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Abstract
Background: Proper nutrition is known to hasten healing, reduce treat-
ment-related morbidity, and improve outcomes. Children with high-risk 
solid tumors often have gastrostomy tubes (GTs) placed for supple-
mental nutrition during cancer therapy. Gastrostomy tubes, however, 
are not without risks, and many patients develop erythema concern-
ing for infection at the stoma site. Gastrostomy complications are de-
scribed in the literature, but knowledge regarding this topic is limited. 
Methods: In this retrospective descriptive study, the authors reviewed 
3 years of clinical data regarding pediatric patients with solid tumors 
who had GTs at a pediatric medical center. Descriptive statistics were 
used to describe the incidence of erythema concerning for infection, 
identify factors most likely to be associated with this complication, and 
understand how erythema impacts the completion of cancer therapy. 
Results: In a sample of 58 children with high-risk solid tumors who had 
GTs placed between 2018 and 2021, 53% developed erythema concern-
ing for infection. More subjects who experienced episodes of GT ery-
thema had neuroblastoma (48%), tubes placed after the start of can-
cer therapy (74%), and erythema during periods of neutropenia (71%). 
Only one subject experienced a treatment delay due to GT erythema. 
Discussion: Despite the rate of GT erythema among study subjects, 
most completed cancer therapy without delay related to this compli-
cation. Additionally, the incidence of stoma site erythema was nota-
bly less when tubes were placed prior to the start of cancer therapy. 
Therefore, the authors recommend GT placement prior to therapy start 
when possible and further attention be paid to this complication dur-
ing cancer therapy.
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Children with high-risk solid tumors 
who receive systemic chemotherapy 
or undergo radiation to the head and 
neck may experience excessive nausea 

and vomiting, altered taste, anorexia, and mucosi-
tis that will dramatically reduce oral intake. When 
these patients are undernourished, they are at an 
increased risk for infection, delayed wound heal-
ing, treatment toxicity, reduced chemotherapy 
tolerance, and poor outcomes (Trimpe et al., 2017; 
Fernandez-Pineda et al., 2016; Sacks et al., 2014; 
Tenardi et al., 2012). Thus, timely nutrition evalu-
ations and support via gastrostomy tube (GT) are 
often necessary to optimize caloric intake in this 
population. Many patients with GTs, however, 
will experience stoma site erythema concern-
ing for infection (Figure 1). In this retrospective, 
descriptive study, the authors sought to deter-
mine the incidence of GT erythema concerning 
for infection as well as identify factors that may 
increase the rate of GT erythema in pediatric pa-
tients with high-risk solid tumors. They also ex-
plored whether cancer therapy was delayed due to 
the presence of GT erythema and developed prac-
tice recommendations for the placement of GTs in 
this patient population. 

Patients with GTs may develop erythema con-
cerning for infection in the days following place-
ment or at any point thereafter because the tube 
is an indwelling foreign body. Unfortunately, the 
incidence of this complication is elusive because 
stoma site erythema is often pooled with other 
GT complications, reported irrespective of timing 
(post procedure vs. late) or combined with statis-
tics from adult patients. For example, Fernandez-
Pineda and colleagues (2016) report 60% of pe-
diatric patients with solid tumors who have GTs 
experienced related problems, and they cite stoma 
site infections as the most common complication, 
occurring more frequently in younger children. 
Lucendo and colleagues (2014) report the inci-
dence of GT complications in pediatric patients 
as between 3% and 6%, whereas Zopf and col-
leagues (2008) describe minor complications in-
cluding stoma site erythema or infection in 2% to 
30% of adult patients. Additionally, the degree of 
erythema surrounding the GT stoma site may vary 
and is often subjective, which makes gathering 
and interpreting data difficult. Given the inconsis-

tent and limited data in the literature, the authors 
sought to compare the incidence of GT erythema 
in a large population of pediatric patients with 
these previous findings. 

Certain factors might impact the development 
of GT erythema in pediatric patients with high-
solid tumors including the type of GT. Placement 
of a Corpak tube, for instance, has been shown to 
be more cost effective, less invasive, and safer with 
less morbidity (Blumenstein et al., 2014). Alterna-
tively, the Mic-Key button may be preferable given 
its convenience and the comfort of not having a 
long, stiff tube hanging from the abdomen. How-
ever, placement of the skin-level button is more 
invasive, requiring the stomach to be pulled and 
attached to the abdomen for placement, which 
takes longer to form a fistulous tract and may re-
sult in higher rates of complications (Blumenstein 
et al., 2014). Given that there is no consensus re-
garding the preferred GT type in the literature, 
the authors sought to investigate whether either 
of the most commonly used GTs increases the risk 
for stoma site erythema. 

The timing of GT placement may also im-
pact the development of stoma site erythema. 
Patients who undergo GT placement due to mas-
sive weight loss secondary to chemotherapy, for 
instance, endure more complications. This is 
likely secondary to a decrease in body mass index 
(BMI) and a decrease in serum albumin, which 
is necessary for wound healing (Lucendo et al., 
2014). Preemptive placement prior to starting 
cancer therapy, therefore, may be beneficial as 
patients’ immune systems are not yet impacted 
by myelosuppressive chemotherapy. Lucendo 
and colleagues (2014) support this theory as 
they report it takes 2 to 3 weeks for the stoma 
site to heal and a fistulous tract to form after GT 
placement. In pediatrics, GT placement is often 
planned in combination with port-a-cath place-
ment or imaging under general anesthesia or se-
dation prior to starting cancer therapy. However, 
the procedure is occasionally delayed until after 
therapy begins due to scheduling logistics or pa-
tients’ clinical status. Understanding whether 
this variable and others cited in the literature (in-
cluding institutional factors, proceduralist expe-
rience, malnutrition, comorbidities, and GT size) 
will aid in the development of important practice 
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recommendations that will positively impact pa-
tient care (Lucendo et al., 2014; Zopf et al., 2008). 

METHODS 
The authors reviewed 3 years of clinical data from 
the medical records of pediatric patients with 
high-risk solid tumors who had GTs placed at 
the Children’s Hospital of Philadelphia (CHOP) 
between August 2018 and August 2021. CHOP is 
one of the largest free-standing pediatric medi-
cal centers in the world, with a cancer center that 
sees more than 650 newly diagnosed patients each 
year. The project was deemed exempt by the hos-
pital institutional review board, so did not require 
formal review. A quality improvement specialist 
generated a list of patients with solid tumors who 
had a GT during the defined study period, which 
was used for data collection. 

Patients were included in the study if they 
had a solid tumor (diagnosed or relapsed) be-
tween August 2018 and August 2021. As care at 
CHOP is siloed by cancer type, the authors chose 
to exclude patients with leukemia, lymphoma, 
and brain tumors to avoid confounding variables. 
Patients were considered to have a high-risk sol-
id tumor if they had solid tumor malignancies 
that required myelosuppressive chemotherapy 
or radiation to the head and neck as treatment. 
Patients were included in the study if they re-
ceived their cancer therapy at CHOP and had a 
GT placed at any point during the study period. 
Patients were excluded if their GT was placed at 

an outside institution as the authors would not 
have access to data regarding tube placement 
or any relevant complications prior to assuming 
care at CHOP. The authors confirmed eligibil-
ity by carefully examining patients’ demographic 
data, problem lists, and treatment summaries in 
the electronic medical record. 

The authors used REDCap, a secure platform 
for database development, to store data extracted 
from the electronic health record. Demographic 
data collected for the study included subjects’ 
oncologic diagnosis, percentage weight loss at 
diagnosis or relapse, the timing of GT placement 
(at cancer diagnosis vs. after therapy start), GT 
placement location (operating room vs. interven-
tional radiology), and the presence of erythema 
concerning for infection at the gastrostomy sto-
ma site. If study participants developed erythema 
concerning for infection, further data were cap-
tured, including the timing of each episode of er-
ythema (during a period of neutropenia or not), 
the number of episodes of erythema, whether 
erythema led to a delay in cancer therapy, and 
the use and type of antimicrobial prophylaxis. As 
there was no standard format for providers and 
nurses to document erythema concerning for in-
fection at the gastrostomy stoma site, the authors 
determined the presence of this complication 
in a qualitative manner. The authors (seasoned 
nurse practitioners with experience in data ex-
traction) retrieved these data manually from the 
electronic medical record, reading through study 

Figure 1. Images of gastrostomy tube erythema. Photographs shared with permission from  
patient/caregiver.
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participants’ problem lists, outpatient progress 
notes, hospital admission notes, nursing docu-
mentation, and discharge summaries. The au-
thors used descriptive statistics to characterize 
the study sample. 

RESULTS  
Demographic Characteristics of the Sample 
The authors identified 59 patients with GTs who 
were diagnosed with a solid tumor or experienced 
a cancer relapse during the 3-year study period. 
From this list of patients, 58 pediatric patients—a 
mix of children, adolescents, and young adults—
met the inclusion criteria for diagnosis and GT 
placement location and timing. Those excluded 
from the study included one patient who had a 
GT placed either prior to the study period or at 
another institution. Of the 58 subjects included in 
the study, 24 subjects had neuroblastoma (41%) 
while 17 had osteosarcoma (29%), 9 had Ewing 
sarcoma (16%), 6 had rhabdomyosarcoma (10%), 1 
had Wilms tumor (2%), and 1 subject had hepato-
blastoma (2%). Twenty-five subjects in the study 
(43%) had a GT placed at cancer diagnosis while 
33 subjects (57%) had a GT placed after the start 
of cancer therapy. Seven subjects (12%) had their 
GT placed in interventional radiology while 51 
subjects (88%) had their GT placed in the operat-
ing room. The location for GT placement was gen-
erally based on availability or the need to combine 
GT placement with other procedures under the 
same sedation or anesthesia. Only 3 subjects (5%) 
had Corpak GTs while the remaining 55 subjects 
(95%) had Mic-Key button GTs placed during the 
study period. Gastrostomy tube type was chosen 
based on availability and proceduralist prefer-

ence. Demographic information is summarized in 
Table 1. 

Erythema Concerning for Infection 
Thirty-one subjects (53%) experienced at least 
one episode of erythema concerning for infection 
at their gastrostomy stoma site during the study 
period. Most of the subjects who experienced 
episodes of erythema had neuroblastoma (48%), 
GTs placed after treatment start (74%), and Mic-
Key buttons placed in the operating room. Most 
subjects developed erythema during periods of 
neutropenia (71%). While 87% of subjects who 
developed erythema concerning for infection at 
the gastrostomy stoma site were not given pro-
phylactic antibiotics following the first episode, 
those who were given prophylactic antibiotics 
(13%) experienced more episodes of erythema 
and were most often given oral clindamycin as 
prophylaxis. Only 1 out of the 31 subjects with 
erythema concerning for infection experienced 
a cancer therapy delay due to the complication. 

When broken down by diagnosis, the authors 
found that subjects with neuroblastoma expe-
rienced erythema concerning for infection at a 
rate of 63%. Eighty-eight percent of those who 
developed erythema had their GT placed after 
chemotherapy start. Alternatively, only 29% of 
subjects with osteosarcoma developed erythe-
ma concerning for infection and most of these 
subjects had their tubes placed prior to chemo-
therapy start. The one subject with osteosarcoma 
whose GT was placed after chemotherapy start 
developed erythema concerning for infection. 
Fifty-six percent of subjects with Ewing sarcoma 
developed GT erythema concerning for infec-
tion, approximately half of whom had their tubes 
placed after chemotherapy start. Subjects with 
rhabdomyosarcoma developed GT erythema at 
a rate of 83%, and most subjects had GTs placed 
after treatment start. The one subject with rhab-
domyosarcoma who had their GT placed at diag-
nosis did not develop erythema. Finally, the one 
patient with Wilms tumor who developed ery-
thema received higher risk therapy and had their 
GT placed after chemotherapy start. Figure 2 de-
scribes GT erythema by cancer diagnosis. Figure 
3 further displays the difference in GT erythema 
based on timing of tube placement.

Table 1. �Breakdown of Patient Diagnoses Included 
in the Study

Diagnosis Count

Neuroblastoma 24

Osteosarcoma 17

Ewing sarcoma 9

Rhabdomyosarcoma 6

Wilms tumor 1

Hepatoblastoma 1

Total 58
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DISCUSSION 
The results from this study reveal that erythema 
concerning for infection is a relatively frequent 
complication for children with GTs present dur-
ing cancer therapy. It does not appear to be a ter-
ribly morbid complication given only one study 
subject experienced a therapy delay due to con-
cern for infection. Most subjects who developed 
erythema had their GTs placed after starting 
cancer therapy, which the authors hypothesize 
is related to the short interval between tube 
placement and myelosuppression from chemo-
therapy. Many subjects experienced these epi-
sodes during periods of neutropenia when they 
are already at higher risk for mucositis, stomati-
tis, and infection due to rapid cell turnover and 
a decrease or absence of infection-fighting white 
blood cells. Ultimately, the development of ery-
thema appears more related to GT placement 
timing and the nature of cancer therapy than the 
oncologic diagnosis.

Most subjects in the study did not receive 
prophylactic antibiotics to prevent episodes of 
erythema at the GT site concerning for infection. 
Subjects who did receive prophylactic antibiotics 
experienced more episodes of erythema concern-
ing for infection. The use of antibiotics may or 

may not have impacted outcomes for these sub-
jects. Given the risk of antibiotic side effects, the 
chances of developing antimicrobial resistance, 
and the likelihood that most of these episodes 
are due to mucositis or stomatitis rather than in-
fection, the use of prophylactic antibiotics is not 
recommended and should be avoided if possible. 

It is difficult to quantify exactly how many 
patients may require or benefit from GT place-
ment as providers define high-risk solid tumors 
and perceive the risks and benefits of enteral nu-
trition differently across institutions. However, 
nutrition assessment and early enteral feedings 
support patients’ nutritional status and possi-
bly bolster outcomes in children with high-risk 
solid tumors (Sacks et al., 2014; Schmitt et al., 
2012). Therefore, the authors recommend nutri-
tion evaluation at diagnosis and early GT place-
ment to facilitate enteral feedings when feasible. 
Given the high rate of GT erythema concerning 
for infection among subjects in this study (espe-
cially among those who had GTs placed after the 
start of cancer therapy) the authors recommend 
the placement of GTs at cancer diagnosis, before 
patients’ immune systems are suppressed by che-
motherapy. Optimizing GT timing based on these 
study findings will facilitate surgical site and  
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Figure 2. Rate of gastrostomy tube erythema by cancer diagnosis. 
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stoma healing as well as fistulous track formation 
with a goal of reducing the risk of GT erythema 
concerning for infection in pediatric patients 
with high-risk solid tumors.

STUDY LIMITATIONS
Several factors may have impacted the study 
results. First, there were several variables not 
captured during data collection that might have 
added to the interpretation of study results. For 
instance, variables including subject age, co-
morbidities, degree, and duration of neutrope-
nia during episodes of erythema, GT size, pro-
ceduralist experience, and the interval between 
GT placement and onset of erythema were not 
extracted during data collection. Second, while 
most subjects had a nutrition evaluation at can-
cer diagnosis, it was difficult to find the percent-
age weight loss or degree of malnutrition in the 

documentation. Since nutritional status is re-
lated to healing and tolerance of chemotherapy, 
these data points may have helped to determine 
which subjects were at higher risk for erythema 
at the GT site. Third, the presence and degree of 
erythema were deemed and documented as such 
by providers in a subjective manner. Thus, the 
authors were not able to document the severity 
or determine the presence of variability in clini-
cal presentation among subjects. Next, only two 
methods of GT placement and two GT brands 
(Corpak and Mic-Key) were reviewed due to 
proceduralist preference and hospital supply, 
so it may be difficult to generalize the results of 
this study to other institutions. Finally, there is a 
dearth of literature on this topic and many of the 
available articles are outdated. Thus, it is pos-
sible the procedure to place GTs, procedure lo-
cation, type of GTs, postoperative management, 
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and GT care have evolved since the publication 
of many of the articles.

IMPLICATIONS FOR  
ADVANCED PRACTICE PROVIDERS
Advanced practice providers (APPs) play a vital 
role in the nutritional assessment and care of pe-
diatric patients with high-risk solid tumors, espe-
cially as advocates for nutrition optimization and 
education (Montgomery et al., 2016). For instance, 
APPs might prioritize obtaining accurate heights 
and weights at cancer diagnosis and throughout 
therapy as these measurements reflect patients’ 
nutritional status. Advanced practice providers 
might also advocate for early nutrition evaluation 
and support clinical dieticians’ recommendations 
for nutritional optimization and early GT place-
ment (prior to treatment start) in patients with 
high-risk solid tumors. They should also edu-
cate members of the interprofessional team, pa-
tients, and families regarding the importance of 
nutrition in cancer therapy and seek to conduct 
large, multisite studies to further describe the use 
of GTs in pediatric patients with high-risk solid 
tumors, develop unbiased methods to assess GT 
erythema concerning for infection, and explore 
other GT complications in children with cancer.

CONCLUSION
There exist many benefits to providing early en-
teral nutrition to pediatric patients with high-risk 
solid tumors. Gastrostomy tube placement, how-
ever, is not without risk, including the develop-
ment of erythema at the stoma site concerning for 
infection. The aim of this single site, retrospective 
descriptive study was to document the incidence 
and potential risk factors for the development of 
erythema concerning for infection in children 
with high-risk solid tumors. Based on the find-
ings from this study, the authors recommend the 
interprofessional team prioritize GT placement 
prior to treatment start, avoid the use of prophy-
lactic antibiotics when possible, and advocate for 
further study on this topic. Advanced practice 
providers play key roles in the care of these pa-
tients and should continue to partner with other 
members of the interprofessional team (includ-

ing clinical dieticians) to advocate for nutritional 
optimization, educate team members and families 
regarding the importance of nutrition in cancer 
care, as well as use the results of this study to fuel 
further investigations to improve clinical care for 
children with cancer. l
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