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Abstract:

Gastrostomy tubes or equivalent invasive nutritional support devices are an important component for maintaining ap-
propriate nutrition for children with cerebral palsy who have oromotor dysfunction. Although these interventions have
been shown to produce positive influences on the child’s health and nutrition status, they have also been associated
with increased complication rates following spinal deformity surgery. Understanding the current status of the literature
on this topic as well as the gaps in knowledge are crucial to gaining a thorough understanding of the role of these feed-
ing devices in the postoperative complication profile for these at-risk patients and avenues for future research efforts.

Key Concepts:
e Children with advanced cerebral palsy are at risk for oromotor dysfunction resulting in impaired nutritional status.

e Nutritional feeding support, in the form of gastrostomy, jejunostomy, and/or gastro-jejunostomy tubes, can signifi-
cantly enhance the nutritional status of these at-risk children.

e These nutritional feeding support devices have been identified as risk factors for complications following spinal
deformity surgery, yet it’s unclear if the devices are actual risk factors or reflect the severe impairment of the pa-
tient and the disease.

with GMFCS IV-V, characterized as nonambulatory
states, these children are susceptible to progressive spi-
nal deformity and hip subluxation/dislocation for which

Introduction

Cerebral palsy (CP) is a collective term indicative of a
static, permanent neurologic disorder with a varying

o _ R orthopaedic reconstructive procedures are often recom-
clinical presentation. Although the neurologic injury is

mended to the caregiver in the form of spinal ar-

nonprogressive, the orthopaedic manifestations are of- . . . .
prog ’ P throdesis or hip reconstruction.”*

ten progressive.! In orthopaedics, CP has been charac-

terized using the Gross Motor Function Classification Children in these more advanced states are also suscepti-
System (GMFCS) by levels I-V, with decreasing inde- ble to varying degrees of central neuromotor impair-
pendence according to increasing level. For children ment. Oromotor dysfunction is one such subtype of
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central neuromotor impairment and has several inter-re-
lated factors including fine motor control, communica-
tion, and upper extremity ability that influence the extent
of dysfunction.’ Oromotor dysfunction has been de-
scribed according to the Eating Drinking Ability Classi-
fication System (EDACS) to describe ability according
to safety and efficiency of eating.® EDACS has been
shown to correlate well to GMFCS as well as fine motor
control, defined according to the Manual Ability Classi-
fication System (MACS) to describe the ability for chil-
dren with CP to use their hands for daily activities.” In-
creasing levels of upper extremity fine motor control, de-
fined by MACS levels IV and V, is significantly associ-
ated with oromotor dysfunction and has been suggested
to be a stronger predictor of impairment than gross mo-
tor control.’

When present, oromotor dysfunction often necessitates
nutritional support in the form of gastrostomy or jejunos-
tomy tubes.® Medical research has demonstrated that the
placement of gastrostomy tubes (G-tubes) significantly
enhances the child’s nutrition status.®® Additionally,
G-tubes have been reported to be the most beneficial in-
tervention of the child’s life, producing more functional
improvement than any orthopaedic intervention for chil-
dren with GMFCS IV and V CP. For this reason, many
caregivers strongly encourage placement of nutritional
support devices early in the child’s life.!°

However, the presence of G-tubes has been identified as
an independent risk factor for complications following
spinal arthrodesis or hip reconstruction in these nonam-
bulatory patients.>*!!1¢ These data stand in face of the
recognized increased risk for postoperative complica-
tions for CP patients with impaired presurgical nutrition
status.!” When considering orthopaedic intervention in
these children, it behooves the treating surgeon to con-
sider the presence and implication of risk factors to min-
imize the risk for postoperative complications. However,
given these conflicting reports, the question remains
whether G-tubes and their equivalent nutritional support
devices are an ally in mitigating the complication rate as-
sociated with impaired presurgical nutrition, a
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substitutionary factor with a separate predisposition for
complication development, or a reflection of the severity
of neurologic involvement that is nonmodifiable. The
purpose of this paper is to review the available literature
on this topic.

General Considerations

Due to the underlying neurologic abnormality, feeding
disorders are common in children with CP, ranging from
oromotor and oropharyngeal abnormalities resulting in
difficulties with chewing and/or swallowing which can
ultimately produce under- or mal-nutrition statuses.'® To
address this, enteral feeding through G-tubes, jejunos-
tomy tubes (J-tubes), and GJ tubes have become more
frequently utilized to address underlying malnutrition
and/or failure to thrive.!” However, specified indications
for when to proceed with these interventions have not
been clearly defined. The use of an adjunctive classifica-
tion system can aide in guiding when to proceed with
nutritional support interventions. Children with EDACS
IV demonstrate poor swallowing and breathing coordi-
nation and are only able to eat purees or well mashed
foods, whereas EDACS V children are completely un-
safe to eat or drink and are reliant upon feeding tubes for
nutrition.?’ Additionally, children with MACS V are un-
safe to handle objects and given this association with
oromotor dysfunction, may be indicated for nutritional
interventions.’

Presurgical nutritional status has been associated with
infectious complications following spinal deformity
surgery. Jevsevar and Karlin!” retrospectively reviewed
45 nonambulatory children with cerebral palsy and neu-
romuscular scoliosis undergoing spinal arthrodesis. The
authors found that children with poor presurgical nutri-
tional status, defined as total blood lymphocyte count
(TLC) <1500 cells per cubic millimeter and albumin
levels < 3.5 g/dL, were at risk for postsurgical infec-
tious complications, consisting of 11 urinary tract in-
fections, 9 pneumonias, 2 gastrointestinal (GI)/genito-
urinary infections, and 2 surgical site infections (SSI).
These data led to a growing trend for evaluation of pre-
surgical nutritional status and a recommendation for
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aggressive measures, such as perioperative feeding tube
interventions,?! to be instituted to optimize nutritional
levels.

Nutritional interventions have been shown to produce
reliable gains in weight for children with severe CP.%2?
Sullivan et al.® performed a prospective, multicenter
study of 57 children with CP (43 of 57 with spastic
quadriplegia), demonstrating clinically important in-
creases in median weight z-scores with caregiver re-
ports of significant health improvements. These im-
provements also extend to the nutritional level with im-
provements in micro-nutrient levels,?? total body pro-
tein levels,?” and augmenting bone mineral content.?® In
addition to producing improvements in a child’s weight
and nutrition, G-tubes also result in significant im-
provement in quality of life measure for caregivers.’
However, the breadth of evidence on this topic remains

low to insufficient.?*?’

G-tubes and Spinal Deformity Surgery

Spinal arthrodesis has been demonstrated to produce a
positive impact in a child’s quality of life as well as
caregiver satisfaction for children with nonambulatory
CP.* However, these procedures carry a high rate of
postsurgical complication development with 36% of pa-
tients developing a major complication within 2 years of
surgery.?® These complications are most commonly rep-
resented as wound healing/infections, pulmonary com-
plications, and GI complications, all of which have been
associated with the presence of G-tubes or equivalent
nutritional support devices.>!1-16:27.28

Respiratory complications are an additional area of con-
cern for nonambulatory children given their diminished
capacity to protect their airways and predisposition to
pneumonia and respiratory illnesses. Blackmore et al.?’
performed a cross-sectional analysis on respiratory hos-
pitalizations and treatment in 551 children with CP rang-
ing from 1 to 26 years of age. In nonambulatory chil-
dren, the presence of a G-tube or other nutritional sup-
port device was associated with a significantly increased
risk of hospitalization for respiratory illness. Sharma et
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al.’® performed a meta-analysis including over 15,000
children undergoing spinal arthrodesis for neuromuscu-
lar scoliosis, indicating that pulmonary complications
were the most commonly encountered postsurgical com-
plication. Luhmann & Furdock®! retrospectively re-
viewed 111 children with neuromuscular scoliosis (CP
diagnosis in 74.7%) treated over a 20-year period, re-
porting that the presence of a G-tube and the history of
pneumonia were independently associated with postop-
erative pulmonary complications.

Nishnianidze et al.?” reviewed 303 children with cerebral

palsy, 89% GMFCS IV or V, undergoing spinal ar-
throdesis, identifying factors associated with postsurgi-
cal complications. Postsurgical complications included
pancreatitis (54%), pleural effusion (42.5%), and infec-
tious complications of all origins (10.2%). Children with
a G-tube (72.2% of population) had significantly higher
postoperative complication scores and a significantly in-
creased rate of developing pancreatitis and deep wound
infection. Sponseller et al.'® retrospectively evaluated a
cohort of 204 consecutive children with CP undergoing
spinal arthrodesis at one of seven institutions. They re-
ported a 6.4% rate of deep wound infection, developing
at a mean of 34 days following surgery. Univariate anal-
ysis identified older age, large curve magnitude, the
presence of a G-tube or GJ tube, higher serum white
blood cell counts, and longer operative times as risk fac-
tors for deep infection development with only the pres-
ence of a G-tube or GJ tube as an independent predictor
of postoperative deep infection, carrying a 1.9 fold
risk.!”® A subsequent meta-analysis further defined this
association between postsurgical site infection (SSI) and
G-tubes, carrying an odds ratio of 3.45 for SSI compared
to patients without G-tubes. This is particularly im-
portant in that only deep infection development has been
shown to independently predict less improvement in
health-related quality of life scores following spinal ar-
throdesis.*

The risk of SSI following spinal arthrodesis has tradition-
ally been attributed to presurgical malnutrition;'” how-
ever, this premise has been challenged by subsequent
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data.””-*} Nishnianidze et al.?” assessed the influence of
presurgical TLC and albumin levels, finding no statisti-
cally significant difference in postoperative complication
scores based on these laboratory studies. Furdock & Luh-
mann® found in their series of 111 children with neuro-
muscular scoliosis that traditional nutrition values such as
pre-albumin, albumin, TLC, and total protein were not as-
sociated with an increased incidence of SSI.

Gastrointestinal complications are an important addi-
tional subset of complications to assess in postsurgical
patients, ranging from ileus to pancreatitis. Nishnianidze
et al.”’ reported a 54% rate of developing postoperative
pancreatitis following spinal arthrodesis. The presence
of a G-tube preoperatively carried a 1.61-fold higher risk
of developing postoperative pancreatitis. Utilizing a
standardized screening regimen, Abousamra et al.!!
noted an overall incidence of pancreatitis as evidenced
by increases in enzymes in 55% of their CP patients un-
dergoing spinal arthrodesis. Specifically, the presence of
G-tube dependence was associated with a higher risk of
developing postoperative pancreatitis with these patients
necessitating longer hospitalization and utilization of
hospital resources.'!

Verhofste et al.'® performed a prospective, multicenter
study of 425 children with CP undergoing spinal ar-
throdesis, reporting a 2.2x and 6.7x rate of GI complica-
tions in those patients with G-tube or combined G-
tube/oral intake, respectively. Furthermore, they noted
that those patients who retain the ability to tolerate oral
feeding regimens are at further risk for dysphagia, aspi-
ration events, and complications related to the G-tube
proper. However, the authors also identified that GI
complication development, to include pancreatitis, was
also influenced by the fasting periods following surgery.
Children with G-tubes who developed a GI complication
had a longer fasting period (3 days mean fasting vs. 2
days for those without a GI complication), suggesting
the feeding protocol may play a significant role in com-

plication development.!'®
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The importance of the postoperative fasting period has
been suggested by other authors. Nishnianidze et al.?’ re-
ported a 54% incidence of postoperative pancreatitis in
303 children with neuromuscular scoliosis, with a re-
ported mean fasting period of 4.43 days following sur-
gery. The concept of accelerated discharge pathways fol-
lowing spinal arthrodesis in children with nonambula-
tory CP has recently been investigated. Another ad-
vantage of G-tubes is the ability to restart the child’s diet
the day following surgery.>* Bellaire et al.* reported that
an accelerated discharge protocol in children with severe
CP resulted in not only a significant decrease in hospital
length of stay but also a decrease in the development of
postoperative complications.

Characteristics of Central
Neuromotor Impairment

Ultimately, the etiology of the identified risks for com-
plication development in children with CP and a G-tube
has not been definitively elucidated and is likely multi-
faceted. Our understanding of what defines the optimal
nutritional state for these at-risk children is incomplete
with significant gaps in the known science and clinical
practice that require further evaluation.’® Aside from the
restarting of feeding following surgery, the volume and
characteristics of the diet may also play a significant
role. Children with severe subtypes of CP are at an in-
herent risk of overfeeding given their lower basal energy
expenditure levels and can result in heightened body fat
content.*® On the other hand, some severely affected pa-
tients have athetoid or similar types of CP that cause
them to have high basal energy expenditure levels. Alter-
native feeding regimens have been investigated with
low-energy, micronutrient complete, high-fiber feeding
regimens allowing children to continue to grow despite
energy intakes below the 75% estimated averages and
have not been associated with a disproportionate rise in
fat mass or fat percentage.? Alternatively, studies of pa-
tients undergoing prolonged parenteral nutrition have
been shown to result in GI tract microbiome changes
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which may predispose these patients to increased infec-
tion and metabolic complications.?’

However, both medical and surgical authors have opined
that the presence of a G-tube may serve more as a meta-
phorical “canary in the coalmine” indicating the extent
of overall disease severity.'*!% This viewpoint can be
characterized by quantifying the extent of central neuro-
motor impairment in these children, characterized by
feeding/swallowing disfunction, speech, respiratory
function, and cortical stability." Jain et al." introduced a
subclassification for GMFCS V children undergoing spi-
nal arthrodesis defined by the presence of any of four
central neuromotor impairments: seizure disorder, non-
verbal status, tracheostomy, and G-tube presence. The
subtypes ranged from 5.0 (no central neuromotor impair-
ment) to 5.3 based on the number of underlying central
neuromotor impairments, with 5.3 subtypes having three
or four impairments. Using this subclassification system,
the authors found that the rate of major postoperative
complications significantly increased by GMFCS V sub-
type with 5.3 children having a 49% rate of major com-
plications.

Summary

Gastrostomy tubes and equivalent nutritional interven-
tions are commonly identified as a risk factor for com-
plication following orthopaedic surgery, but they are
also associated with significant enhancements in a
child’s underlying nutrition and subsequent weight gain
and are reported as the most beneficial intervention in a
child’s life by caregivers. The extent of central neuromo-
tor impairment for these children with severe cerebral
palsy directly impacts the complication profile following
orthopaedic surgery particularly with regard to spinal ar-
throdesis. G-tubes represent one such aspect of central
neuromotor impairment in cerebral palsy and may be
better considered as a nonmodifiable characteristic of a
child’s underlying central neuromotor impairment rather
than an independent risk factor for complication. Future
research should investigate the role of pre- and postsur-
gical feeding protocols as well as dietary content on the
development of complications following surgery.
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Additional Links

e Management of Spinal Deformity in Cerebral Palsy:
Current Concepts Review
https://www.jposna.org/ojs/index.php/jposna/arti-

cle/view/8

e Two Surgeon Approach to Posterior Spinal
Fusion in the Correction of Neuromuscular Scoliosis
http://www.posnacademy.org/media/Two+Sur-

geontApproach+to+Posterior+Spinal+Fu-

sion+in+the+Correctiontof+Neuromuscular+Scolio-
sis/1_2d9zibsb/19139662
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