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SUMMARY

“Refeeding syndrome”is described in the literature as a range of metabolic and electrolyte disorders that
result from starting nutritional rehabilitation in malnourished patients. Without a universally accepted
definition, data on “refeeding syndrome”incidence are heterogeneous. In most cases, a clinician will sub-
jectively identify “refeeding syndrome,” many authors have developed their purposes and criteria for it in
their studies. Using the PubMed database and the appropriate filters (“refeeding syndrome”-related terms:
refeeding syndrome, pediatrics, child, nutrition support, nutrition assessment, malnutrition), a search of
the published literature was conducted. The American Society for Parenteral and Enteral Nutrition’s 2020
recommendations are the only guidelines for identifying children with or at risk for “refeeding syndrome”.
High-quality scientific evidence regarding the clinical syndrome is absent, so we need further research in
all‘refeeding syndrome”-related areas, from validation to better identification of risk factors, definitions
of “refeeding syndrome,” and standardization of treatment protocols. For now, clinicians must remain
vigilant to protect patients from the potentially devastating consequences of the “refeeding syndrome.”
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INTRODUCTION

“Refeeding syndrome” (RES) is defined in the
literature as a group of metabolic and electro-
lyte disorders that occur in response to nutri-
tional rehabilitation in malnourished patients
[1, 2]. It was first mentioned in the journals of
starving Asian prisoners during World War II,
Keys et al. [3] reported on a prospective ran-
domized control trial examining the physiolog-
ic consequences of protracted malnourishment.
Even though REFS is most often written about
in the adult population, it can also occur in
childhood [4]. The physiology and pathophys-
iology of RES are well known, while clinical
signs, symptoms, and treatment are less known.
When risk factors are not identified promptly,
negative consequences such as hydro electrolyte
imbalances, metabolic disorders, respiratory
failure, cardiac arrhythmias, encephalopathy;,
coma, and death can occur [5, 6]. The con-
sequences of a rapid refeeding scheme in the
presence of malnutrition include disturbances
in potassium, magnesium, thiamin, and phos-
phate levels; vitamin deficiencies; glucose and
fluid intolerance; and cardiac, pulmonary, he-
matologic, and neuromuscular dysfunction [7].
This condition is frequently undiagnosed, par-
ticularly in the pediatric population, so becom-
ing familiar with the pathophysiology, clinical
manifestations, and treatment models will help
clinicians avoid unnecessary life-threatening

conditions. The criteria developed for predict-
ing RES have been published in previous years
but scored poorly for sensitivity or specificity
[8]. The American Society for Parenteral and
Enteral Nutrition (ASPEN) Consensus in 2020
advocated for new rules for defining RFS and
screening procedures that entail stratification
of criteria in response to the challenges brought
up by the individual definition of RFS. The
authors suggest that the diagnostic criteria for
REFS should be as follows: a decrease of serum
phosphorus, potassium, and/or magnesium
levels by 10-20% (mild), 20-30% (moderate),
or > 30% and/or organ dysfunction caused by
a decrease in any of these and/or thiamin defi-
ciency (severe) within five days of reintroduc-
ing calories [9]. Novel criteria sets such as those
proposed by the ASPEN may be predictive for
REFS in pediatric patients [10]. The crucial point
in preventing the occurrence of RFS is to be
aware of its existence.

EPIDEMIOLOGY OF REFEEDING
SYNDROME IN PEDIATRICS

The epidemiological data on RFS are hetero-
geneous due to a lack of universally accepted
defining criteria; a clinician usually identifies
RES subjectively, and many authors have creat-
ed their own definitions and standards in their
studies, often using hypophosphatemia as the
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single diagnostic criteria [11]. Consequently, the data on
REFS incidence in the pediatric population is challenging.
The overall prevalence of RFS in various hospital popula-
tions has been cited with a wide range of estimations, from
0.43% to 34% [12, 13].

The cohort study made by Dunn et al. [14] reported
that within 72 hours of the beginning, the incidence of
“electrolyte shifts” in the whole population was 27% (eight
out of 15) in the population at risk of those patients who
developed hypophosphatemia, three developed lethargy,
and cardiac dysfunction. Two neonatal studies found that
rates of hypophosphatemia were significantly higher in pa-
tients of early gestational age [15, 16]. In two other studies,
hypophosphatemia and hypokalemia were discovered in
neonates receiving parenteral nutrition (PN) [17, 18, 19].

PATHOPHYSIOLOGY

Understanding the pathophysiology of malnutrition is cru-
cial for comprehending what occurs during refeeding [20].
Starvation can be defined as a catabolic state where the
body shifts from carbohydrate utilization to fat and protein
metabolism. With this shift, the pancreas’ production of
insulin declines in the absence of available carbohydrates
[21]. The following change in the metabolic pathway is
that ketone bodies and free fatty acids will replace glucose
as the primary energy fuel. Further catabolism leads to a
continuing and progressive wasting of cellular and muscle
mass, resulting in hypotrophy, atrophy of vital organs, and,
consequently, dysfunction. As a result, lower renal concen-
tration capacity, hydro electrolytic disbalances, a decline
in metabolic rate and hemoglobin level, and reductions in
respiratory and cardiac function may all result in serious
complications.

When we start refeeding, increased glucose levels in-
crease insulin secretion, stimulating glycogen, fat, and
protein synthesis. This increment in insulin release and
its anabolic activity are the keys to the pathophysiology
[22]. This anabolic process requires electrolytes, primarily
phosphorus, magnesium, and potassium, and cofactors,
such as thiamine, to be taken into cells. The consequence
of this alteration in metabolism can be a life-compromising
extracellular depletion of these electrolytes. Phosphate is
essential for all intracellular processes, cell membranes’
structural integrity, adenosine triphosphate production,
DNA, RNA, and 2,3-diphosphoglycerate. Hypokalemia
(below 3.5 mEq/L) and hypomagnesemia (below 1.8 mg/
dL) are also commonly related to electrolyte imbalances
with RFS [23]. A mild reduction of potassium and magne-
sium serum levels may induce nausea, vomiting, constipa-
tion, diarrhea, muscle twitching, or weakness. In contrast, a
more severe reduction of the serum levels of these electro-
lytes can cause dysrhythmias, cardiac dysfunction, skeletal
muscle weakness, seizures, and metabolic acidosis.

Children may suffer more from short periods of starva-
tion because their bodies need more energy to grow, while
adults may be able to handle more prolonged periods of
starvation better [24].
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PREDICTIVE CRITERIA

An example of criteria especially designed for predicting
RFS and nutritional support in adults — Britain’s National
Institute for Health and Care Excellence (NICE) guideline
was published in 2006 [8]. This guideline was established
based on previously reported reviews and the authors’
expertise and agreed upon based on an unofficial con-
sensus. The short nutritional assessment questionnaire is
an example of screening criteria designed for malnutri-
tion that are validated for diagnosing malnutrition and
have also been validated for predictive value in RFS [25];
the usefulness of these two previously mentioned tools is
questionable because their contribution to predicting less
severe hypophosphatemia, hypokalemia, or hypomagne-
semia is undefined, and their performance in predicting
severe hypophosphatemia is poor [26].

In 2017, the ASPEN, the Parenteral Nutrition Safety
Committee, and the Clinical Practice Committee estab-
lished consensus recommendations for discovering pa-
tients with or at risk for RFS (Figure 1) and recommenda-
tions for the avoidance and treatment of RFS in at-risk
pediatric patients (Table 1) [6]. As of today, these are the
only recommendations for the pediatric population. Still,
the predictive validity of these unique and novel recom-
mendations has yet to be studied [9].

CLINICAL FEATURES

Severe hypophosphatemia causes impaired neuromuscu-
lar function with paresthesia, seizures, cramps, weakness,
impaired muscular contractility, and rhabdomyolysis. The
consequence for the respiratory system is hypoventila-
tion, which may be followed by respiratory failure [27]. It
can also present as a central nervous system dysfunction
in the form of confusion or coma. Phosphate deficiency
also leads to hematologic disorders such as thrombocy-
topenia, damaged clotting, and leukocyte dysfunction,
and the red blood cells show a deteriorated capacity to
release oxygen [28].

Both hypomagnesemia and hypokalemia lead to neu-
romuscular dysfunction, which presents as weakness, pa-
ralysis, paresthesia, confusion, rhabdomyolysis, respira-
tory depression, cardiac arrhythmias, and cardiac arrest.
Additionally, due to starvation, stress, inflammation, and
increased insulin release, sodium retention increases, and
the consequence is extracellular fluid expansion followed
by edema. As mentioned above, the disorders, when as-
sociated with thiamine deficiency, lead to tachyarrhyth-
mias, enlargement of the heart, severe edema, and finally,
congestive cardiac failure with lung edema. Thiamine de-
ficiency also causes Wernicke-Korsakoff syndrome in the
central nervous system and neuropathy in the peripheral
nervous system [29].

Most clinical signs and symptoms during an RFS are
nonspecific (Figure 2) [30]. The primary and most com-
mon symptoms are tachycardia, tachypnea, and periph-
eral edema. However, such signs may also be due to other
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Acute malnutrition

Chronic malnutrition

{1

{1

- Rapid weight gain of 10% (or < 80%
ideal body weight) receiving only
intravenous fluids

- Weight loss for five consecutive days,
or poor fluid intake for > seven days

- Postoperative status

- Patients receiving nutritional support

- Chronic gastrointestinal disease
(anorexia nervosa, inflammatory
bowel diseases, cystic fibrosis, celiac
disease)

- Marasmus

- Kwashiorkor

- Hypoalbuminemia
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electrolyte imbalances, and by lowering or
slowing the advancement of calories, ac-
cording to the final aim. RES can be seen
with any pattern of nutritional support:
oral diet, enteral nutrition, PN, or intrave-
nous dextrose solutions [32]. The ASPEN
consensus recommendations for avoid-
ing and treating RFS presented in Table
2 are universal. They should be adapted
to individuals and particular populations,

- Malignant diseases
- Cerebral palsy

- Congenital lung disease

support

- Congenital heart disease

- Prolonged fasting or low-energy diet
- Patients receiving nutritional

such as those with decreased renal func-
tion. These recommendations are based
on consensus and, in the future, will need
to be investigated in randomized clinical
trials in general and specific populations
with different comorbidities to define their
actual benefits and utility [33].

Most clinical trials investigating risk

Figure 1. Risk factors for refeeding syndrome [1]

conditions in hospitalized patients with different diseases,
especially those in intensive care departments.

AVOIDANCE AND TREATMENT

Prevention and early recognition of at-risk patients, careful
monitoring before and during refeeding, and proper indi-
vidualized nutrition rehabilitation are the keys to success-
ful management and outcome [31]. Various studies have
evaluated preventive approaches for RFS, mainly guided
by hypocaloric nutrition, electrolyte substitution, and thi-
amin infusions. Management of confirmed RFS should
be conducted in two ways: by improving the underlying

factors for RFS are conducted according to
criteria developed by the NICE guidelines.
However, Goyale et al. [34] and ZeKki et al.
[35] found these factors had low sensitivity and specific-
ity in predicting RFS. According to the NICE guidelines,
feeding should be started gradually (maximum 0.042 M]
/ kg / 24 hours) and individually adapted for patients at
high risk of developing RFS [8]. Also, the NICE guidelines
advocate that in very undernourished patients (body mass
index < 14 or insignificant food intake for more than two
weeks), refeeding should start at a maximum of 0.021 MJ
/ kg / 24 hours, with cautious monitoring on an electro-
cardiogram. The NICE recommendations also state that
correcting hydroelectrolyte imbalances should be done in
conjunction with refeeding; doing it before starting with
feeding is not imperative. All guidelines agree that vitamin
supplementation should be started promptly before and for

Table 1. ASPEN Consensus Criteria for Identifying Pediatric Patients at Risk for Refeeding Syndrome [9]

Mild Risk: 3
Risk Categories Needed

Parameters

Moderate Risk: 2
Risk Criteria Needed

Significant Risk: 1
Risk Criteria Needed

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

-1to-1.9 z-score that is a change
from baseline

-2t0-2.9 z-score that is a change
from baseline

-3 z-score or greater thatis a
change from baseline

Weight loss < 75% of norm for expected

weight gain

< 50% of norm for expected
weight gain

< 25% of norm for expected
weight gain

Energy intake 3-5 consecutive days of protein
or energy intake < 75% of

estimated need

5-7 consecutive days of protein
or energy intake < 75% of
estimated need

> 7 consecutive days of protein
or energy intake < 75% of
estimated need

Abnormal prefeeding serum
potassium, phosphorus, or
magnesium concentrations®

Mildly abnormal or decreased to
25% below lower limit of normal

Moderately/significant abnormal
or down to 25-50% below lower
limit of normal

Moderately/significantly
abnormal or down to 25-50%
below lower limit of normal

Higher-risk comorbidities Mild disease

(see Table 4)

Moderate disease Severe disease

Evidence of mild loss
ORMid-upper arm circumference
z-score of -1 to -1.9 z-score

Loss of subcutaneous fat

Evidence of severe loss
ORMid-upper arm circumference
z-score of -3 or greater

Evidence of moderate loss
ORMid-upper arm circumference
z-score of -2t0 -2.9

Evidence of mild or moderate
loss

ORMid-upper arm circumference
z-score of -2t0 -2.9

Loss of muscle mass

Evidence of severe loss
ORMid-upper arm circumference
z-score of -3 or greater

ASPEN - American Society for Parenteral and Enteral Nutrition; BMI - body mass index;
2not intended for use in patients at < 28 days of life or < 44 weeks corrected gestational age;
bplease note that electrolytes may be normal despite total-body deficiency, which is believed to increase risk of refeeding syndrome

DOI: https://doi.org/10.2298/SARH230725029S
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the first 10 days of nutritional rehabilitation.
I\éIlROLOGlC:P o CARDIOVASCULAR: The required levels of supplements cited by
oma aralysis » 2
3 Dysrhythmias - -
Confusion ~ Weakness Humotenion NICE are only grade-level D recommenda
Seizure };aresthe sia Wetbenben tions.
etany cps .
Dey bustd Additionally, the circulatory volume
should also be reestablished. Regarding fur-
TITTINGTT  Sprm—— ther patient monitoring, in the first week,
Hypoxia Anorexia electrolyte levels should be controlled once
ceatory fal Abdominal pain . .
R“"o"z;’;‘jfﬂ“f COnsﬁpmﬁ a day and at least three times in the follow-
Diahea ing week. Urine electrolytes could also be
v —— checked for closer monitoring and assess-
5 METABOLIC: ment of hydro electrolyte status, wasting,
£ Bypdidens, HEPATIC: and replacement.
i Hypophosphatemia Hypoglicemia
= Hypomagnesemia Starvation induced
Metabolic alkalosis liver disease .
Metabolic acidosis Fulminant liver faiture
CONCLUSION
MUSCULOSKELETAL: HEMATOLOGIC:
Weakness Thrombocytopenia Even though RFS is reported most often in
Myalgia Platelgt dysfunction . R . K
Anemia adults, it can also occur in children. This
Infections diti is f 1 di d
Bleeding condition is frequently undiagnosed, par-
ticularly in the pediatric population, so

Figure 2. Signs and symptoms of refeeding syndrome [30]

becoming familiar with the pathophysiol-
ogy, clinical manifestations, and treatment

Table 2. ASPEN consensus recommendations for avoidance and treatment of RFS in at-risk pediatric patients [9]

Aspect of Care

Recommendations

Initiation of nutrition

- Initiate nutrition at a maximum of 40-50% goal, but usually starting the glucose infusion rate around 4-6 mg/kg/
min and advancing by 1-2 mg/kg/min daily as blood glucose levels allow until you reach a max of 14-18 mg/kg/
min. This includes enteral as well as parenteral glucose.

- Calories from IV dextrose solutions and medications being infused in dextrose should be considered in the limits
above and/or initiated with caution in patients at moderate to severe risk for RFS. If the patient is already receiving
IV dextrose for several days and/or medications in dextrose and has been asymptomatic with stable electrolytes,
calories from nutrition may be reintroduced at a higher amount than recommended above.

Fluid restriction

No recommendation

Sodium restriction

No recommendation

Protein restriction

No recommendation

Electrolytes

- Check serum potassium, magnesium, and phosphorus before initiation of nutrition.

- Monitor every 12 hours for the first three days in high-risk patients. May be more frequent based on clinical picture.

- Replete low electrolytes based on established standards of care.

- No recommendation can be made for whether prophylactic dosing of electrolytes should be given if prefeeding
levels are normal.

- If electrolytes become difficult to correct or drop precipitously during the initiation of nutrition, decrease calories/
grams of dextrose by 50% and advance the dextrose/calories by approximately 33% of goal every 1-2 days
based on clinical presentation. Recommendations may be changed based on practitioner judgment and clinical
presentation, and cessation of nutrition support may be considered when electrolyte levels are severely and/or life-
threateningly low or dropping precipitously.

Thiamin and
multivitamins

- Thiamin 2 mg/kg to a max of 100-200 mg/d before feeding commences or before initiating IV fluids containing
dextrose in high-risk patients.

- Continue thiamin supplementation for 5-7 days or longer in patients with severe starvation, chronic alcoholism, or
other high risk for deficiency and/or signs of thiamin deficiency.

- Routine thiamin levels are unlikely to be of value.

- Multivitamin injectable is added to parenteral nutrition daily, unless contraindicated, as long as parenteral nutrition
is continued. For patients receiving oral/enteral nourishment, add complete oral/enteral multivitamin once daily for
10 days or greater based on clinical status and mode of therapy.

- Once patient is within adult weight ranges, refer to adult multivitamin recommendations

Monitoring and
long-term care

- Recommend vital signs every four hours for the first 24 hours after initiation in those at risk.

- Cardiorespiratory monitoring is recommended for unstable patients or those with severe deficiencies, based on
established standards of care.

- Daily weights with monitored intake and output.

- Estimation of energy requirements as needed for oral feeding patients.

- Evaluate short- and long-term goals for nutrition care daily during the first several days until the patient is deemed
stabilized (e.g., no requirement for electrolyte supplementation for two days) and then based on institutional
standards of care.

ASPEN - American Society for Parenteral and Enteral Nutrition; IV - intravenous; RFS - refeeding syndrome
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www.srpskiarhiv.rs

221



222

models will help clinicians avoid unnecessary life-threat-
ening conditions. New sets of criteria, like those suggested
by ASPEN, may be able to predict RES in children. High-
quality scientific evidence regarding the clinical syndrome
is absent, so we need further research in all areas related
to RFS, from validation to better identification of risk fac-
tors, definitions of RFS, and standardization of treatment
protocols. Even though ASPEN’s recommendations have
been provided, their most significant shortcomings are
that they are based on consensus and must be examined
in randomized controlled trials in general and specific
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UaeHTUdUKauuMja U npeBeHLMja CUHAPOMA AOXpaHe Yy NeAunjaTPUjCKOoj jeAMHULM

WHTEH3UBHOT Jieveba

Mapwuja CreBuh'?, AHa Bnajkosuh-lBaHosnh?, MeaHa Metpos-bojuunh'? HuHa Puctuh'?, VisaHa byguh3*,

BecHa MapjaHosuh#, Oywuya Cumnh'2

'YHuep3uteT y beorpagy, MeguumHckn dakynter, beorpag, Cpbuja;

YHuBep3uTeTCcKa Aevja knuHuka, beorpag, Cpbuja;
3YHuBep3uTeT y Huwy, MegnumHckm dakyntet, Huw, Cpbuja;

*KnuHnyky LeHTap Huw, KnnHyka 3a aHectesunonorujy n nHteHsnsHy Tepanujy, Haw, Cpbuja

CAXETAK

CHAPOM BOXPaHe je OnvcaH y INTepaTypy Kao criektap meTa-
60NNUKMX N eneKTPoNUTHYX nopemehaja Koju HacTajy Kao no-
Cnepyua 3anoymntbatba UCXpaHe Koj NoTXpakbeHor naLyjeHTa.
He noctoju yHrBep3anHo nprixsaheHa AedrHuLmja, @ noaaLm o
VHLMAEHLY Cy XeTeporeHu. Y Hajsehem 6pojy cryuajeBa KinHY-
yapu he cy6jeKTMBHOM NPOLIEHOM NAEHTUGUKOBATY CUHAPOM
AOXpaHe, a MHOTU ayTopy Cy Y CTyAWjaMa pa3Buimn CONcTBeHe
KpuTepujyme 3a nocTaB/bake anjarHose. Kopuctehn 6asy no-
JaTtaka PubMed v ogroBapajyhe duntepe (nojMmoBu noBe3aHu
ca CYIHBPOMOM JiOXpaHe: CUHAPOM AOXPaHe, neanjatpuja, AeLia,
HYTPUTMBHA NOAPLLKA, HYTPUTVBHA MPOLIEHA, HEYXParbeHOCT),
npeTpaxunm cmo nybnvkosaHy nutepatypy. lpenopyke Ame-
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PYYKOr APYLITBA 3a MapeHTepasHy 1 eHTepasnHy ncxpaHy 13
2020. roguHe cy jearHe npenopyke Koje omoryhaBsajy naeH-
TrdrKaumjy AeLie ca CUHAPOMOM JJOXPaHe N feLie Koja cy y
pu3nKy. HegocTajy BUCOKOKBaNMUTETHY HayYHU JOKa3M O OBOM
K/IMHWYKOM CMHAPOMY, LUTO yKa3yje Ha moTpeby 3a Aarbyim nc-
TpaxunBarbyma y 061acti cMHapoMa fLoXpaHe, o4 Banuaauuje
[0 60sbe naeHTUGMKaLMje dakTopa pUsNnKa, fedpuHULIMje CUH-
ApOMa AoXpaHe 1 CTaHAapAM3aLmje NPOTOKOa 3a leYetbe OBUX
nauujeHata. 3a caga KNMMHUYapy Mopajy Aa OCTaHy Ha onpesy
Kako 61 3alTUTUIM NayujeHTe o moryhux pasapajyhux no-
cnepula CHAPOMa AOXPaHe.

KibyuHe peun: ciiapom AoxpaHe; fAeLla; HyTPUTMBHA NOAPLLKa;
HYTPWTVBHA NPOLIEHa; HeyXpateHOCT
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