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INTRODUCTION

Spastic tetraparesis, also known as tetraspastic cerebral palsy 
(TCP), corresponds to a set of non-progressive sequelae that af-
fect the central nervous system (CNS)(14). In addition to the overall 
paralysis, it can cause convulsive syndromes and respiratory com-
plications, and is considered the most severe form of the disease. 
Frequently, it is associated with dysfunctional feeding(11,21) 

Postural changes caused by motor disorders provide inadequate 
performance of maintenance functions such as a lack of labial and 
an uncoordinated act of swallowing and breathing(27). Thus, it is 
necessary that caregivers themselves regulate the food supply at ran-
dom(15). Also, the presence of a swallowing disorder is frequent, which 
can contribute to growth retardation, malnutrition, and recurrent 
pulmonary aspiration leading to severe respiratory infections(8,13,25,26). 

The feeding difficulties may cause a reduction in the supply of 
energy and nutrients, leading to malnutrition and causing signifi-
cant implications for overall development(10,15). As a result, there 
is a depletion of body fat stores and muscle mass in addition to 
a dysfunctional immune system, resulting in increased morbidity/
mortality(7,19). Thus, one of  the biggest challenges in the care of 
patients with TCP is to provide an adequate dietary intake.
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Gastrostomy tube feeding (GTF) has been indicated for chil-
dren with difficulties in feeding due to the TCP in many countries, 
and it is considered a necessary, safe, and effective treatment(2). 
The goal is to provide nutrition effectively and safely, enable 
increasing growth, reverse malnutrition, and improve general 
health(24). However, Sleigh and Brocklehurst (2004) in their review 
concluded that there is little positive evidence on the effect of 
GTF. Although it was not possible to make definitive conclu-
sions about the placement of  gastrostomy or jejunostomy being 
beneficial or harmful, they raised important questions about the 
need for surgical procedures, serious complications, and increased 
risk of  death(18). 

Enteral nutrition is often recommended in cases of  dys-
functional feeding, reduction of  food intake, and malnutrition. 
However, with the use of  gastrostomy, delays are often observed 
in their recommendation and there is even resistance from the 
family(18) because they fear the unknown and they need to un-
derstand that the benefits outweigh the risks of  the procedure. 
This study was designed to compare the nutritional status and 
diet of  children and adolescents with tetraspastic cerebral palsy 
(TCP) that were fed on enteral nutrition via GTF with those 
fed orally (PO).
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METHODS

The study was conducted in a tertiary university hospital with 
outpatients. It was approved by the Institutional Research Ethics 
Committee of  the School of  Medicine Science – University of 
Campinas/Brazil under the protocol no. 331.270 on July 10, 2013.

We evaluated 54 patients aged 2-19 years by a transversal, 
descriptive, and observational approach, divided into two groups: 
those fed by gastrostomy (GTF), at least for 6 months, and those fed 
orally (PO). All patients had definitive diagnosis of TCP, established 
by the Pediatric Neurology team. The patients using a nasogastric 
feeding tube and those with genetic diseases were excluded. Patients 
who had complains like fever, diarrhea, pneumonia, surgical com-
plication during evaluation were excluded. General information, 
such as gender, age, and etiology of  TCP, were obtained from 
medical records. The measurement of  anthropometric variables 
was performed according to the following techniques and measures:

1)  Knee height: with a caliper from Cescorf® and with the leg 
of the child at an angle of 90°, measuring the length of the 
anterior surface of the leg to the sole of the foot.

2)  Estimated height: method used for patients unable to keep 
an orthostatic position for direct measurement of height. We 
used the knee value and applied it to specific mathematical 
formulas(4,20).

3)  Weight: measured by the difference between weight of the 
caregivers and the total weight of the children in the laps of 
those responsible (because of patients’ inability to stand). A 
digital scale Filizola® was calibrated to zero for use.

4)  Arm circumference (AC): the arm of the child was placed in 
a flexed position. The midpoint between the acromion and 
the olecranon was marked with non-elastic measuring tape. 
Thus, the arm circumference was measured with the pending 
member at the point marked.

5)  Triceps skin folds (TSF): The Lange® caliper was applied to 
the back of the arm, at the same point used to obtain the AC.

The values of body mass index (BMI), arm muscle area (AMA), 
adipose arm area (AAA), and arm muscle circumference (AMB) 
were calculated using pre-established equations for these purposes. 

The patients’ weight, height and BMI were evaluated according 
to Brooks et al. (2011) reference curves(3). As in the original study, 
those defined as malnourished had a weight for age index below the 
25th percentile. The Z-score was calculated also using the reference 
curves of the World Health Organization (WHO)(28) with the fol-
lowing cuts: Eutrophic: Z-score ≥-2SD and ≤1SD; Malnourished: 
Z-score <-2SD; Obese: Z-score >+2SD. The values of folds and 
circumferences were compared with the Frisancho reference (1993)(9).

The feeding survey was performed with the Habitual Dietary 
Recall method. This food research was conducted by the researcher, 
according to the caregivers’ reports. Patients using GTF were fed 
by industrialized, artisanal or mixed diet (industrialized + arti-
sanal). The amounts were recorded as a household measure and 
subsequently transformed into grams (g). The calculation of the 
total energy value (TEV), macronutrients (proteins, carbohydrates, 
lipids), and fibers was performed using the Avanutri® nutrition 
software version 4.0. The adequacy of  intake was expressed in 
grams and percentages, and was compared with the nutritional 
recommendations of the Dietary Reference Intakes (DRI) 1997(12).

Statistical analysis was performed with the Statistical Package 
for the Social Sciences® software (SPSS) version 17.0. The compari-

son between groups for numerical variables was performed using 
the Mann-Whitney test. The difference of nutritional parameters 
between GTF and PO groups was calculated by chi-square test and 
Fisher’s exact test. Significance level adopted was 5%.

RESULTS

Twenty-five patients were fed by gastrostomy (GTF) and 29 
orally (PO). Ages ranged from 2 years and 1 month to 18 years 
and 7 months, with a mean of 10.2 years ±4.45 and a median of 
10.3 years. The PO group consisted of  18 male patients and 11 
females, while in the GTF group there were 16 and 9, respectively.

Table 1 indicates differences between the groups for weight, 
height, and BMI of the curves according to Brooks et al. (2011)(3). 
Note that 24.1% of PO patients were found to be malnourished 
regarding weight and BMI. However, 21 patients fed orally were 
classified as eutrophic in all parameters compared with only 17 of 
the GTF group. These differences were not significant.

TABLE 1. Comparison between the gastrostomy and oral groups and the 
categorical variables weight, height and BMI according to the curves of 
Brooks et al. (2011)(3) and P-value of association tests between the variables

Variables Feeding 
method N Frequency (%) P value

Weight to age 0.0542
<p25 (n=12)

GTF 5 20.0
PO 7 24.1

p25-p90 (n=38)
GTF 17 68.0
PO 21 72.4

>p90 (n=4)
GTF 3 12.0

  PO 1 3.4
Height to age None
p10- >p90 (n=54)

GTF 25 10.0
PO 29 100.0

BMI to age 0.088
<p5 (n=12)

GTF 5 20.0
PO 7 24.1

p10-p90 (n=39)
GTF 18 72.0
PO 21 72.4

>p90 (n=3)
GTF 2 8.0
PO 1 3.4

N: number of patients; BMI: body mass index; PO: orally; GTF: gastrostomy tube feeding. 
*Fisher’s exact test.

In the comparison of the body composition between the groups, 
it was found that the GTF group had superior preservation of 
the adipose mass and lean mass according to TSF (64%) and AC 
(60%) parameters, as shown in Table 2. These differences were 
statistically significant. 
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Table 3 shows intake values of  calories and nutrients. The 
intake of protein and fiber was higher in the PO group, while the 
GTF group had a higher intake of lipids. These differences were 
significant.

A comparative analysis between the diets used by the GTF 
group showed that the mixed diet (industrialized + artisanal) pro-
vides further respective quantities of protein and fiber (17.11% and 
10.65%) rather than of the industrialized diet (12.55% and 4.04%), 
which in turn provides an increased intake of lipids. These differ-
ences were statistically significant (Table 4).

DISCUSSION

The results of the present study showed that patients with spas-
tic tetraparesis cerebral palsy orally fed have greater impairment of 
nutritional status than those who are fed by gastrostomy, despite 
having a higher food intake than the group with gastrostomy. In 
addition, we observed that the group with gastrostomy ingested 
less protein and fiber, according to the caregivers’ report.

The available research concerning the use of gastrostomy on 
cerebral palsy patients indicate considerable heterogeneity, from 
tools used for evaluating to the different methods of recruitment, 
study duration, and outcomes analyzed. In the present study, we 
evaluated only patients with tetraspastic cerebral palsy, which is 
considered in the literature to be one of the most serious types of 
the disease. 

According to Brooks et al. curves (2011)(3), there was no statisti-
cal difference for weight, height, and BMI between feeding types. 
However, when comparing body composition, there was a higher 
frequency of lean mass and fat preservation in GTF group.

Day et al. (2007) conducted a comparative study on patients with 
severe cerebral palsy (non-ambulant). They concluded that weight, 
height, and BMI of those fed by GTF were higher than those fed 
orally and, with the use of gastrostomy, there was a weight increase 
of 29% for males and 30% for females(6). In addition, they reported 
that individuals who ate orally presented a greater and more severe 
impairment of nutritional status compared with those using GTF.

Regarding food consumption, the PO group showed a higher 
average intake of energy, carbohydrates, protein, and dietary fiber. 
When calculating daily energy needs, the literature considers that 
children with motor dysfunction must estimate about 11  kcal/ cm(5). 
Thus, the average calorie intake per day would be within the 
recommendation for the group, as well as the consumption of 
macronutrients. Sullivan et al. (2006) compared body composition 

TABLE 2. Comparison between gastrostomy and oral groups and the 
categorical variables skinfold and arm circumferences and P-value of the 
association test between the variables

Variables Feeding 
method N Frequency 

(%) P value

AC** 0.0075*
<p5 e p5-p10 (n=32)

GTF 10 40.0
PO 22 75.8

p10-p90 e >p95 (n=22)
GTF 15 60.0
PO 7 24.1

TSF*** <0.001*
<p5 e p5-p10 (n=21)

GTF 3 12.0
PO 18 62.7

p10-90 (n=27)
GTF 16 64.0
PO 11 37.9

>p95 (n=6)
GTF 6 24.0
PO 0 0

AMC** 0.2023
<p5 e p5-p10 (n=33)

GTF 13 52.0
PO 20 68.9

p10-p90 e >p95 (n=21)
GTF 12 48.0
PO 9 31.0

AMA** 0.3346
<p5 e p5-p10 (n=36)

GTF 15 60.0
PO 21 72.4

p10-p90 e >p95 (n=18)
GTF 10 40.0
PO 8 27.5

AAA** 0.003*
<p5 (n=20)

GTF 4 16.0
PO 16 55.1

p10-95 e >p95 (n=34)
GTF 21 84.0
PO 13 83.0

N: number of patients; AC: arm circumference; TSF: triceps skin folds; AMC: arm muscle 
circumference; AMA: arm muscle area; AAA: adipose arm area; PO: orally; GTF: gastrostomy. 
*There was a significant difference P<0.05 (chi-square test ** or Fisher’s exact test ***).

TABLE 3. Comparison of energy and macronutrient intake between gastrostomy and orally feeding groups

Variables Feeding method N Average SD Minimum Median Máximum P value
Energy (kcal) 0.8759

GTF 25 1234.9 359.3 548.0 1243.7 2311.2
PO 29 1285.1 509.4 484.0 1243.4 2442.4

Proteins (%) 0.0042*
GTF 25 14.0 3.6 8.6 12.3 22.1
PO 29 19.3 7.8 9.3 18.0 39.7

Carbohydrates (%) 0.4451
GTF 25 55.2 4.4 48.1 53.2 65.9
PO 29 56.5 10.2 33.4 54.6 84.9

Lipids (%) 0.0008*
GTF 25 31.1 5.9 19.0 30.9 41.8
PO 29 24.1 7.9 5.7 22.1 40.0

Fiber (g) 0.0003*
GTF 25 6.1 6.5 0 4.6 26.4
PO 29 12.0 5.1 2.4 12.4 23.2

N: number of patients; SD: standard deviation; PO: orally; GTF: gastrostomy tube feeding. There were significant differences *P<0.05 (Mann-Whitney test).
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and energy balance of pediatric patients with spastic tetraparesis 
fed by GTF and PO. They reported that there was no statistically 
significant difference in the following parameters: lean mass and 
fat, weight, basal metabolic rate, and total energy expenditure, 
but considering that the more affected motor skills, the lower the 
muscle mass(22). This may explain why children with GTF had lower 
total energy expenditure and therefore less demand for energy 
consumption than those fed orally, although this analysis was not 
statistically significant. 

Fiber consumption reached the minimum recommendation of 
5 g a day in both groups, but the GTF group consumed significantly 
less fiber than the PO group, which also occurred with protein intake.

The dietary assessment method known as Habitual Dietary 
Recall is considered useful and effective and is widely used for food 
intake analysis. However, it has limitations because it is based on the 
patient or family’s report and depends on their memory to quantify 
the portions. The underestimation, overestimation, or concealment 
of portions and food interferes with dietary calculations(17). Another 
factor is that many of the caregivers at the time of recall may have 
increased and enhanced the amount ingested by patients with fear 
of an indication for gastrostomy for the patient.

Sullivan et al. (2005) reported that while patients using GTF 
had a daily energy intake of 69% of the average estimated need, 
those who were exclusively fed PO reached only 57% of  needs. 
They analyzed that after a full year diet usage via GTF there was 
an increase in energy consumption associated with an increase in 
the intake of lipids(23).

Strauss et al. (1998) suggest that the feeding pathway has a 
major impact on the survival rate of children with TCP. Children 
fed by GTF had a higher risk of death compared with those who 
had some ability to “self-feed” and fed orally (hazard ratio = 23.65). 
However, when they considered the degree of physical disability, the 
rate of death risks reduced, especially when the GTF was placed 
between the first two or three years of life (hazard ratio = 3.85). 
Nevertheless, it is worth mentioning that children with TCP who 

have the capacity to feed themselves are not as weak as those who 
need a gastrostomy, which may help explaining the increased risk 
of death in this second group(21).

The use of  a homemade enteral diet is still very common in 
Brazil, however, there is an increase in the use of  industrialized 
enteral formulas because they are considered more practical and 
safer from a microbiological point of view. Araújo and Menezes 
(2006) reported that it is possible to produce homemade enteral 
formulas using low cost conventional food and having an adequate 
nutritional composition(1). Santos et al. (2013) also recommended 
the use of homemade diets as efficient alternatives in enteral nutri-
tion therapy, provided that they are standardized and well directed 
for caregivers(16).

However, in our study, the separated analysis of type of diet 
administred by gastrostomy has found that mixed diets provides a 
larger contribution of fiber than the industrialized diet. Sullivan 
et al. (2005) explained that enteral formulas should be enriched 
with fibers, since most cerebral palsy patients present constipa-
tion, and low dietary fiber intake is related to the presence of this 
comorbidity(23).

Among gastrostomized patients, those fed with a mixed diet 
received more protein and fiber than those on exclusively industrial-
ized diet. We strongly suggest an adequate supply of fiber for the 
care and prevention of constipation.
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TABLE 4. Comparison of energy and macronutrient intake between the types of diets used by patients fed by gastrostomy

Variables Type of diet N Average SD Minimum Median Maximum P value

Energy (kcal) 0.9304

Industrialized 17 1241.8 393.9 548.0 1243.7 2311.2

Mix 8 1220.2 296.1 670.7 1245.5 1621.2

Proteins (%) 0.0154*

Industrialized 17 12.5 2.4 8.6 12.2 16.8

Mix 8 17.1 4.0 11.2 17.6 22.1

Carbohydrates (%) 0.1358

Industrialized 17 54.5 4.3 49.2 52.6 65.9

Mix 8 56.5 4.7 4.7 57.5 64.1

Lipids (%) 0.0328*

Industrialized 17 32.9 5.8 21.8 34.7 41.8

Mix 8 27.4 4.5 19.0 28.6 32.2

Fiber (g) 0.0165*

Industrialized 17 4.0 5.1 0 3.3 17.0

Mix 8 10.6 7.2 2.8 10.3 10.3

N: number of patients; SD: standard deviation; GTF: gastrostomy tube feeding. There were significant differences. *P<0.05 (Mann-Whitney test).
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RESUMO – Contexto – A alimentação por gastrostomia é indicada para crianças com dificuldades de alimentação devido à paralisia cerebral tetraespásti-

ca, embora não haja conclusões definitivas sobre a colocação da alimentação por gastrostomia. Objetivo – Comparar o estado nutricional e dieta de 
crianças e adolescentes com paralisia cerebral tetraespástica alimentados via oral (VO) e via gastrostomia. Métodos – Estudo transversal e descritivo 
de 54 pacientes com paralisia cerebral tetraespástica. Os parâmetros aferidos foram: peso, altura do joelho e estatura estimada, dobras cutâneas e 
circunferências. Curvas de Brooks et al. foram adotadas como referência. O inquérito alimentar foi realizado pelo método Recordatório Alimentar 
Habitual. As diferenças dos parâmetros nutricionais entre os grupos Gastrostomia e VO foram calculadas por testes qui-quadrado e Exato de Fisher 
e a comparação entre os grupos para as variáveis numéricas foi realizada pelo teste de Mann-Whitney. O nível de significância adotado foi de 5%. 
Resultados – O grupo alimentado via oral apresentou mais indivíduos na faixa da desnutrição (24,14%) e maior depleção de massa magra e adiposa. A 
ingestão de lipídeos foi maior no grupo Gastrostomia, enquanto que de proteínas e de fibras foi superior no grupo VO. A comparação entre as dietas 
no grupo Gastrostomia indicou que a dieta mista (industrializada + artesanal) fornece maior aporte de proteínas e fibras. Conclusão – Os pacientes com 
paralisia cerebral tetraespástica alimentados por via oral têm um maior comprometimento do estado nutricional, mesmo que eles tenham um maior 
consumo de proteínas e fibras que os pacientes alimentados por gastrostomia, demonstrando um argumento consistente para o uso de gastrostomia.

DESCRITORES – Paralisia cerebral. Avaliação nutricional. Gastrostomia. Desnutrição. 


