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Abstract
Refeeding syndrome is a complex syndrome that  occurs as a result  of  reint roducing nut rit ion 

(oral, enteral, or parenteral) to pat ients who are starved or malnourished. Pat ients can develop 

luid-balance abnormalities, electrolyte disorders (hypophosphataemia, hypokalaemia, and 
hypomagnesaemia), abnormal glucose metabolism, and certain vitamin deiciencies. Refeeding 
syndrome encompasses abnormalit ies affect ing mult iple organ systems, including neurological, 

pulmonary,  cardiac,  neuromuscular,  and haematological funct ions.  Pathogenic mechanisms 

involved in the refeeding syndrome and clinical manifestat ions have been reviewed. We provide 

suggest ions for the prevent ion and t reatment  of refeeding syndrome. The most  important  steps 

are to identify patients at risk, reintroduce nutrition cautiously and correct electrolyte and 
vitamin deiciencies properly.
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Síndrome de realimentación

Resumen
El síndrome de realimentación (SR) es un cuadro clínico complejo que ocurre como consecuencia de 

la reintroducción de la nutrición (oral, enteral o parenteral) en pacientes malnutridos. Los pacientes 

presentan trastornos en el balance de luidos, anomalías electrolíticas —como hipofosfatemia, hipo-

potasemia e hipomagnesemia— alteraciones en el metabolismo hidrocarbonado y déicits vitamíni-
cos. Esto se traduce en la aparición de complicaciones neurológicas, respiratorias, cardíacas, neuro-

musculares y hematológicas. En este art ículo se han revisado la patogenia y las característ icas 

clínicas del SR, haciendo alguna sugerencia para su prevención y tratamiento. Lo más importante en 

la prevención del SR es identiicar a los pacientes en riesgo, instaurar el soporte nutricional de forma 
prudente y realizar una corrección adecuada de los déicits de electrolitos y vitaminas.

© 2009 SEFH. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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Deinition

We use the term “ refeeding syndrome”  (RS) to describe the 
met abol ic al t erat ions t hat  occur  when administ er ing 
nut rit ion, whether by oral, enteral, or parenteral means, to 
severely malnourished or food-deprived individuals. 1 The 
fundamental condit ion in RS is severe hypophosphataemia,2 
which is accompanied by f luid balance abnormal i t ies, 
carbohydrat e met abol ism al t erat ions,  cert ain vi t amin 
def i ciencies such as t hiamine def i ciency,  as wel l  as 
hypopot assaemia and hypomagnesaemia. 2 Cl inical ly,  t his 
signi f ies t he appearance of  neurological ,  respi rat ory, 
cardiovascular,  haematological,  and other abnormalit ies a 
few days af t er resuming feeding,  which increases pat ient  
morbidity and even mortality.3

The classic study describing RS was carried out  by Keys et  
al4 in healthy males who were conscient ious objectors during 
World War II.  The part icipant s subj ect ed t hemselves t o 
semi-starvat ion during 6 months,  af t er which normal oral 
f eedi ng was r esumed.  The r esul t  was decr eased 
cardiovascular reserve wit h heart  fai lure in some cases. 
Similar cl inical  resul t s were seen af t er rest oring normal 
nut rit ion t o individuals who had been besieged or held in 
concent rat ion camps during World War II. 5 Subsequent ly, 

with the arrival of parenteral (PN) and enteral (EN) nut rit ion, 
the same types of complicat ions were seen in malnourished 
pat ients who received aggressive nut rit ional therapy.6

There are numerous causes of  hypophosphat aemia, 
hypomagnesaemia,  and hypopot assaemia apart  f rom RS, 
especial ly in severe cases wit h hospit al ised pat ient s.  The 
most common are listed in Table 1, and should be taken into 
account  when performing dif ferent ial diagnosis.

Epidemiology

RS is a common phenomenon in malnourished pat ients with 
a previous deplet ion of  lean body mass. It s incidence rate 
varies according t o t he series and t he diagnost ic crit eria 
t hat  are used.  Hernández Aranda et  al 7 report ed an RS 
incidence rate of  48% in a cohort  of  148 pat ients receiving 
nut rit ional therapy whose malnourishment  ranged from mild 
t o severe.  González et  al 8 diagnosed RS in 25% of  107 
oncology pat ients who received PN or EN; the incidence rate 
was higher in t he subgroup receiving EN.  Flesher et  al 9 
evaluated the appearance of abnormalit ies consistent  with 
RS in 51 pat ients receiving EN in whom the nut rit ional goal 
was reached in only 17 hours. Eighty percent  of the pat ients 

Table 1 Causes of hypophosphataemia, hypomagnesaemia, and hypopotassaemia

Hypophosphataemia

 Causes that provoke extra-intracellular mobility
  Refeeding syndrome

  Alkalosis
  Gram-negat ive sepsis

  Intoxicat ion: salicylates

  Drugs: insulin, int ravenous glucose, adrenaline, 

    salbutamol, terbutaline, dopamine, erythropoietin, G-CSF

 Causes that  decrease intest inal absorpt ion

  Drugs: antacids containing aluminium

 Causes that  increase renal excret ion

  Primary hyperparathyroidism

  Secondary hyperparathyroidism

  Renal tubular disorders

  Hyperaldosteronism

  Poorly cont rolled diabetes

  Alcoholism

  Hypercalcaemia

  Hypomagnesaemia

  Intoxicat ion: iron, cadmium

  Drugs: diuret ics, cort icosteroids, bicarbonate,  

   oest rogens in high doses, iphosphamide, cysplat in,  

   foscarnet , pamidronate

 Other causes: vomit ing, diarrhoea, and surgery

Hypomagnesaemia

 Causes provoking exit from the extracellular space
  Refeeding syndrome

  Correct ion of respiratory acidosis

  Correction of diabetic ketoacidosis
  Other: pancreat it is, t ransfusions, burns, sweat ing

 Causes that  decrease gast rointest inal absorpt ion

  Malabsorpt ion syndrome

 Causes that  increase gast rointest inal losses

  Vomiting, diarrhoea, istulae
 Causes that  increase renal excret ion

  Tubular disorders

  Hyperaldosteronism

  Inappropriate secret ion of ant idiuret ic hormone

  Diabetes mellitus

  Hyperthyroidism

  Hypercalcaemia

  Alcoholism

  Drugs: diuret ics (loop, thiazides, osmot ics), cysplat in,  

   pentamidine, cyclosporin, aminoglycosides, foscarnet ,  

   amphotericin B, tacrolimus

Hypopotassaemia

 Causes that provoke extra-intracellular mobility
  Refeeding syndrome

  Alkalosis
  Hypothermia

  Theophylline intoxicat ion

  Drugs: insulin, b-st imulants

 Causes that provoke extrarenal losses
  Profuse sweat ing

  Diarrhoea, vomit ing

  Drugs: laxat ives

 Causes that  increase renal excret ion

  Hyperaldosteronism

  Diabetic ketoacidosis
  Polyuria

  Hypomagnesaemia

  Drugs: diuret ics (loop, potassium-sparing), penicill in,  

   amphotericin B, aminoglycosides
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presented phosphate, magnesium, or potassium deiciencies 
after beginning EN. The incidence rate ranged between 74% 
in the patient group considered “not at risk,” and 93% in the 
“at risk” group9 (Table 2).

Hypophosphat aemia is a relat ively f requent  f inding in 
hospit al ised pat ient s;  i t  af fect s bet ween 3% and 42% of 
them. The incidence rate is especially high in intensive care 
and infect ious disease units.10 Marik and Bedigian11 detected 
hypophosphat aemia relat ed wi t h ref eeding in 34% of 
intensive care pat ients after a fast  of only 48 hours. 

Physiopathology

The pref er red sources of  energy used by t i ssues are 
carbohydrates. Our bodies dispose of  a l imited reserve, in 
the form of glycogen stored in the liver and muscle t issue. 
During the init ial fast ing period, glycogen deposits are used 
as an energy source.  When these deposit s are exhausted, 
the proteolysis process begins.  It  provides amino acids for 
gluconeogenesis, which makes glucose available to those 
issues that  depend on it  (the cerebrum, renal medulla, and 
red blood cel ls).  Af t er 72 hours of  fast ing,  t he metabol ic 
channels change to l ipolysis and obtain f ree fat t y acids in 
order to prevent the recruitment of proteins from skeletal 
muscle. These free fat t y acids can follow 2 channels:  on a 
peripheral level,  they are used by cells to produce energy, 
and on a hepat ic level ,  t hey are used as subst rat es for 
synthes is ing ketone bodies  (acetyl -acet ic  ac id, b-hydroxybutyric acid, and acetone) by ketogenesis. The 
brain can use ketone bodies that cross the haematoencephalic 
barrier as an energy source. However, these cells’  ability to 
oxidise ketone bodies is limited, which leads to a condition 
of ketosis, followed by metabolic acidosis.

In addit ion t o t he metabolic response described above, 
cer t ain hormonal  changes int ended t o maint ain vi t al 
funct ions also occur during this adapt ive process: a decrease 
in insulin and an increase in glucagon,12 increased secret ion 
of the growth hormone (lipolytic and ketogenic action), 
decrease in insulin-like growth factor (IGF-1), decrease in 
t ri iodothyronine,  increased cort isol secret ion,  decreased 
lept in13,14 concentrat ions, and an increase in catecholamines. 
All of these hormonal changes lead to a diminished baseline 
metabolism and increase the availability of certain energet ic 
subst rates.

In addit ion to weight  loss, a decrease in cell mass and an 
increase in ext racel lular water also occur during fast ing. 
Pl asma val ues f or  el ect r ol yt es such as pot assi um, 
phosphorus,  and magnesium remain at  normal  levels; 
however, their total body amount  decreases. 

RS pathogenesis is complex,  since it  involves metabolic 
and physiological changes that  occur during the subst rate 
deplet ion and replet ion phases, with result ing compartmental 
deviat ions of  elect rolytes,  changes in glucose and vitamin 
metabolism and the use of corporal water. When feeding is 
resumed, part icularly if it  is carbohydrate-based, there is an 
increase in insulin secret ion that  favours anabolism and the 
ent ry of  cert ain element s (phosphorus,  pot assium,  and 
magnesium) int o t he cel l  int er ior,  which gives r ise t o 
decreased plasma concent rat ions for those elements.15 The 
exact  mechanism by which t he f luid imbalance occurs is 
unknown, but it is believed that water and sodium retention 

could be due t o an ant i -nat r iuret ic ef f ect  caused by 
hyperinsul inaemia. 16 Thiamine is an essent ial  cofact or in 
carbohydrate17 metabolism, and therefore int roducing high 
quant i t ies of  carbohydrat es increases t he demand f or 
t hiamine.  Although it is difficult to know if the thiamine 
def iciency is due t o refeeding or t o t he f ast ing st at e, 
malnourished patients are at risk of developing a deiciency 
and its associated complicat ions. There is also an increase in 
T4 to T3 conversion,18,19 which leads to an increase in energy 
output . Figure shows RS physiopathology.

Clinical manifestations

Clinical manifestat ions of  RS derive f rom the ef fect s t hat  
the hydroelectrolyte alterations and vitamin deiciencies 
have on dif ferent  systems and organs (Table 3).

Hypophosphataemia

Phosphat e is t he main int racel lular anion.  There are 
approximately 700 g of  phosphate deposit s in an average 
adult body, 80% of which are located in the skeleton, nearly 
20% in soft  t issue and muscle,2 and only 1% in ext racellular 
l iquid. The average consumpt ion of phosphorus is between 
1000 to 1400 mg daily for a Western diet . Eighty percent  of 
t he ingest ed phosphorus is absorbed,  most  t hrough t he 
j ej unum by passive t ransport ,  and a smal l  percent age 
through vitamin D-dependent  act ive t ransport .20 The main 
elimination channel for phosphorus is the kidney; 90% of all 
phosphorus is excreted through the urinary t ract  and only 
10% through the gast rointest inal t ract .21

The normal serum phosphorus level stays within a narrow 
margin of  2.5 t o 4.5 mg/ dL (1 mg/ dL = 0.32 mmol / L), 
although its concentration level does not always relect the 
t ot al  body cont ent .  Short -t erm regulat ion of  phosphorus 
levels is done by transcellular low between intracellular 
and ext racel l ul ar  compar t ment s,  depending on t he 
carbohydrates and lipids ingested, and on any modiications 
in t he acid-base balance. 22 Skeletal muscle and bone are 
endogenous phosphorus reservoirs; therefore, in the event  
of hypophosphataemia, muscular phosphorus is recruited to 

Table 2 Patients at risk for developing refeeding 
syndrome

Kwashiorkor or marasmus
Anorexia nervosa

Malnutrition linked to chronic diseases, (cardiac cachexia,  
 COPD, cirrhosis)

Chronic alcoholism

Cancer pat ients

Those with a 7-10 day fast  associated with st ress  

 or deplet ion

Post -op pat ients

Morbidly obese pat ients following massive weight  loss

Hunger strikers
Diabet ic hyperosmolar decompensat ions

COPD indicates chronic obst ruct ive pulmonary disease.
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supply vital organs (brain, heart, suprarenal veins, kidneys, 
t hyroid,  pancreas,  and spleen).  Long-t erm regulat ion 
depends on the kidney.  Phosphorus is filtered in the 
glomerule and 85% of  t he f i l t rat e is reabsorbed in t he 
proximal  t ubule t hrough t he t ype II sodium-phosphat e 
t ransporter (NaPi-2a).  The tubular phosphate reabsorpt ion 
rate depends on t he number of  t ransporters.  Parathyroid 
hormone (PTH) causes int racel lular int ernal isat ion and 
degradat ion of  t ransporters,  which leads to a decrease in 
phosphat e r eabsor p t i on and t he appear ance of 
phosphaturia.23 In addit ion to PTH, other hormonal factors 
also inluence NaPi transporters: insulin, glucagon, growth 
hormone, glucocort icoids, and 1-25 dihydroxyvitamin D.24

The phosphat e is essent ial  f or cel l  f unct ion.  It  has a 
structural role as a component making up phospholipids, 

nucleoproteins and nucleic acids; it plays a key part in 
met abol ic pat hways,  such as glycolysis and oxidat ive 
phosphori lat ion, 25 and i t  is impl icat ed in t he cont rol  of 
enzymat ic processes t hrough prot ein phosphor i lat ion. 
Phosphate acts as a cofactor of glyceraldehyde 3-phosphate 
d e h y d r o ge n ase .  T h e r e f o r e ,  i n  t h e  e v e n t  o f 
hypophosphat aemia,  i t  decreases product i on of  2, 3 
diphosphoglycerate (2,3-DPG) and adenosine t riphosphate 
(ATP). 26 2,3-DPG makes up 80% of the organic phosphate 
composit ion of erythrocytes and it  is involved in regulat ing 
the oxygen-haemoglobin dissociat ion curve, and therefore, 
the liberat ion of oxygen to t issues.27

Hypophosphataemia in RS typically appears in the 3 irst 
days af t er beginning nut rit ional t herapy.  The factors t hat  
various studies have related to its appearance are as follows: 

Gluconeogenesis
Proteolysis
Negat ive nit rogen balance
Lipolysis

Energy procurement

Hormonal changes

Insulin decrease
Glucagon increase
GH increase
IGF-1 decrease
Triiodothyronine decrease
Cort isol secret ion increase
Lept in level decrease

Decrease in cell mass
Increase in ext racellular water

Vitamin and mineral def iciency

Fast ing/ malnut rit ion

Refeeding

Hyperinsulinaemia Retent ion of sodium and water

Increase in cellular glucose uptake
Increase in protein synthesis (anabolism)

Increase in thiamine requirement

Hypophosphataemia
Hypopotassaemia
Hypomagnesaemia

Cellular internalisat ion of phosphate, 
potassium, and magnesium

Figure Refeeding syndrome physiopathology.
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Table 3 Clinical manifestat ions of refeeding syndrome

System Hypophosphataemia Hypopotassaemia Hypomagnesaemia Thiamine 

deiciency
Na+ Retent ion/

luid overload

Digest ive Anorexia Vomit ing Anorexia

Nausea Ileum Nausea

Vomit ing Const ipat ion Vomit ing

Worsening of hepat ic 

encephalopathy

Diarrhoea

Cardiovascular Heart  failure Myocardial cont ract il it y  

 alterat ion

Elect rocardiographic changes 

  (depressed ST, lattened or 
inverted T waves, U waves), 

arrhythmias (auricular 

tachycardias, bradicardia, 

block auriculoventricular, 
tachycardia or vent ricular 

ibrillation) increase  
f rom sensibilit y to digital 

intoxicat ion, 

hypothension,  

sudden death

Elect rocardiographic  

  changes (long PR, 

wide QRS, long QT, 

decrease ST, waves T 

pointed or lattened), 
arrhytmias (auricular 

ibrillation, 
vent ricular 

arrhytmias, torsade 

de pointes, 

ext rasistoles 

vent ricular)

Heart  failure Heart  failure

Arrhythmias

Sudden death

Respiratory Altered diaphragm  

 cont ract il it y

Respiratory insuficiency

Respiratory  

 failure

Haemato- 

 logical

Increased  

  haemoglobin 

afinity for 
oxygeno

Haemolyt ic 

 anaemia

Thrombocytopaenia

Altered platelet  

funct ion

Altered white blood 

 cell funct ion

Skeletal Weakness Weakness, rhabdomyolysis, Weakness
 muscular Myalgias  muscular necrosis Fasciculat ions

Rhabdomyolysis Tetany

Proximal myopathy

Nervous Paraesthesia  

  Acute laccid  
 paralysis 

Cranial pair  

 paralysis 

Convulsions 

Drowsiness 

Disorientat ion 

Coma

Paraesthesia, arrelexia, 
  paralysis

Ataxia Irritabilit y  

  Convulsions Vert igo 

Personality 

alterat ions Coma

Peripheral  

 neuropathy

Wernicke’s  
 encephalo- 

 pathy

Korsakov’s 
 syndrome

Kidney Acute tubular  

 necrosis

Polyuria

Metabolism Hypomagnesaemia Carbohydrate intolerance,  

 metabolic alkalosis
Hypocalcaemia 

Hypopotassaemia

Lact ic acidosis
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hypoalbuminaemia,  prealbumin <110 g/ L,  and forearm 
circumference and muscular area in the 5th percent ile. It  is 
likely that these factors merely represent the patient’s 
previous severely malnourished st at e and do not  play a 
pathogenic role in the appearance of hypophosphataemia.26

Hypophosphat aemia is considered severe when serum 
phosphate is <1 or 1.5 mg/ dL,26 moderate when the values 
are bet ween 1.5 and 2.2 mg/ dL and mi ld when serum 
phosphat e levels are bet ween 2.3 and t he lower normal 
l imit . 1 Symptoms appear when phosphorus levels are <1.5 
mg/ dL, or at  higher levels if  the decrease is rapid, and they 
are very apparent  when levels are <1 mg/ dL.  Severe 
hypophosphataemia induces signiicant alterations on the 
neurological ,  cardiac,  respirat ory,  and haemat ological 
levels, and can lead to death.1  The mortality rate in pat ients 
with severe hypophosphataemia is 30%.28

Cardiovascular  syst em.  Cardiovascular compl icat ions 
appear in the first week in which nutrition is resumed. 
Prolonged fast ing leads to the at rophy and deplet ion of ATP 
in myocardial cells, which results in cont ract ile alterat ion. 
In this situat ion, the replacement  of l iquids in conj unct ion 
wi t h t he ret ent ion of  sodium and wat er  secondary t o 
refeeding wit h carbohydrat es creat es a volume overload 
that  can give rise to heart  failure. Severe hypophosphataemia 
leads to changes in cardiac funct ion that  are related t o a 
depressed myocardial  funct ion due t o ATP deplet ion and 
direct  myocardial  damage. 3 In a group of  pat ient s wit h 
phosphate levels between 0.7 and 1.4 mg/ dL, O’ Connor et  
al29 describe decreases in volume per beat ,  mean arterial 
pressure, and cardiac output  and an increase in pulmonary 
capillary pressure that improve signiicantly when phosphate 
is replaced.

In this situation, hypotension, pericardial effusion, shock, 
arrhythmias, and sudden death may occur. Hypophosphataemia 
is a direct cause of ventricular arrhythmias; the risk increases 
if hypomagnesaemia and hypopotassaemia are simultaneous.30 
Arrhyt hmias appear in up t o 20% of  hypophosphat aemic 
pat ients with no underlying heart  disease and in the event  of 
an acute myocardial infarction, there is an increased risk of 
ventricular tachycardia.

Haemat ological  syst em.  Hypophosphat aemia causes a 
decrease in ATP and int raerythrocyt ic 2,3-DPG. The decrease 
in 2,3-DPG increases haemoglobin’s afinity for oxygen, thus 
shif t ing the dissociat ion curve to the left  and consequent ly 
decreasing oxygen l iberat ion t o peripheral  t issues. 2 The 
20%-50% decrease in int raerythrocyt ic ATP with respect  to 
i t s normal  value causes t he appearance of  reversible 
spherocytosis with an increase in cell membrane rigidit y. 31 
This cont ribut es t o worsening t issue hypoxia because i t  
impedes the passage of erythrocytes through the capillaries, 
which also leads to the onset  of haemolyt ic anaemia. 

Hypophosphataemia severely alters platelet  survival and 
f unct ion and can cause t hrombocyt opaenia,  plat elet  
aggregat ion disorders and secondary haemorrhages. White 
blood cells are also affected, with chemotact ic, phagocyt ic 
and bactericide funct ion disorders, which may increase the 
probability of sepsis in high-risk patients.32

Respirat ory syst em.  Respiratory dysfunct ion in pat ients 
wi t h hypophosphat aemia is secondary t o t he glycolysis 
decrease,  and probably also t o t he drop in ATP levels in 
respirat ory muscles.  Severe hypophosphat aemia al t ers 
diaphragm cont ract ilit y.33 The clinical proile may present as 

decreased vit al  capacit y,  respirat ory fai lure or dif f icul t y 
disconnect ing pat ients from mechanical vent ilat ion.

Ner vous syst em.  The mechani sm f or  neurol ogi cal 
dysfunction in hypophosphataemia is not well-deined, but 
i t  has been suggest ed t hat  t issue hypoxia secondary t o 
haemolytic anaemia and haemoglobin’s increased afinity 
for oxygen could be t he cause. 3 Neurological  al t erat ions 
descr ibed in relat ion wi t h hypophosphat aemia are as 
fol lows:  paralysis of  cranial  pairs,  paraest hesia,  fat igue, 
t et any,  hal lucinat ions,  del i r ium,  convulsions,  let hargy, 
confusion, and coma. Some patients may present a proile 
similar to Guillan-Barré syndrome, which manifests as acute 
laccid paralysis.32 For RS pat ients who develop neurological 
dysfunction, we must consider the possibility of Wernicke’s 
encephalopathy.

Musculoskeletal system Musculoskeletal system dysfunction 
secondary to hypophosphataemia can manifest  clinically as 
weakness, myalgia, rhabdomyolysis, or diaphragm weakness. 
Some patients present proximal myopathy with dificulty 
walking. Depletion of ATP in myocytes, and probably the 
creatine kinase alterations as well, lead to muscle weakness 
and sarcolemmal rupt ure wit h rhabdomyolysis,  which is 
especi al l y common i n al cohol i c pat i ent s wi t h RS. 32 
Rhabdomyolysis can lead to the appearance of acute tubular 
necrosis.

Ot hers. Hypophosphataemia can also provoke psychiatric 
symptoms, such as anxiety or visual or auditory hallucinat ions. 
On a gast rointest inal level,  anorexia, nausea, vomit ing, or 
changes in liver funct ion tests may also appear.26 Magnesium 
excretion increases in the kidneys, and hypomagnesaemia 
appears.34

Hypopotassaemia

Pot assium is t he main int racel lular cat ion.  Ninet y-eight  
percent  of  t he body’ s t ot al  cal cium is l ocat ed in t he 
intracellular space. Excretion takes place through the 
kidneys (80%), and the rest is eliminated in faeces and 
sweat .  Pot assium has various physiological funct ions and 
cont ributes to the maintenance of membrane potent ial and 
t he r egul at i on of  gl ycogen and pr ot ei n synt hesi s. 
Hypopot assaemi a al t ers t he t ransmembrane act i on 
pot ent ial ,  resul t ing in i t s hyperpolarisat ion and al t ered 
muscle cont ract i l i t y. 35 The body’s pot assium cont ent  is 
regulated by the kidneys. The distal neuron secretes 
potassium in response to aldosterone, alkalosis, a potassium-
r ich diet  or an increase in sodium del ivery t o t he dist al 
convoluted tubule.36

We speak of mild to moderate hypopotassaemia when 
serum potassium levels are between 2.5 and 3.5 mEq/ L. The 
pat ient  may present  gast roint est inal  sympt oms,  such as 
nausea, vomiting, and constipation as well as weakness. If it 
is unt reat ed,  i t  can progress t o severe hypopot assaemia 
(serum pot assium <2.5 mEq/ L) wi t h t he appearance of 
neuromuscular dysfunction (laccid paralysis, paraesthesia, 
rhabdomyolysis,  muscle necrosis,  respi rat ory f ai l ure, 
confusion) and disorders affect ing myocardial cont ract il it y 
and signal conduction. Severe hypopotassaemia provokes 
el ect rocardi ographi c changes,  such as ST segment  
depression, lattened, or inverted T wave, or presence of U 
waves.37 The pat ient  may present  cardiac arrhythmias, from 
atrial tachycardia, bradycardia, atrioventricular block  
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and vent ricular ext rasyst oles t o t achycardia,  vent ricular 
ibrillation, and even sudden death. Other clinical signs of 
hypopotassaemia are the appearance of glucose intolerance, 
metabolic alkalosis, worsening of hepatic encephalopathy 
and increased digitalis toxicity.26

Hypomagnesaemia

Magnesium is the second most  abundant  int racellular cat ion 
(the most  abundant  divalent  cat ion). Ninety-nine percent  of 
t he body’s t ot al  magnesium is int racel lular and locat ed 
fundament al ly in bone and muscle.  Therefore,  as wi t h 
phosphate or potassium, serum levels do not properly relect 
t he body’ s t ot al  magnesium or  magnesium l evel s i n 
intracellular luid.

Only 30% of the magnesium that  is ingested is absorbed. 
Absorption takes place in the proximal part of the small 
int est ine and is not  vi t amin D dependent .  Excret ion is 
fundament al ly renal . 26 It  act s as a cofact or of  numerous 
enzymes and part icipates in regulat ing different  biochemical 
react ion, such as oxidat ive phosphorylat ion.

Hypomagnesaemia is f requent  in crit ical ly i l l  pat ient s, 
and it  is associated with increased morbidity and mortality. 
Normal serum levels are between 1.8 and 2.5 mg/ dL (0.65-1 
mmol/ L). Pat ients with mild to moderate hypomagnesaemia 
(serum magnesium level  bet ween 1 and 1.5 mg/ dL) are 
general ly asympt omat ic,  which is not  t he case for t hose 
with severe hypomagnesaemia (serum levels <1 mg/ dL).  It  
has di verse cl i ni cal  mani f est at i ons:  neuromuscul ar 
dysfunction (trembling, paraesthesia, tetany, hyperrelexia, 
fasciculat ions,  convulsions,  at axia,  nyst agmus,  vert igo, 
muscle weakness, depression, irritability, psychotic proile, 
etc),  elect rocardiographic changes (prolonged PR interval, 
long QRS complex,  prolonged QT int erval ,  depressed ST 
segment, pointed or lattened T waves), cardiac arrhythmias 
(at rial  f ibri l lat ion,  vent ricular t achycardia,  t orsades de 

point es), and even death.
At  t he same t ime,  hypomagnesaemia can f avour t he 

appearance of  hypocalcaemia or hypopot assaemia,  or 
compl i cat e t he t reat ment  of  pre-exist ing disorders. 
Hypocalcaemia induced by hypomagnesaemia is the result  
of alterat ions in PTH secret ion and act ion upon target  cells 
in bone and kidney tissue.38 Resistance to vitamin D is also 
charact er ist ic of  hypomagnesaemia;  i t  is relat ed t o an 
anomaly in 1-a-hidroxylation of 25(OH)D in the kidney, and 
to t issues being resistant  to 1,25(OH)2D3. Hypomagnesaemia-
induced hypopot assaemia is due t o an alt erat ion in Na+/
K+-ATPase act i vi t y,  and increased renal  l oss of  t hat  
elect rolyte.

Thiamine deiciency

Thiamine or vit amin B1 is a hydrosoluble vit amin which is 
necessary for carbohydrate metabolism because it  acts as a 
cofactor for pyruvate dehydrogenase and transketolases. 
Thiamine deiciency causes an increase in blood levels of 
pyruvate, which is t ransformed into lactate. This excessive 
lactate format ion gives rise to lact ic acidosis. The minimum 
recommended al l owance in adul t s i s 1 mg dai l y.  The 
vit amin’s absorpt ion ef f iciency is great er t han 80%,  and 
absorption takes place by a specific active transport 
mechanism in t he proximal  part  of  t he smal l  int est ine. 

There are about  30 mg of  deposit s in t he body,  and t hey 
become rapidly depleted in the event  of malnut rit ion. The 
clinical condit ions that  are most  commonly associated with 
t hiamine def ici t  are chronic alcohol ism,  malabsorpt ion 
syndromes,  and pregnancy-relat ed nausea and vomit ing. 
Thiamine deiciency can lead to the appearance of heart 
failure, Wernicke’s encephalopathy (eye disorders, 
confusion, ataxia, and coma), and Korsakov’s syndrome 
(short -term memory loss and confabulat ion).2 

Ingest ing carbohydrates increases the need for thiamine. 
The appearance of Wernicke’s encephalopathy has been 
described in malnourished patients with a thiamine deicit 
who received PN with a high carbohydrate content .39

Sodium retention and luid overload

Sodium retention and expansion of extracellular luid, with 
the accompanying risk of cardiac decompensation, may 
appear in early phases of RS.40 The risk is greater in patients 
with severe malnut rit ion, due to possible myocardial at rophy 
and hypocont ract ilit y.

Prevention

RS not  well understood by medical professionals outside of 
the nut rit ional specialty and it  is probably underdiagnosed.1 
Fact ors commonly associat ed wit h t he appearance of  RS 
are t he presence of  malnut r i t ion,  aggressive refeeding 
met hods in ear ly st ages wi t hout  adequat e phosphat e, 
magnesium,  pot assium,  and t hiamine supplement s,  and 
t he presence of  associat ed condit ions which exacerbat e 
the micronutrient, mineral and electrolyte deiciencies.41 
To prevent  t he onset  of  RS and avoid t he associat ed 
morbidity and mortality, we should follow a list of key 
steps, shown below: 

1.    Perform a complete medical and nut rit ional assessment  
of  t he pat ient  before beginning nut rit ion therapy.  This 
will enable us to identify patients at risk for developing 
RS (Table 2).

2.    Moni t or  t he pat ient  analyt ical l y bef ore and dur ing 
refeeding.  This includes a complet e haemogram and 
biochemical  prof i l e.  Serum l evel s of  phosphorus, 
magnesium and pot assium may not  ref lect  t he body’s 
t ot al  deposit s in a rel iable way;  t est ing urine may be 
useful for detecting deiciencies.

3.   Correct  t he wat er balance and elect rolyt e anomal ies 
(especially hypophosphataemia, hypopotassaemia, and 
hypomagnesaemia) bef ore beginning t o administ er 
nut r ient s.  In pract ice,  t his means delaying f eeding 
between 12 and 24 hours.

4.   Avoid overfeeding,  regardless of  t he met hod used t o 
est imat e caloric obj ect ives.  The minimum amount  of 
glucose required in a 70 kg adult to suppress 
gluconeogenesis, store proteins and provide the cent ral 
nervous system with fuel is 100-150 g/ day. The goal for 
protein is about 1.2 to 1.5 g/kg/day, although there will 
be pat ients with larger or smaller requirements.

5.    Resume feeding with caut ion (25% of the calculated need 
on the irst day) and gradually raise the food supply to 
the target  level in 3 to 5 days.1 Other authors recommend 



190 Fernández López MT et  al

beginning with 20 kcal/kg/day or an average of 1000 
kcal/day, and slowly raising the amount during the irst 
week until the patient is metabolically stable.3 

6.   Supplement  elect rolytes empirically before and during 
nut r i t ion t herapy.  The increase in t he calor ie load 
decreases serum phosphorus levels.  A minimum of  10- 
15 mmol of phosphate must be provided per 1000 kcal in 
order  t o maint ain normal  serum concent rat ions in 
pat ient s wit h a normal  renal  funct ion.  Pat ient s wit h 
severe malnut rit ion,  crit ical i l lnesses, t rauma or burns 
may suffer from a total body phosphate deiciency, and 
also pot assium and magnesium def iciencies,  so t heir 
needs wil l  be higher.  Af t er st art ing nut ri t ion t herapy, 
elect rolyt es wil l  be supplement ed according t o t heir 
serum levels and the response to the t reatment .1

7.   Restrict sodium (<1 mmol/kg/day) and liquids to avoid 
volume overload. Liquids will be rest ricted in such a way 
as to allow renal funct ion to be maintained, replace lost  
l iquids and avoid weight  gain.  Pat ients should not  gain 
more than 0.5–1kg per week. Any weight gain above  
1 kg/week is probably the result of retaining luids.42

8.    Administer vitamin supplements: parenteral mult ivitamin 
formulas provide the vitamin requirements recommended 
by the American Medical Associat ion. They contain 3 or  
6 mg thiamine. Thiamine requirements are higher in the 
malnour ished,  alcohol ics,  pat ient s recover ing f rom 
operat ions and pat ients who have undergone fast ing or 
who have suf fered serious episodes of  vomit ing.  We 
recommend the empirical administ rat ion of 50 to 250 mg 
thiamine at  least  30 minutes before beginning feeding.2 
Thiamine should be administ ered in doses of  50 t o  
100 mg/ day int ravenously (IV) or 100 mg/ day oral ly 
during 5 to 7 days in patients at risk for this vitamin 
deiciency or for developing RS.1 Pat ient s may also be 
given 1 t o 5 mg/ day of  fol ic acid during 5 t o 7 days, 
although this does not  seem to prevent  RS.2 Administering 
a mult ivitamin complex to these pat ients on a daily basis 
seems t o be a safe and inexpensive way of  prevent ing 
complicat ions.

9.    Monitor the pat ient  st rict ly.  The goal is early detect ion 
of  any dat a suggest ing RS.  There should be rout ine 
checks of the heart and respiratory rates, arterial 
pressure and pulse oximet ry. It  is important  to assess the 
wat er balance,  weigh pat ient s regularly and perform 
physical  examinat ions t o search for oedema or ot her 
signs that  would indicate a volume overload. Detect ing 
any symptoms or signs that  would indicate neuromuscular 
dysfunct ion is also important ,  and elect rocardiograph 
monitoring should be used when possible.1

Treatment

If  a pat ient  is diagnosed with RS, nut rit ion therapy must  be 
discontinued immediately. Treatment will include taking the 
necessary supplementary steps (t reat ing cardiovascular and 
respiratory manifestat ions, etc) and correct ing elect rolyt ic 
anomalies. In the event  of  neurological changes, a dose of 
100 mg IV t hiamine must  also be administ ered.  Nut rit ion 
may be reint roduced when the pat ient  is asymptomat ic and 
stable. A slow pace is recommended when resuming feeding 
(approximat ely 50% of  t he pace t hat  had been fol lowed 

previously),  wi t h gradual  increases over  4 t o 5 days, 
supplement ing elect rolytes and vitamins appropriately and 
carefully monitoring the pat ient .

Treating hypophosphataemia

Treatment  for hypophosphataemia depends on it s severit y, 
t he presence or absence of  sympt oms and t he rout e of 
administ rat ion t hat  we may use (enteral or parenteral). 1 
Some authors believe that  t reat ing it  is not  necessary unless 
the pat ient  has symptoms or the serum phosphate level is 
<0. 3mmol/ L (1 mg/ mL).2 In Table 4, we can see some of the 
pharmacological forms, and their content , which we can use 
for t reat ing hypophosphat aemia,  hypopot assaemia,  and 
hypomagnesaemia.

Asymptomat ic pat ients with funct ioning gast rointest inal 
t ract s who have mild1 or moderat e43 hypophosphat aemia 
can be treated with oral phosphates, keeping in mind that 
it  can cause diarrhoea. Symptomat ic pat ients with a severe 
deiciency, or those whose digestive tract is not functional, 
will receive IV supplementat ion.  The recommended doses 
are empirical ,  since t he serum phosphat e level  does not  
correlat e wit h t he body’s t ot al  deposit s and t here is no 
way of  predict ing t he response t o supplement at ion.  For 
this reason, very close clinical and analyt ical monitoring is 
needed. One possible guideline for replacing IV phosphate 
would be administering 0.08-0.16 mmol/kg weight when 
serum phosphate is 2.3-2.7 mg/dL; 0.16-0.32 mmol/kg in 
pat ients with levels of  1.5-2.2 mg/ dL and 0.32-0.64 mmol/
kg if phosphate is <1.5mg/dL.44 The calculated dose should 
be administ ered in 4 t o 6 hours,  wit hout  exceeding t he 
l i mi t  of  7 mmol  phosphat e/ hour.  Admi ni st er i ng IV 
phosphat e  i n  pat i en t s w i t h  hyper cal caemi a or 
hyperpotassaemia is contraindicated, due to risk of 
met ast at i c  cal c i f i cat i on. 26 Si de ef f ec t s i nc l ude 
hyperphosphataemia, hypocalcaemia, tetany, hypotension, 
hyperpot assaemia,  hypernat raemia,  and met ast at i c 
cal ci f i cat ion. 45 Theref ore,  some aut hors recommend 
suspending it s administ rat ion upon reaching serum levels 
of  1-2 mg/ dL; 46 ot hers,  however,  cont i nue wi t h t he 
supplement  unt il t he pat ient  is asymptomat ic or the serum 
phosphate concent rat ion is within the normal range.

Treating hypopotassaemia

The potassium supplement  may be administered oral ly or 
int ravenously.  We use t he IV rout e t o t reat  pat ient s who 
are symptomatic, have a severe deicit, or who cannot 
use their digestive tracts. In addition, we must keep in 
mind t hat  oral potassium may cause gast rointest inal side 
ef fect s (col ic,  diarrhoea).  An init ial  dose of  1.2-1.5 mEq/
kg is recommended, adjusting the dosage according the 
cl inical  response and serum concent rat ion;  in cases of 
severe deiciency, up to 2.5 mEq/kg may be needed.47 IV 
potassium should not be administered quickly. Release 
speeds of  10-20 mEq/ hour are considered safe,  wi t h a 
maximum of  40 mEq/ hour.  If  t he speed is above 10 mEq/
hour,  using a cent ral  l i ne wi t h simul t aneous cardiac 
monit oring is recommended.  Pot assium concent rat ion in 
sol ut i ons shoul d not  be higher  t han 80 mEq/ L when 
administ er ing by a per ipheral  vein and 120 mEq/ L f or 
cent ral l ines. 1
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Treating hypomagnesaemia

Severe hypomagnesaemia (magnesium <1 mg/ dL) i s 
associated with a total body magnesium deiciency of 1-2 
mEq/kg. Oral supplements are absorbed poorly and cause 
diarrhoea and gast rointest inal dist ress. IV t reatment  should 
be administ ered t o sympt omat ic pat ient s or t hose wit h 
severe hypomagnesaemia. The empirical recommendat ion 
f or  asympt omat i c pat i ent s wi t h mi l d t o moder at e 
hypomagnesaemia is to administer 8-32 mEq magnesium up 

to a maximum of 1 mEq/kg. In symptomatic patients with 
severe hypomagnesaemia,  t he recommendat ion is 32-64 
mEq magnesium, up to a maximum of 1.5 mEq/kg.48 Renal 
el iminat ion of  magnesium is rapid (50% of  t he IV dose is 
eliminated in the urine) and reaching equilibrium between 
int ra and ext ravascular space is a slow process, 49 which is 
why we recommend slow release and monit oring plasma 
levels 12-24 hours after replacement . Normally, doses of up 
to 6 g of  magnesium sulphate (1 g of  magnesium sulphate 
contains 8 mEq magnesium) are administered in 6-12 hours 

Table 4 Main phosphate, potassium, and magnesium preparat ions

Product Elect rolyte cont ribut ion

Int ravenous del ivery 

Monopotassium phosphate 1 M 10 mL (magist ral formula) 1 mEq/ mL potassium,  

1 mmol/ mL phosphate (30.9 mg/ mL)

Monopotassium phosphate 1 M 10 mL (magist ral formula) 1 mEq/ mL sodium,  

1 mmol/ mL phosphate (30.9 mg/ mL)

Sodium glycerophosphate (Meinsol KP 242) 1 0mL 2 mEq/ mL sodium,  

1 mmol/ mL phosphate

Dipotassium phosphate 1M 10 mL 2mEq/ mL potassium,  

1 mmol/ mL phosphate 

Potassium chlorate 1 M® 10mL 1 mEq/ mL potassium (38.9 mg/ mL);  

1 mEq/ mL chlorate

Potassium chlorate 2 M® 10mL 2 mEq/ mL potassium (77.4 mg/ mL);  

2 mEq/ mL chlorate

Potassium acetate 1 M® 10mL 1 mEq/ mL potassium, 1 mEq/ mL acetate 

Ap inj ect . potassium chlorate solut ion® vial 20 mL 2 mEq/ mL potassium, (78.25 mg/ mL)

Potassium chlorate 18.4%® 10 mL 2.5 mEq/ mL potassium (96.5 mg/ mL); 2.5 mEq/ mL chlorate

Magnesium sulphate 15%® 10 mL (foreign medicat ion) 1.5 salt ,   

1.2 mEq/ mL magnesium  

(0.6 mmol/ mL; 14.8 mg/ mL)

Oral del ivery

Sodium phosphate monobasic NM® in packets of 3.56 g salt 26 mmol phosphate (800 mg)

Phosphate Sandoz Forte® tablets (foreign medicat ion) 20.4 mEq sodium; 3.1 mEq potassium, 16.1 mmol phosphate  

 (500 mg)

Potasion 600 mg® capsules 8 mEq potassium (313 mg)

Potasion solut ion® 1320 mg/ 5 mL salt ,   

1 mEq/ mL potassium (39 mg/ mL)

Boi K® effervescent  tablets 640 mg salt ;   

10 mEq potassium (390 mg)

Boi K® aspart ic acid effervescent  tablets 1825 mg salt ;   

25 mEq potassium (975 mg)

Magnesioboi® tablets 500 mg salt ,  3.9 mEq magnesium,  

(1.95 mmol; 47.5 mg)

Act imag® oral solut ion 2000 mg/ 5 mL salt ,  14.3 mEq/ 5 mL magnesium  

(7.15 mmol; 170 mg)

Magnesium Pyre® tablets 570.6 mg salt ,  5.56 mEq magnesium,  

(2.78 mmol; 67.9 mg)

Magnogene® tablets 198.84 mg salt ,  4.25 mEq magnesium,  

(2.12 mmol; 51.4 mg)

3,9 mEq de magnesio  

(1,95 mmoles; 47,5 mg)
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and higher doses in 12-24 hours,  wit hout  exceeding t he 
maximum speed of  1 g magnesium sulphat e and t he 
maximum dose of  12 g. 1 In except ional  cases of  severe 
symptomat ic hypomagnesaemia, 32 mEq magnesium may be 
administered in 4-5 minutes.50

Replacing phosphat e,  pot assium,  and magnesium in 
pat ients diagnosed with RS who have altered renal funct ion 
must  be done carefully.  This means that  in pat ients with a 
creatinine clearance <50 mL/min, creatinine ≥2 mg/dL or 
oligoanuria, and who are not undergoing kidney replacement 
therapy, ≤50% of the calculated empirical dose for these 
elect rolytes should be administered init ially.1

Treat ment  for t hiamine def iciency and t he met hod t o 
t reat  ret aining sodium/ f luids was discussed above in t he 
“ prevent ion”  sect ion.

Conclusion

Refeeding syndrome is a potentially serious clinical proile. 
Preventing the system requires identification of at-risk 
individuals, as well as providing nut rit ion therapy carefully 
wit h proper monitoring.  Once a pat ient  is diagnosed with 
RS, nut rit ion therapy must  be suspended immediately,  the 
support ing measures must  be appl ied,  and under lying 
elect rolyte imbalances must  be corrected.
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