD to a GJ or a GJ to a GD, 4) GD
or GJ removal in the operating room, and 5) gastrocutaneous
fistula closure.

Reasons for visits to the emergency department included
problems related to the surgical site, the device itself, or
feeding. Issues with the gastrostomy site included infection,
pain, bleeding, and excess granulation tissue. Complaints
relating to the device itself included device displacement
or placement concerns, clogged tubing, leaking or broken
devices. Feeding difficulties included abdominal distention,
oral intake intolerance, and emesis. Exposures of interest
included the type of device initially placed (GD or GJ) and
the method for initial placement (operative, endoscopic or
image-guided).

Univariate and bivariate analyses were performed to describe
the population. Two multivariate models were employed to
assess resource utilization related to feeding device place-
ment. The first model was an adjusted Poisson regression,
which was utilized to estimate the association between ad-
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ditional interventions or GD related emergency department
visits and the type of device inserted at initial placement.
Poisson regression was selected for its ability to estimate
the rate of utilization per person-time associated with the
type of device initially placed. The independent variable
was the type of device, GT versus GJ at initial placement.
The dependent variable was additional hospital utilization
defined as GD related emergency department visits or repeat
interventions. Confounders in this model included age, gen-
der, ASA class, patient comorbidities, and the specialty of
the operative provider, which were incorporated as covari-
ables (see Equation 1). The second model was an adjusted
multivariate Cox Proportional Hazards Regression, which

was used to calculate the association between method of
initial device placement and time to first repeat hospital uti-
lization event. The independent variable was the method
for device placement and included surgical, endoscopic or
image-guided techniques. The dependent variable of interest
was the time to first intervention or emergency department
visit. Confounders that were controlled for as covariables
included age, gender, initial type of device placed, ASA class
and patient (see Equation 2). Statistical significance was set
at the .05 level. The analysis was performed using StataCorp.
2011. Stata Statistical Software: Release 12. College Station,
TX: StataCorp LP.

Model 1 : PoissonRegression : Resource Utilization = 2.05 × GT vs. GJ + 1.00 × age + 0.82 × gender + 0.90
× ASAClass + 1.29 × MethodofP lacement + 2.01 × Genetic + 1.04 × Hematology/Oncology + 1.09 ×
Cardiac + 0.90 × Pulmonary + 1.50 × Renal + 1.36 × GI + 0.91 × Other Comorbidity

(1)

Model 2 : CoxProportionalHazardRatio : Resource Utilization = 2.56 × Endoscopic vs. Surgical + 2.07 ×
Image − guided vs. Surgical + 1.00 × age + 1.01 × gender + 1.98 × GT vs.GJ + 0.83 × ASAClass + 1.22×
Genetic + 1.53 × Hematology/Oncology + 0.94 × Cardiac + 1.05 × Pulmonary + 0.78 × Renal + 1.44 × GI

+ 1.21 × Other Comorbidity

(2)

In equation 1 and 2, GT: Gastrostomy tube; GJ: Gastro-
jejunostomy; Method of Placement: surgical, endoscopic,
image-guided; Genetic: Genetic or neurologic comorbidity;
Hematology/Oncology: Hematologic/Oncologic comorbid-
ity; Cardiac: Cardiac comorbidity; Pulmonary: Pulmonary
comorbidity; Renal: Renal comorbidity; GI: Gastroentero-
logical comorbidity

3. RESULTS
3.1 Demographics
A total of 299 children underwent initial GD or GJ placement
over the two-year study period. Of those, 275 (92.0%) were
GDs. The ages at initial placement ranged from birth to 22
years (mean 2.47 years, standard deviation 4.32 years). Just
under half (146, 48.8%) were female. More than half of the
patients were designated as ASA Class III (175, 58.5%). The
most frequently noted associated comorbidity was genetic
anomaly, which included genetic and neurologic impairments
(263, 88.0%) (see Table 1).

3.2 Outcomes
Fifty-four percent of initial GDs placed were in male patients
compared to 20.8% of GJs. One hundred ninety one (69.5%)
GDs were placed in patients with an ASA Class III or IV
compared to 22 (91.7%) of GJs. Of the GDs placed, 182

(60.9%) patients had at least one additional encounter related
to their feeding device. Forty percent of GDs had a single
encounter that consisted of device placement, compared to
25% of GJs. Using Poisson regression, after controlling for
the age, gender, ASA Class, and provider specialty, initial
GJ placement was associated with 2.05-fold increased rate
of additional hospital resource utilization compared to GD
placement (95% CI: 1.01 - 4.16) (see Table 2).

A majority of the devices were initially placed operatively
(145, 48.5%), followed by endoscopic placement (113,
37.8%), and lastly the image-guided technique (41, 13.7%).
Most patients who underwent device placement were under
the age of two including 77.9% of patients with operative
placement, 73.2% of patients with image-guided placement
and 52.2% of patients with endoscopic placement. Most
operative and image-guided patients had an ASA Class of
III (60.0% and 68.3% respectively) compared to endoscopic
placement where most were ASA Class I (75.0%).

Many devices required repeat utilization following place-
ment. Thirty-three of 41 (80.5%) of those placed by the
image-guided technique required repeat utilization as com-
pared to 84/113 (74.3%) placed endoscopically and 56/145
(44.8%) placed operatively (see Figure 1). After initial de-
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vice placement, there were 283 repeat interventions and 103
ER visits (see Figure 2). A Cox Proportional-Hazards Re-
gression controlling for age, gender, ASA Class, patient
comorbidities, and type of device placed estimated that endo-
scopic compared to operative placement was associated with
a hazard ratio for repeat hospital utilization of 2.56 (95%
CI: 1.73 - 3.79) and image-guided compared to operative

placement was associated with a hazard ratio of 2.07 (95%
CI: 1.20 - 3.58) (see Table 3). A Kaplan-Meier survival
curve shows the time to first event after placement stratified
by operative provider and adjusted for patient characteristics
including age, gender, ASA Class, patient comorbidities and
type of device placed (see Figure 3).

Table 1. Demographic and health characteristics of patients undergoing gastrostomy or gastrojejunostomy device
placement and subsequent hospital utilization

 

 

Repeat Utilization N (%) No Repeat Utilization N (%) Total Population N (%) p-value 

Overall 182 (60.9) 117 (39.1) 299 (100)  

Female 88 (60.3) 58 (39.7) 146 (48.8)  .8 

Age, years (mean, SD) 3.06 (4.50) 2.78 (4.06) 2.95 (4.33)  .9 

ASA Class   .4 

I 3 (75.0) 1 (25.0) 4 (1.3)  

II 53 (64.6) 29 (35.4) 82 (27.4)  

III 107 (61.1) 68 (38.9) 175 (58.5)  

IV 19 (50.0) 19 (50.0) 38 (12.7)  

Type of Device     .1 

Gastrostomy 164 (59.6) 111 (37.1) 275 (92.0)  

Gastrojejunostomy 18 (75.0) 6 (2.0) 24 (8.0)  

Comorbidities*  

Cardiac 61 (56.5) 47 (43.5) 108 (36.1)  .2 

Pulmonary 78 (61.9) 48 (38.1) 126 (42.1)  .8 

Hematology/Oncology 27 (64.3) 15 (35.7) 42 (14.0)  .6 

Genetic Anomaly 164 (62.4) 99 (37.6) 263 (88.0)  .2 

Renal 18 (52.9) 16 (47.1) 34 (11.4)  .3 

Acquired Gastrointestinal 115 (65.0) 62 (35.0) 177 (59.2)  .1 

Other 90 (61.2) 57 (38.8) 147 (49.2)  .9 
* Patients may have multiple comorbidities 

Table 2. Multivariate Poisson Regression of the incident
rate ratio of repeat intervention or emergency department
visit associated with initial gastrojejunostomy relative to
gastrostomy device placement

 

 

IRR* 95% CI* p-value** 

GJ versus GD* 2.05 1.01 – 4.16 .046 

Age 1.00 1.00 – 1.00 .2 

Gender 0.82 0.61 – 1.10 .2 

ASA Class* 0.90 0.71 – 1.13 .4 

Provider Specialty 

Comorbidities 
1.29 0.94 – 1.76 .1 

Cardiac 1.09 0.81 – 1.47 .6 

Pulmonary 0.90 0.67 – 1.20 .5 

Hematology/Oncology 1.04 0.64 – 1.69 .9 

Genetic Anomaly 2.01 1.26 – 3.19 .003 

Renal 1.50 0.85 – 2.64 .2 

Acquired Gastrointestinal 1.36 0.98 – 1.90 .07 

Other 0.91 0.66 – 1.25 .6 

 * IRR: Incident rate ratio; 95% CI: 95% Confidence Interval; GJ: gastrojejunostomy;  

GD: gastrostomy device; ASA Class: American Society of Anesthesiologists physical  

status classification; **p-value <  .05 was considered statistically significant 

 

4. DISCUSSION

Our data suggest that endoscopic and image-guided tech-
niques for initial feeding device placement are associated
with higher rates of hospital resource utilization than oper-
ative placement. Additionally, GJs are significantly more
likely to require repeat utilization than GDs. These differ-
ences remain significant even when controlling for confound-
ing factors. Patients requiring GD or GJ placement frequently
have multiple comorbidities.

The method for initial device placement is associated with
different rates of hospital resource utilization. In our health
care system younger patients and patients with higher ASA
Class tended to have their device placed either operatively or
using the image-guided technique compared to endoscopic
placement. The association may be related to the method
itself and the differences in required follow-up. Some of
the higher utilization observed might be related to the fact
that endoscopic and image-guided devices have scheduled
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initial and subsequent exchanges such as a PEG to button,
whereas surgically placed GDs require a single procedure for
placement.

Table 3. Multivariate Cox Regression of hazard ratio of
repeat intervention or emergency department visit associated
with the method of initial placement

 

 

HR* 95% CI* p-value** 

Method of placement 

Endoscopic versus Operative 2.56 1.73 – 3.79 < .001 

Image-guided versus Operative 2.07 1.20 – 3.58 .009 

Age 1.00 1.00 – 1.00 .3 

Gender 1.00 0.75 – 1.36 1.0 

GJ versus GD* 1.98 0.98 – 3.99 .06 

ASA Class* 0.83 0.64 – 1.07 .2 

Comorbidities 

Cardiac 0.94 0.65 – 1.37 .8 

Pulmonary 1.05 0.77 – 1.43 .8 

Hematology/Oncology 1.53 1.01 – 2.34 .047 

Genetic Anomaly 1.22 0.74 – 2.00 .4 

Renal 0.78 0.47 – 1.30 .3 

Acquired Gastrointestinal 1.44 1.04 – 1.99 .03 

Other 1.21 0.87 – 1.67 .3 

 *IRR: Incident rate ratio; 95% CI: 95% Confidence Interval; GJ: gastrojejunostomy;  

GD: gastrostomy device; ASA Class: American Society of Anesthesiologists physical  

status classification; **p-value <  .05 was considered statistically significant 

 

Figure 1. Methods of feeding device placement and number
requiring additional hospital utilization

Our data corroborate the findings that GDs and GJs are asso-
ciated with multiple interventions and emergency department
visits.[4, 5] Although patients who require feeding devices of-
ten have high health care utilization for their ongoing needs,
this relatively simple procedure appears to add to that burden.
There may be many potential explanations for the associa-
tion between hospital resource utilization and GJ relative to
GD placement. For example, GJs require increased techni-

cal complexity for placement or replacement. A GD with
a well-formed track may be replaced at home or in clinic,
while GJ replacement requires fluoroscopic technique to ver-
ify placement. The device is more complex and thus has
more potential for dysfunction, including device occlusion
and improper migration back into the stomach. The associa-
tion between increased hospital resource utilization and GJ
placement is important when counseling parents about life
with a feeding device as it may better prepare them for their
child’s long-term clinical course.

Figure 2. Flow diagram of the number of additional
utilization events by method of initial placement

Figure 3. Adjusted survival curve by method of initial
placement

Although this is one of the largest and most diverse patient
cohorts of GDs and GJs to date, there are limitations to the
study. It is retrospective, therefore, association but not cau-
sation may be inferred. Since it is nonrandomized, there
may be residual confounding. This study captures not only
GD-related complications or unplanned events, but all GD-
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related interventions, including planned procedures, with the
intent of highlighting resource utilization overall. As men-
tioned previously, the indication for the feeding device was
not available in detail, thus limiting the utility of this informa-
tion when stratifying patients or controlling for confounding.
Finally, type of device placed is not consistently recorded
in the operative and procedural notes so we were not able
to stratify by this factor, although we were able to stratify
by the initial method of placement (operative, endoscopic or
image-guided).

Despite these limitations, this study provides valuable infor-
mation about the differences in outcomes based on the type
of device placed and the method for initial device placement.
We are now able to counsel patients regarding their risk of
further intervention, both planned and unplanned, prior to de-
vice placement based on the type of device and the method of
placement. Additionally, this allows for system level quality
improvement projects to determine if the planned procedures
are required. A pre-procedure checklist will likely be useful
for ensuring that patients have proper workups and receive
the correct device at initial placement. Now that we have a
sense of overall hospital utilization, we can embark on qual-

ity improvement measures to reduce this significant burden
on families and the health care system as a whole.

Hospital resource utilization is dependent on the method of
initial device placement and whether a gastrostomy or gas-
trojejunostomy are used at initial placement. Patients are
more likely to require additional hospital resources if they
receive a GJ at initial placement or if the placement occurs
using the endoscopic or image-guided technique. In order
to address the differences in utilization by type of device
and method used, a protocol has been established at our
institution that helps to identify those patients that require
gastrostomy placement and identify a care team to admit the
patient following the procedure. The goal of the protocol
is to minimize the length of stay, cost, patient discomfort,
duration of anesthesia, and radiation exposure. The feeding
advancement schedule has also been standardized in an effort
to reduce variation in practice patterns. Now that this study
has established the overall hospital utilization and defined
areas of improvement, future directions include a compara-
tive study examining the difference in resource utilization
between patients treated prior to and after protocol imple-
mentation.
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