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Refeeding syndrome in children with different clinical aetiology

J Lenicek Krleza', Z Misak®>*, O Jadresin®* and | Skaric>*

Refeeding syndrome (RFS) is a well-described state of the series of metabolic and biochemical changes that can occur during the
feeding of malnourished persons. The shifts in fluids and electrolytes can lead to complications during artificial feeding, which if not
recognised and untreated can lead to death. Although the physiology and pathophysiology of RFS is well known, the circumstances
under which the RFS appears, clinical manifestations and management of these patients are less clear. There are few published
studies describing the occurrence of RFS in children. We describe two cases of RFS in children. The first case is a boy with
unrecognised coeliac disease and second case is a girl with cerebral palsy. In both cases, the RFS has developed without clinical
symptoms and it was shown only through laboratory findings. Electrolyte disturbances have been successfully corrected and

treatment of the underlying disease continued.
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INTRODUCTION

Refeeding syndrome (RFS) describes the biochemical changes,
clinical manifestations and complications that can occur as a
consequence of feeding a malnourished catabolic individual.' It is
defined as severe (and potentially fatal), electrolyte and fluid shifts
associated with metabolic abnormalities in malnourished patients
undergoing refeeding, whether orally, enterally or parenterally.
The hallmark findings are fluid and electrolyte dysregulation,
including hypophosphataemia, hypomagnesaemia, hypokalemia,
abnormalities in glucose metabolism, vitamin (importantly
thiamine) and trace element deficiencies.>® During realimen-
tation, insulin stimulates the entry of glucose, phosphorus,
magnesium and potassium into the cells. All these minerals and
cofactors (as thiamine) are needed for rapid glycogen, protein and
fat synthesis in refeeding. Symptoms of RFS are variable,
unpredictable and reflect the type and severity of underlined
biochemical abnormality. The spectrum of presentation may
range from nausea, vomiting to respiratory insufficiency, cardiac
failure, hypotension, arrhythmias, coma and death."** Therefore,
prevention and early identification of patients at risk, monitoring
during refeeding and appropriate feeding regimen are the keys to
successful treatment.' Refeeding should be started at no more than
50% of energy requirements in patients who have not eaten
litle or nothing for >5 days. For patients with high risk
(chronically undernourished, little or no nutritional intake for >10
days) nutritional repletion should started be even more slowly
(max. 0.042MJ/kg/day (10kcal/kg/day or even less) and
slowly increased to full needs over 4-7 days.” Although, most
of the published case reports refer to adult patients, there are some
recent reports on RFS occurring in children with coeliac and
Crohn'’s disease.>® We present two pediatric cases of RFS, one in a
child with coeliac disease and the other one in child with
cerebral palsy.

CASE 1

At admission to our hospital, a boy at the age of 8 years was listless
and emaciated with the 6-month history of weight loss, diarrhoea
and vomiting. On examination, he had pallor and psoriatic skin
lesions on the extremities. Due to metabolic acidosis, dehydration
and electrolyte disarrangement, he received intravenous fluids and
enteral nutrition with elemental formula that were gradually
introduced. Although he improved clinically, after 5 days, he
developed hypophosphataemia reflecting development of RFS. At
this point, phosphorus was replaced intravenously for 3 days.
Gradually, hypophosphataemia got corrected and stayed within the
normal range after the desired and adequate oral caloric intake was
achieved. Meanwhile, the diagnosis of coeliac disease was confirmed
based on positive tissue transglutaminase antibody and total villous
atrophy on duodenal biopsy. The flow of treatment and laboratory
test results with basic data are shown in Table 1.

CASE 2

At the admission, a 10-year-old girl with cerebral palsy and
haemathemesis was pale, grossly emaciated and undernourished.
Immediately after the initial laboratory investigation, she received
packed red blood cell transfusion. Additionally in view of prior
poor oral intake and diarrhoea, she was given partial parenteral
nutrition together with enteral nutrition by nasogastric tube.
During the first day of feeding, her serum phosphate, magnesium,
calcium and potassium dropped reflecting RFS. Supplements of
phosphorous, potassium and magnesium were commenced and
the electrolyte concentrations were normalised gradually. Enteral
nutrition was progressively increased while parenteral nutrition
was decreased and finally stopped after 8 days and the girl
continued to gain weight. The flow of treatment and laboratory
test results with basic data are shown in Table 2.

"Department of Laboratory Diagnostics, Children’s Hospital Zagreb, Zagreb, Croatia; “Department of Pediatrics, Children’s Hospital Zagreb, Referral Center of Pediatric
Gastroenterology and Nutrition, Zagreb, Croatia and Intensive Care Unit, Department of Anesthesiology, Children’s Hospital Zagreb, Zagreb, Croatia. Correspondence:
Dr J Lenicek Krleza, Department of Laboratory Diagnostics, Children’s Hospital Zagreb, Klaiceva 16, Zagreb 10000, Croatia.

E-mail: jlenicek@gmail.com
“These authors contributed equally in the clinical segment of this work.

Received 17 September 2012; revised 30 January 2013; accepted 8 February 2013; published online 27 March 2013


http://dx.doi.org/10.1038/ejcn.2013.58
mailto:jlenicek@gmail.com
http://www.nature.com/ejcn

J Lenicek Krleza et al

RFS in children with different clinical aetiology

884

‘wnipjed ‘wnipos ‘wnissejod ey ‘spide oujwe ‘9s0dn|6 :| uonn|os ‘suoinjos oml Aq pasodwod sem (NdL) UOILINU [eldludied iy 'SUOIN|OS, ‘dwolpuks Buipasjel Jo uondsyal e -

191p 994)-uaIn|b ‘g4D ‘(AuewuaD ‘DY Iqey sniuasal{ ‘soydodA|D) a1espAyeiuad ajeydsoydosadk|b wnipos pue asodn|b :a1eydsoyd Jo U010 B3 40} UOIN|OS
snouaneiu| :4 “(A|91eedas - 21eUOQgIRDIC WNIPOS ‘DPLIOJYD winidjed pue wnisselod ‘9s0dn|6) uonnjos uoneipAyas SnouaAesIu| 23 *(g:L 10 |:| Ol Ul J91eM YIIM Paln|ip (PUBSZIMS ‘UOILIINN 2JeDyljesH 9]3SoN)
uaweldad :(buipaa) aqny duiseboseu pue |elo 10j 9344 95010 pue ualINn|b) uonuINu [eIlu7 :@ ‘(BIPU| ‘P IAd 24edYljedH 10qqy) SINSeIPad :(|eo) UOoINU [e1dlud D) "(AUBWISD ‘DY Igey SnIudsal ‘UdAoUIWY)
SpIoe oulwe ‘(AuewaD ‘Dy Iqey sNIUsaI4 1IAN|OS) SUILIBLIA ‘(USPIMS ‘Iqey sniuasald ‘pidijenu)) 1e) ‘(Auewuan ‘Dy Igey SNIudsal4 ‘9deilIPad) SIUSWSID 9dkJ] ‘DPLIO|YD WNID[eD ‘9pLIojYd WNIPOS ‘©pLojyd wnisserod
‘9500N|6) UoNINU [BIIUBIEY g ‘(AUBWIDD ‘DY IgeY SNIUSSI) HAN|OS ‘(AuewidD ‘DY Iqey snjudsald) pidijelp ‘(Binquaxn 'Oy usbunsia|y uneig g) uipunjodi :|| uolN|os pue 1alem ‘wnisaubew ‘snioydsoyd

o

ejwaejeydsoydodAy

319A3S :Aep Yyid, "uoneIpAYSI SnouaAeUl PAONPOAUL {(ND]) HUN 2JeD SAISUSIUI BY3 O} parow sI Koq ‘sisopide dljogelaw ybly jo @dussaid ayi 03 anq :Aep isild, x3pul ssew Apoq ‘|Ng :SUORRIASIGAY

o o 4] 0T o€ 0'LE 8T-10 (1/6w) d¥>
0€ 6C €€ 08-9% (1/1ow) auiuneas
L'y 9T oL 89-£C (I/1owiw) eain
Ve 9 'S 8L (a4 g€ 00 €L-€C— L'L—/6L— L1l —/T9l — op ¥ — (I/10ww) ssadxa aseq
474 (I/1o0wiw)
S9c ooe €6¢C g'Le 0'8C 9'/T 474 L'Le 68L/L9L seL/eet 97—ttt 21euoqued uaboipAH
Sv'L JA A [S4 LSL 0S’L 6v'L YA A ' LLY L LY'2/6€L veLIVLL SY/L-SE'L (suun Hd) Hd
74 8'8C 15—t (1/6) duiwnqy
LL0 LL0 080 180 8,0 Lo vL0 00 L6'0—¥L°0 (1/1oww) wnisaubep
4N} Ll (4% (I/1o0wiw)
8Ll al'L LEL-TTL wnis[es pasiuoj
9T’ oLz 144 0T €6°L L6'L 96°L 8L €9°C9L°C (I/1owiw) winjed
(74} vl £6'0 /L0 0s0 6¥'0 p8C°0 L0°L ELL-LLL (I/1oww) aeydsoyd
6¢€l 8¢l ovlL wl 6€L 144" [44" LEL LEL 8¢l LEL rrL-SEL (I/10ww) wnipos
L'y St L'y (24 s Sy (24 L'e L€ 6C L'z 0'6-9'€ (I/1oww) wnissejod
St St L'y a4 8 (44 6'S (4 SSe LY 6'S/0Y 6'G-6'€ (I/1oww) asodn|n
EVIRERVEYETEN| (syun) afjeuy
s)nsaJ 3say 103p1oqv7
06-08 6 06 06 6 26 9L S 34 X3 S/l Kep/6/|e3y
0091 0091 0zslL 0zstL 09SL 0951 0€0L 06 0z8 ovs 00€ 1833 bjul J140[D3 [DJO]
— — — — 4 4 4 3 3 3 3 ,suonnjos  914]01139|3 JO UONIBII0D
aio‘a aiv‘a a'v awv awv a'v a'v a'w awv aa b) ,suonnjos
0081-0091 0091 086 086 008 008 00S 00€ ore 00T 0oL e |esa3uz
0 0 0t5/09 0rS/09 09//001 09Z/001 0€S/0L 0t€/00L 0t€/00L 0t€/001L 00Z/09 1823 NdL/B @s03n|D _Ewuc%_mn_
uIpaa
onsen onsen oinsen oinsen oisen onsen  onsen/nd| nol nol ol JNi/onsen juswiedap [eydsoH
Kep yiuaoyaulN  Aep yruaauiyl  Aep yual  Aep yybig  Aep yuanas  Aep yixis qfep uyld  Aep yunoy  Aep payy  Aep puodas Aep 15114 |leudsoy ur skeg
95e35Ip JeI[S0d Pa1dadsns ‘BUNIWIOA pue eaoylielp ‘sso| 1ybiam Jo K101siy YIUow-9 uoISSIWpe 1e sniels
8007 4aqui21das 91 [13un 1snbny 8¢ 89—/601 91035 7 _S_m\ﬁrc\mv_v IWg
sy2am ¢ :uoneinp |eydsoH T1L—/SSTL 21035 7 ybiay /(wd) ybiaH
(lendsoy ayy buines| ai059q) B4 €'1T €y —/L'LL 21035 7 yBlam /(63) 1ybram
Aog/yruow Q| ‘sieak g J9puab/eby
(1 9seD) aseasip del20d Yum Aoq ul elep diseq YUM S} NsaJ 1591 A101eIOge| pue Juswileasl JO MOy} 9yl ‘L 3jqeL

© 2013 Macmillan Publishers Limited

European Journal of Clinical Nutrition (2013) 883 -886



RFS in children with different clinical aetiology

J Lenicek Krleza et al

885

uoiIN|Os UoneIPAYSl SNOUSARIIU| :F *(Z:L 4O L] OleJ Ul J91eM YUM Paln|ip (PUBSZIMS ‘UOIILIINN dJeDyleaH 9)3saN) usweldad :(buipaay agny duiseboseu pue [eio o) 991} 95010e| pue uain|b) u

:@ (Auewan 'Oy Igey| snjuasald) HANJOS (Auewuan ‘Dy Iqey sniuasalq) pidijesA (Binquiaxn ‘Oy uabunsiapy uneig 'g) uipunyodi :|| UOIIN|OS pue Jalem ‘wnisaubew ‘snioydsoyd ‘wnidjed ‘wnipos ‘wnissejod ‘1ey

‘(A|91etedas - @1euOqgiedIq WNIPOS ‘BpLIOJYd winidjed pue wnisseyod ‘@soon|b)

NN [el91ug

‘spioe oulwe ‘9502n|6 3] uoIIN|OS ‘suonn|os om1 Aq pasodwiod sem (Nd1) UONLINU [eIdludled Y "SUOIIN|OS, *dWOIPUAs Buipasyal Jo uondajai e - () ejwaisaubewodAy (5 elwad|ed0dAy (,) elwaeleydsoydodAy ()
elwa|eodAy :Aep piiyL, ‘uoisnysuely s||9> poo|q pal dye pue 210jaq aie sidlaweled ABojojewsey pajuasald *(NDI) HUN 18D SAISUSIUI Ul S)RIJUIDUOD [[9D P31 JO UOISNJSURIL YIIM P13} BIWSBUE 3I9AS :Aep
15414, "SWN|OA Je|ndsndiod ueaw ‘ADA ‘UoiesIuadUod ulqojboway Jejndsndiod ueaw ‘DHD ‘uigojbowsay Jejndsndiod ueaw ‘HOW 1ybram Apoq ‘Mg ‘xapul ssew Apoq ‘|Ng ‘uia1oad aAnDeaI-) gy suoneiralqqy

(%3 LE €€ 08-9% (1/1ow) suiuneasd
L'y €¢C 9l 89-LC (I/1loww) eain
€0 90- 60~ 90 L'L- 4 90 op v — (I/lowiw) (3g) sse2xe Iseg
14 9'€C 1434 6'vC €'€T L'9¢ 14 9c-te (I/1oww) S1eU0qIRd-USB0IPAH
60¥'L 9Ev’L 0Ev’L 8L L6€L vSv'L Sév'L S¥'L-SEL (suun Hd) Hd
S0 0s (! 87-1'0 (I/6w) d¥d
88 14 L8 €Sl 6'Sl €T €7/TC €= (I/01¥) (O8M) SII92> poo|q 31YM
€CE 6l LLY 00S L0S £0S/9SS L09/659 0Sv-0S1L (I/601X) s19[91€|d
99¢ 9lE S6¢ 00€ SLE 8lE/TlE LET/6ET 9vE-¥'0€ (1/6) DHOW
S¢ 14 L'tz cle v'le ze/1e [4%4} SLE-EPYC (6d) HOW
6L 9L (44 (74 89 69/69 LG/LS L'C6-9'9L (B) ADW
vzl soL 08 S8 18 w8/vL 87/LT Syl-1zl (I/6) uiqojbowseyy
6t 1474 8¢ ot 8¢ 8'€/S€E v'T/Te SS€Y (I/z,0LX) (OgY) sl|192 poojq pay
[43 Le 0€ LS-ty (1/B) surunqy
€80 S80 6.0 90 SL0 4lLo £6'0-¥L0 (1/1oww) wnisaubep
9€'L 9Tl 9Tl Lzl 6L°L JAN! sEL'L LE1-TTL (/1oww) wini>jes pasiuoj
LeC 6T°C 9T L1T SLz ,60°T €9'79lC (I71loww) wnided
6G°L STl SLL 080 L0 2890 €LL-LLL (I/1oww) deydsoyq
LEL (348 8€lL 8¢l orL 6¢€l 6¢€l vrl-SEL (I/10ww) wnipos
Sv oY L'y 8V 4 0€ pl'T 06-9'¢ (I/loww) wnisseod
Ly 144 £€r L'9 6'G6'¢ (I/1owiw) 8sodn|n
6351 Mg sbues dUIRRY (suun) aikjeuy
:s3insaJ 1533 Ki03p10qp7
ool ool 56 S8 59 LS 1S 14 124 o€ Kep/63/|ed
0oclL ooclL oSLL 056 S€L 0S5 048 ors 06t orve 1e33 )bjul J1io|pd [p1O]
— — 3 E| 3 3 3 3 E| 3 ,suonn|os 914|04129]2 JO UONIBII0D)
a a a'v a'v av a'v av a'v a'v v ssuonnjos
00cCL 00cL 0oLl 0S8 009 0ot 0ot 00€ oSl 183 |esa3u3
0 0 0s/zl ooL/zL SE1/ST 0£L/0€ 0£1/0€ 0vz/09 ove/zL ove/zL [e2%} NdL/6 as0on|D [e121udIRY
buipaa4
usindn oisen oisen o1sen o1sen o1sen oinsen oisen o1sen ounseb/nd| NDI/onsen Juswedap [eydsoH
191e| syluow om Aep ypusanod  Aep yausl  Aep ylauiN  Aep yuuanss  Aep yixis  Aep yyi4 Aep yunoy  Aep piyl  Aep puodas Aep 1si14 |leudsoy ur skeq
eaoyielp ‘jelul [elo Jood swn-buoj ‘sisswaylewae uojssiwpe 1e snjeis
L10T 4390130 Z1 [hun 1390120 § S6—/v'6 21035 7 |ING/(,w/B¥) IINg
$}29M ¢ :uoneinp [eydsoH v'e€—/601 21035 7 yB1ay/(wd) 1ybIaH
(lendsoy ay1 Buinea| a1040q) BY G€L 6L—/TLL 21035 7 WyBram/(63) 1ybam
J16/s1e3k QL 19puab/aby
(z @seD) Asjed [eugatad yum 16 ul e1ep DISeq UM S)3nsaJ 159) A10jeloge| pue juswieal) JOo Moy 3yl °z 3|qel

European Journal of Clinical Nutrition (2013) 883 -886

© 2013 Macmillan Publishers Limited



RFS in children with different clinical aetiology
J Lenicek Krleza et al

886

DISCUSSION

Starved and malnourished patients are at risk of developing
potentially life-threatening RFS, severe metabolic and biochemical
changes that may occur when malnourished patients are
aggressively fed (orally, enterally or parenterally)>™ In this
article, we report two patients who developed RFS, one with
newly diagnosed coeliac disease and another with cerebral palsy.
Both patients were severely malnourished and developed the
complication within days of starting feeding (Tables 1 and 2).

The clinical features of RFS result from the electrolyte
disturbances (hypophosphataemia, hypokalemia and hypomag-
nesaemia) and from disturbed body fluid shifts.® Initially, RFS may
go unrecognised as it is usually asymptomatic>® just like both of
our patients were. Our first patients with coeliac disease
developed RFS after 5 days despite parenteral and enteral
nutrition were introduced gradually. Feeding was started with
17 kcal/kg/day and on the fifth day, when he developed RFS, he
received 76 kcal/kg/day. This means that even slower introduction
is needed, most probably with 10kcal/kg/day as suggested by
Stanga et al.” However, our patient did not have any clinical
symptoms, unlike coeliac patients in a recently published article, in
whom RFS came in differential diagnosis with coeliac crises.”> RFS
may mimic coeliac crisis, however, treatment goals in these two
conditions differ considerably (correction of metabolic and
electrolyte abnormalities versus steroids). What might help is the
sequence of events: coeliac crisis as a presentation and RFS as
worsening on gluten-free diet.”

Our second patient was chronically undernourished child with
cerebral palsy and both parenteral and enteral nutrition were
introduced slowly, although at higher rate (30 kcal/kg/day)
than suggested in guidelines.” However, as this child was at
high risk, RFS was suspected early, before any clinical symptoms,
and diagnosed based on electrolyte disarrangements. To our
knowledge, there are no reports on RFS in children with cerebral
palsy.

RFS should be considered as a potential complication during
the first week of provision of nutritional support for severely
malnourished and it is important to identify and monitor patients

European Journal of Clinical Nutrition (2013) 883 -886

at risk in whom baseline serum concentration of electrolytes
should be ascertained before initiation of nutritional support.>®
According to guidelines for adults published by Stanga et al.” for
patients with high risk (chronically undernourished, little or no
nutritional intake for >10 days), nutritional repletion should be
started even more slowly (max. 10kcal/kg/day or even less)
and gradually increased to attain optimal energy requirement
over 7-10 days. Electrolyte and fluid imbalances should be
corrected along with feeding.>”

In conclusion, it is important for clinicians to be aware of RFS
and to identify and monitor patients at risk. Although not all
malnourished patients who are refed develop RFS, the syndrome
can occur in any malnutrition patient regardless of its cause.
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