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Faltering growth is a common pediatric problem

The first few years of life represent the fastest CEms e v wowomon w2 o owm %
period of growth and development. Typically, o, - E
normal growth occurs within the centile space W oo oo [
g ) ) ” ) 37 Birth to 36 months Pl G
of growth in terms of increasing weight or height*” BN 5 ok [
85
. Reduction in weight-for-age (WFA) ﬁ %2 gg x 7
Faltering £>1.0 iod of >1 th = - B
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Achieved following catch-up growth to N DY Z * ¢ 12:
Clinel 0t the relevant WFA z score or centile before E M A * -
growth faltered’ 1 A kg Ib
E 12 : —— Faltering growth (FG)
Accelerated Increase in WFA z score of 21.0 T e R
i t preceded by FG' 5 Normalgrowtn
(orrapid) growth EURES 9 X Accelerated
2 (or rapid) growth

Birth 3 6 9 2 15 18 21 24 27 30 33 36

Some clinicians may be unnecessarily hesitant in addressing
FG due to concerns in promoting rapid (or accelerated) growth!

*1 centile space = 0.67 z scores. 'Following recovery from iliness or starvation. *This could occur either spontaneously or be promoted due to overfeeding
or formula-feeding.
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Faltering growth may or may not be
disease-related

Disease-related FG maybe

Non-di -related F
caused by one of the following BIRGISESSE R IEans

factors or their combination:’

maybe caused by:'

Decreased or restricted intake
due to suckling or swallowing disorders,
or secondary anorexia* or eating disorders

Increased nutritional requirements

Psychosocial,
socio-economic, and
environmental factors

Vulnerability to undernutrition

due to infection and/or inflammation’ and FG due to limited body
| reserves and higher nutrient
Excessive losses requirements for growth and
due to vomiting, intestinal malabsorption? development in infanthood
or protein-losing enteropathy* l
b V.

—

*For example, cardiac and/or lung diseases, cancer, cerebral palsy. 'For example, pulmonary, cardiac, renal, hemato-oncologic, neurologic, endocrine diseases.
*For example, untreated celiac disease, cystic fibrosis, cholestasis, or intestinal failure including short bowel syndrome, intractable diarrhea and chronic intestinal
pseudo-obstruction. SFor example, intestinal lymphangiectasia, inflammatory bowel disease and severe dermatologic disease.
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Chronic diseases are common causes for
disease-related faltering growth in infants

Apart from infection and
inflammation, chronic conditions A
that may contribute to FG include:*?

' For example,
. Congeqltal in infants with CHD
'~ heart disease (CHD) |

gk_': Chronic lung disease | |
g Cystic fibrosis May have higher Nutrient intake
metabolic demand maybe reduced
*  Cerebral palsy due to increased resting due to anorexia, fatigue,
oxygen consumption, chronic tachypnea, breathlessness,
—; Inflammatory bowel hypoxia, and increased early satiety, interruption or
disease (IBD) and other cardio-respiratory work.' discontinuation of feeding.3

gastrointestinal diseases

x Cancer Up to D41% of infants with CHD
A Other critical illnesses

may be undernourished3-¢
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Disease-related faltering growth
iIs common among hospitalized children

Disease-related In infants
undernutrition in with CHD, the
hospitalized prevalence of A Canadian study
infants and > malnutrition showed that
children can be as hospitalization may
ranges from high as 541%3¢ further exacerbate
5% to 50%s malnourishment in

infants and children:®

- Mean WFA z score

14%-32% was lower at
of infants admitted to dl_scharge_ cqmpared
pediatric intensive care with admission
units (PICU) are reportedly « ~50% of children
malnourished at admission’ lost weight during
their hospital stay
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Impact of faltering growth on infant health:

Short-term consequences

The short-term impact of FG

Malnutrition increases infectious

- in pediatric surgery patients

10

Length of stay (days)

2

0

p =0.001

Malnourished

on infants include:"-® complications and length of stay
— Impaired immune function < w0 p=0.042
. . . (2]
— Increased risk of recurrent infections S
= 40
— Poor wound healing and 3
higher risk of complications g 30
o
— Longer hospital stays (including in PICU) 9 20
and higher readmission rates 2
jd
5 10
— Increased duration of u“E’
mechanical ventilation = 0
— Delayed surgery, longer recovery time B zl\lell-r)wourished
n =85

and higher mortality rates

(n=90)
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Impact of faltering growth on infant health:
Long-term consequences

Reduced physical
development including
suboptimal increase in height

Reduced cognitive 0
development

Long-term
= impact of FG

Increased rates of may include:"*? = Increased risk
behavioral problems w of obesity
Reduced income % % Poor lifelong health

<0

[N
4
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Faltering growth places a significant burden
on health care systems

Compared to non-malnourished infants:

Delayed recovery Length of hospital stay in

(] (]
and prolonged undernourished children has been
hospitalization reported to be ~2.5 times longer.?
significantly contribute

to burdening the
healthcare system?*2¢

Hospital costs for undernourished
children are reportedly >3 times higher.?

Disease-related undernourishment
leads to an additional medical cost of

€ 80 million in children (aged 1 months to
17 years) hospitalized in The Netherlands.?®

Hospitalized children with undernourishment
were reported to be ~3.5 times more likely
to require post-discharge home care.?

-
-
A4
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Screening, assessment and diagnosis of faltering
growth or disease-related undernourishment

widely recognized pediatric problem.*°

However, lack of standardized clinical
definitions may preclude efficient
screening, assessment and diagnosis.*°

The European Society for Paediatric
Gastroenterology Hepatology and
Nutrition (ESPGHAN) algorithm
allows rapid identification of
undernourished children or those at
risk of nutritional deterioration.*°

A multi-disciplinary team
involving nutrition nurses, dietitians,

gastroenterologists, speech and language

therapists, psychologists, gastrostomy
nurses, and parenteral nutrition nurses,
must be consolidated for best results.*°

BMI, body mass index; SD, standard deviation.

Disease-associated undernourishmentis a

The ESPGHAN algorithm

.

Anthropometry Nutritional risk
Z-score < -2 SD or < P3 for
BMI/WFH or WFA HFA
OR
Decrease of 21 SD for
BMI/WFH or WFA z-score

VO Q

Undernutrition unlikely

Rule out
undernutrition

J

Standard nutritional care
Regular anthropometry and monitoring of intake

Dietetic referral for full nutritional assessment
Consider growth (velocity), etiology, chronicity,
inflammation and functional outcome

Develop nutritional care plan
Provide post-discharge follow-up

JDAJIBIUI POUIULIBIBP-B1d

Re-assess
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Several nutritional screening tools are available

The following table lists several different screening tools along with their key features®°

Current Weight loss/  Anticipated
Need for Tied to Predict Different nutritional recent decline/ Disease
measurements action plan outcome populations status changes reduced intake severity

.................. NRS < (G G Y D G (G G G
................ PNRS - (o G (G R Qe A G (G
............. sTAMP < @ @ (Y @ G ALY G G
................ pyms o @ @ G G G G G
. STRONGygg (e @ @ @ @ G G
pevisMarT @ G A D QG G @
................ ST o (e @ A D G G D DY
.............. SPENS - (e @ e e GG GG G (D)

NRS, Nutrition Risk Score; PNRS, Pediatric Nutritional Risk Score; STAMP, Screening Tool for the Assessment of Malnutrition and Growth; PYMS, Paediatric Yorkhill
Malnutrition Score; STRONG,;4,, Screening Tool for Risk on Nutritional Status and Growth, PeDiISMART: Pediatric Digital Scaled Malnutrition Risk screening Tool,
PNST: Pediatric Nutrition Screening Tool, PNSS: Pediatric Nutrition Screening Score.

Screening tool
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Specific nutritional screening tools are available
for specific pediatric populations

Appropriate screening tools based on the presence of specific conditions are listed below:*'

PNRS STAMP PYMS STRONG,;, SGNA iNEWS OTHER
DIAGNOSES
Anesthesia v
Biliary atresia
Burns Vv v
Cancer v/ (PG-SGA) SCAN TOOL
Cerebral palsy v Malnutrition risk score
Cystic fibrosis 2 NST
IBD
Spinal cord injury
Surgical patients v
SETTING

Chronic illness N
(mixed)-special schools

ANANEN

ANAN

Ambulatory clinic Vv
AGE
Infants v v Vv v NNST

iNews, Infant Nutrition Early Warning Score; NNST, Neonatal Nutritional Risk Score; PG-SGA, Patient-generated Subjective Global Assessment; PNRS, Pediatric
Nutritional Risk Screening; PYMS, Pediatric Yorkhill Malnutrition Score; SCAN, Nutrition Screening Tool for Childhood Cancer; SGNA, subjective global nutritional
assessment; STAMP, Screening Tool for the Assessment for Malnutrition in Pediatrics; STRONG,,,, Screening Tool for Risk on Nutritional Status and Growth.
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Nutritional management of faltering growth
necessitates an understanding of the
underlying condition

Factors to consider when planning intervention strategies to manage FG:’

Etiology Confounding Factors Mechanism Time Consequence Outcome
: Acute Underweight Infections
Non-iliness : > <3 months > ¥ Weight-for-age >
related Starvation Loss of lean
(i.e. environmental (metabolic body mass
d io- adaptation) :
economi : > JEI > TS— Muscle
>3 months nderweig
¥ Weight-for-age weakness
. : Poor wound
1 Losses Chronic > Wasting > healing
23 months § Weight-for-height
lliness Energy 3 _ Prol_onged
related . ] expenditure [EXNEEESNLY 7 Stunting hospital stay
(i.e. infection, _ Infection/ el § Height-for-age
congenital heart inflammation Altered nutrient [RCEEERETR Reduced
disease) utilization ’ﬁ cognitive skills
. Acute > Underweight > Reduced
§ Appetite <3 months ¥ Weight-for-age adult height
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International and regional guideline
recommendations advise on strategies for the
nutritional management of faltering growth32-3°

Proposed recommended
nutrient densities for moderately
malnourished children

Michael H. Golden

[ HO ool Rpor s

935

PROTEIN AND AMINO ACID | " -
REQUIREMENTS IN | =i
HUMAN NUTRITION

ELGRGTY
identification
of severe
acute
malnutrition
in infants
and children

Report of a Joint
WHO,/FAO/UNU Expert Consultation

UNITED NATIONS
UNIVERSITY

NICE National Institute for Health
and Care Excellence .

Faltering growth: recognition
and management of faltering
growth in children

NICE guideline
Published: 27 September 2017
www.nice.org.uk/guidance/ng75

NICE National Institute for Health -
and Care Excellence i
Faltering growth overview

NICE Pathways bring together everything NICE says on
a topic in an interactive flowchart. NICE Pathways are
interactive and designed to be used online.

NICE Pathway last updated: 22 October 2021
http://pathways.nice.org.uk/pathways/faltering-growth
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Optimal management of faltering growth requires
an appropriate intake of key macronutrients

i Prebiotics
|L°"9 cthamt g including HMOs and
_ polyunsaturate well-researched
Energy Protein fatty acids prebiotic oligosaccharides

To account for Age, nutritional Critical for cognitive For maintenance
decreased intake, status and clinical development of favorable gut
increased needs and/  condition impact the and immune microbiota and
orincreased losses.*®  protein requirements response.40 development of
of infants.®® immune system
in infants.*

HMOs, human milk oligosaccharides.
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A balanced protein: Energy ratio promotes
high quality catch-up growth

The 2007 WH O/ FAO/UNU report Typical composition High rate of fat
recommended specific protein S ceperen
requirements for catch-up growth*® Net growth 329 -
costs (kcal/g) - °
- The recommendation considered diverse | |
. . g o G th
populations, including from countries costs (keal/g) 410 5.99
with widespread severe undernutrition. l l
. . Dietary requirements
° PrOteIn needS Of WaSted |nfa ntS and Rate of gain Protein Energy Protein/ Protein Energy Protein/
. N o/_ ) (9/kg per day) (g/kg/day)  (kcal/kg/day) energy (%) (g/kg/day)  (kcal/kg/day) energy (%)
children were estlmate(_j to be 9%-11.5% : 102 o s 0 on s
of total energy. depend_lng on _the rat_e ) 122 o3 52 " o7 a5
and composition of weight gain required 5 R e a® G - 5%
(see table) to achieve an appropriate 10 282 126 89 22 145 60
proportion of lean and fat tissue. 20 482 167 ns 3.6 205 69

A protein level of 2.6 g/100 kcal (10.4% of protein) for feeds

is recommended for moderately malnourished children.2

FAQ, Food and Agriculture Organization; UNU, United Nations University; WHO, World Health Organization.
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Long chain polyunsaturated fatty acids
are essential for cognitive and immune
function development

Long chain polyunsaturated (LCP) fatty acids
like docosahexaenoic acid (DHA) and
arachidonic acid (ARA) contribute to:%¢-4°

| | | A

Infants with FG are

at particular risk of
experiencing cognitive
skills impairment

Cognitive Visual Immune
development function response

Experts recommend that infant formulae should contain DHA and ARA

at levels which provide 100 mg DHA/day and 140 mg ARA/day*243
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Prebiotics, including HMOs, are critical in
immune function development in infants

Infants with FG need additional nutritional support to assist the development of their impaired
immune system and circumvent the higher risk of infections. Prebiotics are substrates which
are selectively utilized by host microorganisms thereby conferring a health benefit.**

HMOs are beneficial in preventing bifidobacterial
infection, while also promoting gut maturation and
strengthening the intestinal barrier in vitro.4" 45-5¢

HMOs may modulate neonatal immune response
development via direct interactions with dendritic

v cells, affecting immune cell populations and
cytokine secretion.'%’

Infant milk formulae supplemented with
manufactured HMOs have been reported to shift
outcomes towards those observed in breastfed
infants, including gut microbiome composition
and intestinal immune markers.5®

The beneficial effects of HMOs are manifested
as a combination of the effects of several
oligosachcarides.’*-¢3

While there are several prebiotics suitable for use
in infant milk, the mixture of scGOS/IcFOS is the
most studied (>40 studies; 90 publications)é*-¢°

The mixture of scGOS/IcFOS:44¢7-¢?

Reflects the
quantity,
diversity, and
functionality of
oligosaccharides
in breast milk

Modulates the
gut microbiota
closer to that of
breastfed infants

A Softens

the stool Reduces

infections and
fever episodes

HMOs, human milk oligosaccharide; scGOS/IcFOS, short-chain galacto-oligosaccharide/long-chain fructo-oligosaccharide.
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Micronutrient deficiency may have serious
consequences in infant growth and development

Mild or marginal
inadequacy of
micronutrients
is common among infants
and may impact their Consensus-based
susceptibility to recommendations regarding
infection, and the micronutrient requirements
impact growth and of moderately malnourished
development.”™ children are available, to guide the
micronutrient needs of infants in
need of nutritional support.3?
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Breastfeeding should be supported in
infants with faltering growth, and ENDF
provided in those who are formula fed

Expert opinion on nutrition al management in infants with FG recommends that:’

— Disease- and non-disease-related

FG should be supported

by breastfeeding, with fortified
infant milk, cup feeding or
supplementary formula
considered when appropriate.

— Ready-to-use, energy-dense
therapeutic feeds with proven
efficacy should be used in
formula-fed infants, where available.
Otherwise, suitable locally available
powdered feeds can be used, provided
WHO standards for hygienic mixing

are applied.

— Modular additions of fat or

carbohydrates alone to feed/food
should be avoided since this would
reduce the protein and energy ratio.

— Nutritional management for medical

and non-medical FG should include
the fortification of accepted foods
and/or advice on naturally energy
dense and locally available foods.

— Enteral (or tube) feeding should be

included if nutritional requirements
according to the nutritional
management plan cannot be met
by oral intake.

A multidisciplinary nutrition support
team should monitor nutritional
management to minimize the risk
of enteral nutrition-associated
complications.

The nutritional management

plan should include a target for
appropriate catch-up growth

that is monitored at an interval
that is deemed appropriate by

the healthcare professional, the
available healthcare service and
the severity of the faltering growth.

Further research is required in improving the understanding of the causes and

management of FG and in implementing cost-effective and implementable community
interventions to combat FG in under-privileged populations*?

ENDF, energy-nutrient dense feed.
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