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Introduction

Nutritional management in children with disease-related
malnutrition : what’s the guideline?
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Abstract

Background: Disease-related malnutrition (DRM) is one of the most common problems in pediatric
patients. Both cancer and congenital heart diseases (CHD) are commonly associated with DRM.
Altered nutrition utilization, reduced intake, malabsorption, and hypermetabolism are the main
pathophysiology in DRM.

Method: A systematic literature searching was performed through Pubmed and Google Scholar
websites. Thirty-six articles were included into the study.

Results: Malnutrition screening should be performed as soon as possible since early feeding can
benefit the patients. One of the most commonly used tools is Screening Tool for Risk on Nutritional
Status and Growth (STRONGgs), which was proven to be valid, reproducible, and applicable in
pediatric patients with malnutrition. Following screening and assessment, nutrition support can
ensue, preferably in the form of enteral nutrition, unless contraindicated. Nutrient-dense formula,
also known as protein and energy-enriched formula, aims to aid infants to reach nutrition target
rapidly and stimulate anabolism. This formula has been studied in various population, mostly
infants with CHD and studies showed favorable outcomes with its administration, namely faster
improvement, reduced diuretics use and oxygen supplementation, decreased length of hospital
stay, and less antibiotic use. Nutrient-dense formula is also safe and well-tolerated.

Conclusion: Proper screening and management should be performed with multidisciplinary
approach to achieve the best outcome in children with DRM.

Keywords: nutritional management, disease-related malnutrition. cancer, congenital heart disease, nutrient-
dense formula

worldwide where obesity and undernutrition occur
together.? Approximately 165 million children

Malnutrition, one of the most common problems
encountered in pediatric patients, is defined as a
condition of excess or lack of protein, energy, or
other nutrients which affects the function and
structure of the body.* Hence, malnutrition implies
obesity and undernutrition. Double burden
malnutrition (DBM) is a concerning problem
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experience undernutrition worldwide with 90% of
the cases are from Asia and Africa.® Indonesia, a
middle-income country, is affected by this DBM as
well. About 37% of the children aged under 5 years
old in Indonesia experience stunting and 12% of the
same population experience wasting.? On the other
hand, approximately 11,5% of children aged 6-12
years old in Indonesia experience obesity.*

Based on the chronicity, malnutrition is classified
into acute malnutrition for duration less than 3
months and chronic malnutrition for duration of 3
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months or longer. Acute malnutrition is often
associated with burns, infectious diseases, and
trauma as chronic malnutrition is associated with
chronic diseases, such as chronic pulmonary
disorders, malignancies, and cystic fibrosis. As for
etiologic classification, malnutrition is classified
into disease-related malnutrition (DRM) and not
DRM, which relates to environmental, behavioral,
and socioeconomical factors.®

Disease-related malnutrition is identified in 6-
51% of hospitalized pediatric patients. However, this
is often underdiagnosed.> DRM is mostly associated
with infectious disease, gastrointestinal disorders,
endocrine disorders, metabolic disorders, as well as
neuropsychiatric disorders. This condition might
predispose the pediatric patients to poor outcomes,
such as disrupted wound healing process, higher
infection rates, longer length of stay (LOS), poor
quality of life, and higher risk of surgical and
medical complications. As for the stakeholders, this
can lead to increased costs which affects the
country’s economic status.®

As this DRM can increase the pediatric patients’
morbidity and mortality rates, a proper screening and
management algorithm IS necessary.
Multidisciplinary approach should be implemented
to achieve an optimal outcome.” Therefore, this
review aims to discuss the guidelines for nutritional
management in children with DRM.

Methods

Search of literatures were performed through
Pubmed and Google Scholar websites using
keywords “Disease-related Malnutrition”,
“Children”, “Congenital Heart Disease”, “Cancer”,
and “Nutrient-dense formula”. A total of 530 articles
were found. After screening, 35 articles were
included. Most articles were review articles and four
articles were randomized controlled trials. The
articles were published between 2010 and 2021.
Article selection process is shown in Figure 1.

Result

Disease-related malnutrition in children with
congenital heart diseases

The prevalence of congenital heart disease (CHD) is
approximately 4-10 cases per 1000 newborns.
Pediatric patients with CHD are known to be prone
to growth retardation and failure to thrive. Acute
malnutrition can be identified in 33-51% of pediatric
patients with CHD while chronic malnutrition can be
identified in 40-64% of pediatric patients with
CHD.8 Hassan et al.® reported higher prevalence of
malnutrition in Egypt which was 84% with 71.4% of
the children experienced severe malnutrition.

The main mechanism of malnutrition in CHD is
increased energy expenditure due to cardiac changes
which leads to inadequate nutrients. In addition, the
hemodynamic status is unstable which affects the
children’s growth. As the child grows, the
cardiovascular system works harder, the basal
temperature increases corresponding to increase
metabolic rate, and the sympathetic nervous system
is activated. Alterations in cardiovascular function
manifest as hypoxia and edema which induces
malabsorption. Also, the children will suffer from
early satiety and anorexia which will reduce dietary
intakes. The predictors for malnutrition in CHD
include older age at presentation, anemia, pulmonary
hypertension, heart failure, decreased oxygen
saturation, high  metabolic  rate,  energy
disequilibrium, feeding difficulties, and born with
high APGAR score.®1!

As the CHD causes weight loss, the respiratory
and heart muscles are affected as well which further
compromises the respiratory and myocardial
functions, immunologic responses, and healing
capacity.l® These children will have longer LOS,
repeated hospitalizations, increased diuretic needs,
and more likely to be transferred to intensive care
unit (ICU). Therefore, malnutrition will significantly
increase mortality and morbidity of pediatric
patients with CHD.1?

Disease related malnutrition in children with
cancers

One of the most common conditions associated with
malnutrition in pediatric patients is cancer. Fifty
percent of pediatric patients with neuroblastoma
suffers from malnutrition while only 0-10% of
pediatric patients with leukemia suffers from
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malnutrition. Pediatric patients with
medulloblastoma and solid tumors often experience
weight loss although criteria for nutritional status do
not include weight loss. Furthermore, pediatric
patients with solid tumors and leukemia suffers from
fat free mass (FFM) loss which can predispose them
to infections, frailty, and decreased quality of life.3

530 articles identified through
database searching

< Assessing for duplication

372 articles after duplicates
removed

< Screening by title and abstract

k.

36 full-text articles assessed
for eligibility

36 articles included in the
review

Figure 1. Article selection process

The possible mechanisms of DRM in pediatric
patients are less physical activity or altered nutrition
utilization, reduced intake, increased metabolic rate
or hypermetabolism, as well as loss from vomiting,
diarrhea, and malabsorption. In addition, patients
who receive corticosteroids might undergo increased
catabolism of muscle protein, which leads to reduced
FFM.2 Zimmermann et al.! found that patients
diagnosed at age over 10 years old, having body
mass index standard deviation score (BMI SDS)
<1.0 when diagnosed, and diagnosed with
medulloblastoma had strong association with
malnutrition during treatment. Several parameters
used for defining malnutrition in pediatric patients
are body weight, body height, mid upper arm
circumference, and skin folds. These parameters are
incorporated to determine the Z-scores and then
plotted into the reference charts, which are
Multicenter Growth Reference Study (MGRS) by
World Health Organization (WHQO) for children
aged 0-2 years old and reference chart by Center for

Disease Control and Prevention (CDC) for children
aged over 2 years old.®

Pediatric patients with cancer have lower survival
rates when they suffer from DRM. Rapid weight loss
will increase their risk of febrile neutropenia with
bacteremia.'* In addition, their quality of life is
significantly impaired. While pediatric patients with
undernutrition have poor social participation and
activities, those with obesity also have psychosocial
and cognitive problems.t> Difference between
disease-related malnutrition in children with
congenital heart disease and cancers is shown in
Table 1.

Screening for children with disease-related
malnutrition

In order to prevent morbidity and mortality caused
by DRM in hospitalized pediatric patients, proper
and aggressive treatment should be implemented
immediately.'? Screening tools for malnutrition
should be practical, cost-effective, applicable, and
have high reproducibility so it can be performed by
physicians, nurses, or dieticians.*® To date, there has
been no guidelines for screening disease-related
malnutrition in pediatric patients. A systematic
review by Klanjsek et al.'® identified 3 assessment
tools and 14 screening tools for malnutrition. The
study included 8 screening tools, comprising
nutritional risk screening tool in cystic fibrosis (CF),
nutritional risk screening tool for pediatric patients
with CF, Neonatal Nutrition Screening Tool
(NNST), Paediatric Nutrition Screening Tool
(PNST), Pediatric Yorkhill Malnutrition Score
(PYMS), Nutrition Screening Tool for Childhood
Cancer (SCAN), Screening Tool for the Assessment
of Malnutrition in Paediatrics; (STAMP), and
Screening Tool for Risk on Nutritional Status and
Growth (STRONGukids). Other screening tools which
did not have validation study consisted of Nutrition
Risk Score (NRS), Pediatric Digital Scaled
MAInutrition Risk Screening Tool (PeDiSMART),
St Andrew's Nutrition Screening Instrument
(SANSI), Simple Pediatric Nutrition Risk Score
(SPNRS), a malnutrition screening tool for children
under 2 years old in Zambia, and a screening tool for
infants and young children with special health care
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Table 1. Difference between disease-related malnutrition in children with

congenital heart disease and cancers!316:1/

Congenital heart disease-related
malnutrition

Cancer related malnutrition

Mostly born with normal weight

Involuntary skeletal muscle and adipose

tissue loss

Pathogenesis

Decreased nutrition intake (+++) 0

Malabsorption or loss of nutrients (++)

Increased nutrition requirement (+)

Impaired utilization (+/-) O

Cyanotic children are more common to

suffer from failure to thrive compared to

non-cyanotic children

Feeding intolerance indicated by

71 Abdominal pain

71 Abdominal distention

O Vomiting

71 Reduced or diminished bowel sound

O Addition of residual gastric volume

Complication

(1 Fluid overload

[1 Deteriorating of catabolic response
induced by stress

(1 Impaired wound healing

[1 Disruption of myocardial and muscle
work

[0 Increased incidence of postoperative
complications

[1 Long-term impaired cognitive function

Poor prognosis

Pathogenesis

Increased nutrition requirement (+++)

[ Decreased nutrition intake (++)

[ Malabsorption or loss of nutrients (+)
Impaired utilization (+/-)

Cause prolonged hospital stay and expenses

Feeding intolerance indicated by
Anorexia
Nausea and vomiting

Complication

U Impaired functional progressively
| Complications due to treatment
| Impaired quality of life

Poor prognosis

Conservative nutritional management might
partially revert the condition

Nutritional management

[0 Tube feeding is preferred due to
inadequate intake

[0 High-energy density formula is preferred
due to fluid restriction and increased
demand

[J Semi- or elemental formula is preferrable
for cyanotic children

Nutritional management

0 Enteral supplementation and tube
feeding can be administered if necessary

0 High-energy density formula is preferred
due to increased demand

[ Standard formula is preferrable although
semi- or elemental formula might be
necessary in some cases

needs. Three assessment tools include Clinical

Assessment of Nutritional Status (CANS),
Subjective  Global Assessment (SGA), and
Subjective  Global  Nutritional ~ Assessment
(SGNA).1

While Klansjek et al.*®* recommended PYMS
along with full nutritional assessment for

malnutrition screening in hospitalized pediatric
patients, SCAN was developed to screen
malnutrition in pediatric patients with cancer. This
screening tool includes 5 questions with 1 to 2-point
score. Pediatric patients with cancer who get 3 or
more points will be referred to get a full nutritional

assessment from a dietician. This tool is proven to be
highly sensitive (100%) with 39% specificity, 56%
positive predictive value and 100% negative
predictive value which is ideal for a screening tool.
As it is easy to use and valid, SCAN can help to
identify malnutrition in pediatric patients early in
order to prevent bad outcomes.?°

Aside from screening tool, there are several key
points which indicate high risk for malnutrition
should be noted in pediatric patients with cancer.
These points consist of age under 2 months old, low
socioeconomic status, presence of malnutrition or
wasting at diagnosis, history of relapse, getting stem
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cell transplant, receiving emetogenic medications,
receiving radiation to gastrointestinal (Gl) tract,
getting regimens with potential Gl complications,
getting chemotherapy with Gl adverse effects or
affecting appetite, and experiencing surgical
complications related to Gl tract. These patients
should be monitored for their body mass index
(BMI) and laboratory abnormalities. Measurements
for body weight, height, and arm circumference are
necessary to estimate BMI, adipose density, and lean
body mass. For laboratory examination, prealbumin
level can indicate acute malnutrition.?* In addition,
ratio of C-reactive protein (CRP) level to albumin
level can predict acute malnutrition risk. Higher ratio
infers to high risk of acute malnutrition.?? Other
necessary examinations include glucose panel, lipid
panel, liver function test, and renal function test to
evaluate dietary impact on the patients’ body. If the
patients are deemed to have a high risk for
malnutrition, experiencing weight loss for 5% or
more since the diagnosis, having low BMI for age or
arm circumference, being obese or overweight,
having difficulty receiving oral nutrient (less than
80%), feeding with nasogastric tube, and advised to
receive total parenteral nutrition, the patients should
be referred immediately to a dietician.?*

Similarly, there has been no guideline for
nutritional screening for pediatric patients with
CHD. Traditionally, body weight, height, and arm
circumference are used to determine the nutritional
status. However, the BMI should be interpreted
cautiously in this population because body fat can be
overestimated if the patients suffer from edema or
have more lean body mass. Pediatric patients with
CHD often experience edema due to increase fluid
from the cardiac problems; hence, it will mask the
wasting or fat loss. Radman et al.?® suggested the
measurement of triceps skin fold to measure the fat
mass more appropriately in pediatric patients with
CHD. Another study by Gu et al.?* used STRON Gids
scoring for infants with CHD. This screening tool
was proven to have high accuracy (81.9%) on
predicting malnutrition in infant with CHD. Another
screening tool was developed by St. Pierre et al.?®
This checklist comprised 24 items concerning
cardiac diagnosis, chromosomal abnormalities,
brain injury, vocal cord paresis, weight, diet, use of

feeding tube, GI tolerance, physiological status,
vocal cord status, and feeding problems. Although
this screening tool is deemed valid and reliable for
malnutrition screening in pediatric patients with
CHD, there have been no other studies evaluating its
use.

STRONGkigss was published in 2010. It was
originally tested on children aged 1 month old to 18
years old at 44 hospitals in the Netherlands. The tool
screened for subjective findings of fat and muscle
loss, reduced nutrient intake, existing high-risk
disorders or major surgical plan, loss of body weight
or insufficient weight improvement, as well as Gl
symptoms (nausea, vomiting, diarrhea, and pain).
Final score was subtracted and 0 defined as low risk,
1-3 defined as moderate risk, and 4-5 defined as high
risk. This screening tool has been proven to be valid,
has good reproducibility, and very applicable for
screening malnutrition in pediatric patients.'8

Nutritional management for infants with disease-
related malnutrition

For pediatric patients with CHD, enteral nutrition is
advisable because it exerts less complication than
parenteral nutrition and better effect on intestines.
As it is cheaper than parenteral nutrition, its
availability and accessibility are better in developing
countries. If the pediatric patients do not experience
gastroesophageal reflux or poor tolerance,
intragastric feeding is preferrable. Neonates and
infants should be instructed to get breast milk as it is
free, good for immune system, aids trace elements’
absorption, and associated with low risk of
necrotizing enterocolitis.  Patients with fluid
restriction should increase the feeding’s energy
density about 1 kcal/ml although osmotic diarrhea
can occur.?® High-calorie feeding to as high as 125%
of standard feeding are recommended for optimal
growth. Another alternative is continuous feeding
can be considered if the patients do not respond to
high-calorie  feeding.?” For patients  with
gastroesophageal reflux, severe weight faltering, or
aspiration, gastrostomy or jejunostomy can be an
alternative. If the patients were undergone surgery,
enteral nutrition should be administered as soon as
possible. Use of parenteral nutrition within a week

World.Nutr.Journal | 36


https://doi.org/10.25220/WNJ.V05.i2.0006

World Nutrition Journal 2022, 5(2). DOI: 10.25220/WNJ.V05.i2.0006

after surgery is associated with unfavorable
outcomes.?® Monitoring of the laboratory markers
which represent the patient’s nutritional status
should be performed. These include CRP, albumin,
prealbumin, creatinine, urea, 3-methylhistidine,
insulin-like growth factor I, retinol-binding protein,
transferrin, and transerythrin. 827

Similarly in pediatric patients with cancer with
DRM, enteral nutrition is preferred than parenteral
nutrition. Enteral nutrition is associated with good
tolerability, improvement of quality of live, better
survival rates, and prevent worsening of nutrition
status.?® Use of enteral tube feeding (ETF) help
increasing body weight, relatively easy and safe. In
this population, oral supplementation alone can not
meet the nutrition requirement. ETF should be used
for only 4-6 weeks. If the enteral feeding is
necessary for more than 6 weeks, an ostomy will be
needed.?® Enteral nutrition can be given in bolus,
intermittent drip, or continuous administration.
Intermittent drip and bolus method is preferred for
feeding with gastrostomy because this can simulate
normal feeding cycle. On the other hand, continuous
feeding is preferred in case of small bowel problems
or patients who cannot tolerate other methods.?

Formulation for enteral feeding can be classified
into standard formula (polymeric), specialized
formula, and elemental formula. Standard formula is
indicated for patients with intact GI tract.?® Nutrient-
dense formula can also be a choice for enteral
feeding.?® This formula is indicated for patients who
cannot tolerate high volume diet. Elemental formula
is indicated for patients with pancreatic disorders
and malabsorption. Specialized formula is specially
prepared for certain diseases, such as diabetes
mellitus, renal disorders, pulmonary disorders, and
liver diseases.?®

Parenteral nutrition is not preferrable because it
increases risks of cholestasis, hyperglycemia,
hypertriglyceridemia, and infections. It is indicated
if the patients cannot tolerate the enteral nutrition or
have difficulty absorbing enteral nutrition.?® Several
contraindications for parenteral nutrition include
difficult intravenous access, well-functioned Gl
tract, and duration of therapy less than 5 days.?®
Limitations of this parenteral nutrition are high cost
and needs of trained professionals. Administration

of parenteral nutrition with peripheral access should
not be longer than 2 weeks while central access can
allow longer duration.?® Parenteral nutrition should
be started slowly at 15-20 calories’/kg body
weight/day and limit of 1000 calories per day. The
calories should be reduced slowly and parenteral
nutrition should be stopped if the patients have
achieved more than 60% of protein and energy
needs.?® Monitoring of complications should be
performed regularly and nutrition status should be
re-assessed every two weeks.?®

One thing should be taken into account when
treating children with malnutrition is refeeding
syndrome.?® This syndrome happened when patients
with malnutrition getting aggressive nutrition
therapy. Refeeding syndrome occurs due to shifting
from catabolism to anabolism, leading to increased
insulin secretion and resistance. Hyperinsulinemia
and  hyperglycemia co-occur along  with
hypokalemia, hypophosphatemia, hypomagnesemia,
and increased fluid volume. Almost all organ
systems are affected, such as respiratory,
cardiovascular, Gl, neurological, musculoskeletal,
and hematological systems. This refeeding
syndrome can be catastrophic and leads to organ
failure, ultimately death.>® Patients with DRM for
more than two weeks is highly possible to suffer
from refeeding syndrome. In order to prevent this,
metabolic disorders should be manage properly
before initiating parenteral nutrition.?® The author
develop an algorithm  for  disease-related
malnutrition management in pediatric patient with
congenital heart disease and cancers based on
several literatures which is shown in Figure 2.26-3

Role of nutrient-dense formula for infants with
disease-related malnutrition

Nutrient-dense formula, also known as protein and
energy-enriched formula, is a high protein and
energy formula formulated for infants to reach the
nutrition targets faster and stimulate anabolism.3%:32
Prior to the development of this formula, clinicians
tried to add triglycerides or glucose to the formula or
breastmilk or concentrate the formula in order to
increase the energy density. However, there were
limitations to these methods. First, the infants need
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all nutrients, not only glucose and triglycerides, also
the protein-derived energy decreased. Second, this
concentrated formula could be too complex for the
parents and increased possibility of microorganism
contamination. Nutrient-dense formula came as a
more cost-effective, highly accessible, and ready to-
use alternative.

This formula might help infants with DRM
because they are prone to fast reduction of nutrition
and have very little or no reserve. Nutrient-dense
formula are preferrable in pediatric patients with
CHD, especially who have fluid restriction, since
they have more energy per milk volume. It can
decrease 33% volume intake while providing similar
energy intake as standard formula.®? Various studies
have been conducted to assess the use of nutrient-

dense formula in critically-ill pediatric patients. This
formula is proven to be associated with good
outcomes and well-tolerated in pediatric patients
with congenital heart disease following surgery,
viral bronchiolitis, and pediatric patients on
mechanical ventilator.3*

Cui et al.*? reported that use of nutrient-dense
formula in infants with CHD showed good results.
The infants tolerated the formula well and they reach
the target faster than infants who received standard
formula. The intervention group also showed faster
anabolism process, proven by positive nitrogen
balance and presence of essential amino acids. This
positive nitrogen balance points toward anabolism
while negative balance points toward catabolism.
When an infant undergoes cardiac operation, the
inadequate metabolic reserve induces low amino

Osvpen saturation during feeding (CHIY)

Malautrition assessent = Screcning with STRONG, and CRP-to-albumin ratia
+  Anthmopomery
¥
S - = REE
Muiritioa requirenent . BDA
¥
Muwtrition selection = High energy- and protein-dense formula
L *  Parenteral
Rowme of delivery +  Euteral
+  Ohal
+ +  Fluid balance
+  Acceptability +  Nitogen balance
Momnitoring and evaluation *  Tolerability «  Blood sugar and ketoae
+  EAlechvencss .

Body weight and lengh

Figure 2. Algorithm for disease-related malnutrition management in pediatric
patient with congenital heart disease and cancers?®-3°

CHD: congenital heart disease; CRP: C-reactive protein; RDA: recommended
dietary allowance; REE: resting energy expenditure; STRONGyigs: Screening tool

for risk on nutritional status and growth
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Table 2. Benefits of using nutrient-dense formula for infants with disease-related

malnutrition3-3

Benefits of using nutrient-dense formula for infants with disease-related malnutrition

Decrease 33% volume intake while providing similar energy intake as standard formula

Reach the nutrition target faster

Prevent weight loss

Faster anabolism process, positive nitrogen balance and presence of essential amino acid

Prevent proteolysis

Increase protein synthesis
Improve protein breakdown
Improve hepatocytes restoration
Improve insulin resistance
Increase albumin level

Reduce feeding intolerance

Decrease length of stay

Decrease postoperative infection and use of antibiotics

Mild adverse events
Good tolerability

Cost-effective

acid levels and substantial proteolysis. Adequate
protein and energy intake will prevent this
proteolysis which is proven by the administration of
nutrient-dense formula in this population. As for the
essential amino acids acquired from the formula,
they will help increasing protein synthesis as well as
improving  protein  breakdown,  hepatocytes
restoration, and insulin resistance which leads to
improvement of infants’ survival and quality of
life.3?

Similarly, Zhang et al.3! reported that infants with
CHD received more energy and gained weight better
with nutrition-dense formula. Also, the patients had
increased serum albumin levels which indicated
improvement of nutrition status.3! Another study by
Scheefer et al.® linked the use of nutrient-dense

formula with decreased LOS and use of antibiotics
during 30 days after CHD surgery. Favorable effects
were also shown by reduced use of diuretics and
oxygen supplementation.®®> Favorable outcomes
were also reported by Eveleens et al.**, who found
that critically-ill infants experience weight-for-age
(WFA) Z-score following administration of nutrient-
dense food. These patients achieved the energy
target which was determined to be two-fold of the
resting energy expenditure.®* Benefits of using
nutrient-dense formula for infants with disease-
related malnutrition are shown in Table 2.

Despite no significant different of adverse events
in intervention and control group, vomit, diarrhea,
and gastric retention were reported in infants getting
nutrient-dense formula.®? Nutrient-dense formula
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exerts more osmotic pressure, leading to increase
risk of GI symptoms, such as gastric retention,
diarrhea, nausea, and vomiting. However, these
symptoms can be easily managed by medication.
The GI system might probably tolerate the formula
if given with increasing density.3

Conclusion

To conclude, DRM in pediatric patients with CHD
and cancer needs to be identified as soon as possible.
Proper screening and management should be
performed with multidisciplinary approach to
achieve the best outcome. The guidelines for DRM
management include assessment of malnutrition,
nutrition requirement, nutrition selection, route of
delivery, as well as monitoring and evaluation.
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