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Abstract. Vigorous nutritional repletion in severely malnourished persons disrupts the adaptative state of semi-
starvation or starvation and can precipitate so-called refeeding syndrome. It refers to serious hypophos-
phataemia, fluid and electrolyte dysbalance, abnormal glucose metabolism, thiamine deficiency and several
other metabolic abnormalities. Refeeding syndrome is associated with systemic dysfunction (gastrointestinal,
cardiac, neurological and others) and can be potentially fatal. This review discusses pathophysiology, clinical fea-
tures, prevention and treatment of this serious condition.
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Souhrn. Prili§ vehementni realimentace u téZce podzZivenych osob narusi stav adaptace na hladovéni a mize
vyvolat tzv. realimentacni syndrom. Tento syndrom zahrnuje téZkou hypofosfatemii, poruchu vodniho a mineral-
niho hospodarstvi a ¢etné dalSi metabolické abnormality. Realimentacni syndrom je spojen s organovou dys-
funkci (gastrointestindini, kardialni, neurologickou a dalSimi) a muZze byt potencialné smrtelny. Tento prehled reka-
pituluje patofyziologii, klinicky obraz, prevenci a terapii tohoto zavazného stavu.
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During starvation, a complex series of metabolic
changes decrease metabolic rate, maintain glucose
homeostasis, conserve body proteins, and increase
the use of adipose tissue triacylglycerols to meet
energy needs. Refeeding the severely malnourished
patient is necessary to reverse the adverse effects of
malnutrition and the prevent death from starvation.
Because of the structural, functional and metabolic
alterations caused by previous starvation, overzeal-
ous nutrition reinstating can have adverse, potential-

B&hem (nestresového) hladovéni dochazi k radé
metabolickych zmén, které vedou ke snizeni energe-
tického vydeje, udrZeni normoglykémie, ochrané
télesnych proteind a zvySeného vyuziti triacylgly-
ceroltl tukové tkané k pokryti energetickych potreb
Nutriéni 1écba té&Zzce malnutriénich
nemocnych je nezbytna ke zvraceni vedlejSich uc¢inku
malnutrice a zabranéni smrti z hladu. Vzhledem
k fadé strukturalnich, funkénich a metabolickych
zmén bé&hem predchoziho hladovéni mize mit pfilis

organismu.
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ly fatal, clinical consequences known as refeeding
syndrome (4,18,22,27,35-37,42). Refeeding syn-
drome is largely underdiagnosed because clinicians
are often unaware of its existence and therefore do
not look for the complications (2,12).

History

Early evidence of refeeding syndrome was reported
at the end of World War I, when cardiovascular and
neurological complications were seen in recovering
Japanese prisoners, besieged people in Leningrad
and Dutch victims of the war (4,18,36). Keys et al.
reported in 1950 (cited from 36) results of the Min-
nesota Experiment of drastic food restriction and
subsequent oral refeeding in previously healthy sub-
jects. During the recovery phase as the volunteers
were refed, cardiac failure occurred in some of them.
Cardiopulmonary and neurological complications of
refeeding, along with other phenomena, were redis-
covered with the introduction of total parenteral nutri-
tion for chronically ill, essentially starved hospitalized
patients in the 1970s and 1980s (34,36). Fatal refeed-
ing syndrome was reproduced also in experimental
setting in starved dogs and fasted rats (33).

Pathophysiology

During refeeding, a shift from catabolism of adipose
and muscle tissue to saccharide metabolism occurs.
A glucose load evokes insulin release, causing
increased cellular uptake of glucose, phosphate,
potassium, magnesium and water, and stimulates
protein synthesis (4,18,39). Overzealous or unbal-
anced nutrition reinstating could precipitate refeeding
syndrome. It can be seen in severely malnourished
persons, critically ill patients, eating disorders
(anorexia nervosa) or people recovering from hunger
strike. This syndrome is caused by vigorous all per-
oral refeeding, enteral or parenteral nutrition
(5,10,39,41). Rarely, refeeding syndrome may occur
even in patients who are depleted of protein even
though they remain obese or in cases following gas-
tric reduction operations for obesity (26).

Several possible metabolic abnormalities and sys-
temic dysfunction associated with refeeding syn-
drome are listed bellow.

Metabolic abnormalities
Phosphorus deficiency

Hypophosphataemia is the most important mineral
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vehementni znovuobnoveni vyZivy vedlejsi, potencial-
né fatalni nasledky, které se oznacuji jako realimen-
ta¢ni syndrom (4,18,22,27,35-37,42). Realimentaéni
syndrom je mnohdy nerozpoznan, protoze Klinik
C¢asto o moznosti tohoto syndromu nevi, a proto po
téchto komplikacich cilené nepatra (2,12).

Historie

Prvni zpravy o realimenta&nim syndromu jsou z konce
druhé svétoveé valky, kdy byly popsany kardiovaskularni
a neurologické komplikace u zotavujicich se japon-
skych zajatcu, obkli¢enych obyvatel Leningradu
a holandskych obéti valky (4,18,36). Keys et al. (cit.
z 36) publikovali v roce 1950 vysledky tzv. Minnesot-
ského pokusu drastické restrikce potravy a nasledné
peroralni realimentace puvodné zdravych osob. B&éhem
zotavovaci faze, kdy dobrovolnici obnovili pFijem
potravy, se u nékterych z nich objevilo srdeCni selhani.
Kardiovaskularni a neurologické komplikace realimen-
tace, vedle dalSich pfiznakd, byly rozpoznany také po
zavedeni Uplné parenteralni vyZivy kriticky nemocnych
v sedmdesatych a osmdesatych letech (34,36). Reali-
mentacni syndrom se smrtelnym prab&hem byl rovnéz
reprodukovan u hladovéjicich pst a potkanu (33).

Patofyziologie

Béhem realimentace dojde ke zméné z katabolismu
tukové a svalové tkané smérem k metabolismu
sacharidl. Naloz glukézy vyvola uvolnéni inzulinu,
ktery zvysi bunécné vychytavani glukézy, fosfatu,
drasliku, hof¢iku a vody, a stimuluje syntézu proteint
(4,18,39). Prilis vehementni nebo nevyvazené
znovuzahdjeni vyzivy muze vyvolat realimentaéni syn-
drom. Muze k nému dojit zejména u tézce malnu-
tricnich pacientl, kriticky nemocnych, u mentalni
anorexie nebo u lidi zotavujicich se z protestni
hladovky. Tento syndrom muze byt vyvolan jak pfilis
vehementni peroralni realimentaci, tak i enteralni
nebo parenteralni vyzivou (5,10,39,41). Vzacné se
muze realimentaéni syndrom vyskytnout i u osob,
které maji depleci proteind, a to i presto, ze zUstavaji
obézni, nebo v pfipadech po bariatrickych operacich
Zaludku pro obezitu (26). Vy&et pocetnych moznych
metabolickych abnormalit a organové dysfunkce
spojené s realimentacnim syndromem je uveden niZe.

Metabolické abnormality
Deficit fosforu



abnormality associated with refeeding in severely
malnourished patients (11,15,20,25). Phosphate is
the major intracellular anion and shifts between the
intra- and extra-cellular compartments, being also
influenced by acid-base alterations (acidosis stimu-
lates shifts of phosphate out of cells into the plasma).
Phosphate is essential for cell function and has many
physiological effects. It is an important intracellular
buffer and it has a structural role as a component of
phospholipids, nucleoproteins, and nucleic acids.
Phosphates play a central role in cellular metabolic
pathways including glycolysis and oxidative phos-
phorylation (4,16). The muscle enzyme creatine phos-
phokinase relies on phosphorus for normal myocyte
function (25). Refeeding with enteral saccharides or
glucose-based parenteral nutrition stimulates insulin
release and intracellular uptake of phosphate. These
metabolic processes can cause extracellular phos-
phorus concentration to fall below 0.5 mmol/L within
hours of initiating nutritional therapy if adequate
phosphate is not given. Severe hypophosphataemia
(< 0.3 mmol/L) is associated with muscle weakness,
paresthaesias, seizure, heart failure, hypotension,
respiratory failure, coma or even death (27). However,
in refeeding syndrome the serum phosphate level
< 0.5 mmol/L is associated with important clinical
features such as rhabdomyolysis, respiratory mus-
cles weakness, erythrocyte haemolysis and leukocyte
dysfunction. Thus, in refeeding syndrome the level of
phosphate of 0.5 mmol/L is the threshold for treat-
ment (40).

Fluid & electrolyte imbalance

Saccharide refeeding increases the concentration
of circulating insulin, which enhances sodium and
water reabsorption by renal tubule. These factors put
the severely malnourished patient at increased risk of
developing fluid and sodium retention, expansion of
the extracellular-fluid compartment, weight gain and
congestive heart failure after nutritional therapy con-
taining water, glucose and sodium (18). Refeeding
with predominately protein or lipid can result in
weight loss and urinary sodium excretion, leading to
negative sodium balance. High protein feeding also
can result in hypernatraemia associated with hyper-
tonic dehydration, azotaemia, and metabolic acido-
sis (4).

Potassium and magnesium are the most abundant
intracellular cations. Loss of body cell mass in mal-

Refeeding syndrome
Realimentaéni syndrom

v metabolismu mineralt u realimentaéniho syndromu
u osob v tézké malnutrici (11,15,20,25). Fosfaty pred-
stavuji hlavni intracelularni aniont. Pfechod mezi
intra- a extracelularnimi kompartmenty je také ovlinén
acidobazickou rovnovahou (acidéza stimuluje pre-
chod fosfatd z bunék do plazmy). Fosfor je esencialni
pro spravné bunécné funkce a ma mnoho fyziolo-
gickych uc€inkd. Je dulezitym intracelularnim pufrem
a ma strukturalni roli jako slozka fosfolipidl, nukleo-
proteind a nukleovych kyselin. Fosfaty hraji kli€ovou
ulohu v bunéénych metabolickych procesech, v€etné
glykolyzy a oxidacni fosforylace (4,16). Také svalovy
enzym kreatinfosfokindza je k zajisténi normalni
funkce myocytd na fosforu zavisla (25). Realimentace
perorélné/enteralné podanymi sacharidy nebo pa-
renteralni vyziva zaloZzena na glukéze stimuluje
uvolfiovani inzulinu a intracelularni vychytavani fos-
fatd. Tyto metabolické procesy mohou zpuUsobit po-
kles fosfatemie pod 0,5 mmol/l béhem radové hodin
od zahajeni nutri¢ni intervence, pokud neni sou¢asné
podano adekvatni mnozstvi fosfatl. Tézka hypofos-
fatemie (< 0,3 mmol/l) je spojena se svalovou sla-
bosti, paresteziemi, epileptiformnimi
srde¢nim selhanim, hypotenzi, respiratnim selhanim,
komatem nebo dokonce smrti (27). Ale i fosfatemie
< 0,5 mmol/I mize byt u realimenta¢niho syndromu
spojena se zavaznymi klinickymi pfiznaky, jako jsou
rabdomyolyza, slabost dychaciho svalstva, hemolyza
erytrocytl a leukocytarni dysfunkce. A proto je u rea-
limentaéniho syndromu fosfatemie 0,5 mmol/I
povazovana za hranici pro lIé¢ebnou intervenci (40).

kre¢emi,

Porucha vodniho a mineralového hospodarstvi
Jak jiz bylo uvedeno, realimentace sacharidy zvySu-
je koncentraci cirkulujiciho inzulinu, ktery zvySuje
zpétné vstfebavani natria a vody ledvinnymi tubuly.
Tento proces zvySuje u pacienta v t&Zké malnutrici
riziko retence vody a sodiku, expanzi extracelularniho
kompartmentu, nardst hmotnosti (v dusledku retino-
vanych tekutin) a méstnavé srdecni selhani po
nutriéni lé¢bé obsahujici vodu, glukézu a natrium (18).
Realimentace prevazné proteiny a lipidy muze vést ke
ztraté hmotnosti, exkreci natria ledvinami a negativni
sodikové bilanci. Vysoce proteinova vyZiva vSak
muze byt spojena i s hypernatremii, hypertonickou
dehydrataci, azotemii a metabolickou aciddzou (4).
Draslik a hof&ik jsou hlavnimi intracelularnimi
kationty. Ztrata télesné hmoty u malnutri¢nich pacien-
th vede k celotélové depleci kalia a magnézia. AvSak
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nourished patients causes whole body potassium
and magnesium depletion. However, serum concen-
trations of these two electrolytes remain normal or
near normal during starvation because of their release
from tissue and bone stores. The increase in protein
synthesis rates, body cell mass, and glycogen stores
during refeeding increases cellular uptake of potassi-
um and can cause a rapid decline in its intravascular
concentration (3,27). Hypokalaemia is associated
with high risk of cardiac arrhythmias, hypotension
and cardiac rest. Gastrointestinal upset consists of
ileus and constipation. Other features include poten-
tiation of digitalis toxicity, glucose intolerance, meta-
bolic alkalosis, disposition for tetany and worsening
of hepatic encephalopathy. The mechanism of hypo-
magnesaemia is not clear and is possibly multifacto-
rial. Severe hypomagnesaemia can result in cardiac
arrhythmias including torsade de pointes. In addition,
abdominal discomfort,
(tremor, paresthaesia, tetany, seizures, muscle weak-
ness, ataxia) and anorexia have been described (3,4).

neuromuscular features

Glucose & lipid metabolism

The adaptive changes during (non-stress) starva-
tion include the use of fatty acids and ketone bodies
for fuel. In addition, the ability of insulin to stimulate
glucose uptake and oxidation by peripheral tissues is
impaired (27). Glucose ingestion can suppress gluco-
neogenesis, resulting in reduced amino-acid (pre-
dominately alanine) usage and leading to a less-ne-
gative nitrogen balance. However, once the glucose
infusion suppresses gluconeogenesis, then further
administration can cause hyperglycaemia (4). Thus
refeeding with high-saccharide meals or a large
amount of parenteral glucose may not be well-tole-
rated initially and may produce marked hypergly-
caemia, glucosuria, dehydration or even hyperosmo-
lar coma (27). Furthermore, glucose can be conver-
ted to fat through lipogenesis, which can evoke
hypertriacylglycerolaemia, fatty liver and higher car-
bon dioxide production (14). It is important that the
administered fat does not exceed the maximum limit
(which is about 3.8 g of lipid/kg body weight/day).
This is particularly relevant because this capacity can
be reduced in critically ill patients (4).

Vitamin deficiency
Refeeding of malnourished patients may precipitate

increased thiamine demand as saccharide refeeding

160

sérové koncentrace téchto dvou iontu zlstava nor-
malni nebo témér normalni i v pribéhu dlouhodobého
hladoveéni, protoze jsou do obé&hu uvolfiovany z tkani
a z kostnich zasob. Zvy3eni proteosyntézy, télesné
hmoty a zasob glykogenu v pribéhu realimentace
zvy3uji vychytavani drasliku burikami a mohou zpuso-
bit rychly pokles kalemie (3,27). Zavazna hypokalemie
je spojena s vysokym rizikem srdeCnich arytmii,
hypotenze a srde¢ni zastavy. Gastrointestinalni
postizeni v disledku tézké hypokalemie se mize pro-
jevit jako zacpa nebo ileus. Ostatni projevy zahrnuji
zvySeni digitalisové toxicity, glukézovou intoleranci,
metabolickou alkalézu, zvySenou tetanickou poho-
tovost a zhorSeni jaterni encefalopatie. Mechanismus
hypomagnezemie neni jasny a pravdépodobné je
multifaktorialni. TéZka hypomagnezemie muize zpUso-
bit srdecni arytmie, v&etné torsade de pointes. Byly
popsany také abdominalni diskomfort,
muskularni pfiznaky (tfes, parestezie, tetanie, epilep-
sie, svalova slabost, ataxie) a anorexie (3,4).

neuro-

Metabolismus glukézy a lipida

Adaptaéni mechanismy v pribéhu (nestresového)
hladovéni zahrnuji také vyuZziti mastnych kyselin
a ketolatek jako zdroje energie. Navic je naruSena
schopnost inzulinu stimulovat vychytavani a oxidaci
glukdzy perifernimi tkanémi (27). Podani glukdzy po-
tlaCuje glukoneogenezi, coz ma za nasledek snizeni
vyuziti aminokyselin (pfedevsim alaninu) a vede ke
zmirnéni negativni dusikové bilance. Jakmile vSak
infuze glukdzy suprimuje glukoneogenezi, jeji dalsi
podani muze zpusobit hyperglykemii (4). Proto také
nemusi byt realimentace potravinami bohatymi na
sacharidy nebo parenteralni vyZivou s vysokym obsa-
hem glukézy zpocatku dobre tolerovana a muze vést
k vyrazné hyperglykemii, glykosurii, dehydrataci nebo
dokonce hyperosmolarnimu komatu (27). Navic mize
byt glukéza konvertovana lipogenezou na tuk,
s hypertriacylglycerolemii, akutni jaterni steatézou
a zvySenou produkci oxidu uhli¢itého (14).

Prakticky dulezité je, aby podané tuky nepresahly
maximalni denni limit (coz je zhruba 3,8 g tukl/kg
hmotnosti/den). To muze byt vyznamné predevSim
u kriticky nemocnych, protoZe jejich maximalni kapaci-
ta pro utilizaci tuk( maze byt déle redukovana (4).

Deficit vitaminu
Realimentace malnutri¢nich pacientd muze vyvolat
zvySenou potfebu thiaminu, protoze vyZziva sacharidy



causes increased intracellular thiamine utilisation.
The most severe form of acute thiamine deficiency is
Wernicke-Korsakoff syndrome with apathy, disorien-
tation, confusion, ataxia, nystagmus and/or ophthal-
moplegia. It is seen particularly in alcoholics, who
may have depleted stores of thiamine, but also in any
patient with anorexia nervosa and/or chronic vomiting
(including hyperemesis gravidarum and gastric outlet
obstruction) (4,10,37).

Systemic dysfunction
Gastrointestinal & liver dysfunction

Starvation and malnutrition can cause structural
and functional changes of the gastrointestinal tract,
thereby limiting digestion, and absorption. In severe
protein-energy malnutrition, overzealous oral refeed-
ing could be associated with increased incidence of
diarrhoea or even death. Most of the adverse gas-
trointestinal consequences of starvation resolve
themselves after 1 to 2 weeks of refeeding (27). In
anorexia nervosa, refeeding after periods of starva-
tion and malnutrition may precipitate acute pancreati-
tis through several possible pathogenetic mecha-
nisms (microlithiasis, acinar cell atrophy in malnutri-
tion, increased retrograde pressure and reflux of duo-
denal content into the pancreatic duct during early
refeeding) (28). Gastrointestinal bleeding complicated
refeeding syndrome in another case of anorexia ner-
vosa (13).

Vigorous refeeding could be associated with serious
liver dysfunction, too. Refeeding-induced type of liver
injury must be distinguished from those caused by
malnutrition and/or overfeeding macronutrients and/or
underlying disease (17). For instance, in anorexia ner-
vosa, up to one third of patients showed abnormal
serum aminotransferases before refeeding. High
serum aminotransferase levels (before refeeding) were
considered as an alarm laboratory sign as they were
associated with a lower body-mass index (in 76 %
those with BMI < 12 kg/m?), lower body temperature,
lower pulse rate and higher incidence of other labora-
tory abnormalities (31). Even in gradual nutritional
repletion in anorexia nervosa, for patients who had
normal serum aminotransferase levels before refeed-
ing therapy, elevation of serum aminotransferases was
noticed in 37 % (28/76) of the patients in one
Japanese study (31). Hypophosphataemia further
increases the risk of liver dysfunction in refeeding syn-
drome (especially in alcoholic liver cirrhosis) (36).

Refeeding syndrome
Realimentaéni syndrom

mi formami akutniho deficitu thiaminu je Wernickeho-
-Korsakofflv syndrom s apatii,
zmatenosti, ataxii, nystagmem a/nebo oftalmoplegii.
Tyto komplikace hrozi zejména u nemocnych se
shizenymi zasobami thiaminu, jako jsou alkoholici,
mentalni anorexie nebo jiné pficiny chronického zvra-
ceni, v€etné hyperemesis gravidarum a obstrukce
vytokové ¢asti zaludku (4,10,37).

dezorientaci,

Organova dysfunkce
Gastrointestindlni a jaterni dysfunkce

Hladovéni a malnutrice mohou zpusobit struktural-
ni a funkéni zmény gastrointestinalniho traktu
a narusit tak jak traveni, tak i vstfebavani. U tézké
proteinoenergetické malnutrice mize byt pfilis vehe-
mentni oralni realimentace spojena se zavaznymi
prajmy nebo dokonce umrtim. Po ukonc¢eni hladovéni
se nejvice zavaznych gastrointestindlnich projevi
objevi v pribéhu 1 — 2 tydnlU realimentace (27).
U mentalni anorexie mulze byt realimentace po
obdobi hladovéni a malnutrice komplikovana akutni
pankreatitidou nékolika moznymi patogenetickymi
mechanismy (mikrolitidza, atrofie bunék acinl pfi mal-
nutrici, zvySeny retrogradni tlak a reflux duodenalniho
obsahu do pankreatického vyvodu v tvodu realimen-
tace) (28). Kazuisticky bylo popsano krvaceni
z traviciho Ustroji jako komplikace realimentacniho
syndromu u mentalni anorexie (13).

Prilis rychla realimentace muze byt spojena také se
zévaznou jaterni dysfunkci. Diferencidlné diagnos-
ticky je v8ak tfeba odlisit jaterni poSkozeni induko-
vané realimentaci od lézi zpusobenych malnutrici
a/nebo predavkovanim makronutrienty a/nebo
poskozenim v dusledku zakladniho onemocnéni (17).
Napfiklad u mentalni anorexie ma az tfetina nemoc-
nych abnormalni aminotransferazy jesté pfed zaha-
jenim realimentace. Vysoké sérové aminotransferazy
(pred realimentaci) jsou povazovany za alarmujici la-
boratorni pfiznak, ktery je spojen s niZzSim indexem
télesné hmotnosti (76 % ma BMI < 12 kg/m3), s nizsi
télesnou teplotou, bradykardii a CastéjSimi dalSimi
laboratornimi abnormalitami (31). Dokonce i pfi po-
stupné realimentaci u osob s puvodné normalnimi
aminotransferdzami doSlo podlé jedné z japonskych
studii ke zvyseni téchto hodnot u 37 % (28/76 pacien-
th) (31). Hypofosfatemie dale zvySuje riziko jaterni
dysfunkce u realimentacniho syndromu (zejména
u nemocnych s etylickou jaterni cirhézou) (36).
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Cardiac & pulmonary abnormalities

Decreased cardiac mass, stroke volume and end-
diastolic volume, bradycardia and fragmentation of
cardiac myofibrils are associated with chronic malnu-
trition (18). Fluid and sodium retention following sac-
charide refeeding may precipitate congestive heart
failure. Ventricular tachyarrhythmias occur during the
initial phase (during the first week) of refeeding and
may be preceded by prolongation of the QT interval.
Severely malnourished patients with anorexia ner-
vosa may die from these arrhythmias (30). It is not
known whether refeeding per se or the cardiac dys-
function underlying malnutrition precipitated the ter-
minal fatal arrhythmias (18). Hypophosphataemia can
impair oxygen unloading from erythrocytes and
increase susceptibility to ventricular tachyarrhyth-
mias. Cardiovascular complications of thiamine defi-
ciency (wet beri-beri) can contribute to further cardiac
comprise in the refeeding syndrome (27).

Respiratory failure has been also reported. This
may be due to a reduction in available ATP to facili-
tate respiratory muscle contraction. Respiratory sta-
tus can be also influenced by excessive saccharide
administration leading to increased carbon dioxide
production (39).

Neuromuscular dysfunction

Neuromuscular manifestation associated with
refeeding syndrome is generally a result of hypophos-
phataemia, thiamine deficiency, erythrocyte dysfunc-
tion and tissue hypoxia. These include paresthaesias,
diffuse sensory loss, Guillain-Barré-like syndrome,
weakness numbness, rhabdomyolysis, confusion,
cranial nerve palsies, areflexic paralysis, or even
coma (36,39).

Haematologic complications & immune
dysfunction

An important by-product of glycolysis is 2,3-
diphosphoglycerate. This compound is a regulator of
the dissociation of oxygen from haemoglobin and
subsequent delivery of oxygen to tissues. Depletion
of 2,3-diphosphoglycerate results in a leftward shift in
the haemoglobin/oxygen dissociation curve, i.e.
haemoglobin has a greater affinity for oxygen (4).

Phosphates play a crucial role in the optimal func-
tion of leukocytes, e.g. chemotaxis and phagocyto-
sis. The haematologic effects of severe hypophos-
phataemia include haemolysis, altered erythrocyte
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Poruchy srdecnich a plicnich funkci

Snizend srde¢ni masa, nizky srde¢ni vydej, snizeny
end-diastolicky objem, bradykardie a fragmentace
kardialnich myofibril jsou spojeny s chronickou mal-
nutrici (18). Retence vody a sodiku pfi realimentaci
sacharidy mUze navodit méstnavé srdec¢ni selhani.
Komorové tachyarytmie se mohou objevit v prabéhu
inicialni faze realimentace (v prabé&hu prvniho tydne)
a mohou byt pfedchazeny prodlouzenim intervalu QT.
Tézce malnutriéni pacient s mentalni anorexii maze
v dusledku téchto arytmii i zemfit (30). Neni jasné, zda
sama realimentace nebo srde¢ni dysfunkce pfi mal-
nutrici mdze vyvolat tyto fatalni terminalni arytmie
(18). Hypofosfatemie mlze narusit uvolfiovani kysliku
Z erytrocytl a zvysit tak pohotovost ke komorovym
tachyarytmiim. Kardiovaskularni komplikace deficitu
thiaminu (vlhka forma beri-beri) mohou prispét
k dalSimu zhorSeni stavu v pribéhu realimentacniho
syndromu (27).

Bylo popsano také respiracni selhani. To mize byt
zpusobeno snizenim dostupného ATP, nezbytného
pro spravnou funkci respiraéniho svalstva. Velka
nutriéni zatéz sacharidy muaze negativné ovlivnit
funkci dychaciho ustroji zvySenou produkci oxidu
uhli¢itého (39).

Neuromuskularni dysfunkce

Neuromuskularni projevy realimenta¢niho syndro-
mu jsou zpUlsobeny hypofosfatémii, deficitem thi-
aminu, dysfunkci erytrocytl a tkanovou hypoxii. Kili-
nicky se mohou projevit paresteziemi, difuzni ztratou
¢iti, syndromem Guillain-Barré, svalovou ochablosti,
rabdomyolyzou, zmatenosti, obrnou mozkovych
nervy, areflexnimi parézami nebo dokonce komatem
(26,39).

Hematologické komplikace a dysfunkce
imunitniho systému

Vyznamnym vedlejSim produktem glykolyzy je 2,3-
difosfoglycerat. Tato latka je regulatorem disociace
kysliku z hemoglobinu a tim prenosu kysliku do tkani.
Deplece 2,3-difosfoglyceratu vede k posunu disoci-
acni kfivky doleva, to znamena, Ze hemoglobin ma
vétsi afinitu ke kysliku (4).

Fosfaty hraji kli€¢ovou roli v optimalni funkci leuko-
cytu, predevSim chemotaxe a fagocytézy. Hemato-
logické nasledky tézké hypofosfatemie zahrnuji
hemolyzu, poruchu morfologie erytrocytu, zvySenou
rigiditu buné€né membrany, sniZzeny kapilarni tranz-



morphology, increased cell membrane rigidity and
reduced capillary transit, thrombocytopaenia, and
clotting disorders (11,36).

Patients at higher risk

Patients at risk are those with a body-mass index
less than 18.5 kg/m?, recent weight loss in excess of
10 % or no nutritional intake for more than 7 days.
Those with a body-mass index less than 16 kg/m? or
recent weight loss greater than 20 % within less than
3 months are at the highest risk (37,41). Risk groups
include alcoholics, anorexia nervosa, postoperative
ileus, stroke patients, prolonged fasting (e.g. in-
patients kept “nil per os” for multiple investigations),
patients with gastrointestinal fistulas, diabetic hyper-
osmolar states, and those taking certain drugs
(insulin, chemotherapy, antacids, diuretics) (8,10,24,
32,37,41). The presence of normal serum electrolytes
does not exclude the risk of refeeding syndrome as
these patients often have a whole body electrolyte
depletion of thousands of mmol (37). The risk of com-
plications is the highest during the first week of
refeeding.

Overall prevalence of refeeding syndrome is esti-
mated to be up to 0.8 % of all hospitalized adult
patients (1). Minor signs of refeeding syndrome could
be seen in up to 20 - 25 of cardiac and 25 % or can-
cer patients who were nutritionally supported (4,36).
Fan et al. (8) found refeeding syndrome in 15/158
(9.5 %) patients treated by total parenteral and/or
enteral nutrition for gastrointestinal fistula. The most
common symptoms were weakness, paralysis of
limbs, slight dyspnoea, paresthaesias, tachycardia,
oedema and diarrhoea (8). Flesher et al. (9) evaluat-
ed early period of enteral nutrition in 51 patients.
Fifty-five per cent were supplemented with thiamine.
Forty patients (80 %) developed depletion in phos-
phate, magnesium or potassium, including 93 % of
those deemed “at risk” and 74 % of those “not at
risk” (9).

Management

Currently there is no consensus about the manage-
ment of refeeding syndrome (39). In general, princi-
ples of treatment include water and sodium restric-
tion, phosphate repletion, gradually increasing nutri-
tion reinstating (low in energy and saccharides) and
thiamine supplementation. Besides basal require-
ments and degree of deficit, other factors such as
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it, trombocytopenii a hemokoagulaéni poruchy
(11,36).

Rizikovi nemocni

Rizikovi pacienti jsou nemocni s indexem télesné
hmotnosti pod 18,5 kg/m?, osoby s aktudlni ztratou
télesné hmotnosti o vice nez 10 % nebo bez pfijmu
potravy déle nez 7 dni. Index télesné hmotnosti pod
16 kg/m? nebo aktualni ztrata hmotnosti o vice nez
20 % za tfi mésice predstavuji nejvyssi riziko (37,41).
Do rizikové skupiny dale patfi alkoholici, anorexia ner-
vosa, pooperacni ileus, osoby s iktem, déle trvajici
hladovéni (napf. hospitalizovani nemocni, ktefi jsou
opakované ponechani v rezimu ,nic per os“ z divodu
rdznych vysSetfeni), pacienti s gastrointestinalnimi
pistélemi, diabetické hyperosmolarni stavy, a osoby
s nékterymi typy farmakoterapie (inzulin, chemote-
rapie, antacida, diuretika) (8,10,24,32,37,41).

Nalez normalnich sérovych hodnot elektrolytl nevy-
luCuje riziko realimentacniho syndromu, jejich
celotélova deplece muze predstavovat tisice mmol
(387). Riziko komplikaci je nejvyssi v pribéhu prvniho
tydne realimentace.

Celkova prevalence realimenta¢niho syndromu je
odhadovana az na 0,8 % vS8ech dospélych hospitali-
zovanych pacientu (1). Méné zavazné pfiznaky reali-
menta¢niho syndromu mohou byt zjistény 20 — 25 %
kardiologickych a az u 25 % onkologickych nemoc-
nych, ktefi dostavaiji nutri¢ni podporu (4,36). Fan et al.
(8) zjistili realimentaéni syndrom u 15/158 (9,5 %)
pacientll s gastrointestinalnimi pistélemi, [éCenych
totalni parenteralni a/nebo enteralni
NejcastéjSimi pfiznaky byly slabost, paréza koncetin,
mirna dyspnoe, parestezie, tachykardie, otoky
a prujmy (8). Flesher et al. (9) hodnotili ¢asnou fazi
enteralni vyzivy u 51 nemocnych. Z nich 55 % byl
podavan thiamin. U 40 pacientd (80 %) se projevila
deplece fosfatli, magnézia nebo kalia, a to vCetné
93 %, ktefi byli povazovani za rizikové, a 74 %, ktefi
byli hodnoceni jako nerizikovi (9).

VyZivou.

Lécba

V soucasné dobé neexistuje zadna vSeobecna
shoda v otazce, jak IéCit realimentacni syndrom (39).
Principy 1é€by zahrnuji restrikci vody a sodiku,
dostateCnou dodavku fosfatl, pomalé postupné
zvySovani vyzivy (zpocatku s nizkymi davkami
sacharidl a celkové energie) a suplementace thi-
aminu. Kromé zakladnich pozadavku a stupné defici-
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renal function, underlying disease, stress, and con-
comitant medication must be considered (21).

Oral and enteral tube feeding are preferred over
parenteral nutrition because of fewer serious compli-
cations and enhanced gastrointestinal tract recovery.
Isotonic feeding should be given in small amounts at
frequent intervals to prevent overwhelming the body’s
limited capacity for nutrient processing and to pre-
vent hypoglycaemia, which can occur during brief
non-feeding intervals. Parenteral supplementation or
total parenteral nutrition may be necessary if the
intestine cannot tolerate oral/enteral feeding (27).

Fluid intake for adults initially should be limited to
approximately 800 mL/day plus replacement for insen-
sible losses. Adjustments are needed in fluid over-
loaded or dehydrated patients. Changes in body
weight are a useful guide to evaluate the efficacy of
fluid administration. Weight gain, greater than 0.25
kg/day or 1.5 kg/week, probably represents fluid accu-
mulation. Daily energy intake should be approximately
15 to 20 kcal’kg and contain approximately 100 g of
saccharides (27). The usual protein requirement is
about 1.2 to 1.5 g/kg/day or about 0.17 g of nitro-
gen/kg/day (4). Sodium should be restricted to approx-
imately 60 mmol or 1.5 g/day but liberal amounts of
phosphate, potassium and magnesium should be
given to patients who have normal renal function test
results. Daily monitoring of body weight, fluid intake,
urine output, and plasma glucose and electrolyte val-
ues (including magnesium and phosphate) are critical
during early refeeding (first 3 to 7 days) so that appro-
priate adjustments can be made (27). However, severe-
ly malnourished individuals may be unable to correct
intracellular electrolyte status unless simultaneous
feeding is given to encourage membrane transfer (37).
Previous regimens recommended 9 mmol over 12
hours up to 30 mmol over 3 hours, being effective in
correcting severe hypophosphataemia in 20 - 50 % of
patients. Terlevich et al. (40) showed that 50 mmol of
phosphate over 24 hours was a safe and effective for
treatment of severe hypophosphataemia in refeeding
syndrome. Attention should also include acid-base
status, concomitant medical problems and drug thera-
py. Prolonged naso-gastric suction, vomiting, diar-
rhoea, and renal dysfunction contribute to electrolyte
abnormalities and alter repletion requirements (39).

Vitamin supplementation should be given routinely.
Intravenous thiamine should be given routinely, i.v. for
three days (50 — 250 mg /day), along with oral (100
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tu je tfeba zvazovat i dalsi faktory, jako jsou renalni
funkce, zakladni onemocnéni, (somaticky) stres
a pravodni medikace (21).

Perorélni pfivod potravy a enteralni vyziva jsou
v8eobecné preferovany pred parenteralni nutrici, pro-
toZze maji méné komplikaci a stimuluji zotaveni gas-
trointestinalniho traktu. Optimalni je podani izotonic-
kého nutricniho pfipravku v malych mnoZstvich
a Castych intervalech, aby se zabranilo prfedavkovani
organizmu nutricnimi substraty a aby se predeSlo
hypoglykemii, kterd by se mohla objevit v obdobi bez
vyzivy. Parenteralni suplementace nebo totalni pa-
renteralni vyziva mohou byt nezbytné v pfipadé, kdy
stfevo netoleruje peroralni nebo enteralni vyzivu (27).

Prijem tekutin dospélych by mél byt sniZzen zhruba
na 800 ml denné (plus nahrada insensibilnich ztrat).
Spravné bilancovani tekutin je nezbytné zejména
u pfevodnénych osob nebo dehydratovanych pacien-
ta. Sledovani zmén télesné hmotnosti je uzite€nym
voditkem. Prirlstek hmotnosti o vice nez 0,25 kg/den
nebo 1,5 kg/tyden pravdépodobné znamena retenci
tekutin. Denni pfijem energie by mél byt pfiblizné 15 -
20 kcal/kg a obsahovat zhruba 100 g sacharidu (27).
Obvykla potfeba proteina je 1,2 — 1,5 g/kg/den nebo
zhruba 0,17 g dusiku aminokyselin/kg hmotnosti/den
(4). Privod sodiku by mél byt snizen pfiblizné na 60
mmol nebo 1,5 g/den. Osobam s normalnimi renalni-
mi funkcemi musi byt zajiStén dostatecny pfivod fos-
fatd, drasliku a hof¢iku. Nezbytné je denni moni-
torovani télesné hmotnosti, diurézy, glykemie a hod-
not minerall (v€etné magnézia a fosfatll) v pribéhu
Casné faze realimentace (prvnich 3 — 7 dnty), aby mohl
byt Ié¢ebny postup optimalizovan (27).

U téZce malnutriCnich osob vSak mnohdy neni
mozno korigovat intracelularni minerdly, pokud nenf
sou€asné podana vyZiva k povzbuzeni mem-
transportu  (37).
doporucovala od 9 mmol na 12 hod. az po 30 mmol
na 3 hod. Takto bylo moZno korigovat hypofosfatemii
u 20 - 50 % nemocnych. Terlevich et al. (40) prokazal,
ze podani 50 mmol fosfatd za 24 hod. je bezpecné
ucinné v lécbé tézké hypofosfatemie u realimen-
tacniho syndromu. Pozornost je tfeba vénovat také
acidobazické rovnovaze, prGvodnim internim pro-
blémuUm a aktualni farmakoterapii. Déle trvajici nazo-
gastrické odsavani, zvraceni, prljem nebo renalni
dysfunkce mohou pfispét k mineralové dysbalanci
a narusit dostate¢né kryti potreb (39).

Vitaminy je potfeba podavat vzdy. Intravendzni thi-
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mg/day) and vitamin B complex (including nicoti-
namide, pyridoxine and riboflavin) (37).

Severely malnourished patients are poikilothermic, so
warm ambient temperature and warming blankets may
be necessary to increase core temperature slowly (27).

Prevention of refeeding syndrome

Risk of refeeding syndrome depends on the severi-
ty of underlying protein-energy malnutrition and
rapidity with which nutritional restitution is accom-
plished. Thus the syndrome can usually be avoided
merely by approaching nutritional repletion in an
incremental fashion over the first several days of
nutritional therapy and careful monitoring for potential
complications, with
(28,27,29,38). Stepwise nutritional replenishment is
mandatory to avoid refeeding syndrome. In a report
of hunger strike in 8 prisoners, subsequent nutrition
reinstating lasted 9 days after 6-week total fasting
without any manifestation of refeeding syndrome (7).
Intravenous thiamine and other B vitamin supple-
ments, together with a complete vitamin and trace
element preparation are needed (37).

intervention as indicated

Prevention of water and sodium overload

In clinical practice the early phase of nutrition reple-
tion requires monitoring at least once a day of body
weight changes, urine collection and assessment of
blood and urinary electrolytes. To prevent fluid over-
load it is necessary to reduce water and sodium
intake up to 60 % of the theoretical requirements,
depending on the hydration state. To preserve the
oncotic pressure infusion of colloids may be indis-
pensable in some cases (1 g/kg body weight at
a slow infusion rate twice a day) (19).

Protein and energy intake

Restricted energy provision is mandatory, those at
the highest risk should start at 10 kcal/kg/day for the
first 48 hours, gradually increasing to meet estimate
needs by day 4 - 6 (37). It is difficult to suppress pro-
tein catabolism in the early phase of nutrition reple-
tion since energy intake should be increased very
slowly. Excessive nitrogen intake may lead to hyper-
ammonaemia and/or metabolic acidosis by exceed-
ing the renal clearance capacity for H* and phosphate
ions. An intake of 0.5 — 1 g/kg of parenteral amino
acids or oral peptides is sufficient to maintain the
plasma amino acid pool (19).

Refeeding syndrome
Realimentaéni syndrom

amin je tfeba podavat rutinné, prvni tfi dny 50 — 250
mg/den i.v., vedle toho i peroralné (100 mg/den)
a komplex vitamint skupiny B (v&etné nikotinamidu,
pyridoxinu a riboflavinu) (37).

Nemocni v téZké malnutrici maji naruSenou termoreg-
ulaci (jsou ,studenokrevni), je tfeba zajistit vy3si poko-
jovou teplotu, popfipadé teplé prikryvky k zajisténi
pomalého zvySovani teploty télesného jadra (27).

Prevence realimenta¢niho syndromu

Riziko realimenta¢niho syndromu na tiZi proteino-
energetické malnutrice a na rychlosti, s jakou je
obnoven pfivod vyzivy. Proto je zpravidla mozna pre-
vence tohoto syndromu jiz pouze tim, Ze je vyZiva
obnovena pomalu postupné v prabéhu nékolika dni,
peclivé jsou monitorovany mozné komplikace s pfi-
padnou lé¢ebnou intervenci (23,27,29,38).

Obnoveni vyzivy postupnymi kroky je v prevenci
rozhodujici. Ve zpravé o realimentaci 8 vézild po
ukonceni Sestitydenni protestni Uplné hladovky trvalo
postupné obnoveni pfijmu potravy 9 dni bez
jakychkoliv pfiznakd realimentacniho syndromu (7).
Nezbytné je podani thiaminu, dalSich vitaminu
skupiny B, ostatnich vitamint a stopovych prvku (37).

Prevence pretizeni vodou a natriem

Casné faze realimentace vyZaduje nejméné jednou
denné monitorovat zmény télesné hmotnosti, diurézu
a mineraly v krvi a v moci. K prevenci pretizeni vodou
je tfeba redukovat pfijem vody a tekutin az o 60 %
teoretické potreby, samoziejmé v zavislosti na stavu
hydratace. K udrzeni onkotického tlaku muize byt
v nékterych pfipadech nezbytné prfechodné podat
infuze koloidld (1 g/kg hmotnosti v pomalé infuzi
dvakrat denné) (19).

Pfijem energie a proteint

Restrikce dodavky energie je nezbytna, u osob
s nejvySSim rizikem bychom méli zacit s 10
kcal/kg/den pro prvnich 48 hodin a postupné stoupat
tak, aby bylo dosazeno v prubéhu 4 — 6 dnu kryti
energetické denni potfeby (37). V €asné fazi realimen-
tace neni mozné zcela suprimovat katabolismus pro-
teinl, protoze energeticky pfijem musi byt zvySovan
velmi pomalu. Vysoky pfijem proteind / dusiku
aminokyselin by mohl vést k azotemii a/nebo meta-
bolické acidoze, pokud by byla pfekroCena kapacita
ledvin pro exkreci vodikovych a fosfatovych iontu.
Prijem 0,5 — 1 g parenteralnich aminokyselin nebo
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Saccharide intake

Constant administration of low dose saccharides is
required to maintain blood glucose homeostasis as
the reserves are limited (19). Refeeding with dextrose-
based solutions should be approach cautiously.
Exogenous administration of glucose does have
some positive effects. It decreases gluconeogenesis
and thus preserves protein stores. However, exceed-
ing optimal rates of glucose administration can result
in hyperglycaemia (39). The generally recommended
upper limit rate of 4 mg of glucose/kg/min. must usu-
ally be decreased at the early stage of refeeding
(mostly, a total daily amount of 100 — 150 g of glucose
must not be exceeded during first days).

Phosphate, potassium and magnesium repletion

Generous supplementation is mandatory, for potassi-
um (2 - 4 mmol/kg/day), phosphate (0.3 - 0.6
mmol/kg/day) and magnesium (0.1 — 0.2 mmol/kg/day),
even in the presence of apparently normal serum elec-
trolyte concentrations (37). Correction of phosphate
depletion should be achieved progressively (with moni-
toring renal functions). It can be dangerous to try to cor-
rect potassium deficiency too rapidly at a stage where
the capacity for fixing potassium remains limited
because of low glucose intake and reduced protein
mass and synthesis. At this early stage of re-nutrition
excessive potassium intake may cause hyperkalaemia
and cardiac arrhythmias (19).

Adaptation of intake

Slow gradual nutrition repletion is mandatory to
adapt refeeding, with optimal provision of (and rela-
tionship between) macronutrients, electrolytes, vita-
mins and trace elements (19).

Conclusions

The refeeding syndrome is quite frequent in current
clinical practice. However, it is relatively poorly recog-
nized and understood. Despite being potentially pre-
ventable, it is often underestimated and is associated
with significant morbidity and lethality. The most
important steps are to identify patients at risk, insti-
tute nutrition support gradually cautiously, and cor-
rect and supplement electrolyte and vitamin deficien-
cies to avoid refeeding syndrome.
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perordlnich peptidd / kg hmotnosti je dostatecny
k udrzeni plazmatického poolu aminokyselin (19).

Prijem sacharidt

Konstantni podavani malych davek sacharid( je
nezbytné k udrzeni glykemie, protoze zasoby glyko-
genu jsou velmi omezené (19). Realimentace roztoky
dextrézy je nevhodna. Exogenni podani glukézy ma
néktera pozitiva, pfedevsim se snizi glukoneogeneza
a snizi se katabolismus proteinu. AvSak prekro€eni
optimalni rychlosti podani glukézy muze vést
k hyperglykemii (39). VSeobecné doporu€ovany horni
limit 4 mg glukézy/kg/min. musi byt v ¢asné fazi rea-
limentace zpravidla snizen (b&hem prvnich dnl se
zpravidla nesmi podat vice nez 100 — 150 g glukézy
denné).

Podani fosfatt, kalia a magnézia

Nezbytné je dodani velkého mnozstvi kalia (2 — 4
mmol/kg/den), fosfatd (0,3 - 0,6 mmol/kg/den)
a magnézia (0,1 - 0,2 mmol/kg/den), a to i v pfipadé
normalnich sérovych koncentraci (37). Upravy
deplece fosfatll by mélo byt dosazeno rychle (pfi
monitorovani renalnich funkci). Snaha o rychlou
korekci deficitu drasliku by mohla byt nebezpecna,
protoZe Uprava kaliového metabolismu je pomala pfi
nizkém prijmu glukézy, redukované proteinové hmoté
a nizké proteosyntéze. V Casné fazi realimentace by
vysoky pfivod drasliku mohl vést k hyperkalemii
a srde¢nim arytmiim (19).

Adaptace na obnoveni pfijmu potravy

Pomalé postupné obnoveni pfijmu potravy je
nezbytné k adaptaci organismu na realimentaci. Je
tfeba zajistit optimalni dodavku (a proporci) makronu-
trientd, minerald, vitamina a stopovych prvkd (19).

Zavéry

Realimentacni syndrom je v sou€asné klinické praxi
Casty. Je v8ak mnohdy nedostate¢né rozpoznan
a chapan. Prestoze je mozno jeho vzniku zabranit, je
Casto podcenén a je spojen s vyznamnou morbiditou
ta¢niho syndromu je identifikovat rizikové nemocné,
obnovit vyZivu postupné&, korigovat a suplementovat
mineraly a vitaminy.

Podékovani
Prace byla z ¢&éasti podporena z vyzkumného
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