Screening and Nutritional Assessment
of Critically ILL Children in PICU
Ain Shams University

Ohesis

Submitted For Partial Fulfillment
of Master Degree in Pediatrics

Submitted by

Ahmed Mohamed Nasr Ahmed EL Gamal
M.B.B.CH, Faculty of Medicine, Ain Shams University

(Under Supervision of
Prof. Dr. Ehab Prof. Dr. Hanan
Khairy Emam Mohamed Ibrahim Yousef
Professor of Pediatrics Professor of Pediatrics

Faculty of Medicine-Ain Shams University Faculty of Medicine - Ain Shams University

Asso. Prof. Dr. Yasmin Gamal Abdo El Gendy

Associate Professor of Pediatrics
Faculty of Medicine - Ain Shams University

Oaculty of Medicine
Ain Shams ((Iniversity

2020






4 h

Acknowledgments

First and foremost, I feel always indebted to
Allale the Most Beneficent and Merciful.

Really, I can hardly find the words to express my
respectful thanks and profound gratitude to: Professor
PDr. Shab. Khairy Emam, Professor of Pediatrics
Faculty of Medicine, Ain Shams University for his keen
guidance, kind supervision, valuable advice and
continuous encouragement, which made possible the
completion of this work, it is a great honor to work under
his guidance and superuvision.

I am delighted to express my deepest gratitude,
sincere appreciation and thanks to: Professor Dr.
Joanan Mohamed Jbralim Yousef, Professor of
Pediatrics Faculty of Medicine, Ain Shams University, for
her kind care, continuous supervision, valuable
instructions, constant help and great assistance
throughout this whole work.

I cannot forget the great help and guidance of:
Professor Dre. Yasmin Gamal Abdo El Gendy,
Associate Professor of Pediatrics Faculty of Medicine, Ain
Shams University, for her invaluable efforts, continuous
guidance, her patience and her huge support to get this
work into the light.

Last but not least, I dedicate this work to my family,
whom without their sincere emotional support, pushing me
forward this work would not have been completed

\ Ahmed \Mohamed (Nasr Ahmed € (samal /




Tist of Contents

Title Page No
List of Abbreviations........ccceeeeeeieeiiiieieeeeeeeeeeeeeeeceeeeeeeeeeeeeeeeeeeeee e 5
List of Tables....ccoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e, 7
List of Figures .....cccooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e, 9
INtroduction ........cceeeiiiiiiiiiiiie e -1-
Aim of the WorK ......ccooviiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeee e 14
Review of Literature ........cccooeeeeeeeieiieieeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee, 15
Patients and Methods........cccooiiieiiiiiiiiiiiniiieceeeeeeee 60
ReSUIES ..coiiiii e 72
DISCUSSION ..uueiiiiiiieeeeteeeeeeeeee ettt e e e e e e e e e e e e e 99
N 10T 000002 oy 108
COoNCIUSION ...ceeiiiiiiiiiiiiiicc e 110
Recommendations.........ccueeeiiiiiiieiiiiiiiieieiiieee et 111
References ......coiiiiiiiiiiiee e 112

Arabic Summary



Tist of Abbreviations

Abb. Full term

AND.......cccovvvunnn.... Academy of Nutrition and Dietetics

ASPEN ........ceeeennn.... American Society for Parenteral and
Enteral Nutrition

BMI............ccovvvvuun... Body mass index

BP...ooeeeeenn. Blood pressure

CBC ... Complete blood count

CHD..............cccvvuun.... Congenital heart disease

CRP..........ceeeeevvennn. C - reactive protein

CRT ... Capillary refill time

DRI ...........ccovveveann. Daily recommended intake

EGP........cccvveveennn.. Endogenous glucose production

EN..ooveeeeeeenn. Enteral feeding

GH .....cccovvvveeeeee Growth hormone

HR.....ovveeeiiieieeennn. Heart rate

IC ... Indirect calorimetry

IL oo Interleukin

MAC......cccaueeeennnnn. Midarm circumferences

MCT.............en....... Medium chain triglycerides

MPS.......ccoeeeeeeennn. Muscle protein synthesis

NG ..ovvveeeiiieeen, Nasogastric

OG...coeeeaaeiaaeneeiinnnn. Orogastric

PEM.............ccccc....... Protein-energy malnutrition

PICU......................... Pediatric intensive care unit

PIM........ccceeveveunnn.. Pediatric Index of Mortality

PT ... Prothrombin time

REE ... Resting energy expenditure



Tist of Abbreviations con..

Abb. Full term
RQ......oeeeee. Respiratory quotient

SGA ....coovvvveeee Subjective global assessment
T3, Triiodothyronine
TNF-alpha................ Tumor necrosis factor-alpha
TPN ....cccovvvveeeeeaean. Total parentral nutrition
TSF...coeeeeaaaeeeerinnnn. Skin fold thickness

TSH ... Thyroid-stimulating hormone
TTR...........coeeeeeveann. Transthyretin

WHO.............cccvvuun... World Health Organization



Tist of Pables

Table No. Title Page No.
Table 1: Common diagnoses or conditions increasing
nutritional risk in PICU patients .............cevvvvvunne... 19
Table 2: Common predictive equations used to predict
energy expenditure in PICU. ............cccccooviiiiinn. 24
Table 3: Interpreting respiratory quotient (RQ)
VAIUBS covviiiie e 25
Table 4: 'TTR reference intervals by age and gender............. 44
Table 5: Characteristics of pediatric and adolescent
formulas .......oeevviiiiiii 52
Table 6: Use of percentiles and Z -scores: ..........ccccevvveeeeeeenne. 66
Table 7: Sample of prealbumin ............cccooooiiiiiiiiiiiiiiinn, 68
Table 8: Demographic data of the study group........cc........... 72
Table 9: Diagnosis of the study group.....cccccceevvvviviiiiiiinnnnnn... 74
Table 10: Vital data descriptive of the study group ................ 76
Table 11: PIMS descriptive of the study group ......cccccceeeeeee.e. 76
Table 12: Anthropometric evaluation of the study
oy {011 | o TP PPPPPRR 77
Table 13: Feeding assessment of the study group................... 78
Table 14: Mortality distribution of the study group................ 79
Table 15: Comparison between on admission and at
discharge according to anthropometric
evaluation in the study group. .....ccccccvvvvvvvviiiivennnnnns 80
Table 16: Comparison between on admission and at
discharge according to laboratory
investigation in the study group.........cccccoeevvvnnnnnnes 81
Table 17: Survived and not survived according to
demographic data. .......ccccevviviiiiiiiiiiiiiiieeeeeeee, 83
Table 18: Mortality according to diagnosis........cccccceeveeeeeeeeenen. 84
Table 19: Comparison between survived and not
survived according to PIMS ............ccccooiiiiiiinnnninnnnn. 85
Table 20: Comparison between survived and not

survived according to anthropometric
measures at on admission and at discharge............ 86



Tist of Pables con..

Table 22:

Table 23:

Table 24:

Table 25:

Table 26:

Table 27:

Table 28:

Table 29:

survived according to feeding assessment at
on admission and at discharge........c.ccccceevvveveveeennnes
Comparison between survived and not
survived according to laboratory
investigation at on admission and at
diSChaArge ....ccevviiiiieiiiieeeeeeeeeeeeee e
On admission and at discharge according to
anthropometric measures in survived group...........
On admission and at discharge according to
anthropometric measures in non survived
GLOUD .euvieeniiiiieeeeeeeeeieerrrreeeeeeeeeeeaasnnssseeeeeeeeessannnnsseens
Comparison between on admission and at
discharge according to feeding assessment in
100 A A =Te ey 010} o SO
Comparison between on admission and at
discharge according to feeding assessment in
NOt SUTVIVEd TOUP ...vvvvvvvveeireirirriirieeeeeeeeeeeeeeeennnnnennnes
Comparison between on admission and at
discharge according to laboratory
investigations in survived group...........ccccceeevvevennnns
Comparison between on admission and at
discharge according to laboratory
investigations in not survived group ..........ccc..........
Factors that affect the survival rate between
admission and at discharge..........c.ccccceeeeeiiiirinnnnnnnn.

Table No. Title Page No.
Table 21: Comparison between survived and not



Fig. No.

Tist of Origures

Title Page No.

Figure 1:
Figure 2:
Figure 3:

Figure 4:

Figure 5:

Figure 6:

Figure 7:

Figure 8:

Figure 9:

Figure 10:

Figure 11:

Figure 12:

Metabolic response to pediatric critical
HINESS e 22
Phases of neuroendocrine response to
critical illNess .....ccoeeeeeeeeeeiiieeeeeeeeeeeeeeeeeeeeeeeeeee, 29
A growing understanding of a ‘vicious

The impact of the gut microbiome on the
vicious cycle of malnutrition decreased
immune function, enteric infection and
impaired absorption and mucosal barrier
fUNCEION ... 32
Three steps of nutritional management in
PICU care (assessment, intervention, and
100100V 170) i1 0 7<) B RURRRRRT 33
The three-dimensional structure of
transthyretin displayed as a dimer (A) and
a tetramer in complex with thyroxine (B)
and retinol-binding protein (C)..........ccccceeuurunnnnnnen 42
Pie chart sex distribution of the study
oy 0101 o ST UPPURRRRPPPIN 73
Bar chart diagnosis distribution of the
SEUAY SroUD...uuveeeeiiiiiiiiiiiiiiiii e 75
Pie chart mortality distribution of the
SEUAY SrouUP. ...uuveeeiiiiiiiiiiiiiiiiiaaee 79
Bar chart between on admission and at
discharge according to weight and body
mass index in the study group.........cccccvvvvennnnnn...e. 80
Bar chart between on admission and at
discharge according to albumin in the
SEUAY Sroup.....vvveeieiiiiiiiiiiiiaee 81
Bar chart between on admission and at
discharge according to pre-albumin in the
StUdy Group....cccoeeeeiiiiiieeee e 82



Tist of Grigures con..

Fig. No. Title Page No.
Figure 13: Box plot between on admission and at
discharge according to CRP in the study group. ......... 82
Figure 14: Bar chart between survived and not
survived according to diagnosis...........ccccceuurennnnns 84
Figure 15: Bar chart between survived and not
survived according to weight at discharge........... 87
Figure 16: Bar chart between survived and not
survived according to body mass index at
discharge.......ccoooeeeeeiieiiieeeeecceeceeeeeeeeeeeeeeeeeee e, 87
Figure 17: Bar chart between survived and not
survived according to start of feeding. ................. 89
Figure 18: Bar chart between survived and not
survived according to amount (cc). ........ccccuuuuennnen 89
Figure 19: Bar chart between survived and not
survived according to frequency at
AAMISSION. ..eviiiireeeeiiiiiiiiieeeeeeeeeeirreeeeeeeeeeeneneeees 90
Figure 20: Bar chart between survived and not
survived according to frequency at
diSCharge....ccooeeeeeeeeeeeceeececeeeeeeeeeeeeeeeeee e 90
Figure 21: Bar chart between survived and not
survived according to albumin. ..............cccuunneeens 92
Figure 22: Bar chart between survived and not
survived according to pre-albumin....................... 92
Figure 23: Box plot between survived and not
survived according to CRP on admission. ............ 93
Figure 24: Box plot between survived and not
survived according to CRP at discharge. ............. 93
Figure 25: Odds ratio regression of change between

on admission and At discharge of factors
affecting survived and Not survived. ................. 98



CIntroduction

INTRODUCTION

Malnutrition iIs one of the most essential global health
lproblems, affecting large numbers of children in
developing countries. Globally, malnutrition is an underlying or
associated cause in at least half of all childhood deaths. Under
nutrition alone is responsible for more than one-third of child
deaths globally, and accounts for 11 % of the global burden of
disease. It is more prevalent in low and lower-middle income
countries (Abdelaziz et al., 2015).

Under nutrition could be primary (not consuming
adequate calories, e.g., poverty, etc.,) or secondary (abnormal
nutrient loss, due to diarrhea or chronic illness or increased
energy expenditure) (Nangalu et al., 2016).

An optimal nutritional approach cornerstone is to
evaluate the nutritional status of any patient admitted to a
pediatric intensive care unit (PICU), detect malnutrition, define
nutritional goals, and adapt nutritional intakes. Under nutrition
is common in critically ill children; with data indicating that
between 15 and 24% has a poor nutritional status at PICU
admission (Prince et al., 2014).

Patients in a (PICU) with nutritional status inadequacies
can experience unfavorable outcomes (i.e., mechanical
ventilation - MV, mortality, longer length of stay and
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infection); so, it is extremely important to assess the unit's
nutritional profile (Costa et al., 2016).

Anthropometric evaluation is a necessary tool for
monitoring children's health and is an essential item when
estimating a child's nutritional status and monitoring her growth
and development (Cole, 2012).

In a hospital setting, the evaluation aids to identify eating
disorders, supports diagnosis and facilitates prognosis, making
early and safe interventions possible (Sarni et al., 2009).

Age-appropriate  measurements of anthropometry
consisting of weight, stature, and head circumference constitute
an integral part of nutritional status assessment and remain vital
for the safe and effective care of critically ill children in (PICU)
(Vermilyea et al., 2013).

Anthropometry measurements are also vital to calculate
the correct dosage of medications and blood products, prescribe
nutrient intake, and determine appropriate therapies and
equipment needs for critically ill children (Maskin et al., 2010).

Serial anthropometry measurements are crucial to
understand fluctuations in fluid balance and body mass changes
during the course of critical illness. Such serial measurements
assume even greater importance in neonates, infants, and young
children who also experience ongoing growth during and after
their recovery from critical illness (Srinivasan et al., 2017).

12
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Prealbumin, also called transthyretin, is the precursor to
albumin. Its half-life is 2 to 4 days, whereas albumin half-life is
20 to 22 days (Banks and Corbett, 2013). Measuring
prealbumin can help clinicians detect short-term impairment of
energy intake and the effectiveness of nutritional support
efforts (Caccialanza et al., 2013).
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AIM OF THE WORK

The present study aimed to evaluate the anthropometric
4[ evaluation and laboratory assessment especially albumin
and prealbumin in critically ill children in Ain-Shams
university Pediatric Hospital PICU on admission and at
discharge.
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Malnutrition in Critically ill Pediatric Patients
Malnutrition definition

The World Health Organization (WHQO) defines
4[ malnutrition as the cellular imbalance between the
nutrients and energy supply and the body's demand for them to
ensure growth, maintenance, and specific functions (Nangalu
et al., 2016).

A consensus statement by the Academy of Nutrition and
Dietetics (AND) and the American Society for Parenteral and
Enteral Nutrition (ASPEN) was published in 2012, which
defined malnutrition as the presence of 2 or more of the
following characteristics: insufficient energy intake, weight
loss, muscle mass loss, loss of subcutaneous fat, localized or
generalized fluid accumulation, or lowered functional status
(White et al., 2012).

Magnitude of the problem in pediatric intensive care unit
(PICU)

The prevalence of malnutrition in hospitalized patients is
a significant health care problem because it affects patient
outcomes. Malnourished hospitalized patients have a higher
rate of infectious and noninfectious complications, increased
mortality, a longer length of hospital stay, and increased
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