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Abstract
Pre-operative nutritional assessments have been used as a “cornerstone” to help optimize nutritional status and weight in children
with cerebral palsy (CP) to lower the risk of postoperative complications. However, the potential value of nutritional assessments on
surgical outcomes in patients with CP undergoing major orthopedic surgery remains unproven.
Do pre-operative nutritional assessments reduce complication rates of varus derotational osteotomy surgery in children with CP?

Are complication rates higher in patients with a gastrostomy tube (G-tube) and can they be decreased by pre-operative nutritional
assessment?
One-hundred fifty-five patients with CPwho underwent varus derotational osteotomy from January 1, 2012 through December 31,

2017 at a tertiary pediatric hospital with minimum 6months follow-up were retrospectively identified. One-hundred-ten (71%) were
categorized as “non-ambulatory” (Gross Motor Function Classification System [GMFCS] IV–V), and 45 (29%) as “ambulatory”
(GMFCS I–III). Variables assessed included age, GMFCS level, G-tube, body mass index (BMI) percentile, complications, and if
patients underwent pre-operative nutritional assessment.
One-hundred-eleven patients (71.6%) underwent pre-operative nutritional assessment. Sixty-two of 155 patients (40.0%) had G-

tubes. In non-ambulatory patients with G-tubes, BMI percentile changes were not significantly different between patients with a pre-
operative nutritional assessment compared to those without at 1 (P= .58), 3 (P= .61), 6 (P= .28), and 12 months (P= .21)
postoperatively. In non-ambulatory patients who underwent pre-operative nutritional assessment, BMI percentile changes were not
significantly different between those with and without G-tubes at 1 (P= .61), 3 (P= .71), 6 (P= .19), and 12 months (P= .10).
Pulmonary complication rates were significantly higher in non-ambulatory patients with G-tubes than in non-ambulatory patients
without G-tubes (20% vs 4%, P= .03). Pre-operative nutritional assessments did not influence postoperative complication rates for
non-ambulatory patients with or without a G-tube (P= .12 and P= .16, respectively). No differences were found in postoperative
complications between ambulatory patients with and without G-tubes (P= .45) or between ambulatory patients with or without
nutritional assessments (P= .99).
Nutritional assessments, which may improve long term patient nutrition, should not delay hip surgery in patients with CP and

progressive lower extremity deformity. Patients and their families are unlikely to derive any short-term nutritional improvement using
routine pre-operative evaluation and surgical outcomes are unlikely to be improved.
Level of Evidence: III, retrospective comparative.

Abbreviations: BMI = body mass index, CP = cerebral palsy, GMFCS = Gross Motor Function Classification System, G-tube =
gastrostomy tube, VDRO = varus derotational osteotomy.
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1. Introduction

Cerebral palsy (CP) results from disturbances in the fetal or infant
brain and is the most prevalent motor disorder in children. It is
frequently associated with cognitive, behavioral, perceptive,
seizure, and/or gastrointestinal manifestations.[1,2] The inability
to chew and swallow, dysphagia, aspiration, and inadequate
nutritional intake subsequently lead to 1 in 3 children requiring
tube feeding, and can be compounded by constipation,
gastroesophageal reflux, and vomiting.[1,3–7] Previous research-
ers have reported that 58% of patients with CP have feeding
problems, and 23% have severe feeding dysfunction.[8] Kilpinen-
Loisa et al[9] found that 57% of neurologically impaired children
with severe motor disability received <80% of their recom-
mended energy intake. Feeding neurologically impaired children
impacts their caregivers, who often spend long hours feeding
these children, as well as parents, who report the process to be
stressful and unenjoyable.[10] These factors contribute to the large
portion of children with CP having malnutrition and decreased
growth.
Lower bodyweight and worse nutritional status in patients

with CP have been reported to be risk factors for postoperative
medical and surgical complications.[8,11,12] Patients with CP
undergoing scoliosis surgery who were pre-operatively malnour-
ished (albumin<3.5g/L) were shown to have significantly longer
hospitalizations and greater rates of postoperative infection
(pneumonia, urinary tract infection, and wound infection)
compared to nourished patients.[12] Additionally, a low body
mass index (BMI) (<5th percentileWHOgrowth chart) was a risk
factor for overall complications and medical complications in
patients undergoing spine procedures.[13]

As a result, pre-operative assessments are often used to
evaluate nutritional needs in patients with CP to potentially help
with weight gain and to theoretically lower the risk of
postoperative complications. Although a pre-operative nutrition-
al assessment is considered a “cornerstone” to improve
nutritional status and outcomes in children with CP, prior
research suggests limited benefit of pre-operative nutritional
assessments and nutritional rehabilitation on weight gain,
particularly in patients with CP and concomitant feeding
difficulty.[14] Additionally, these assessments can be costly due
to the comprehensive evaluation and use of various resources.[15]

At our institution, surgeons balance the potential risks and
benefits of allowing progressive hip displacement – and the
possible need for a more extensive and complicated surgery –

with those of potentially improving nutritional status while
surgery is delayed. Further, there are costs associated with such
nutritional evaluations, including professional fees, facility fees,
costs for laboratory tests, travel costs, and opportunity costs of
lost work for the patient’s parents.
We are not aware of any literature regarding the relationship

and timeline of pre-operative nutritional assessments at improv-
ing nutritional status and outcomes in patients with CP
undergoing major orthopedic surgery. The objective of this
study is to assess the effect of pre-operative nutritional assess-
ments on our patients with CP undergoing varus derotational
osteotomy (VDRO) hip surgery.

2. Methods

After obtaining Institutional Review Board approval, a retro-
spective review was performed to identify patients with CP who
underwent unilateral or bilateral VDRO between January 1,
2

2012 and December 31, 2017, had pre-operative height and
weight measurements, and had a minimum 6-month follow-up.
Variables identified included: age, Gross Motor Function
Classification System (GMFCS) level,[16] length of hospital stay
(days), height, weight, BMI, presence of a gastrostomy tube (G-
tube), complications (including, but not limited to, pressure sores,
urinary infection, pulmonary complications, wound complica-
tions, non-union, delayed union, andmalunion), and whether the
patient underwent a pre-operative nutritional assessment.
Routine anthropomorphic measurements of non-ambulatory

patients with CP at our institution’s pediatric, endocrine,
orthopedic, and neurology clinics, are obtained through medical
assistants who are trained to measure weight on a scale; if a child
is weighed in a wheelchair, the child is weighed and the child’s
weight calculated by subtraction. For most children, height is
measured with patient in recumbent position from head to
heel with tape measure, as a second assistant straightens the
extremities as much as possible in the presence of contractures.
For children with severe contractures, limb segment measures are
often substituted.
To account for the inaccuracies of anthropomorphic measure-

ments in CP population, we also used CP specific growth charts to
determine weight and BMI patient percentiles. Albumin and total
protein could not be assessed as they were not routinely collected
for the majority of our patients.
A nutritional assessment consisted of review of current and

past anthropomorphic measurements documented in the chart,
patient’s current diet, and diet recommendations by the hospital
nutritionist. A pre-operative nutritional assessment was defined
as a patient being seen by a nutritionist anytime at least 2weeks
prior to surgery. The patients were categorized as “ambulatory”
(GMFCS I–III) or “non-ambulatory” (GMFCS IV & V). Patients
who had a nutritional assessment prior to surgery were compared
to those who did not.
Statistical analysis was performed using Stata12 (College

Station, TX: StataCorp LP) and Microsoft Excel (2010). T tests
were used to identify differences between linear variables (BMI
percentiles, length of stay). Chi-squared tests were used for
univariate analysis to identify differences between categorical
variables (GMFCS, G-tube, postoperative complication, non-
ambulatory vs ambulatory, pre-operative nutritional assess-
ment). Multiple regression was used for multivariate analysis of
BMI percentiles, GMFCS groups (GMFCS I–III [ambulatory] vs
GMFCS IV–V [non-ambulatory]), and G-tube placement, and
their effect on postoperative complications, and hospital length of
stay, in the setting of whether pre-operative nutritional assess-
ments were performed. Significance was set at P< .05.
3. Results

3.1. Patient demographics

A total of 155 patients met the inclusion criteria, of which one
(0.6%) of the patients were GMFCS I, 20 (12.9%) GMFCS II, 24
(15.5%) GMFCS III, 39 (25.2%) GMFCS IV, and 71 (45.8%)
GMFCS V. Forty-five (29.0%) patients were classified as
ambulatory (GMFCS I–III), and 110 patients (71.0%) as non-
ambulatory (GMFCS IV–V).
One-hundred-eleven of the total 155 patients (71.6%) had a

pre-operative nutritional assessment. Sixty-two of the 155
patients (40.0%) had G-tubes. When comparing the cohort
who underwent a pre-operative nutritional assessment to those



Table 1

Demographics of patients with and without nutrition assessments.
Body mass index (BMI) gastrostomy tube (G-tube).

Nutrition
assessment
(n=111)

No nutrition
assessment
(n=44) P value

BMI percentile 42.9±26.7 50.5±27.0 .12
Age 8.1±3.7 8.2±3.6 .84
G-tube 52 (47%) 10 (23%) .01

Table 2

Gross Motor Function Classification System (GMFCS) distribution
nutrition assessment vs no nutrition assessment.

GMFCS
I

GMFCS
II

GMFCS
III

GMFCS
IV

GMFCS
V P value

Assessment 0 11 15 27 58 .04
No assessment 1 9 9 12 13

Table 4

Overall complication rate.

Pressure
sore

Pulmonary
complication Infection

Wound
complication Malunion

Number of
patients (%)

27 (17.4%) 15 (9.7%) 6 (3.9%) 4 (2.6%) 2 (1.3%)
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who did not, the patients had similar BMI percentiles and age at
surgery, while presence of G-tubes was significantly different
between the 2 groups (Table 1). GMFCS level distribution was
also significantly different between patients who underwent
nutritional assessments and those who did not (Table 2).
3.2. Body mass index

Patients who underwent pre-operative nutritional assessment did
not have significantly different changes in BMI percentile at 1
(P= .58), 3 (P= .99), 6 (P= .47), and 12 months (P= .31)
postoperatively compared to those who did not (Table 3). Of the
111 patients who underwent pre-operative nutritional assess-
ments, 75 (68%) had only the initial nutritional assessment, and
the remaining 36 (32%) had at least 6months follow-up. BMI
percentile change was not significantly different between patients
with only an initial assessment compared to those with follow-up
at 1 (P= .97), 3 (P= .11), 6 (P= .86), and 12 (P= .91) months
postoperatively. BMI percentile change was not significantly
different between non-ambulatory patients with G-tubes who
underwent a nutritional assessment compared to those who did
not at 1 (P= .58), 3 (P= .61), 6 months (P= .28), and 12 months
(P= .21) postoperatively. For non-ambulatory patients who
underwent pre-operative nutritional assessments, postoperative
change in BMI percentile was not significantly different between
those with G-tubes compared to those without G-tubes at 1
(P= .61), 3 (P= .71), 6 (P= .19), and 12 (P= .10) months
postoperatively.
Table 3

Postoperative body mass index (BMI) percentile change from pre-
operative BMI for patients with nutrition assessments vs those
without.

One month Three months Six months Twelve months

DBMI assessment �2.1±33.7 �3.5±37.5 �1.5±31.9 �1.4±40.3
DBMI no

assessment
�9.3±30.7 �3.6±27.5 �12.4±45.3 �19.0±42.9

P value .58 .99 .47 .31

3

3.3. Complications

In the 155 patients, complications included 27 (17.4%) with
pressure sores, 15 (9.7%) with pulmonary complications, 6
(3.9%) with urinary infection, 4 (2.6%) patients with wound
complications, and 2 (1.3%) with malunions (see Table 4). Non-
ambulatory patients had significantly greater overall rates of
complications compared to ambulatory patients (34% vs 16%,
P= .03). Patients who underwent nutritional assessment had a
higher overall complication rate compared to those who did not
(33% vs 16%, P= .03). Non-ambulatory patients who under-
went nutritional assessment had a statistically significantly
greater complication rate compared to those who did not
(39% vs 13%, P= .01). Among ambulatory patients, the
complication rate was the same between those with a nutritional
assessment and those without (15% vs 15%, P= .99).
3.4. G-tubes

Feeding via a G-tube was independently predictive of overall
complications (Odds Ratio: 3.69, Confidence Interval: [1.78–
7.68], P< .001). In non-ambulatory patients, those who had G-
tubes had significantly higher rates of pulmonary complications
(20% vs 4%, P= .03). Postoperative infection rate was not
significantly different between non-ambulatory patients with G-
tubes compared to non-ambulatory patients without them (7%
vs 4%, P= .54). For non-ambulatory patients with G-tubes,
complication rates were similar whether or not they underwent
pre-operative nutritional assessments (P= .12). Likewise, there
was no significant difference in complication rates for non-
ambulatory patients without G-tubes whether or not they
underwent pre-operative nutritional assessments (P= .16).
No differences were found in postoperative complication rate
between ambulatory patients with and without G-tubes (P= .45).
3.5. Hospital length of stay

Average hospital stay was 2.9days (range: 1–37days). Non-
ambulatory patients had a significantly longer length of stay
compared to ambulatory patients (3.3 vs 2.1days, P< .05).
Hospital length of stay was longer in those patients who had a
nutritional assessment prior to surgery (3.6 vs 1.4days,
P= .0005). Presence of a G-tube did not result in a statistically
significant difference in length of stay among ambulatory (2.1 vs
2.0days, P= .89) or non-ambulatory patients (3.9 vs 2.5days,
P= .07), though there was a trend toward longer stays in the non-
ambulatory G-tube group.
4. Discussion

This study is the first to assess the impact of pre-operative
nutritional assessment on the rate of complications in patients
with CP undergoing VDRO surgery. In our study, patients with

http://www.md-journal.com
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CP undergoing VDRO who had a pre-operative nutritional
assessment did not have significantly better outcomes, compli-
cations, or changes in weight, BMI, or growth percentile over
time compared to those who did not.
Previous literature suggests that pre-operative nutritional

assessments are helpful to improve health status in patients with
CP.[15] Malnutrition has been identified as a factor contributing
to increased postoperative complications due to weakened
immunity, healing, and worsened gastroesophageal reflux.[12,17]
4.1. No changes seen with nutritional assessment

Despite the perceived importance of pre-operative assessments to
improve the nutritional status in CP patients, the current study
found no differences in BMI percentile at 1, 3, 6, or 12 months
postoperatively between patients who received nutritional
assessments and those that did not. Nutrition follow up through
1 year did not significantly improve patient BMI percentile
compared to those who only underwent an initial assessment.
Although patients in the non-assessment group had a noticeably
larger decrease in BMI percentile at 6 and 12months compared to
those receiving a nutritional assessment, the large standard
deviation in each cohort rendered these findings non-significant
(Table 3).
It is likely that many of the patients in the non-ambulatory

group, especially with G-tubes had already had some nutritional
assessment through their pediatrician, a gastroenterologist, or a
nutritionist at another facility. At our institution, patients with G-
tubes routinely are followed by nutritionists and gastroenterol-
ogists, who address their ongoing nutritional needs, which may
be adjusted around times of increased metabolic needs, such as
surgery. Consequently, an additional nutritional assessment pre-
operatively may be of limited benefit.
4.2. Postoperative complications

It is somewhat surprising that pre-operative nutritional assess-
ment did not appear to decrease the risk of complications in this
large series of patients undergoing VDRO. The lack of
improvement observed with nutritional assessment may be due
to concomitant patient and social factors such as caretaker
compliance with nutrition recommendations, neurotropic effects,
endocrine abnormalities, spasticity, or immobility, which all
contribute to malnutrition and may be challenging to modify in
this patient population.[18]

The higher rates of overall complication rate in non-
ambulatory patients compared to ambulatory patients (34%
vs 16%, P= .03) is similar to previous findings by Lee et al,[19] in
patients with CP undergoing lower extremity or hip reconstruc-
tive surgery. However, Lee et al did not compare complication
rates between non-ambulatory and ambulatory patients with G-
tubes. We found that the rate of postoperative pulmonary
complication was significantly higher in non-ambulatory patients
with G-tubes compared to non-ambulatory patients without G-
tubes (20% vs 4%, P= .03). This may be due to non-ambulatory
patients with G-tubes being at greater initial risk for postopera-
tive complication, related to the G-tube itself or their feedings.[19–
21] Conversely it may be that the presence of a G-tube is simply a
marker for more severe disease involvement that contributes to a
higher complication rate.
Stasikelis et al[22] previously reported extremely high compli-

cation rates following reconstructive hip surgery in children with
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CP who have G-tubes. Despite limiting complications tallied to
“death, fracture, or decubitus ulcer,” they reported complica-
tions in their 69% of 16 patients with G-tubes, including 2
patients (12.5%) who died.[22] They did not note whether or not
their patients underwent pre-operative nutrition assessments.
Interestingly, in the current study, the overall complication rate

was higher in non-ambulatory patients with G-tubes who
underwent nutritional assessments compared to those who did
not (P= .01). Although we initially suspected this represented
some selection bias, the BMI was similar between those who did
and did not have assessments. Additionally, the rate of
complication was not significantly different between ambulatory
patients with G-tubes who underwent nutritional assessments
compared to those that did not (P= .45). This suggests that
nutritional assessments may not be effective in patients with CP
with G-tubes, regardless of GMFCS level. This may be because
those patients that have G-tubes have already been seen by the
nutritionist previously and although their nutritional status may
still not be ideal, the modifiable factors have likely already been
addressed and the patient has plateaued.
4.3. Longer hospital stays

Patients undergoing pre-operative nutritional assessments also
had a significantly longer length of stay (3.6days vs 1.4days,
P= .0005), whichwas in part attributable to their needing tomeet
specific nutrition and feeding guidelines prior to hospital
discharge. These prolonged hospital stays obviously increased
the cost of the hospital stay. Lack of improvement in
postoperative outcomes and long-term BMI percentile changes
in patients receiving nutritional assessments, especially those with
G-tubes, indicate that a pre-operative nutritional assessment may
not be warranted, particularly in the presence of progressive
musculoskeletal deformity.
In addition, pre-operative nutritional assessments themselves

use various resources, resulting in extra costs for patients, their
families and providers. These include professional fees, facility
fees, laboratory testing fees, travel costs, and opportunity costs
for parents’ missing work. Further, a delay in surgery may result
in progressive hip displacement, and the need for more extensive
surgery, without evident benefit of such pre-operative assess-
ments in this patient population. In light of the short-term burden
these nutritional assessments can have on the patient, family,
orthopedic surgeon, primary providers, and family, we should
devote more time to understanding where nutrition fits into the
timing of surgical optimization of children with CP.
4.4. Limitations and future directions

This study does have limitations, mostly owing to its retrospective
nature; however, it is unique in that it is the first to observe the
relationship timeline of a nutritional assessment to neuromuscu-
lar hip surgery (VDRO) in patients with CP.
The retrospective nature of this study limited the retrievable

information to what was available in the electronic medical
record, including albumin and/or total protein levels prior to
surgery, so analyses based on these values were not possible.
4.5. Limitations – using height/BMI in CP research

Additionally, height measurements used to calculate BMI may
not be fully accurate in children who have significant
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contractures.[23] Many of these children have missing height
measurements throughout follow-up due to the inability to
measure standing height.[24] In addition, patients who had stable
postoperative weight may not have followed up for further
weight checks, thus limiting the sample size. Consequently, in our
study, BMI changes at each follow-up point were limited to
patients who returned and had recorded heights and weights.
Although a selection bias may exist, we do not believe it was a
significant factor since BMIs were similar between those who did
and did not receive a nutritional assessment (Table 1). To account
for the inconsistencies of measuring height in this population, we
also adjusted our data for this variable using CP-specific growth
charts, “weight-based charts” and “BMI based charts” created in
2011.[11,23,25–27]

Currently all literature after 2011 comparing nutrition in
patients with CP to orthopedic surgery outcomes uses BMI as the
primary variable,[13,26] with the latest study to use albumin levels
in 1993.[12] A handful of these papers are based off of large
databases, such as the National Surgical Quality Improvement
Program, in which BMI and height are not recorded using
validated measurements.[13,23]

Despite its drawbacks, BMI has continued to be used in all CP
orthopedic literature because it encompasses the multifactorial
picture of malnutrition into a single value. In a study attempting
to validate the new CP growth charts among a different cohort of
patients from a different country, BMI was the most similar
between cohorts compared to weight and height, despite the
challenges behind measurements.[27]

There exist multiple verified measurement alternatives to BMI
in patients with CP, such as skin fold thickness of triceps or
subscapularis, knee height, upper arm length, arm cross-sectional
area, and Bioelectric Impedance Analysis. However, the training
and logistical challenges of recording these values routinely in the
clinical setting limit their availability.[15,26]
4.6. Limitation – who gets a nutritional assessment?

Because of the retrospective design of our study, we could not
develop a protocol to for which patients to get a nutritional
assessment prior to surgery. However, the majority of patients
(71.6%) did have a nutritional assessment at some point prior to
surgery due to low pre-operative body weight. However, as many
institutions started to move to routinely obtaining pre-operative
nutritional assessments for all patients with CP scheduled to
undergo VDRO, our institution did the same. The goals of our
study were to observe what happened to our patients at different
time points after a nutritional assessment, and then following
surgery. Future prospective designs to randomize who gets a
nutritional assessment may not be ethical.
4.7. Should malnutrition delay hip surgery?

Pre-operative nutritional assessments have been believed to be
helpful to decrease the postoperative risk associated with
malnutrition in patients with CP. Intuitively, optimizing
nutrition prior to operative intervention would be expected to
minimize complications (particularly wound complications,
infections, and pressure sores). However, the current study
found no benefit to delaying hip surgery in patients with CP with
progressive deformity in order to improve nutrition. This
nutrition plateau is likely due to a combination of factors from
caretaker compliance to the severity of the disease. In fact, the
5

goals of orthopedic surgery in patients with CP are largely for
caretaker ease and satisfaction, which should improve patient
nutrition as they are better cared for after surgery.[21] Recent
work has shown a correlation between increased migration
percentage of hips in children with CP and lower health related
quality of life.[28]

Patients who had a pre-operative nutritional assessment did
not have a significantly lower postoperative complication rate
compared to those who did not. Additionally, long-term changes
in BMI were not significantly different between patients receiving
nutritional assessments and those who did not, in either patients
with or without G-tubes. As a result, the pre-operative nutritional
assessment, while potentially beneficial in long term (improving
care of patient at home, developing good feeding habits, finding a
diet regimen tolerated by patient), does not appear to have a
short-term peri-operative benefit in these patients. In fact,
delaying surgery may decrease quality of life in the short-term
of the patients and families, and may ending up requiring a larger
surgery to sufficiently address the child’s neuromuscular hip
displacement.
4.8. Conclusion

This is the first study observing the relationship between formal
nutritional assessment and orthopedic surgical outcomes in
children with CP, specifically VDRO hip surgery. Our data
suggest that nutritional assessments, which may improve long
term patient nutrition, should not delay hip surgery in patients
with CP and progressive lower extremity deformity, as the patient
and family are unlikely to derive any short term nutritional
improvement using routine pre-operative evaluation, the surgery
undertaken may be more extensive, and surgical outcomes are
unlikely to be improved. Future longitudinal studies that analyze
the effects of a pre-operative nutritional assessment using
albumin, total protein, leptin, and specialized CP body fat
measurements may further help define the changes in physical
exam and labs values physicians should be looking for and the
timing of patient benefit to be expected.[12]
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