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licensed Abstract:
Background: The ketogenic diet (KD) has long been prescribed to children with
recurrent epilepsy due to its minimal neurotoxic effects. The side effects caused this
diet to be abandoned. New diets are emerging as options such as modified Atkins diet
(MAD), low glycemic index therapy (LGIT) and medium-chain triglyceride (MCT).
This study compared the safety and effectiveness of the KD and these new methods.

Method: Systematic review was conducted by searching databases such as PubMed,
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ScienceDirect, SpringerOpen, Cochrane, Proquest and Scopus based on the Preferred
Reporting Items for Systematic Reviews and Meta Analyses (PRISMA) guidelines.
Result: : A total of 439 pediatric patients aged 0 - 18 years who were intervened with

Published: a ketogenic diet compared with other dietary options. A total of five studies reported
30 November 2024 a higher mean reduction in seizure incidence >90% in children who were intervened
DOL with a ketogenic diet compared to other diets, one of which reported KD > MAD
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(53.3% KD vs. 26.6% MAD).

Conclusion: Although KD remains effective, MAD, LGIT, MCT and Polyunsaturated
Fatty Acids KD (PUFAKD) diets provide comparable benefits with potential for
better adherence. The classic KD group showed a higher morbidity rate; however, it
demonstrated significant effectiveness in lowering the incidence of recurrent seizures
in children.
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Introduction

Epilepsy is a chronic neurological condition that affects over 50 million people of all
ages and sexes worldwide. The prevalence of epilepsy is disproportionately
concentrated in low and middle-income countries (LMICs)." Epilepsy contributes to
a significant disease burden in children and adolescents worldwide. Globally, more
than 11 million children aged less than 15 years have active epilepsy.” In 2017, more
than 291 million children aged less than 20 had epilepsy and intellectual disabilities, of
which 95% lived in low- and middle-income countries.’

The main goals of epilepsy treatment include three basic issues: achieving the best
possible seizure control, avoiding the undesired effects of treatment, and
maintaining/improving the quality of patients’ lives. Therefore, numerous attempts
are made to offer alternative treatments for drug-resistant seizures, an example of
which is the ketogenic diet.’

The classic ketogenic diet (KD) is a high-fat, low-carbohydrate diet, in which fat,
instead of glucose, acts as a major energy source through the production of ketone
bodies. The KD was formally introduced in 1921 to mimic the biochemical changes
associated with fasting and gained recognition as a potent treatment for pediatric
epilepsy in the mid-1990s.*

Although its efficacy is proven, KD is not an easy and convenient method of treatment
to both patients and caregivers. Maintaining a high-fat diet can be unpalatable and
result in various adverse effects. Preparing each meal with calculation and
measurement of food composition and ingredients can be impossible to some patients
and caregivers. Therefore, alternatives to the classic KD have been developed and

studied.

Currently, four main KDs are used in clinical practice: KD, the medium-chain
triglyceride (MCT) diet, the modified Atkins diet (MAD), and the low glycemic index
treatment (LGIT). The efficacy of the three KD alternatives MCT, MAD, and LGIT
has been compared to that of classic KD in various studies, including randomized
controlled trials. When KDs must be maintained for several years because of seizure
recurrence or clinical course of the disease, it is reasonable to consider switching to
alternatives to the classic that have been developed and studied. MAD or LGIT were
developed as less restrictive and more palatable options to the classic KD when
considering the risks of long-term complications.'

In this systematic review we want to find out a comparison efficacy and safety of the
alternative models of MCT diet, MAD, and LGIT compared to the classic KD in
reducing seizures.
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Method

Literature Search

We explored PubMed, ScienceDirect, ProQuest Dialog (PQD), Cochrane and
Springer Open from articles published in the recent 10 years November, 2009 to
November, 2024 using the following keywords (MesH Term) of "child", "pediatric",
"ketogenic diet", "keto diet", "intractable epilepsy", "refractory epilepsy", "safety",

"adverse effects", "efficacy", "effectiveness", "seizure reduction", "morbidity

outcome".

Online scientific articles were first screened by title and abstract based on the
following inclusion criteria: publication in English, cohort and randomized-controlled
trial study design focusing on Ketogenic Diet (KD) versus other dietary option with
outcomes of seizure reduction incidence and adverse effects of diet; the study subject
age <18 years and diagnosed with intractable epilepsy. The exclusion criteria were
unavailable online full-text publication; systematic-reviews; meta-analyses; informal
literature review. The results were presented according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guideline (Figure

1),
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s Cochrane (n=69) Records removed before
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Figure 1. PRISMA flowchart on study screening and selection process.
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Ketogenic Diet

The classic KD has been used worldwide as a well-established treatment for
intractable epilepsy with expanding indications, especially in the neuro-metabolic field.
KD is a high-fat, low-carbohydrate, and adequate-protein diet designed to induce
ketosis; a state that has been shown to reduce seizure frequency in many patients. It
consists of the ratio of 70-80% fat, 10-20% protein, and less than 10% carbohydrate.’
The KD has several types, including the classical KD, MCT, Polyunsaturated Fatty
Acids KD (PUFAKD), MAD, and LGIT.**

The classical KD is the original form of the ketogenic diet, developed in the 1920s
primarily to treat drug-resistant epilepsy, particulatly in children. KD uses a 4:1 ratio
of fat to combined with LCT and carbohydrates. The MCT is a variation of the
ketogenic diet that incorporates medium-chain triglycerides (MCTs) as the primary fat
source. MCTs promotes faster ketosis due to quicker liver absorption. PUFAKD is
another variation of ketogenic diet which emphasizes the inclusion of polyunsaturated
fatty acids (PUFAs) as the primary fat source. PUFAs incorporates omega-3-rich fats
for anti-inflammatory benefits in seizure control. Moreover, MAD is less restrictive
variation of ketogenic diet, allowing more protein and easier adherence. MAD focuses
on limiting carbohydrates to induce ketosis while allowing for greater flexibility in
protein and fat intake. It was developed as an alternative for individuals, particularly
those with epilepsy, who find the classical ketogenic diet too rigid or challenging to
follow.”*

Another dietary approach used to manage epilepsy is LGIT. While both KD and
LGIT aim to reduce seizures by altering the brain’s energy metabolism, LGIT focuses
on limiting high-glycemic foods to stabilize glucose, minimizing spikes in insulin.®

Data Extraction

Titles and abstracts retrieved from the database were independently screened by five
reviewers to identify relevant studies that met the selection criteria outlined above,
who also independently assessed eligibility by further reviewing the full text.
Disagreements were resolved through consultation with a sixth reviewer. Data from
the articles then were extracted, including lead author, year of publication, type of
study, country, age of subject, age of seizure onset, number of subjects, type of
intervention, follow-up period, frequency of daily seizure, record method of seizure,
incidence of seizure reduction, and adverse effect of diet. The reviewers extracted data
independently and discrepancies were identified and resolved in consultation with
other reviewers. The selection process is shown in the PRISMA 2020 flow diagram
(Figure 1).
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Result

There were 713 articles found based on the literature search, of which 6 identified as

relevant to the topic and met the inclusion criteria. The articles included were
Randomized controlled trials published from November 2009 - November 2024. A
total of 564 pediatric patients aged 0 - 18 years who were intervened with a ketogenic
diet compared with other dietary options such as PUFAKD, MAD, LGIT and KD
2,5:1 was studied. The subject characteristics are shown in Table 1.

Cases of seizure free children were reported in two study where the classic ketogenic
diet reported a higher number of seizure free cases compared to the modified atkins
diet (53.3% vs 26.6% and 60% vs 46.67%) as shown in Table 2 and Table 3, while
other study reported a higher number of seizure free cases in polyunsaturated fatty
acids ketogenic diet compared to the classic ketogenic diet (37% vs 32%) as shown in
Table 3. During the 2 follow up periods month 3 and 6 (Table 2 and Table 3), a total
of three studies reported a higher mean reduction in seizure incidence >90% in
children who were intervened with a ketogenic diet compared to other diets, three of
which reported KD > MAD (37% KD vs. 32% MAD; 6.6% KD vs. 0% MAD; 37%
KD vs. 30% MAD)'*""'%*"*2 Four studies also reported a higher mean reduction in
seizure incidence 50-90% in children who were intervened with a ketogenic diet, four
of which reported KD > MAD (43% KD vs. 42% MAD; 45.8% KD vs. 45.5% MAD;
44.2% KD vs. 25.0% MAD; 39% KD vs. 36% MAD)""'%*1%,

A higher percentage of gastrointestinal adverse events such as vomiting, diarrhea, and
constipation was reported in all studies of KD compared to MAD. Incidence of
kidney stones was reported higher in KD compared to MAD group (4 % vs. 0%; 8.3%
vs. 0%)""*". During the 6-month follow-up period, ketogenic hypercholesterolaemia
was also shown to be higher in the KD group than the MAD group (14 % vs. 11 %;
8.3% vs. 0%) as shown in Table 4",

Discussion

Classic KD is a low-carbohydrate and high-fat diet, that is considered wildly successful
in treating children with recurrent epilepsy and seizure.”"" Throughout the history of
neurological medication, KD was deemed efficient due to its minimal neurotoxic
effects. The main features of a KD treatment are the production of ketone bodies,
mainly 8-hydroxybutyrate, acetoacetate, and acetone formed during the breakdown of
fatty acids in the liver, along with a reduction in blood glucose levels. Ketone bodies
serve as an alternative energy source to glucose and are also important for the
development of the brain, providing essential materials for building cell membranes
and lipids.”” To improve dietary based treatment efficacy and flexibility, several
variants of the KD have been developed as opposing factors to minimize side effects
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that are commonly recorded in short-to-medium term benefits of neurological
symptoms."

The classic KD is effective for managing intractable epilepsy in children but can be
difficult to maintain. This has led to alternative diets like the MAD, LGIT, and MCT
diet, which aim to provide similar benefits with potentially easier adherence. MAD is
a high-fat, low-carb diet with greater protein flexibility, without strict calorie counting,.
Studies show MAD can reduce seizure frequency similarly to KD and may be easier
to follow for some families."* LGIT emphasizes low-glycemic carbs to stabilize blood
sugar. Research suggests LGIT can significantly reduce seizures and may be easier to
adhere to than KD.1 Medium-chain triglyceride diet uses to induce ketosis with a
higher carbohydrate allowance, potentially making it more palatable. Studies show it
to be as effective as KD in seizure reduction, with fewer side effects for some
patients."”

In this study, we conducted a systematic review of studies focusing on effectiveness
and safety of classic KD compared to MAD, LGIT, MCT and KD 3:1 and KD 2.5:1.
We focused on seizure recurrence and diet-related side effects, assessing outcome
reductions after 3 and 6 months.

In the 3 months follow up, the efficacy percentage of the control group (KD) showed
higher results in >90% outcome reduction in recurrent seizures compared to other
methods (6.67% vs 0%; 21% vs 27%; 32% vs 37%; 26.6% vs 53.33%), respectively
written “case” vs “control”.'*"* This result was also in line with a RCT study that stated
efficacy of KD during the 4 months follow up was evidently effective in reducing
recurrent seizure.” Although this outcome was regarded as comparable in efficacy by
a study conducted in 2021, other studies have shown that using modified KD 2.5:1
granted more efficacy in seizure control due to fewer adverse events, with no

significant difference in the biochemical parameters as compared to other modified
KD ratio.!?

To further verify the efficacy and safety of KD, results from other methods have
showed that >50%-=90% seizure reduction were more significant compared to KD
in 3 months follow up, with reports of MCT and modified KD in the intervention
group presented higher results (63% vs 58%)." However, one study conducted by
Kim et al. presented a different result, where the control group using KD was proven
more effective in >50%-=90% reduction of recurrent seizure as compared to
modified KD (42% vs 43%)."

APGHN | www.agphn.com Vol 3 | November 2024 | Page 6



Avrchives of Pediatric Gastroenterology, Hepatology, and Nutrition

APGHN

Ppa110day 10N = YN 191 21ua30393 SpIOY Aneq pajermesuniod = (VANd ‘Aderoy]

XOPUJ OTWAIAID) MOT = [[DT 991 SUDY POIIPOIA = QVIA 191 91uaS03a3] o1sse) = @ ‘parodar st aguer o[nrenbioju] = € ‘[eri], po[jonuo)) paziwopuey = 1Y

won L) (9 Lo
979  T9SL 0S LS
IND 9% 82 ¢T
(1¢) 10z @'DLo
AN AN
01 ¥GG-G'1T
(5'8¢) 8'L¥ AN
Jonuo) Ise) Jonnuo)H Ise)
(as @s)
u ‘“Aouanbaiy as
puows ‘9Inzrds Jo
AINZIOS
) 19sU0 je 33e Ued
Aprep ueapy

9°¢

9

(ypuowr)
pouag
dn

-MOT[0]

al st (922 ¥20T
< I LT vdnd 6V A eIpu] ID9  ewdey 9
119102
1S @l ¢S avin @ 6v vI0y  IO¥ TR W ¢
LS LIODT mNONON JN
s il 8¢ avin o Ts eIpu] IDY Wwmpuog ¢
121202
Te 1
0¢ @l Sl avin (CRIXN" ueI] 1094  wmsiood ¢
41€20T
Te 1
Sl I Sl avin ©G8-8Y 18y 1DY  ogeysH ¢
1:6°C 01110C
61 I 61 al rnsc epul  ID¥W  ‘elenley |
(©) [onuo) (©) 3se) jJonuo) 3ISE)
srdureg srdureg
Apmig
yoneso| (xeak)
Apmg J° joyny °N
uopuaAINU] Jo 2dAT, (@s) puouw adfy,
‘98e uea|y

$102[qng JO somsmaIdeIRY ) AU T, T d[qe],

Vol 3 | November 2024 | Page 7

APGHN | www.agphn.com



Avrchives of Pediatric Gastroenterology, Hepatology, and Nutrition

p130doy 10N = YN DI SURPY PIYIPOIN = (VIN I dMud501y d1sse[) = (3

¥20T
(02 ¢ (9°67) 8 (9¢) 6 (€96 (Tn ¢ (0o (ze) 8 (Lg)or ST'ax LT ‘@IvVANd ‘0 12 Koy
19102
AN AN (6€) 0T (9g) 61 (L) 61 (0g) 91 AN AN IS ‘ady €C Qv ‘e 12 wry
- (8'L27) ST - (8°L2) ST - (8'+1)8 N AN LS 1IDT 0202
(s2) €1 (6'97) t1 (T¥p) €T (s2) €1 (s11)9 (s11)9 AN AN S 'ay 8¢ ‘AVIN ‘e 32 Typuog
121202
AN AN (8°sh) 1T (Ssh) ¢ (99) T (0)o AN AN 0 ‘@A ST ‘QvVIN ‘Te 32 1IysI00g
s1£20T
(L99) 1 (L99)1 (€€7€9) ¢ (L99%) L ((0)o (0o 09)6 (L999)L  sT'ad ST ‘QviN Te 12 ageyS-14
[onuo) ase) [o.3uo) E ) [onuo) ase) [onuo) ase) [onuo) ase)
(9) U ‘wondnpay (o) U ‘mondnpay (9p) U ‘mondnpay 971§ dpdureg

2INZIRS 505>

9INZI_S %0506

2INZIRS 9506<

(94p) U ‘93] INZIAG

‘aonuaAId)uf Jo adA],

Ie3A ¢ 1oyIny

SYIUOIN 9 UT UORINPIY 2INZ[2G JO dwodIn() *¢ d[qe],

pa130doy 10N = YN D91(J 21U50193Y] SPRY
fne parersnyesuniod = (VAN “Aderay], Xopu] drwadk[D M0 = [T PRI U013 A1sse[) = (I 91 SUPIY PIJIPOIN = AVIN

APGHN

(%) u ‘wondnpay
INZIRS 05 (0S>

(%) u ‘wondnpay
INZRRS %0S-06

(%) u ‘aoponpay
2INZIAS 9506<

(95) U ‘93.aJ 2INZIAY

az1g ajdureg
‘wonjuaAIdluy Jo 3dAL

o1 1T0C

AN AN (8S) 11 (¢9)T1 (L2 s 10+ AN AN 61 ‘A 61 °1:S'Tad ‘v g2 nleyg

11910T

AN AN (g¥) TT (zh) TT (Lg) 61 (ze) Lt AN AN 16 ‘ai €S ‘AvVIN Te 32 wry]

g1£C0C

(L99) 1 (€€1)T (6'6£) 9 (¢€9)8 (0o (L99)1 (£€5)8 (990D + ST 'ax ST'AVIN ‘e e aleys-q
[onuo) ase) [onuo) ase) [onuo) ase)  [onuo) ase) [onuo) ase)

IBdA ¢ aoginy

SYIUOIN ¢ UT UORINPIY 2INZ2G JO dwodIn() g d[qeL,

Vol 3 | November 2024 | Page 8

APGHN | www.agphn.com



Avrchives of Pediatric Gastroenterology, Hepatology, and Nutrition

panroday 10N =N PI( 2128013 SpPY £1e,] paremmyesuni[od =SVANd 91 U801y =] PRI SUBPY PAPIPOIN = AVIN

¥20C
oy (s 08 (81 Oy sy O LT T et
AN AN IN AN AN N - . . 9 Te
I L L S I €l ¥y  ‘@vdnd ‘Tl ‘
19 Aeyy
120T
€9 0o (€9 (0 . S1 b
AN YN YN YN YN YN AN IN dN AN e . 9 (LEERS
r4 0 4 0 Aavin
TYsI00J
61 110T
Gon @9 €92 (sT) , o T
AN AN AN NN . . AN AN ¢ c AN OIN AN AN 61 AT “1isT ¢ Te
al » nfey
ovn 1 Oy ©O0o oo Oov» O» o2 O O O oo On O 0
L 9 4 0 0 4 14 I 6 01 1 0 4 4 S €S 119102
ovn e 0 GO0 09 oo O o6 O O o ©9 sy Osn ‘avin ¢ Te
L 01 0 0 ¢ 0 ¢l 01 vl 4! g ¢ 6 8 30 Wy
[onuo) 3Ise) [ONUO) ISe) [ONUO) 3ISe)) [O0JIU0) IS [OJIU0)) ISe) [ONUO0) ISe) [0JUO0)) 23Ise) [ONU0) 3se) Puow
() u (%) (u) az1g odweg  ‘porrad J894
. ° (%) o (%) u 43100y (%) u (%) (%) . .
eIWI[0II)SIA[0YD U ‘uonodyuy UONIUIAIIIU] dn Toyny
u ‘Qu0)g Teudy Jo ey ‘vopednsuo) u ‘edoysrerq U ‘Suprurop
-1dAy 939A9¢ Jo odAT, -MOT[0]

APGHN

33934 9SI2APY JO aWwodIn() *§ I[qe ],

Vol 3 | November 2024 | Page 9

APGHN | www.agphn.com



AP GH | \ I Archives of Pediatric Gastroenterology, Hepatology, and Nutrition

In a longer observation period of 6 months, classic KD was shown to achieve

consistent results with a highly coherent in >90% or percentage in reducing the
incidence of recurrent seizures >90% (30% vs. 37%; 46.7% vs. 60%; 0% vs. 6.6%0; 0%
vs 12%)"%* 22 compared to other diets. In contrast to the 3 months results, the
classic KD group showed a higher percentage in reducing the incidence of recurrent
seizures 50%-<90% (36% vs. 39%;33.3% vs 36%0;26.4% vs. 44.2%)'*** compared
to the alternative diet. This proves that the classic KD has promising efficacy in the
longer term. This outcome is in accordance with a study conducted in 2024, showing
significant efficacy in 32% seizure free with classic KD in a 6 month study course.”
To strengthen the previous scientific studies, a recent study in 2020 and 2024 showed

the percentage reduction in recurrent seizure <50% higher in the alternative diet
22-23

group.

In a longer observation period of 6 months, classic KD was shown to achieve
consistent results with a highly coherent in >90% or percentage in reducing the
incidence of recurrent seizures >90% (30% vs. 37%; 46.7% vs. 60%; 0% vs. 6.6%0; 0%
vs 12%)"%* 22 compared to other diets. In contrast to the 3 months results, the
classic KD group showed a higher percentage in reducing the incidence of recurrent
seizures 50%-<90% (36% vs. 39%;33.3% vs 36%0;25.4% vs. 44.2%)'7*** compared
to the alternative diet. This proves that the classic KD has promising efficacy in the
longer term. This outcome is in accordance with a study conducted in 2024, showing
significant efficacy in 32% seizure free with classic KD in a 6 month study course.”
To strengthen the previous scientific studies, a recent study in 2020 and 2024 showed

the percentage reduction in recurrent seizure <50% higher in the alternative diet
22-23

group.

In terms of diet safety at 3 months of observation, two studies reported no significant
difference in classic KD compared to other diets for gastrointestinal disorders such as
vomiting (15% vs. 18%)"", diarrhea (6% vs. 10%)"” and constipation (15.7% vs. 26.3%;
23% vs. 27%).'"" Studies conducted in 2019 and 2021 also stated, in a 3-month study
follow up, results showed no significance in gastrointestinal adverse events, deeming
classic KD to be safe have no basis for discontinuation.®” Two studies reported
adverse events of severe infection in classic KD and other dietary methods, both of
which proved to be safe, characterized by an incidence rate of <10%.'*"

Gastrointestinal disorders were followed until 6 months of age, the incidence of
vomiting showed inconsistent results with one study reporting a greater percentage in
the control group than other diets, the rest showing similar percentages (4% vs. 4%;
16% vs. 48%), respectively.'” Similarly, the incidence of diarrhea and constipation
showed inconsistent results (0% vs. 2%, 4% vs. 18.5%) and (20% vs. 17%; 28% vs.

APGHN | www.agphn.com Vol 3 | November 2024 | Page 10
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25.9%), respectively.'* This finding is in line with a study in conducted in 2016 which
stated similar outcomes regarding safety and efficacy of classic KD, that although
classic KD remains significant in seizure reduction, along the study course of more
than 3 months, emergence of gastrointestinal disorders would be apparent but
insignificant.”

diet have a higher percentage (19% vs. 25%) than the classic KD in 3 month

Children who experienced a lack of energy showed that the alternative

observation."” The incidence of serious infections dropped to 0% in the classic KD
group after 6 months, this suggests that classic KD is not associated with these side
effects.'” This finding is consistent with that of a study in China, that adverse events
of infections were deemed insignificant, and therefore regarded as unrelated to KID.31

One study conducted a long-term follow-up until 12 months of age, found that the
percentage of gastrointestinal disorders in the form of vomiting and constipation was
greater in the classic KD group (39% vs. 45%), respectively.” These results were in
line with that of a recent study in 2023, in a 15-month study course, classic KD group
showed a significant correlation with lower microbial diversity, therefore regarding
KD’s long term use as an underlying factor in emergence of gastrointestinal disorders
such as vomiting, constipation, along with diarrhea.”” This finding cohered with
several studies in long term classic KID usage as key reasoning for gastrointestinal
disorders. A recent systematic review in 2024 stated that gastrointestinal disorders
were found more frequent in classic KD as compared to other methods although still
deemed insignificant, therefore concluding that further observation is needed when
diet in intractable epilepsy children is given.*

Nutritional therapy is not enough to treat intractable epilepsy. Recently, the American
Academy of Pediatrics (AAP) strongly recommended the comprehensive therapy of
both pharmacology and dietary intervention such as classic KD for intractable
epilepsy, along with primary preventions of infections occurrences as well as trauma.
Efficacy results in seizure reduction with KD were found in 3, 6 and 12 months, with
reports of seizure free 3%, 3% and 11%, respectively.” Seizure reduction of 90-99%
in 3, 6 and 12 months was also found significant by 31%, 29% and 20%, respectively”,
deeming KD as the dietary treatment of choice for the years heretofore. Routine
observation of results and monitoring of adequate dietary treatment should be done
accordingly in subsequent months to achieve optimal outcome and treatment
compliance.

The principal strength of our study lies in its status as the first systematic review to
evaluate the efficacy of classic ketogenic diets compared with alternative diets (MAD,
LGIT, MCT, KD3:1, KD2.5:1, PUFAKD), focusing on seizure reduction and safety
profile. We endeavored to conduct high-quality research in accordance with
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established guidelines for such analyses, strictly adhering to the Cochrane
Collaboration's recommendations on intervention studies.

Limitations include study heterogeneity, including a variety of countries where data
were collected and a wide range of publication dates. There were also differences in
the sample size of children, classic KD and other diets, duration of intervention, and
dosage and compliance (information not available for all studies).

Conclusion

The classic KD remains highly effective in reducing recurrent seizures in children,
despite its higher morbidity rate compared to alternative diets like MAD, LGIT, MCT,
and PUFAKD. While these alternatives offer comparable benefits and may improve
adherence, KD's proven efficacy makes it a valuable treatment option. Awareness of
KD among pediatricians remains limited, partly due to its potential side effects,
including gastrointestinal issues and adherence challenges. Professional guidance and
further research are essential to optimize KD use and address its limitations.
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Introduction

Based on the 2018 Indonesian Health Research, 17.7% of children under five years
old are undernourished and malnourished, 8% are overweight, and 10.2% are wasted

and severely wasted.' Breastmilk feeding is closely related to a child's nutritional status,
as it is the primary source of nutrition and energy for children under 6 months old.”
Exclusive breastfeeding before birth is highly beneficial for a baby's health, as they
receive colostrum, which is rich in protein and antibodies and boosts the child's
immune system.” Those who exclusively breastfeed for six months are less likely to
develop future health problems, probable reductions in overweight, and increases in
intelligence.* Breastfeeding benefits the neurodevelopmental progress of both full-
term and preterm infants. This is due to the nutritional differences between breast
milk and formula, as well as the unique bond formed between mother and child during

breastfeeding.’

Although a positive correlation between breastfeeding and a  child's
neurodevelopmental progress has been established, the neurodevelopmental
differences between exclusively breastfed and non-exclusively breastfed children aged
6 to 24 months has not been extensively studied.” Therefore, this study aims to
investigate the differences in neurodevelopment between exclusively breastfed and
non-exclusively breastfed children aged 6 to 24 months in both a tertiary referral
hospital and a private clinic in South Jakarta.

Method

Study Design

A case-control study was conducted among children aged 6 to 24 months who visited
the Neurology Outpatient Clinic at Cipto Mangunkusumo Hospital in Jakarta and
Anakku Pondok Pinang Center from March until May 2021. Inclusion criteria for the
study were children aged 6 to 24 months who were either exclusively breastfed or non-
exclusively breastfed (breastmilk combined with formula milk), with either normal or
impaired neurodevelopmental status. Exclusion criteria included children with chronic

diseases, congenital diseases, and conditions that could hinder motor development.

Data Collection

Data was gathered through both parent interviews using questionnaires and direct
observation of the subjects. The questionnaires assessed family history, nutritional
status, and neurodevelopment stages based on age-appropriate milestones, which is
divided into four domains: gross motor skills, fine motor skills, social-emotional, and

language.

Data Analysis
Data analysis was conducted using SPSS version 20. Bivariate analysis, employing the
chi-square test, was used to analyze the data. Statistical significance was determined by

APGHN | www.agphn.com Vol 3 | November 2024 | Page 16



AP GHN Archives of Pediatric Gastroenterology, Hepatology, and Nutrition

a p-value of less than 0.05, and results were presented in terms of odds ratios and

confidence intervals 95%.

Ethical Approval

Ethical approval for this study was obtained from the Faculty of Medicine Universitas
Indonesia — Cipto Mangunkusumo Hospital’s ethics committee (No.
235/UN.F1/ETIK/PPM.00.02.2021). Informed consent was obtained from
participants’ parents prior their inclusion in the study. The consent process ensured
that the guardians understood the study’s objectives and the voluntary nature of their
participation.

Result

A total of 140 children who met the inclusion criteria were included as subjects in this
study. Of these, 70 children were exclusively breastfed, while the remaining 70
received a combination of breastmilk and formula. The majority of the respondents
were male (n=91, 65.0%), aged 21 — 24 months (n=65, 46.4%), with a gestational age
of more than 37 weeks (n=129, 92.1%), and a birth weight of more than 2500 grams
(n=130, 92.9%). The characteristics of the subjects are presented in Table 1.

Table 1. Characteristics of subjects.

Total (n=140)

Characteristics 0 (%)

Gender

Male 91 (65.0%)

Female 49 (35.0%)
Age

6 — 10 months 24 (17.1%)

11 — 15 months 27 (19.3%)

16 — 20 months 24 (17.2%)

21 — 24 months 05 (46.4%)
Gestational Age

<37 weeks 11 (7.9%)

= 37 weeks 129 (92.1%)
Birth weight

<2500 gram 10 (7.1%)

22500 gram 130 (92.9%)

In the domains of gross motor skills, fine motor skills, and language, a higher
proportion of non-exclusively breastfed infants had developmental delays compared
to exclusively breastfed infants (25.7% vs. 12.9%, 17.1% vs. 8.6%, and 40.0% vs.
35.7%, respectively). However, bivariate analysis indicated that exclusive breastfeeding
was not statistically significantly correlated with neurodevelopment in all domains.
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This is evidenced by p-values greater than 0.05 in all domains and wide confidence
intervals (gross motor p = 0.087; fine motor p = 0.207; social-emotional p = 0.441;
language p=0.727) (Table 2).

Table 2. Bivariate analysis comparing the neurodevelopment status of exclusively and
non-exclusively breastfed infants.

Non-
Neurodevelopment Exclusively exclusively 957
, Breastfed p-value  OR  Confidence
Domains Breastfed
(n=70) _ Interval
(n ="70)

Gross Motor 0.972
Appropriate 61 (87.1%) 52 (74.3%)  0.087 2.346 5.665
Delayed 9 (12.9%) 18 (25.7%)

Fine Motor 0778
Appropriate 64 (91.4%) 58 (82.9%)  0.207 2.207 6259
Delayed 6 (8.6.%) 12 (17.1%)

Social-emotional 0.072
Appropriate 65 (92.9%) 68 (97.1%)  0.441 0.382 o041
Delayed 5 (7.1%) 2 (2.9%)

Language 0.394
Appropriate 45 (64.3%) 42 (60.0%)  0.727 1.200 7483
Delayed 25 (35.7%) 28 (40.0%)

Additionally, an analysis of nutritional status revealed a higher prevalence of
undernourishment or malnutrition among non-exclusively breastfed infants compared
to exclusively breastfed infants (7.1% vs. 4.3%), although this difference was not
statistically significant (Table 3).

Table 3. Bivariate analysis comparing the nutritional status of exclusively and non-
exclusively breastfed infants.

N _
Nutritional Exclusively lor'l | 95%
1 i
utrtiona Breastfed excusively p-value OR Confidence
Status Breastfed
(n = 70) Interval
(n=70)
Normal 67 (95.7%) 65 (92.9%) 0,394
Undernourished 0.718 1.718 :
3 (4.3% 5 (7.1% —7.483
/Malnourished (4370) (7.1%)
Discussion

Child development can be assessed into four key domains: gross motor skills, fine
motor skills, speech and language, and social-emotional development. These domains
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are interconnected and influenced by the maturation of the central nervous system.’

This study revealed an interesting finding between exclusive breastfeeding and
neurodevelopment in children aged 6 — 24 months. Exclusively breastfed children
exhibited a lower incidence of neurodevelopment delays compared to non-exclusively
breastfed children, with the exception in social-emotional development. However,
these differences were not statistically significant. Similarly, a study conducted by
Enambere et al., revealed no significant neurodevelopmental differences between
exclusive breastfeeding, formula feeding, and non-exclusive breastfeeding.” In
contrast, a study by Nurlaila et al., reported a significant correlation between exclusive
breastfeeding and motoric development.®

Exclusive breastfeeding provides numerous benefits for children development.
Breastmilk contains a complex nutrient, such as lactose, calcium, vitamin B16, zinc,
and long-chain fatty acids, specifically docosahexaenoic acid (DHA) and arachidonic
acid (ARA). These nutrients are important for the child’s gross motor skills, which are
an essential domain to children growth and development.® Breastmilk also important
for promoting brain and retinal development.”"" Exclusive breastfeeding supports
children in reaching their optimal growth potential.”

Several factors can impede exclusive breastfeeding practice, such as, mother
experience breast pain, inverted nipples, and inadequate milk production. Children
who are not exclusively breastfed face a higher risk of developmental delay.’

The majority of the study participants were 21-24 months old (46.4%). At this age,
breastmilk is no longer the primary source of nutrient, complementary feeding
becomes the predominant source of nutrition, surpassing the role of breast milk."
This dietary transition aligns with WHO recommendations, which promote continued
breastfeeding beyond the age of two, although with decrease proportions.' These
circumstances may influence the result of the study, as evaluating the long-term
benefits of exclusive breastfeeding become increasingly complex due to the presence
of various confounding factors that can influence the outcomes during this nutritional

transition.'

A good nutritional status indicates that the child’s nutritional needs, including for brain
development, has been adequately met. No significant difference in nutritional status
was observed between exclusively and non-exclusively breastfed children in this study,
with 95.7% and 92.9% of children, respectively, has good nutritional status. We
concluded that complementary feeding may have effects on improving nutritional
status regardless of previous breastfeeding practices, resulting in no significant
incidence of developmental delay between two groups. This also highlights the
importance of maintaining optimal nutritional status during the critical growth period
for neurodevelopment.'
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Formula milk can also be a suitable alternative to breast milk, as long as it provides

adequate nutrition."” Although there are ongoing debates about the formula milk, it
remains a primary choice for children who cannot be breastfed. There are two types
of formula milk: complete starting formula, designed for healthy infants without any
particular requirements, and adapted starting formula, formulated for infants with
specific physiological needs and often requiring a lower mineral content. Additionally,
specialized milk formula also can be administered to children with lactose intolerance,
such as lactose-free formulas. Furthermore, hydrolysed protein formulas with simple
fats can prescribed for infants with acute or chronic diarrhea, and preterm infant
formular are designed for premature to gain more energy.'®

There is an ongoing pursuit to make infant formulas as similar to breast milk as
possible. However, some nutritional component cannot be perfectly replicated and
certain combination can result in undesirable interactions. For example,
supplementing eicosapentaenoic acid without adequate DHA or adding excessive
amounts of polyunsaturated fatty acids and iron without sufficient antioxidant
protection can have detrimental effects. Another challenge in formulating infant
formula is ensuring optimal bioavailability. While the goal is to mimic the complex
composition of breastmilk, differences in the relative proportion of nutrients can
impact their bioavailability. For instance, in situation where there is competition for
enzymes (between n-3 and n-6 polyunsaturated fatty acids) or receptor binding sites
in the intestine (zinc, iron, and copper) relative proportions may have significant
implications."

Several factors influence the breastfeeding practice, including maternal education
level. In Indonesia, study has shown a significant correlation between maternal
education and exclusive breastfeeding practice. Higher level of education is associated
with increased self-efficacy, leading to more positive exclusive breastfeeding practice.
Another factor is the mother’s employment status. Working mothers often encounter
difficulties in practicing exclusive breastfeeding due to time constraints and limited
opportunities for pumping and feeding their child.**

Urban children are more likely to received exclusive breastfeeding compared to rural
children. This may be attributed to increased exposure for mothers to information
regarding the benefit of exclusive breastfeeding. In contrast, rural areas often have
limited access to accurate health information. Socioeconomic factors also play a
significant role in the practice of exclusive breastfeeding.” ">

This study highlights the impact of exclusive breastfeeding in neurodevelopment.
However, further research is needed to identify potential confounding factors that
may influence the neurodevelopment, such as environmental stimulation.
Environmental factors and lifestyle habits, including excessive screen time, can
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significantly impact child development.®*” Therefore, a more comprehensive
approach that addresses both nutritional and environmental factors is needed.

Conclusion

Exclusive breastfeeding has been associated with a lower incidence of
neurodevelopmental delay in children aged 6-24 months, although not statistically
significant. Formula milk can be suitable alternative for children who cannot be
breastfed, provided that adequate nutritional intake is maintained.
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Abstract:

Background: Pancreatic pseudocyst is a fluid-filled sac within the pancreas
encapsulated by fibrous tissue. Blunt-abdominal trauma is the leading risk factor in
children. Due to varied and non-specific clinical manifestations, diagnosis can be
challenging. Thus, this study aimed to explain the diagnostic and management
approach of pediatric pancreatic pseudocyst.

Case: An 8-year-old boy presented with a 3-month history of progressive abdominal
mass accompanied by abdominal pain, bilious vomiting, constipation, and weight loss.
Physical examination revealed a skin-colored mass located in the epigastric region. A
CT-scan confirmed a cystic lesion with well-defined borders in the pancreas.
Laboratory tests indicated elevated levels of plasma amylase and lipase enzymes. The
patient underwent endoscopic ultrasound (EUS), followed by cyst drainage. Analysis
of the pseudocyst fluid revealed increased amylase and lipase enzymes, and
carbohydrate antigen 19-9 (CA 19-9) levels.

Discussion: A thorough patient history and physical examination are essential in
diagnosing pancreatic pseudocyst. While CT-scan provides valuable information, EUS
has higher sensitivity and specificity for diagnosis. Amylase and lipase enzymes levels
are frequently elevated, and CA-19-9 can be useful, however, should be complemented
with other biomarkers. Drainage is indicated for cysts that do not resolve
spontaneously. Adequate nutrition is also crucial for successful patient management.

Conclusion: Pancreatic pseudocysts should be considered in children with an
abdominal mass following blunt-abdominal trauma. Endoscopic ultrasound (EUS) is
a valuable tool for both diagnosing and assisting the management of pancreatic

pseudocysts.

Keywords: blunt abdominal trauma, endoscopic ultrasound, pancreatic pseudocysts
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Introduction

Pancreatic pseudocyst is defined as a fluid-filled sac within the pancreas that contains

pancreatic enzymes and necrotic tissues. It is surrounded by a non-epithelial fibrous
tissue." > The incidence of pancreatic pseudocyst is low, accounting for 1.6 to 4.5%
per year. Currently, comprehensive data on pancreatic pseudocyst in pediatric is still
limited due to its rare occutrence in children.’

Blunt abdominal trauma is the most common risk factor of pediatric pancreatic

pseudocyst.”

Pancreatic pseudocyst is more common in boys with an average age of
onset around 7.5 years old.! Clinical presentations are often varied and typically
exhibited as non-specific gastrointestinal symptoms such as abdominal pain, vomiting,
abdominal mass, and fever. Endoscopic ultrasound (EUS) accompanied with drainage

is the current first-line treatment for pancreatic pseudocyst.>’

Despite being rare in children, pancreatic pseudocyst has high morbidity if left
untreated.” Previous studies have reported that 30 — 50% of persistent, untreated
pseudocyst could lead to complications, such as abscess formation, fistula,
spontaneous rupture, and massive bleeding, which may result in death.® Pancreatic
pseudocyst larger than 6 centimeters that shows no improvement after 6 weeks
generally requires medical intervention. This establishes the importance of early
identification and treatment to prevent unwanted complications. Thus, this study aims
to explain the diagnostic and management approach for pancreatic pseudocyst in
children due to blunt abdominal trauma.

Case

An 8-year-old boy was referred to the tertiary, national-referral hospital with a chief
complaint of abdominal mass that had been present for three-months prior to
admission. Four months prior to admission, he and his mother had a motorcycle
accident. During the accident, he fell from the motorcycle and got hit in the stomach
by the motorcycle handle. Subsequently, the patient experienced intermittent
abdominal pain in the upper left quadrant and the epigastric region, with a 3-4 on a
Visual Acuity Score (VAS). The pain was subsided with analgesic.

Three months prior to the admission, the patient had another abdominal trauma as he
was punched on the left side of his stomach during a playfight with his friend. After
the incident, he started to experience nausea and vomiting 2-4 times per day,
consisting of food. Then, he went to a primary healthcare center and was given anti-
nausea medication. However, the symptom only mildly decreased and continued to
appear intermittently. He also started to notice a growing, skin-colored lump in the
abdomen at the size of a chicken egg, with no redness and no bruising. He experienced
intermittent abdominal pain, with an intensity of VAS 4-5, localized in the same area
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as the initial injury. The pain was unaffected by position or food intake and did not

radiate to the back or chest. There was no fever, breathing difficulty, icterus, jaundice,
or changes in urination or defecation. Despite maintaining a good appetite, he
experienced an unintended weight loss of 4 kg over the past three months.

Three weeks prior to hospital admission, he experienced a recurrence of nausea and
vomiting. The vomit was bilious, occurring 2-4 times per day. Furthermore, the lump
has reportedly grown progressively over the past month. He also suffered more
frequent, severe abdominal pain. In addition, he was constipated for three days. Due
to these worsening symptoms, he was admitted to the regional public hospital and
underwent an abdominal CT-scan with contrast for further evaluation. The scan
revealed a 13.5 x 11.36 x 17.03 cm cystic lesion with well-defined borders and a
lobulated margin in the corpus pancreas, suggestive of a pancreas pseudocyst (Figure
1). No abnormalities were found in other organs. The patient was prescribed anti-
nausea and laxative for 5 days, after which the symptoms subsided. The patient was
then referred to Dr. Cipto Mangunkusumo General Hospital (RSCM) for further
evaluation of the suspected pancreas pseudocyst.

Figure 1. Abdominal CT-scan with contrast

The day before admission to RSCM, he experienced three episodes of non-bilious
vomit in 24 hours and new episode of abdominal pain with a VAS of 2-3. There was
no fever, constipation, dyspnea, cough, or coryza. Upon admission to RSCM, he was
no longer experiencing nausea, and his oral intake was sufficient.
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On physical examination, he looked weighed 17.6 kg, was 123 cm tall, and had an

upper arm circumference of 12 cm. This indicates malnutrition (based on upper arm
circumference) with severely underweight, but normal stature. His vital sign was
within normal limits. Abdominal physical examination revealed a distended abdomen
with normal bowel sounds (Figure 2). A 21 cm x 15 cm well-defined, skin-colored
mass was palpated in the epigastric region. The liver was difficult to assess, and the
spleen was not palpable. No other abnormalities were found during the physical

examination.

Figure 2. Patient clinical appearance

Laboratory tests indicated normocytic normochromic anaemia (Hb 10.8 g/dL, MCV
79.9 fL, MCH 26.2 pg, MCHC 32.8 g/dL), with normal leucocyte and thrombocyte
counts. Additionally, the patient exhibited a mild hypokalaemia, hypophosphatemia,
and increased of amylase and lipase enzymes levels (3.2 mEq/L, 3.6 mg/dL, 160 U/L
and 343 U/L, respectively). Plasma albumin (3,8 g/dL), AST/ALT (14 U/L / 26
U/L), ureum (30 mg/dL), creatinine (0,4 mg/dL), and PT/APTT (1x/1.3x) levels
remained within normal range.

On the sixth day of hospitalization, the patient was scheduled to underwent
endoscopic ultrasound (EUS) and esophagogastroduodenoscopy (EGD). The EUS
revealed a well-defined, 11 cm x 10 cm anechoic cyst pressing against the anterior wall
of the stomach. The EGD examination showed a grade B esophagitis accompanied
by gastritis, delayed gastric emptying, and a Forrest class III ulcer in the corpus, as
well as laryngopharyngeal reflux. The EUS examination was then followed by the
drainage of the pancreatic pseudocyst using a double pigtail plastic stent.
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Figure 3. Endoscopic Ultrasound (EUS) and Esofagogastroduodenoskopi (EGD)

After drainage, the patient received total parental nutrition with a total fluid intake of
1300 ml/24 hours and an initial glucose infusion rate of 6 mg/kg/min. Gradually, he
was transitioned to oral intake, starting with of 5 x 250 ml of specialized formula and
one regular meal per day (lunch, 300 kcal). Patient received intravenous protein pump
inhibitor (PPI) esomeprazole 20 mg every 12 hours for 3 days, then continued with
intravenous omeprazole 20 mg twice a day. The administration of omeprazole 20 mg
every 12 hours is planned to be continued orally before meals for 4 weeks, and then,
will be reduced to 20 mg every 24 hours orally for 8 weeks.

The result of pseudocyst fluid analysis showed elevated levels of amylase, lipase, as
well as carbohydrate antigen 19-9 (CA 19-9) (8583 U/L, 271270 U/L, and 2711.9
U/mL, respectively). Conversely, a carcinoembryonic antigen (CEA) result remained
low (CEA < 0.5 ng/mlL). On the seventh day of treatment, the plasma amylase
enzyme level (60 U/L) remained elevated above the normal range (<31 U/L) but
showed improvement compared to previous results. Meanwhile, the lipase enzyme
level (62 U/L) had decreased to within the normal range. The patient was subsequently
discharged after becoming symptom-free. Monthly follow-ups showed he was no
longer exhibited any complaints and had improved nutritional status.

APGHN | www.agphn.com Vol 3 | November 2024 | Page 27



AP GHN Archives of Pediatric Gastroenterology, Hepatology, and Nutrition

Discussion

This case report describes an 8-year boy who presented with a three-month history of
abdominal mass. This mass was developed after two episodes of blunt abdominal
trauma, four months prior and the other three month prior to hospitalization. The
patient also experienced recurrent abdominal pain, nausea, bilious vomiting, weight
loss, and constipation.

Several differential diagnoses could be considered in this case. Due to the absence of
splenomegaly on physical examination, the possibility of a mass in the spleen can be
ruled out. Additionally, the absence of urinary disturbances or high blood pressure
made kidney malignancy or hydronephrosis unlikely. These differential diagnoses were
further confirmed by normal findings of spleen and kidney in abdominal CT scan.

Furthermore, several potential diagnoses for this patient’s abdominal pain could be
considered, including functional gastrointestinal disorder (FGID), such as
gastroesophageal reflux disease (GERD), irritable bowel syndrome (IBS), or
functional dyspepsia. However, based on the characteristics of the pain, which were
not affected by food or drink intake, and the presence of an abdominal mass preceded
by a clear history of trauma in the patient made FGID an unlikely primary cause for
the patient's complaints. The patient’s symptoms of constipation and bilious vomiting
suggest an obstruction in the gastrointestinal tract. This is similar to a case report of
an 8-year-old patient with a pancreatic pseudocyst reported by Suleman et al.’
Common symptoms that are found in patients with pancreatic pseudocyst include
abdominal pain (76-90%), nausea and vomiting (50%), and weight loss (20-51%)10,
all of which is shown in this patient.

The blunt abdominal trauma in this patient is likely caused an injury to the pancreatic
duct, leading to the extravasation of pancreatic fluid. Subsequently, this fluid formed
a localized sac surrounded by the walls of adjacent organs, such as the pancreas,
omentum, and colon. Furthermore, pseudocysts generally take 4-6 weeks to develop.*
This timeframe aligns with the onset of the patient’s abdominal mass symptoms.
Imaging studies are the most important diagnostic modality for establishing the
diagnosis of pancreatic cystic lesions, such as pancreatic pseudocyst. Abdominal
ultrasound is often used to evaluate suspected pseudocysts, typically showing an
anechoic round or oval structure with distal acoustic enhancement. CT scans can also
evaluate pseudocysts and identify other surrounding pathologies, but may have
difficulty to differentiate pseudocysts from neoplasms. On CT scans, pancreatic
pseudocyst appears as well-defined, low-attenuation, and homogeneous. Magnetic
Resonance Imaging (MRI) is the most sensitive and accurate method for diagnosing
pancreatic pseudocyst, but it is not routinely used in clinical practice as CT scans
usually already provide sufficient diagnostic information.
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Endoscopic ultrasound (EUS) is another diagnostic tool for pancreatic pseudocyst,
which has high sensitivity and specificity (93-100% and 92-98%, respectively). This
makes it more supetior than CT scans, which only have a sensitivity of 90-100%."

EUS also avoids radiation exposure and can differentiate pseudocyst and other
pancreatic cyst.”” While endoscopic retrograde cholangio-pancreatography (ERCP)
and magnetic resonance cholangiopancreatography (MRCP) can also contribute to the
diagnosis of pancreatic pseudocyst, their availability is significantly limited in
developing countries.” In this patient, a CT scan initially identified a pancreatic
pseudocyst and for further evaluation, the patient underwent EUS.

Several laboratory markers are useful in diagnosing pancreatic pseudocyst. CA 19-9, a
polymer glycoprotein used as a biomarker for pancreatic malignancy, is not specific
for detecting malignancy since it can also be elevated in various conditions, such as
pancreatitis, pancreatic cysts, diabetes mellitus, liver fibrosis, and cholestasis.'> " CA
19-9 levels below 37 U/mL suggest pseudocyst or serous cystadenoma over other
types of pancreatic cystic lesions. CA 19-9 shows high specificity (98%) but low
sensitivity (19%).">'* Therefore, CA 19-9 should be combined with other biomarkers,
particularly amylase and lipase. A meta-analysis found that an amylase concentration
of <250 U/L in cyst fluid has excellent specificity (98%) for ruling out the diagnosis
of pseudocyst.”” Another study revealed that amylase levels >8500 U/L were observed
in 91% of pseudocyst cases.'® Another study showed that amylase levels >5000 U/L
were found in 94% of cases, and lipase levels >2000 U/L wete found in all cases of
pseudocyst.17

In other diagnoses, such as mucinous cystic neoplasm and mucinous
cystadenocarcinoma, amylase and lipase levels are typically low, while other tumor
markers, such as CEA and CA 125, may be elevated.” In this case, the patient had
elevated blood amylase and lipase levels, as well as elevated amylase, lipase, and CA
19-9, levels from the cyst fluid analysis. However, CEA levels remained low. These
findings support the diagnosis of a pancreatic pseudocyst.

Drainage was indicated in this case as the pseudocyst had persisted for over 6 weeks
and exceeded 6 cm in size, making spontaneous resolution unlikely.'® Ultrasound and
endoscopy were used to guide the drainage procedure, allowing identification of
vascular structures around the cyst. Studies show EUS-guided drainage has a success
rate of 78-89% and a complication rate of 4-7%, making it a safer option than
conventional drainage.* In addition to EUS-guided drainage, surgical drainage may be
indicated for pancreatic pseudocysts with complications, such as infection, necrosis,
duct strictures, biliary stenosis, or compression of adjacent structures.
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Fully-covered self-expanding metal stents (FCSEMS) are an alternative to plastic stent,

offering a lower risk of occlusion and potentially reducing the need for repeat
procedures. While there is still ongoing debate regarding the pros and cons of FCEMS
versus plastic stents in pseudocyst drainage, a study by Sharaiha et al. reported that
plastic stents have a 2.5 times higher risk of complication."” However, a meta-analysis
by Saunders, which included 698 patients, revealed no significant differences in
success rates, complications, and recurrence rates between FCSEMS and plastic
stents.” In this case, a double pigtail plastic stent was used, and the clinical outcome

was favourable.

Adequate nutrition is crucial in managing pancreatic cystic lesions. The optimal timing
for initiating enteral nutrition in patients with pancreatic pseudocysts remains a subject
of ongoing debate. However, an early initiation of enteral feeding within 48 hours in
patients with severe acute pancreatitis is associated with lower incidence of infection,
shorter hospital stays, and decreased mortality rates compared to delayed enteral
feeding or total parenteral nutrition.” In this case, the patient received enteral nutrition
prior to the procedural intervention, followed by total parenteral nutrition post-
procedure, and gradually transitioned to enteral nutrition. The patient showed a weight
gain of 3.85 kg, increasing from 16.9 kg to 20.75 kg in one month. Notably, the enteral
nutrition provided to the patient included a formula comprising 50% medium-chain
triglycerides (MCT). To date, there are no randomized controlled trials assessing the
efficacy of different nutritional formulas, including both standard and MCT-enriched
formulas.” Nevertheless, using a predigested enteral formula containing a
combination of long-chain fatty acids and MCTs, as used in this case, may be
beneficial. MCT's require less reliance on lipase activity for their absorption, thereby
facilitating easier digestion.”

The prognosis for the patient is generally good, as clinical improvement has already
been observed following treatment. The definitive therapy by endoscopic-assisted
drainage has an almost 100% success rate in managing pseudocysts.**

Conclusion

Pancreatic pseudocyst should be considered in children presenting with abdominal
mass and a history of blunt abdominal trauma. While CT imaging provides valuable
diagnostic information, EUS offers the highest sensitivity and specificity for
confirming the diagnosis. Fluid analysis from the cyst gives more accurate diagnostic
data compared to serum analysis. The management of guidance drainage as well as
adequate nutritional support, has been associated with favorable outcomes.
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Abstract:

Background: Jaundice, marked by yellow discoloration of the sclera, skin, and
mucous membranes due to bilirubin accumulation, can be physiological in neonates
but may also signal pathological conditions like cholestasis. Cholestasis is commonly
associated with biliary atresia; however, it can arise from various causes such as
cytomegalovirus (CMV) infection. Thus, this study aims to discuss the diagnostic
approach on neonatal cholestasis as the main manifestation in CMV infection.

Case: A 2-years-old boy referred to the hospital with chief complaint of jaundice in
both eyes and skin since 4 days of age and persisted until the age of 40 days old.
Abdominal ultrasound in prior hospital revealed obstruction of bile duct which
indicative for biliary atresia. However, subsequent abdominal and ARFI ultrasound
showed no showed results inconsistent with biliary atresia. Furthermore, other
examinations indicating infection, which were confirmed as CMV infection through
serological and PCR test. Patient was then treated using valganciclovir treatment.
Discussion: The diagnostic approach for cholestasis includes comprehensive
anamnesis and physical examination, laboratory tests including complete blood count,
bilirubin levels, liver function analysis, and coagulation factors, as well as ultrasound.
CMYV infection should be considered a potential cause of neonatal cholestasis, even in
the absence of specific manifestations beyond jaundice and gastrointestinal symptoms.
Conclusion: CMV infection can present solely with cholestasis and gastrointestinal
symptoms, without other typical CMV manifestations. Thus, comprehensive
evaluation, CMV screening, and careful assessment of the patient’s condition are
essential for accurate management.

Keywords: cholestasis, cytomegalovirus, diagnostic approach, infection
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Introduction

Jaundice is a condition characterized by yellow discoloration of skin, sclera, and

mucosal membrane, caused by the accumulation of bilirubin beyond normal level
(hyperbilirubinemia)."* Jaundice commonly manifest during the first two weeks of life
and is one of the most frequent causes of readmission for neonates after discharge
from the hospital." Around 60-80% of neonates, regardless of gestational age,
experience jaundice during their first week of life, with most of them being mild,
transient, and resolving spontaneously. This condition is referred as physiologic
jaundice. However, in certain cases, jaundice may indicate an underlying pathological
condition and is termed pathological jaundice. Physiological jaundice typically
manifests 24 hours after birth and resolves before 14 days of age in term infant. )."?
In contrast, pathological jaundice is defined as jaundice that appears before 24-hours
of age, with total bilirubin exceed 95" percentile according to age, increase total
bilirubin over 5 mg/dL/day or 0.2 mg/dL/hours, and persistent jaundice sutpassing
14 days of age.' Evaluation of the underlying pathological cause of jaundice should be
excluded first before establishing the diagnosis of physiological jaundice.

The primary cause of jaundice is cholestasis, which is defined as the stagnation or
reduction in bile acid sectretion and flow, due to obstruction or functional defect of
the hepatocytes. The accumulation of bile duct, which contains bilirubin, may lead to
the development of jaundice in cholestatic patient. In the neonatal period, the main
cause of identified cholestasis is biliary atresia. Without proper management, 50% of
patients with biliary atresia require a liver transplant before reaching the age of 2
years." > * Other etiology of cholestasis in newly born infant is cytomegalovirus
infection (CMV). Cytomegalovirus is a double-chain DNA virus from Herpesviridae
family and transmitted from human to human without exhibiting any significant
manifestation.” However, in vulnerable population such as immunodeficient patients,
CMV infection caused high morbidity and mortality rates.” ® In neonates, CMV
infection is a congenital viral infection with highest prevalence and among the diseases
with highest mortality and morbidity. The prevalence of CMV infection is slightly
higher in the developing countries (0.6-6.1%) compared to the developed countries
(0.2-6%).> Moreover, congenital CMV infection should be a concern as it is the main
cause of sensorineural hearing loss not associated with genetic abnormalities and

neurological developmental disabilities.>°

Biliary atresia and CMV infection are the main etiologies of cholestasis in neonates.
However, the management and treatment approaches for these conditions differ
significantly. Additionally, differentiating between the two conditions is quite
challenging, as the result of physical examination, laboratory findings, and other
supporting examinations often fail to establish the diagnosis. Thus, this study aims to
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discuss the clinical approach of cholestasis in newly born infant with jaundice

manifestation, particularly on the management of patient with CMV infection.

Case

A 2-years-old boy came to the hospital with a chief complain of yellow discoloration
on both eyes, first noticed at 4 days old. The patient was born at term through
caesarian section without any complications during and after birth. On the fourth days
of age, patient’s mother observed yellow discoloration of the sclera with normal skin
color. She also noted a clay-colored stools without episodes of tea-colored urine.
There is no complains of fever, vomiting, and lethargy. Patient was breastfeeding well
and appeared active. Patient were then taken to a midwife, who recommended
sunbathing in the morning. However, no improvement was observed.

At 40 days of age, patient’s mother reported yellow discoloration on the skin with
persistent prior manifestation. Patient were then taken to the hospital and ultrasound
examination was performed, revealing a bile duct obstruction. Patient was referred to
Cipto Mangunkusumo Hospital (RSCM), a tertiary, national referral, teaching hospital
in Indonesia for further management. Prior to the arrival, patient was given amikacin
90 mg/24 hours IV for 5 days and ursodeoxycholic acid 50 mg per 3 hours (30
mg/kg/day), which was discontinued after the patient artive in our hospital.

Patient is the fourth child of four siblings. Patient was born at a local hospital through
caesarean section with birth weight of 3300 gram and a length of 51 cm. During
pregnancy, patient’s mother had no medical problem, never consumed any medication
other than prenatal vitamins provided by the community health center, regularly
attended check-ups with midwifes and had an ultrasound by obstetrician, which
revealed normal pregnancy and fetus. Patient had no history of breastfeeding problem
and had normal growth and development for his age. Patient only received one
immunization in the right thigh after birth and never received further immunization
due to jaundice.

Initial examination in our center demonstrated jaundice in the eyes and skin, with no
complaint of fever, abdominal distention, lethargy, or seizures. Patient was given
formula milk 90 ml per 3 hours to ensure adequate nutrient intake as the mother
reported reduction of breast milk production. Patient was able to finish the milk
provided, in addition to direct breastfeeding. During physical examination, the patient
appeared moderately ill. Blood pressure was 81/40 mmHg (50th-90th percentile),
pulse rate 130 beats/minute (regulat, strong, and adequately filled), respiratory rate 32
breaths/minute, temperature 36.4°C, and oxygen saturation 98% on room air. The
patient weighed 5.39 kg and measured 56.9 in height, with normal nutritional status
based on the 2006 WHO Child Growth Standards curve. Eye examination revealed
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pale conjunctiva and icteric sclera. Skin inspection revealed jaundice from the face to

the arms and lower legs (Kramer scale IV). Other physical examinations were within
normal limits.

Laboratory findings obtained six days prior admission to our hospital showed
hemoglobin (Hb) 8.7 g/dL, hematocrit (Ht) 27%, leukocytes 16,700/ pL, and platelets
548,000/ pL. Total bilirubin was measured at 17.1 mg/dL, with direct bilirubin 12.8
mg/dL, and indirect bilirubin 4.2 mg/dL. Hepatitis B screening was reported as non-
reactive. Upon admission to our center, the laboratory results revealed similar findings.
Patient was anemic (Hb 8.7 g/dL) with a mean corpuscular volume (MCV) of 82.2 fl,
mean corpuscular hemoglobin (MCH) of 29.2 pg, and mean corpuscular hemoglobin
concentration (MCHC) of 35.5 g/dL, indicating a microcytic hypochromic anemia.
Leukocytosis was identified, with leukocytes and thrombocytes counts of 20,620/pL
and 594,000/pL, respectively. Electrolyte analysis showed sodium at 133 mEq/L,
potassium at 5.6 mEq/L, and chloride at 106.3 mEq/L, indicating hyperkalemia.
Bilirubin levels were reported as 17.91 mg/dL for total bilirubin, 12.15 mg/dL for
direct bilirubin, and 5.76 mg/dL for indirect bilirubin. High level of liver function tests
were also observed, with Serum Glutamic Oxaloacetic Transaminase (SGOT) at 534
U/L, Serum Glutamic Pyruvic Transaminase (SGPT) at 197 U/L, gamma-glutamyl
transpeptidase (GGT) at 77 IU/L, and alkaline phosphatase at 405 IU/L. Coagulation
profiles showed a prothrombin time (PT) and activated partial thromboplastin time
(aPTT) of 1x and 1.4x, respectively. Urinalysis, random blood glucose were within
normal limits. Overall, the findings indicated microcytic hypochromic anemia,
leukocytosis, cholestasis, hyperkalemia, liver dysfunction, and bilirubinuria. Patient
was then diagnosed with extrahepatic cholestasis suspected to be caused by biliary
atresia and hyperkalemia, with differential diagnosis for cholestasis included CMV

infection.

Patient were then given extensively hydrolyzed protein formula containing medium-
chain triglycerides (90 ml every 3 hours, equivalent to 480 kcal/day), empirical
antibiotics (intravenous ceftriaxone 300 mg per 24 hours), ursodeoxycholic acid (80
mg pet 8 hours, 50 mg/kgBW/day, per oral), management of hyperkalemia using
salbutamol inhalation (2.5 mg every 8 hours), and supplementation of multivitamins,
particularly fat-soluble vitamins. Patient was also referred to pediatric surgeon for
further evaluation and management of suspected biliary atresia.

Subsequent examination and follow-up showed consistent clay-colored stools from
three phase stool analysis. Abdominal and ARFI ultrasound showed results
inconsistent with biliary atresia. Meanwhile, TORCH serology revealed reactive
Cytomegalovirus (CMV) IgG and IgM, prompting quantitative blood CMV
Polymerase Chain Reaction (PCR), which confirmed CMV infection (viral load:
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7.8x10> 1U/ml). Patient was then referred to ophthalmologist and

otorhinolaryngology specialist for evaluation of chorioretinitis and hearing
impairment due to CMV infection, which revealed normal results. A head ultrasound
to check for CMV-related abnormalities revealed a right choroid plexus cyst,
considered a normal variant.

Patient’s final diagnosis were then established as intrahepatic cholestasis due to CMV
infection and planned for valganciclovir treatment. During hospitalization, patient
remained jaundice with no signs of progression. Stools remained clay-colored with
normal bowel movement frequency and stool consistency. Repeat blood tests
indicated decreased of leukocyte to 12,090/uL, leading to the discontinuation of
antibiotics. On the ninth day of hospitalization, the patient was discharged for
outpatient care due to clinical improvement and stable condition. Oral valganciclovir

treatment was continued for six weeks.

Discussion

The diagnostic approach to jaundice in infants involves a comprehensive history
taking, physical examination, and additional investigation. Detail information
regarding the characteristic of the jaundice, including onset of the symptoms,
progression, and associated symptoms, are crucial during the history taking.” The
patient presented with jaundice at four days of age. Physiological jaundice remains a
possible consideration, however, the presence of acholic stools and dark urine in this
case suggest pathological jaundice, which required further investigation.

A comprehensive review of the maternal and neonatal history is essential to assess the
possibility of congenital infections. This includes history of abortion, maternal liver
dysfunction, infectious exposures indicated by fever or rash, and medication use
during pregnancy. Additionally, it is important to evaluate neonatal screening result
and the administration of vitamin K. This patient showed no significant maternal and
neonatal history.’

Nutritional intake should also be investigated, including the type of milk, frequency of
feeding, and volume consumed. Tolerance of enteral feeding, such as the timing of
the first meconium passage, frequency of defecation, and stool’s characteristic should
also be assessed. In addition, it is important to inquire about any history of long-term
parenteral nutrition.” In this case, breastfeeding jaundice was excluded, due to the
adequate breastfeeding. There was no history of parenteral nutrition in this patient.

Apart from liver and biliary system dysfunction, hemolysis, congenital heart disease,
and vascular abnormalities need to be considered as an etiology of cholestasis jaundice.
In this case, the patient’s condition from birth appears normal. The presence of
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jaundice accompanied by acholic stools and dark urine and the absence of other

abnormalities since birth is commonly seen in infants with biliary atresia.”

On physical examination, aside from inspection of the skin, sclera, and mucous
membranes for jaundice, palpation of the liver and spleen should be performed.
Hepatomegaly is a common finding in patients with biliary atresia, while splenomegaly
is more likely to occur after the neonatal period. Splenomegaly in the 2-4 week of age
is typically associated with hematological and storage disorders.” In this patients,
hepatomegaly and splenomegaly were not present. However, their absence does not
completely rule out biliary atresia. Other physical examination was unremarkable,
which aligns with the potential diagnoses of biliary atresia or infection as the
underlying cause of jaundice. Additional evaluations were then conducted, including
laboratory test, imaging, histopathology, and an intraoperative cholangiogram.”®

Jaundice becomes apparent in infants only when serum total bilirubin levels exceed
2.5-3.0 mg/dL. While visual examination can be used to estimate bilirubin levels, the
result is subjective and prone to error, even when performed by experienced clinicians.
Therefore, laboratory measurement of serum total and conjugated bilirubin is essential
for accurate diagnosis."”® Liver function test should also be evaluated to assess the
severity of liver dysfunction. These tests include ALT, AST, alkaline phosphatase,
gamma-glutamyl transferase (GGT), prothrombin time (PT), international normalized
ratio (INR), and albumin. Elevated AST, with normal level of ALT and albumin levels,
suggest a musculoskeletal or hematologic disorder than a hepatologic condition.”®

Laboratory findings in this patient revealed increased total bilirubin with direct
bilirubin >1 mg/dL, accounting for more than 20% of the total bilirubin. These
findings strongly support a diagnosis of cholestasis. This patient also exhibited
elevated liver function test both AST and ALT suggesting a hepatocellular injury. The
GGT level in this patient was at 77 IU/L, which is relatively low compared to the
values typically observed in cases of biliary atresia, in which GGT levels usually exceed
250 TU/L.>® Therefore, the GGT findings in this patient were less consistent with a
diagnosis of biliary atresia.

Imaging studies commonly used in the diagnosis of cholestasis include a 2-phase
abdominal ultrasound, performed while the patient is fasting and after consumed
fluids. This ultrasound can identify obstruction in biliary system and detect cyst.
Moreovert, this 2-phase abdominal ultrasound can assess parenchymal abnormalities,
the hepatic vascular system, and spleen abnormalities. In this patient, the liver, spleen,
and biliary system morphology appeared normal. There was no evidence of stenosis,
and the gallbladder contraction was adequate. This ultrasound findings did not
supportt the diagnosis of biliary atresia.”®
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If infection is suspected, microbiological investigations, including blood and urine
culture, as well as serological or PCR testing, should be performed. In this patient,
TORCH serology result was reactive for both IgG and IgM CMV antibodies,
prompting further CMV PCR testing to confirm the diagnosis of CMV infection.”®
Cytomegalovirus (CMV) is the most common congenital viral infection. In infants

with CMV infection, the infection can be either congenital or acquired after birth.4-6
56,9

To differentiate between congenital and acquired CMV infection, a PCR test on body
fluids should be performed before the infant reaches 3 weeks of age. The detection of
CMV DNA after 3 weeks of age could be due to either congenital or acquired

infection, making it challenging to determine the precise source of infection.” "

Viral DNA PCR testing is recommended using urine or saliva samples, as these
specimens offer high sensitivity. A positive CMV PCR result on saliva should be
confirmed with a PCR test on a urine sample, which has a sensitivity of 93-100%.
While CMV serology can be used as a screening tool, it cannot be relied upon as the
sole diagnostic test for CMV infection due to its limitations in sensitivity and
specificity.”"!

In this 2-moths-3-week-old patient,a CMV PCR test using serum was chosen because
PCR testing of saliva and urine samples had become less reliable at this stage. The
positive CMV PCR result confirmed our diagnosis of CMV infection. However, as
the patient was older than 3 weeks at the time of testing, it was not possible to
determine whether the infection was congenital or acquired. Therefore, additional
tests, such as liver function tests, hearing tests, and head ultrasound, are necessary to
assess the severity of the infection and guide appropriate management.

Symptomatic congenital CMV infection typically presents with more severe
manifestations and permanent abnormalities. In contrast, acquited CMV infection
usually causes milder symptoms, although severe infections can occur, especially in
premature infants.’

Previous study have stated that gastrointestinal symptoms had been frequently
observed and indicative for CMV infection.'” However, the occurrence of CMV
infection commonly observed with other signs and symptoms. Congenital CMV
infection is often associated with permanent sensorineural hearing loss, while acquired
CMYV infection is less likely to cause this type of hearing impairment. Furthermore,
other potential manifestations of congenital CMV infection include petechiae,
purpura, a blueberty muffin rash, hepatomegaly, splenomegaly, neurological
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abnormalities (such as lethargy, hypotonia, seizures, and poor sucking reflex),

ventriculomegaly, anemia, thrombocytopenia, leukopenia, elevated transaminase
enzymes, direct hyperbilirubinemia, retinal hemorrhage, optic atrophy, strabismus,

- O
and cataracts.”’

Interestingly, this patient only presented with the manifestation of gastrointestinal
problem. Based on the examination, there was no evidence of CMV chorioretinitis in
both eyes. Hearing function tests, including OAE and BERA, also revealed no
impairments. Head ultrasound also showed a normal variant, a right choroid plexus
cyst, which is not a typical finding in CMV infection. This further emphasize the

importance of CMV screening in patient with cholestasis.

The severity of CMV infection can be classified into mild, moderate, or severe. Mild
CMV infection is characterized by subtle symptoms such as petechiae, mild
hepatosplenomegaly, and slightly abnormal laboratory findings, including mild
thrombocytopenia, anemia, leukopenia, elevated transaminases, and direct
hyperbilirubinemia. Low birth weight may also be present, but without microcephaly
or significant abnormalities on virologic tests. Furthermore, moderate CMV infection
is associated with persistent laboratory abnormalities for more than two weeks and at
least two persistent clinical manifestations.’

Severe CMV infection can be further categorized into three types: CMV disease, life-
threatening CMV infection, and isolated hearing impairment. CMV disease is
characterized by microcephaly, central nervous system calcifications, chotioretinitis,
and white matter changes in the brain parenchyma. Life-threatening CMV infection
involves severe involvement of one or more organs, but without significant central

nervous system involvement.’

Generally, mild CMV infections do not require antiviral therapy. Antiviral therapy,
such as ganciclovir or valganciclovir, is recommended for moderate and severe CMV
infections. For moderate infections, therapy may be considered for 6 weeks to 6
months, in consultation with an infectious disease specialist. For severe and life-
threatening infections, antiviral therapy should be initiated promptly and continued

for approximately 6 months.” "'

It is important to note that antiviral therapy is primarily recommended for infants
younger than 4 weeks of age, as there is limited evidence from randomized controlled
trials to support its use in older infants. However, therapy may still be considered for
infants older than 4 weeks, depending on the individual patient's condition and in

consultation with an infectious disease specialist.” "'
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In our case, after consultation with tropical disease and infectious disease specialists,

antiviral therapy (valganciclovir) was initiated. The therapy is planned to last for 6
weeks, with close monitoring of the patient's clinical response and laboratory
parameters, including for potential complications of CMV infection and side effects
of the therapy.

Common short-term side effects of antiviral therapy include neutropenia and transient
hepatotoxicity, which usually resolve upon discontinuation of the medication. While
long-term side effects of ganciclovir and valganciclovir in humans have not been
definitively established, animal studies have suggested potential carcinogenic and
gonadotoxic effects. In addition to monitoring for side effects of therapy, it's
important to monitor for symptoms of CMV infection. Hearing function tests should
be performed every 3-6 months during the first year, every 6 months until the age of
3 years, and annually until the age of 6 years.’

The patient's outpatient follow-up showed improvement in symptoms, including stool
color and weight gain. While the patient still exhibited jaundice, his clinical condition
had improved. After four weeks of antiviral therapy, a serum PCR CMV test was
performed to assess the treatment response. The negative result indicated a good
therapeutic response, and therefore, antiviral therapy (valganciclovir) was

discontinued.

Conclusion

Cholestasis is one of liver disease with clinical manifestation of yellow discoloration
in the eyes and skin. Cholestasis occurs due to functional defect in hepatocytes or
obstruction in bile duct which leads to the accumulation of bilirubin. CMV infection
is one of the diseases which could cause cholestasis. Our study reported that CMV
infection can present solely with cholestasis and gastrointestinal symptoms, without
other typical CMV manifestations. Therefore, comprehensive evaluation, CMV
screening, and careful assessment of the patient’s condition are essential for accurate

management.
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Abstract:

Background: Refeeding Syndrome (RS) is a one of the potentially life-threatening
complications in malnourished children. The diagnosis of RS is often challenging due
to its diverse clinical manifestations. A comprehensive understanding of the risk
factors, sign, symptoms and the management of RS is important to reduce morbidity
and mortality.

Discussion: The management of malnutrition consists of a ten-step process divided
into three phases. Adherence to this protocol is important to mitigate the risk of RS.
RS is a metabolic complication that occurs when malnourished children rapidly
reintroduced to nutrition. This condition is characterized by a shift of electrolytes
from the extracellular to the intracellular, leading to hypophosphatemia, hypokalemia,
hypomagnesemia, and thiamine deficiency. Children with RS require aggressive
electrolyte and vitamin supplementation, followed by a cautious nutritional re-
initiation. A gradual approach to nutritional reintroduction and electrolyte
supplementation, are a critical preventive measure of RS.

Conclusion: All malnourished children are at risk of RS. Recognizing its risk factors

and watchful monitoring are essential for early detection and prevention of RS.

Keywords: malnutrition, refeeding syndrome

APGHN | www.agphn.com

Vol 3 | November 2024 | Page 43



AP GH | \ I Archives of Pediatric Gastroenterology, Hepatology, and Nutrition

Introduction

Malnutrition remains a global challenge as it significantly increases morbidity and

mortality.' This issue has been elevated to global health concern, included in
Sustainable Development Goals (SDGs), specifically target two, with the theme "Zero
Hunger," aiming to eradicate undernutrition by 2030 and eliminate stunting and
wasting by 2025.7

In 2018, 17 million children worldwide experienced malnutrition, with more than
three-quarters of these cases occur in low-income countries.” In Indonesia, data
showed that 3.9% of toddlers suffer from malnutrition, and 13.8% face
undernuttition. This condition indices that malnutrition in Indonesia remains a severe
health problem.' In line with the high prevalence of malnutrition, 45% of child
mortality is associated with malnutrition.” Study showed that malnutrition has a hazard

ratio eight times higher compated to adequate nutrition.’

Refeeding syndrome (RS) is one of the complications from malnutrition that increases
the risk of mortality. RS is defined by hypophosphatemia, hypokalemia,
hypomagnesemia, and/or thiamine (vitamin B1) deficiency.” There is still limited data
on the prevalence of RS, especially in Indonesia. Due to its wide and varied symptoms,
practician often missed electrolyte examination, leading to underdiagnosed RS.
Symptoms that may arise includes respiratory system disorders, heart failure,
arrhythmia, coma, muscle weakness, and even death. Therefore, prevention, early
detection, close monitoring during feeding, and a proper calorie regiment are key to
the successful therapy for patients at risk of RS.”

This literature review will discuss the extent of the RS problem, risk factors, and
outcome in Indonesia. By understanding these factors, it is hoped that the morbidity

and mortality rates associated with RS incidents can be reduced.

Malnutrition

Diagnosis of Malnutrition

Malnutrition, a condition characterized by one or more of the following signs: a)
weight-for-length/height (WHZ) less than -3 standard deviations (SD); b) clinically
visible bilateral pitting edema; c) upper arm circumference (UAC) < 11.5 cm in
children aged 6—59 months. Effective and appropriate management of malnutrition is
crucial to prevent RS, a condition that significantly increases mortality rates in
malnourished children.””"

Management of Malnutrition

The management of malnutrition typically requires approximately six months of
treatment. Children with malnutrition need to be hospitalized until the complication

subside, pitting edema decreases, and their appetite improved (regardless of nutritional
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status based on anthropometry index). Treatment continues through outpatient care
until WHZ > -2SD and/or UAC 2125 and bilateral pitting edema completely
resolved. Malnutrition management is divided into three phases: stabilization,
transition, and rehabilitation. These phases are implemented through ten steps (Table
1). Not all malnourished children will undergo these three phases. The stabilization
and transition phases are intended for malnourished children requiring inpatient care,
while the outpatient malnourished children undergo only the rehabilitation phase.'> "
Stabilization Phase

The goal of stabilization phase is to dealing with the life-threatening emergencies, such
as hypoglycemia, hypothermia, and dehydration. The first three steps of the ten
actions in malnutrition management are performed during this stabilization phase.
This phase usually requires 1-2 days, but may extend to one week depending on the
child’s clinical condition. During this phase, children are provided with an F-75
formula, is a low protein, low lactose formula containing a mineral mix (potassium,
magnesium, and zinc). This formula is administered at 50-75% of the Recommended
Dietary Allowance (RDA), equivalent to 80-100 kcal/kg body weight per day.
Immediate administration of a 100% RDA during this phase may increase mortality
risk. Monitoring parameters in this phase include vital sign, danger signs, edema
severity, formula intake, urine output, defecation frequency, stool consistency, and
body weight."” "

Step 1: Prevention and Management of Hypoglycemia

Hypoglycemia in malnourished children is defined as a blood glucose level below 3
mmol/L or <54 mg/dL. In the healthcare facility without access to blood glucose
testing, all malnourished children are considered hypoglycemic. The treatment for
hypoglycemia involves oral administration of 50 mL of 10% glucose solution."

Step 2: Prevention and Management of Hypothermia

Hypothermia is described as an axilla temperature below 36°C. If this condition is
found with hypoglycemia, it may indicate the patient suffering from severe infections.
In malnourished children, energy reserves are very limited, so they are unable to
produce and maintain body temperature. To prevent hypothermia, children should be
kept warm with clothing and blankets covering their entire body."

Step 3: Prevention and Management of Dehydration

Assessing the degree of dehydration in malnourished children can be challenging. All
malnourished children experiencing diarrhea and reduced urine output should be
considered dehydrated. For malnourished children with mild/moderate dehydration,
rehydration can be administered orally or through a nasogastric tube, until oral intake
feasible. Rehydration Solution for Malnutrition (ReSoMal), a modified oral
rehydration solution with reduced sodium and increased potassium, is recommended.
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ReSoMal is made from diluted oral rehydration salts (ORS), sugat, electrolyte/mineral

mix solution, and water. The electrolyte solution is given to address imbalance in
electrolyte and mineral, including potassium, magnesium, copper, and zinc. For
malnourished children with diarrhea, ReSoMal is administered at the following doses
for each episode of diarrhea: 50—100 mL per diarrhea for children under 2 years old,
or 100200 mL per diarrhea for children aged 2 years and older."" "

Transition Phase

The transition phase marks the period when a patient progresses from a stable
condition to the point that they qualify for outpatient care. Key characteristics of this
phase include resolved complication, absence of hypoglycemia, regained appetite, and
reduced of edema. During this phase, the recommended dietary intake is 100-150
kcal/kg body weight per day of F75/F100 or equivalent to 75-90% of RDA."" "

Rehabilitation Phase

The rehabilitation phase aims to reduce volume of the formula, maintain body weight,
and continue breastfeeding. This phase typically lasts for 2-4 weeks and may be
implemented in either inpatient or outpatient settings. In this phase, the recommended
nutrition is 150-220 kcal/kg body weight per day of F100 and 4-6g/kg body weight
per day of protein.'” "'

All malnourished children experience vitamin and mineral deficiency. Iron
supplementation should only be administered after the child has regained a good
appetite and weight gain, usually during the second week of rehabilitation phase. If
administered too eatrly, iron supplementation may worsen the infection. Monitoring
in this phase includes recording formula intake and weight gain.'” "'

Refeeding Syndrome

Definition

Refeeding Syndrome (RS) is a potentially life-threatening condition that can occur in
malnourished children caused by the rapid and sudden administration of nutrition. It
is characterized by a shift of electrolyte from extracellular to the intracellular space
resulting in fluid imbalance and complication such as arrhythmia, dyspnea, seizure,
muscle weakness, heart failure and even death. Electrolyte imbalance that typically
found in RS are hypophosphatemia, hypokalaemia, hypomagnesemia, and thiamine
deficiency.” "

According to American Society for Parenteral and Enteral Nutrition (ASPEN), the
diagnostic criteria of RS include a decrease in serum phosphate, potassium, and/or
magnesium level by 10-20% for mild cases, 20-30% for moderate cases, and more

than 30% or accompanied by organ dysfunction for severe cases. These criteria can
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be observed within five days after food re-alimentation or increasing nutritional

intake.”

Table 1. Ten Steps Management of Malnutrition'’

No

Steps

Transition  Rehabilitation ~ Follow Up
Phase Phase Phase
Day 1-2 Day 3-7 Week 2-6 Week 7-26

Stabilization Phase

10.

Treat/prevent
hypoglycemia
Treat/prevent
hypothermia
Treat/prevent
dehydration
Correct
electrolyte
imbalance
Treat/prevent
infection
Correct
micronutrient
deficiencies
Start cautious
feeding
Achieve catch-
up growth
Provide
sensory
stimulation and
emotional
support
Prepare for
follow-up at

home

_——— - -
_——) - - -
—

---*

Without Fe With Fe

—

Prevalence
There is still limited data on the prevalence of RS. In France, 7.4% of 1,261
malnourished children experienced RS, while in Kenya, 21% of children suffer from
RS."” Study showed that RS is associated with HIV infection. Children diagnosed with

HIV positive have five times increased risk of developing RS compared to those who

are HIV negative." There are still few reports on the prevalence of RS in malnutrition

with various comorbidities.

Mild symptoms of RS often go undetected, and electrolyte imbalance are frequently

associated with other underlying medical conditions. Consequently, the true
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prevalence of RS remains uncertain. Study in adult patients receiving total parenteral
nutrition (TPN) showed that 30 —43%% of those receiving phosphate

7,15,16

supplementation still experienced hypophosphatemia.

Pathophysiology

Pathophysiology of RS remains incompletely understood and has a multifactorial
mechanism. During prolonged starvation, the human body adapts to a catabolic state,
relying on glycogen and fat stores, and eventually protein, to meet energy demands.
Re-alimentation initiate anabolic state, requiring increased energy and nutrient for
tissue synthesis and repair. In chronic malnutrition, the body adapts by decreasing
metabolic rate and nutrient consumption. Abrupt refeeding, especially with
carbohydrate, stimulates insulin secretion leading to increased glucose uptake. This
metabolism chain caused electrolyte shifting and fluid imbalance due to potassium,
magnesium, and phosphate shift from extracellular to intracellular. Additionally,
hormonal and metabolic changes can disrupt acid-base balance, leading to metabolic
alkalosis.” """

Under normal condition, glucose is the primary energy sources, making adequate
carbohydrate intake essential. Two to three hours after carbohydrate consumption,
glucose is produced and stored as glycogen. Glycogen stores in the body are limited,
thus providing a short-term energy source during periods of fasting. Excess caloric
intake is typically stored as fat, the body's primary energy reserve. The body conserves
protein reserves, utilizing them primarily for structural and functional purposes.
Following a short fasting period (approximately 24 hours), hepatic and muscle
glycogenolysis occurs to compensate for the glucose deficit. Once glycogen stores are
depleted, gluconeogenesis begins. ™' "

Amino acid from muscle protein and fatty acid from adipose tissue are utilized in
gluconeogenesis to generate glucose as the primary energy source for metabolic
reconstruction. Pyruvate and lactate also contribute in gluconeogenesis. During
prolonged fasting, protein breakdown increases. To conserve energy, body decreases
its basal metabolic rate by 20-25%. In this condition, most organs and tissues rely on
fatty acids as their primary energy source.” '™ "

The brain primarily utilizes glucose as its energy source and can only partially switch
to ketones for energy. The body preserves protein and muscle mass by shifting to fat
as an energy source. During this period, there is a decrease in proteolysis, an increase
in fatty acid mobilization, and ketone body formation. Additionally, there is a decrease
in intracellular micronutrient concentrations. While malnourished patients are
primarily affected by these metabolic changes, RS can also occur in well-nourished or

moderately nourished children after prolonged fasting.”'* "’
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When carbohydrates are reintroduced, either orally, enterally, or parenterally, the body

shift back to glucose as its energy source, leading to an increased demand for the
production of phosphorylated intermediates of glycolysis, such as adenosine
triphosphate (ATP) in red blood cells and 2,3-diphosphoglycerate (DPG),
accompanied by the inhibition of fat metabolism. This condition leads to
hypophosphatemia. Another mechanism contributing to hypophosphatemia is the
depletion of body phosphate stores during starvation and increased cellular uptake of
phosphate during the anabolic phase of refeeding.”'* "

Phosphate is an essential mineral for metabolism, particularly in the ATP production
and 2,3-DPG. Potassium and magnesium also shift to intracellular, caused by the
anabolic phase and increased insulin production. Magnesium is a cofactor for NA-K+
ATP-ase pump, therefore uncorrected hypomagnesemia can disrupt potassium
balance. Another metabolic disturbance includes fluid imbalance and vitamin
deficiencies. Refeeding in malnourished children can lead to extracellular fluid
expansion (Figure 1). Even though the exact mechanism of fluid imbalance remains
uncertain, fluid and natrium retention could be caused by the effect of the
hyperinsulinemia or the interplay between the homeostatic mechanisms regulating

water, sodium, and carbohydrates.”'® "

SYNTHESIS
— INCREASE INSLUIN SECRETION

GLUCOSE
T INTRA-CELLULAR UPTAKE

CO-FACTOR FOR ATP
PRODUCTION

CO-FACTOR FOR ENZYMATIC
REACTIONS

Figure 1. Pathophysiology of fluid and electrolyte imbalance in refeeding syndrome

It is difficult to determine whether thiamine deficiency is caused by RS, or whether
the deficiency pre-existed due to starvation. Thiamine, an important cofactor in
carbohydrate metabolism, is involved in the conversion of phosphorylated glucose
(Glucose-6-phosphate) to pyruvate. Pyruvate dehydrogenase, a thiamine-dependent
enzyme, decarboxylates pyruvate to produce acetyl-coenzyme A, which enters the
Krebs cycle to generate ATP — the cell’s energy source (Figure 2). High-dose
carbohydrate intake can increase thiamine requirements in malnourished children with
low thiamine stores. This can lead to thiamine deficiency and its associated
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complications. Therefore, thiamine supplementation is recommended both before

and after carbohydrate consumption for patients at risk of refeeding syndrome.®

[ MALNUTRITION /STARVATION |
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Figure 2. The consequences of major metabolic and biochemical changes in RS.”

Risk Factots

Previous nutritional status, history of weight loss, previous caloric intake,

comorbidities, previous electrolyte

imbalances

(such as hypophosphatemia,

hypomagnesemia, and hypokalemia) prior to nutritional therapy, muscle loss, and

subcutaneous fat loss in malnourished children are risk factors for developing RS.’
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RS risk factors that need careful attention include: 10% weight loss (or <80% of ideal
body mass index) in the past 3 months, weight loss in the past consequent 5 days, low
fluid intake for more than 7 days, chronic diseases causing malnutrition, such as
cancer, inflammatory bowel disease, anorexia nervosa, marasmus, kwashiorkor, celiac
disease, cystic fibrosis, chronic pancreatitis, cyclic vomiting syndrome, cerebral palsy,
congenital heart disease, congenital pulmonary disease, post-operative conditions,
prolonged fasting, low-energy diets, and hypoalbuminemia.” According to American
Society for Parenteral and Enteral Nutrition, RS risk in children can be classified into

3 levels: low risk, moderate risk, and high risk (Table 2).*

Table 2. Criteria for children developing RS 2

Criteria

Low risk
(Minimal 3 of the
following criteria)

Moderate risk
(Minimal 2 of the

following criteria)

High risk
(Minimal 1 of the
following criteria)

Weight-for-
height z-score (1-
24 months) or
BMI-for-age z-
score (2-20 years)

Weight loss

Energy intake

Potassium,
phosphate, or
magnesium levels
before nutritional
therapy

Comorbidities
Subcutaneous fat

loss

Muscle mass loss

Weight-for-height
z-score (1-24
months) or BMI-
for-age z-score (2-
20 years) between -
1and-1.9

Weight gain <75%
of expected
Energy or protein
intake <75% of
needs for 3-5
consecutive days
Potassium,
phosphate, or
magnesium levels
=<25% below the
lower limit of
normal

Mild diseases
comorbidities

Upper arm
circumference z-
score between -1
and -1.9 or mild
subcutaneous fat
loss

Weight-for-height
z-score (1-24
months) or BMI-
for-age z-score (2-
20 years) between -
2 and -2.9

Weight gain <50%
of expected
Energy or protein
intake <75% of
needs for 5-7
consecutive days
Potassium,
phosphate, or
magnesium levels
25-50% below the
lower limit of
normal

Moderate diseases
comorbidities

LILA z-score
between -2 and -2.9
or moderate
subcutaneous fat
loss

Mild loss of muscle
mass

Weight-for-height
z-score (1-24
months) or BMI-
for-age z-score (2-
20 years) =-3

Weight gain <25%
of expected
Energy or protein
intake <75% of
needs for >7
consecutive days
Potassium,
phosphate, or
magnesium levels
>50% below the
lower limit of
normal

Severe diseases
comorbidities

LILA z-score >-3
or significant
subcutaneous fat

loss

Significant loss of
muscle mass
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Clinical manifestations

Hypophosphatemia

Phosphate is an intracellular anion essential for metabolic processes involving ATP
and 2,3-DPG. Severe hypophosphatemia (serum phosphate <1-1.5 mg/dL) can lead
to severe disturbances in neurological, cardiac, respiratory, and hematological systems,
increasing the risk of death. Several studies have linked hypophosphatemia to the
initiation of nutritional support, either oral, enteral, or parenteral. Severe
hypophosphatemia can cause neurological symptoms, such as paraesthesia, weakness,

confusion, disorientation, encephalopathy, areflexia, paralysis, seizures, coma, and
death.”

Hypophosphatemia can lead to decreased ATP and 2,3-DPG levels. This can result in
impaired oxygen transport, including reduced oxygen delivery and disturbed glucose
metabolism. Decreased 2,3-DPG levels increase hemoglobin's affinity for oxygen,
shifting the oxygen dissociation curve to the left. Hypophosphatemia can also
significantly decrease erythrocyte glucose-6-phosphate and fructose-6-phosphate
levels, while increasing total triose phosphate levels (such as glyceraldehyde-3-
phosphate and dihydroxyacetone phosphate). These changes can impair oxygenation
and glucose metabolism, contributing to neurological and respiratory disturbances.”

Phosphate, an intracellular mineral, plays an important role in all intracellular
processes and maintaining cellular membrane integrity. Many enzymes and second
messengers are activated through phosphate binding. Phosphate is also essential for
energy storage in the form of adenosine triphosphate (ATP). ATP can also influence
hemoglobin's affinity for oxygen, regulating oxygen delivery to tissues. Additionally,
ATP plays an important role in the kidney's acid-base buffering system.***’

Chronic phosphate depletion occurs in refeeding syndrome. Increased insulin levels
will increase cellular phosphate uptake and utilization. These changes result in both
intracellular and extracellular phosphate deficits. Under these conditions, even a slight
decrease in blood phosphate levels can disrupt cellular processes, that happen in every
physiological system.***’

Hypokalemia

Potassium is an important intracellular cation. Approximately 98% of the body's total
potassium is intracellular, with the rest found in bones and cartilage. Potassium plays
several crucial physiological roles, including regulating electrical activity in cell
membranes, cellular metabolism, glycogen synthesis, and protein synthesis.
Hypokalemia disrupts the electrical action potential across cell membranes, leading to
membrane hyperpolarization and impaired muscle contraction. Mild to moderate
hypokalemia (serum potassium concentration between 2.5 and 3.5 mEq/L) can cause
nausea, vomiting, constipation, and fatigue. Untreated, severe hypokalemia (serum
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potassium concentration <2.5 mEq/L) can result in paralysis, respiratory distress,

rhabdomyolysis, muscle necrosis, myocardial contraction abnormalities, and impaired
signal conduction.”*

Severe hypokalemia can lead to electrocardiogram abnormalities, such as ST-segment
depression, T-wave flattening, T-wave inversion, or U-wave prominence. Patients
with hypokalemia may experience arrhythmias, including atrial tachycardia,
bradycardia, atrioventricular block, ventricular premature contractions, ventricular
tachycardia, ventricular fibrillation, or sudden cardiac death.”®

Although blood potassium levels may appear normal in malnourished children,
potassium depletion often occurs. With the anabolic shift in refeeding syndrome,
insulin secretion increases, driving potassium into cells. This can lead to severe
hypokalemia, disrupting cellular membrane electrochemistry, and potentially causing
arrhythmias and cardiac arrest.”®

Hypomagnesemia

Magnesium is the second most common intracellular cation, primarily found in bones,
muscles, and soft tissues. Approximately 1% of the body's magnesium is extracellular.
Magnesium serves as an important cofactor for numerous enzymes involved in
various biochemical reactions, including oxidative phosphorylation and ATP-
dependent reactions.”

Hypomagnesemia (serum magnesium concentration <1.5 mg/dL) is frequently
observed in critically ill patients and is associated with increased morbidity and
mortality. Signs and symptoms of hypomagnesemia can be similar to those with
hypokalemia or hypophosphatemia. Patients with mild to moderate hypomagnesemia
may experience weakness, muscle twitching, tremors, altered mental status, anorexia,
nausea, vomiting, and diarrhea. Severe hypomagnesemia (serum magnesium
concentration <1.0 mg/dL) can manifest as electrocardiogram abnormalities, such as
prolonged PR interval, widened QRS complex, prolonged QT interval, ST-segment
depression, peaked T-waves, or T-wave flattening. Additionally, severe
hypomagnesemia can lead to arrhythmias (atrial fibrillation, torsade de pointes,
ventricular arrhythmias, ventricular tachycardia), tetany, seizures, coma, or even
death.”

Untreated hypomagnesemia can lead to hypokalemia and hypocalcemia.
Hypomagnesemia-induced hypokalemia results from distutbances in Na+/K+-
ATPase activity. Hypomagnesemia-induced hypocalcemia is caused by impaired
parathyroid hormone secretion or activity.”'
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Thiamine Deficiency

Thiamine, or vitamin B1, is an important cofactor in carbohydrate metabolism. As a
water-soluble vitamin, thiamine is easily depleted during weight loss and malnutrition.
Glucose administration following a starvation period suppresses gluconeogenesis
through insulin secretion. Excessive glucose administration can lead to hyperglycemia,
osmotic diuresis, dehydration, metabolic acidosis, and ketoacidosis. Additionally,
excessive glucose can stimulate lipogenesis (due to insulin stimulation), resulting in
fatty liver, increased carbon dioxide production, hypercapnia, and respiratory failure.”

With increased carbohydrate consumption, thiamine demand also increases as it is an
important cofactor in glycolysis. Thiamine deficiency can lead to Wernicke
encephalopathy  (characterized by ocular abnormalities, ataxia, confusion,
hypothermia, and coma) or Korsakoff syndrome (characterized by retrograde and
anterograde amnesia, and confabulation). In anaerob metabolism, pyruvate is
converted to lactate. Excessive lactate production can cause lactic acidosis, potentially
leading to death. This has been reported in patients receiving parenteral nutrition
without thiamine supplementation.”®

While deficiencies in various vitamins can occur due to inadequate intake, thiamine
deficiency is particularly important in refeeding syndrome complications, as it is an
important coenzyme in carbohydrate metabolism.”

The summary of clinical manifestations of electrolyte imbalance in RS patients is

depicted in Figure 3.
B \L P
Respiratory muscle dysfunction
Dyspnea
Acute respiratory failure
Seizures P {B1

Encephalopathy
Disorientation and delirium
Wernicke’s syndrome

. Korsakoff syndrome
Weakness Bl LK
Tremor
\ Tetany
Rhabdomyolysis
UK yp

Cardiac arrythmias
Hypotension and shock

{1 B1
. Horizontal ophtalmoplegia
Nystagmus

*P = Phosphate
B1 = Thiamine
K = Potassium

Figure 3. Summary of clinical manifestations of electrolyte imbalance in RS patients.’
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Prevention

Preventing RS is our primary objective when starting nutritional support for
malnourished children. Several steps can be taken to avoid RS and reduce its
associated morbidity and mortality. Identifying patients at high risk for RS is very
important before starting nutritional support, and overfeeding must be avoided.” The
recommendation on RS prevention and management in children by ASPEN is
summarized in Table 3.

When initiating nutritional support for patients at high risk for refeeding syndrome
(RS), the primary rule is "start low, go slow." Nutritional support should be initiated
carefully, starting at approximately 25-50% of recommended dietary allowance (RDA)
targets on the first day and gradually increasing to the target intake by the third to fifth
day. Hypophosphatemia, hypokalemia, and hypomagnesemia should be corrected
before initiating nutritional support. Electrolyte supplementation (in patients with
normal kidney function) is recommended before and during nutritional support.
Increased caloric intake can lower serum phosphate concentrations, therefore
phosphate supplementation of 10-15 mmol per 1000 kcal is recommended to maintain
normal serum phosphate levels (in patients with normal kidney function). Patients
with malnutrition, critical illness, trauma, or burns often experience phosphate
depletion (despite normal serum phosphate levels), and their phosphate requirements
are typically higher.”

That also applies to potassium and magnesium. After initiating and titrating nutritional
support, electrolyte supplementation should be adjusted based on serum electrolyte
concentrations and therapeutic response. As RS patients are at risk of impaired cardiac
reserve and fluid overload, sodium and fluid intake should be minimized during the
initial days of nutritional support (recommended sodium intake is <20 mEq/day with
total fluid intake <1000 mI./day).”**

Thiamine requirements are increased in patients with cachexia. Thiamine
supplementation at a dose of 50-100 mg/day intravenously or 100 mg orally for 5-7
days is recommended to prevent refeeding syndrome (RS). Patients should be closely
monitored for signs and symptoms of RS, including vital signs (heart rate, blood
pressure, respiratory rate, mental status, and neurological signs). These signs should
be monitored for several days until target nutritional goals are achieved. Pulse
oximetry can also be used. Electrocardiograms should be performed, especially for
patients with hypokalemia. Additionally, patients should be monitored for
neuromuscular signs and symptoms through physical examination. Fluid balance,
edema, fluid overload, and weight measurements should also be closely calculated and
monitored.”*
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Table 3. ASPEN’s recommendation on RS prevention and management in children.”

Aspect of Care

Recommendations

Initiation of
Nutrition

e Start nutrition at a maximum target of 40-50%, but typically
start glucose infusion at around 4-6 mg/kg/min and increase
by 1-2 mg/kg/min daily, adjusting the glucose level to a
maximum of 14-18 mg/kg/min (including enteral and
parenteral glucose).

e (Calories from intravenous dextrose solutions and
medications infused in dextrose should be considered within
the above limits and/or started cautiously in patients with
moderate to high risk. If the patient has received intravenous
dextrose for several days and/or medications in dextrose and
has not shown symptoms with stable electrolytes, calories
from nutrition can be reintroduced at higher amounts than
recommended above.

Fluid Restriction

No recommendation

Sodium

Restriction

No recommendation

Protein Restriction

No recommendation

Electrolytes

e Check serum potassium, magnesium, and phosphate levels
before initiating nutrition.

e Monitor every 12 hours for the first 3 days in high-risk
patients. Monitoring may be more frequent based on clinical
presentation.

e Replace electrolytes based on established standards of care.

e No recommendation can be given on whether prophylactic
electrolyte doses should be given if pre-feeding levels are
normal.

e If clectrolytes are difficult to correct or decrease suddenly
when starting nutrition, reduce caloties/gram of dextrose by
50% and increase dextrose/calories by about 33% of the
target every 1-2 days based on clinical presentation.
Recommendations may change based on practitioner
assessment and clinical presentation, and discontinuation of
nutritional support may be considered when electrolyte levels
are very low or decrease suddenly, posing a life-threatening
risk.

Thiamine and
Multivitamins

e Thiamine 2 mg/kg with a maximum limit of 100-200 mg/day
before starting feeding or before starting intravenous fluids
containing dextrose in high-risk patients.

e Continue thiamine supplementation for 5-7 days or longer in

patients with severe starvation, chronic alcoholism, or high
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risk of thiamine deficiency and/or signs of thiamine
deficiency. Routine thiamine level checks may not be
valuable.

e Intravenous multivitamins are added to parenteral nutrition
daily, unless contraindicated, as long as parenteral nutrition
continues. For patients teceiving oral/enteral nutrition, add
oral/enteral multivitamins, complete once a day for 10 days
or more based on clinical status and therapy mode. After the
patient reaches adult weight, refer to adult multivitamin

recommendations.

e Check vital signs every 4 hours for the first 24 hours after
initiation in at-risk patients.

e Cardiorespiratory monitoring is recommended for unstable
patients or those with severe deficiencies, based on

L established standards of care.
Monitoring and

e Daily weight with intake and output monitoring. Estimate

Long-Term Care
energy needs if necessary for patients receiving oral food.
Evaluate short-term and long-term nutritional care goals daily
for the first few days until the patient is considered stable
(e.g., not requiring electrolyte supplementation for 2 days)
and then based on institutional standards of care.
Conclusion

Refeeding syndrome is a life-threatening condition that can occur in malnourished
children after the initiation of nutritional support. It is characterized by
hypophosphatemia, hypomagnesemia, hypokalemia, and/or thiamine deficiency that
develop after rapid re-alimentation within the initial 3-5 days of nutritional
management. Children with signs and symptoms of refeeding syndrome require
aggressive electrolyte and vitamin supplementation, supportive management (such as
electrolyte correction and management of subsequent clinical manifestations), and the
re-initiation of nutritional support with close monitoring
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