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Refeeding syndrome : physiological

background and

practical management

Aminda De Silva

ABSTRACT

Refeeding problems have been recognised since
the the liberation of starved communities under
siege. The main clinical problems may relate

to hypophosphataemia, hypomagnesaemia

and hypokalaemia with a risk of sudden death;
thiamine deficiency with the risk of Wernike’s
encephalopathy/Korsakoff psychosis and
sodium/water retention. The problems are
greatest with oral/enteral feeding and especially
with carbohydrate due to it increasing plasma
insulin and thus glucose entry into cells. It is
difficult to predict patients at risk of refeeding
problems so there must be a high clinical
suspicion on refeeding any malnourished patient
(including any who have had no or very little
nutrition for over 5 days). Generous vitamin and
electrolyte supplementation may be given while
monitoring closely and increasing the calorie
intake reasonably rapidly from 10 to 20 kcal/
kg/24hours. Often patients in this category are
not hungry, but over the course of a few days,
the restoration of their appetite is an indication
that the risks of refeeding have been managed
and it is now safe to increase the feed aiming
for repletion. If problems do occur, the feed
should be slowed to the previous day’s amount,
reduced further or rarely stopped while fluid
and electrolyte issues are corrected.

DEFINITION

Refeeding syndrome (RFS) is a potentially
fatal condition commonly characterised by
rapid changes in fluid and electrolyte balance
leading to problems of cardiac arrthymias,
cardiac and respiratory failure. Other mani-
festations include acute fatty liver, endo-
crine and haematological abnormalities,
acute thiamine deficiency and neurological
syndromes such as delirium and centropon-
tine myelinolysis. Hidden sepsis, a sepa-
rate dangerous problem, can also occur in
malnourished individuals and sometimes is
mistaken for a manifestation of RFS.
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Key points

» Refeeding syndrome describes the adverse
clinical and biochemical problems that
may result from feeding malnourished
patients via any route, be it oral, enteral or
parenteral.

» Clinicians need to be aware of it and
assume most malnourished patients are
at risk.

» Hypophosphataemia is the most
commonly used marker for refeeding
problems and it commonly occurs when
artificial nutritional support is started
(especially with carbohydrate) and can
rarely cause death.

» Hypophosphataemia is more common
with oral/enteral feeding than parenteral
nutrition.

» Hypomagnesaemia, hypokalaemia,
hypoglycaemia (occasionally hyper) and
thiamine deficiency may occur.

» Sodium retention (causing oedema) is
common, especially after glucose (and
sodium) are given.

» Non-protein energy is given as 50/50
carbohydrate (CHO)/lipid and initially at
<50% requirements.

REFS is thus best described as the adverse
clinical and biochemical problems that can
result from feeding severely malnourished
patients via any route, be it oral, enteral or
parenteral.

HISTORY

The first records of the problems of
refeeding come from when towns/
cities were surrounded and the inhab-
itants starved into surrendering. In AD
70 after the Seige of Jerusalem by the
Romans, written about by Flavius Jose-
phus: “they all on the sudden overfilled
those bodies that were before empty, and
so burst asunder, excepting such only
as were skillful enough to restrain their
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appetites, and by degrees took in their food”, “death
was observed in those who overindulged but not in
those who restrained their appetite”.! There are many
descriptions of refeeding problems from the World
Wiar 11> those following the liberation of the Nether-

lands being the most detailed.”

EVIDENCE FOR RFS IN CLINICAL PRACTICE

The lack of a uniform definition of RFS hampers studies.
The evidence of refeeding problems from oral, enteral
and parenteral feeding is poor. The paper that brought
attention to the problems of refeeding in clinical prac-
tice was entitled ‘Death resulting from overzealous
total parenteral nutrition’,’ in which two deaths were
described associated with hypophosphataemia; yet both
were being given large amounts of intravenous glucose
(500 and 700 g glucose in 24 hours).

The UK National Confidential Enquiry into Patient
Outcome and Death (NCEPOD) report of 2010 showed
that 60% (455/877) of patients given parenteral nutri-
tion were at risk of refeeding problems, defined using
the National Institute for Health and Care Excellence
(NICE) criteria, with hypophosphataemia occurring in
18%. Hypokalaemia, hypomagnesaemia and hypergly-
caemia were also common.®

PATHOPHYSIOLOGY AND BIOCHEMISTRY OF
REFEEDING

Biochemistry of starvation

With reduced glucose levels resulting from starvation,
insulin secretion drops and glucagon levels increase,
resulting in higher glycogenolysis to generate energy
from carbohydrate sources. However as starvation
continues, glycogen stores become depleted, typically
within 6 hours to 3 days, then the body shifts to using
fat and muscle to produce energy.

Other changes of reductive adaptation include
reducing basal metabolic rate and downregulating
energy consuming processes such as the activity of the
sodium/potassium ATP-pump. This results in changes of
electrolyte handling causing leakage of mainly intracel-
lular cations such as potassium, magnesium and phos-
phate into the circulation where they are lost in urine,
while allowing sodium and water to leak into cells.

Despite poor dietary intake of electrolytes, serum
levels of these cations during starvation often remain
normal (or can even be high if there is a degree of renal
failure) as these electrolytes move from the intracellular
to the extracellular space,” so measuring electrolyte
levels as a one-off investigation at this point gives little or
no useful information to the risk of refeeding problems.

Severe starvation may lead to hepatic steatosis
through various mechanisms. Protein deficiency can
result in decreased apolipoprotein synthesis, leading
to decreased very low-density lipoprotein (VLDL)
synthesis and inhibited VLDL transport. Reduced
VLDL transport plays a significant role in lipid accu-
mulation in the liver during starvation.®
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Figure 1 Simplified diagram to show key events in refeeding
syndrome. TCA, tricarboxylic acid.

Biochemical changes of refeeding
Two key events happen on feeding glucose to patients
who have been starving (figure 1).

First, insulin levels increase which drive glucose and
phosphate into cells. This leads to an increased uptake
of glucose, phosphate and thiamine (needed for glycol-
ysis and thus ATP manufacture). As a result, serum
levels of phosphate along with other cations such
as potassium, magnesium, calcium may fall, as will
thiamine. Thiamine is a co-factor in many metabolic
processes including its essential role in cerebral energy
utilisation, it will already be depleted in starvation so
refeeding with glucose will result in rapid depletion of
the already low stores of thiamine.”

Second, the cell membrane sodium/potassium pump
starts actively pumping sodium (using the energy
from ATP) out of the cell and taking potassium and
magnesium into the cell thus furthering the deficit in
circulating electrolytes.'® In addition to this, insulin
stimulates sodium reabsorption from the distal
nephron.'" Water and sodium efflux into circulation
may result in fluid overload and heart failure.'* The
combination of a sudden fluid load into the circulation
into a system where the heart has been weakened and
atrophied due to starvation, along with low circulating
electrolytes (giving a propensity to cardiac arrhyth-
mias) can easily lead to pulmonary oedema or signs of
heart failure and potentially death (figure 2).

CLINICAL MANIFESTATIONS OF REFEEDING
Hypophosphataemia
This is often considered the hallmark feature of the
refeeding syndrome (table 1). Within the cell, phosphate
is vital for many cellular pathways including glycolysis
and the decarboxcylic acid cycle. Hypophosphataemia
results in reduced ATP so many metabolic pathways
are slowed/stopped. The low phosphate also reduces
the levels of 2,3-diphosphoglycerate so causing the red
blood cells to be less able to give up oxygen (shifting the
oxygen dissociation curve to the right).

Refeeding is not the most common cause of hypo-
phosphataemia. Other reasons include sepsis, stress

De Silva A, Nightingale JMD. frontline Gastroenterology 2020;11:404-409. doi:10.1136/flgastro-2018-101065 405

1ybuAdoo
Ag pa1osioud “[gsu| Areiqr-3 18 020z ‘T 41870100 U0 /wod fwq By/:dny wouy papeojumoq 6T0OZ J8quiadad 0g U0 G90TOT-8T0Z-01sebl/9eTT 0T Se pays!ignd 1Sy :|0I81U80ISBD 8UIju0I


http://fg.bmj.com/

SMALL BOWEL AND NUTRITION

Starvation/malnutrition

> Glycogenolysis, gluconeogenesis
. and protein catabolism
Hypokalaemia, .
hypomagnesaemia,
hypophosphataemia, \]
thiamine deficiency,
salt and water retention
(oedema) Protein, fat, mineral, electrolyte and
REFEEDING \itamin depletion — salt and water
SYNDROME intolerance

1 Uptake of glucose -

1 Utilisation of thiamine
1 Uptake of K+, Mg2+ and PO42-

Refeeding (switch to anabolism)

1 Protein and glycogen synthesis L

Fluid, salt, mutrients (CHO major energy source)

-
&

Insutin secretion

Figure 2 Diagram summarising events in refeeding syndrome.

(postoperative, trauma, burns), recovery from acidosis
(eg, diabetic ketoacidosis), alcohol withdrawal, insulin
(xglucose) treatment, drugs (chemotherapy, diuretics,
biphosphonates, phosphate binding antacids), renal dial-
ysis/transplantation, hyperparathyroidism and respira-
tory alkalosis.'® *

Thiamine deficiency

The body stores of thiamine (vitamin B,) are sufficient
for up to 7 days. It is a co-factor in aerobic glucose
consumption. In thiamine deficiency, a combined
enzyme defect results in aerobic metabolism impair-
ment and insufficient ATP generation. Furthermore,
pyruvate is converted into lactate, resulting in hyper-
lactaemia and lactic acidosis. As thiamine-dependent
metabolic pathways are present in almost all human
cells, deficiency can affect many organ systems. It can
also exacerbate the hypomagnesaemia, hypokalaemia
and hypophosphataemia associated with increased
renal losses.”” Thiamine deficiency can lead to the
development of Wernicke’s encephalopathy which is a
triad of encephalopathy, ataxia and ocular dysfunction
(nystagmus). Wernicke’s encephalopathy can progress
to the irreversible Korsakoff’s syndrome, which is
an amnesic syndrome causing short-term memory
loss while preserving long-term memory. Thiamine

Table 1 Effects of hypophosphataemia

Muscular Weakness (diaphragm), respiratory failure
Rhabdomyolysis

Cardiac Biventricular failure, low blood pressure

Arrhythmias, sudden death

Low and dysfunctional white blood cells, red blood
cells, platelets

Haemolysis

Haematological

Neurological Weakness, lower motor neurone-type paralysis
(loss of reflexes)
Cranial nerve palsies
Confusion, ataxia, tremors, fits, coma

Hepatic Dysfunction (especially alcohol excess)

deficiency can also lead to wet beriberi, affecting the
heart and circulatory system causing heart failure, or
dry beriberi in which the nerves are damaged leading to
weakness or even paralysis. If Wernicke’s is suspected,
it is important to give intravenous thiamine as oral
doses are rarely sufficient.

Reactivation of the sodium/potassium pump

As the sodium/potassium pump (which has been in a
state of reductive adaptation) reactivates, the osmot-
ically active sodium enters the interstitial space and
circulation. This effect is compounded by insulin
causing sodium retention in the kidney, dysregulation
of antidiuretic hormone and aldosterone secretion and
the addition of carbohydrate into the diet which leads
to a rapid decrease in renal excretion of sodium and
water.'” ! This sudden fluid flux into the circulation
and inability to excrete a fluid load, particularly in the
presence of cardiac dysfunction or failure due to poor
nutrition, along with the possibility of low circulating
electrolytes giving a predisposition to cardiac arrhyth-
mias, can lead to oedema, left ventricular failure and
hypertension. Thus, the first clinical manifestations
of RFS are often a raised pulse and respiratory rate.
In a patient with low body mass index (BMI), a sinus
bradycardia would be expected, so even a pulse above
60 beats/min might indicate a relative tachycardia and
should alert the clinician to potential problems.

Hypokalaemia

Potassium is the main intracellular cation. Depletion
in starvation and malnutrition is mainly driven by low
intake and/or excessive losses. Serum potassium levels
may remain normal in starvation because of movement
of potassium along chemical gradients to the extracel-
lular space. Insulin is important in stimulation of potas-
sium influx into cells through Na-K ATPase symporter.
With initiation of nutrition, the resulting increased
secretion of insulin precipitates potassium influx into
cells causing a fall in serum potassium levels. Hypo-
kalaemia can cause muscle weakness including the
respiratory muscles, atrial and ventricular arrhythmias
(QT prolongation), atrioventricular block, a U wave
on the ECG and can cause an ileus.

Hypomagnesaemia

Magnesium is a predominantly intracellular cation.
Magnesium deficiency in malnutrition and starva-
tion occurs due to poor intake and redistribution. On
refeeding, magnesium moves into cells with a resultant
drop of serum levels.” Hypomagnesaemia may cause a
tremor, muscle weakness, poor memory and precipi-
tate arrhythmias in susceptible patients.

Moderate abnormalities of liver function

Liver enzyme abnormalities are commonly found
both in periods of starvation as well as during the
refeeding phase. Excess glucose administered in the
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early phase of refeeding, particularly after prolonged
periods of starvation leads to lipogenesis, again as a
result of insulin stimulation. Deposition of fatty acids
and triglycerides in the liver can lead to an acute fatty
liver often being detected through raised liver transam-
inases. Moderate abnormalities of liver function (eg,
alanine transaminase up to 10 times the upper limit of
the normal range) should not delay feeding.'®

Other metabolic /clinical abnormalities

Both hyperglycaemia or hypoglycaemia can occur and
need to be managed carefully. Glucose intake after
a period starvation, can suppress gluconeogenesis
through the release of insulin. Excessive administra-
tion of glucose can therefore lead to hyperglycaemia
and its sequelae including osmotic diuresis, dehydra-
tion, metabolic acidosis and ketoacidosis. Conversely,
hypoglycaemia can also occur, particularly in the pres-
ence of sepsis.” This may relate to depleted glycogen
stores, impaired gluconeogenesis and increased
peripheral glucose utilisation. Hypoglycaemia must be
detected and corrected quickly as if prolonged can lead
to permanent cerebral damage.

Infection

Hypothermia and low blood glucose are often an indi-
cation of sepsis and these must be urgently treated. In
a case series of 14 patients, 2 patients developed occult
sepsis that proved fatal in one case despite intensive
therapy unit (ITU) treatment."® While infection and
sepsis are not classical presentations of RFS, it is impor-
tant to monitor for these during the initial period of
refeeding as patients with significant malnutrition are
at higher risk of developing severe infections. These
patients often do not develop the usual signs of sepsis
(eg, fever, neutrophilia or increased C reactive protein).
The combination of low BMI, hypoglycaemia and hypo-
thermia is often termed the deadly triad and is a marker
for severe infection and should always trigger considera-
tion of antibacterial treatment."’

WHO IS AT RISK OF REFEEDING PROBLEMS

Patients with gastrointestinal disorders who have
become severely malnourished often with intestinal
failure, and patients with anorexia nervosa, some crit-
ical care patients, elderly care patients and oncology
patients are at increasing risk of refeeding prob-
lems. The classical list includes classic kwashiorkor/
marasmus, chronic malnutrition-underfeeding, chronic
alcoholism, morbid obesity with massive weight loss,
patients unfed in 7-10 days with evidence of stress
and depletion, prolonged fasting and prolonged intra-
venous hydration. It is especially common to find
patients who look obese (BMI may be within or above
the normal range) but who have lost much of their
muscle mass (sarcopoenic obesity) due to a poor intake
of food and/or an inflammatory process (eg, sepsis,
surgery, etc) and thus become relatively immobile and
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Box 1 UK National Institute for Health and Care

Excellence risk factors for developing refeeding
syndrome?’

One or more of the following:

» Body mass index (BMI) <16kg/m2;

» Unintentional weight loss >15% within last 3—-6 months;

» Little or no nutritional intake for >10 days;

> Low potassium, magnesium or phosphate prior to
feeding.

Two or more of the following:

» BMI <18.5kg/m%

» Unintentional weight loss >10% within last 3-6 months;

» Little or no nutritional intake for >5 days;

» A history of alcohol abuse or drugs including insulin,
chemotherapy, antacids or diuretics.

so are at a high risk of hospital-acquired complications
(eg, sepsis, deep vein thrombosis, etc).

HOW TO DETECT A PATIENT AT RISK OF
REFEEDING PROBLEMS

The current UK NICE guidelines for nutrition
support® identify criteria as risk factors for developing
RES (box 1). However, the sensitivity of NICE guide-
lines in predicting RFS is not good.?!

Refeeding index (a score generated from base-
line insulin-like growth factor and leptin) has been
proposed as a useful biochemical marker for predicting
those at risk of RFS.** A study in 2015 has shown that
using highly sensitive baseline Insulin-like growth
factor-1 alone is an objective, sensitive and specific
biochemical marker in identifying patients who are at
high risk of developing refeeding hypophosphataemia
in patients starting parenteral nutrition.

REFEEDING HYPOPHOSPHATAEMIA IS MORE
COMMON WITH ORAL/ENTERAL FEEDING THAN
WITH PARENTERAL FEEDING

Zeki et al showed that the occurrence of refeeding
hypophosphataemia in adult patients fed enterally versus
those fed parenterally was more common in those fed
enterally (21%vs 8%, p<0.05).*' The main reason is
likely to relate to enteral feeding stimulating a greater
insulin secretion than parenteral feeding and so the
mechanism that drives refeeding hypophosphataemia
is amplified. This ‘incretin effect’ was first recognised
in the 1960s and describes the greater insulin secretion
after a patient is given the same amount of glucose orally
and intravenously,”* probably relating to the release of
two upper gut peptide hormones gastroinsulinotropic
peptide and glucagon-like peptide 1, which act to
increase/exaggerate insulin secretion from the pancreatic
islet B cells. Refeeding problems must be considered very
seriously when starting enteral feeding.
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TREATMENT OF PATIENTS AT RISK OF REFEEDING
PROBLEMS

Once detected these patients should be carefully
observed/monitored while their circulatory volume
(dehydration) is restored (generally using little/no
sodium-containing solutions) and their fluid balance/
daily weight is monitored. Hypothermia and sepsis if
present must be treated.” Cardiac monitoring is recom-
mended for inpatients with cardiac manifestations and/
or ECG changes secondary to hypokalaemia, patients
with a QTc >450ns or where intravenous correction of
potassium at a rate of >10 mmol/hour is deemed neces-
sary.”® These severely at-risk patients should ideally be
managed by the hospital nutrition support team.

Energy

When the UK NICE guidelines were published there
were no good quality trials to enable evidence-based
management protocols to be developed so reliance was
on expert opinion.” It suggested that people who had
eaten little or nothing for >3 days should have nutrition
support introduced at no more than 50% of require-
ments for the first 2 days; that the prescription for people
at high risk of developing refeeding problems could be
given nutritional support at a maximum of 10 kcal/kg/
day, increasing slowly to meet or exceed full needs by
4-7 days. However, prolonged administration of very
low energy feed risks the problem of underfeeding
which may exacerbate problems associated with malnu-
trition. A survey in 2008 showed 39% felt the guidance
was appropriate and 369 felt it was too cautious.”’

A reasonable strategy to avoid the risks of both
refeeding problems as well as underfeeding would be
to start feeding cautiously in patients at high risk of
refeeding problems at 10-20 kcal/kg/day, while simul-
taneously correcting electrolyte deficiencies, but then
increasing the feeding rate at least daily aiming to achieve
feeding to match their metabolic demands over a period
of 5-7 days, while keeping a careful watch on clinical
and biochemical parameters.”’ ** Feeding to full require-
ments should be achieved within 5-7 days. Specialist
dietitians or nutrition support teams are invaluable in
providing expert advice on this aspect of care. The non-
protein energy should be given as approximately 50%
carbohydrate and 50% lipid mix. If signs of refeeding
problems or adverse clinical markers ensue, the feed may
need to be temporally slowed, reduced or stopped.

Phosphate replacement

A low threshold for starting intravenous correction
should be employed and most advocate intravenous
replacement for patients at high risk of RFS at PO,
levels of <0.6 mmol.

Intravenous phosphate supplements could be in the
form of monobasic potassium phosphate or the more
widely used phosphate infusion, Polyfusor. Electro-
lytes need to be closely monitored as the latter contains
significant amounts of sodium and potassium. One litre

of Polyfusor contains 100 mmol of PO 37, 162 mmol of
sodium and 19mmol of potassium. Excessive doses
should also be avoided as they can result in hypocal-
caemia and metastatic calcification.”” Small infusions
of 10-20mmol phosphate, that is, 100-200mL of
Polyfusor are advocated and repeated if necessary to
reduce the risk of metastatic calcification.

Phosphate must be administered concurrently with
low rate feeding, to avoid the risk of desirable electro-
lytes simply being excreted in the urine, rather than
being transported into the cells.

Thiamine, other vitamins and trace elements

It is crucial that thiamine supplementation is started
prior to and continued during nutrition support and
glucose administration. Oral thiamine can be given at a
dose of 200-300 mg/day. One to two tablets of vitamin
B co strong can be given three times a day.?’ A daily
intravenous vitamin B preparation such as Pabrinex can
be given intravenously (usually for 3-5 days) in addi-
tion to an oral multivitamin supplement.*” A balanced
multivitamin/trace element supplement once daily for
10 days is recommended in UK NICE guidelines.?’ If
signs of Wernicke’s encephalopathy are present the B
vitamins need to be given intravenously.

Electrolytes (potassium and magnesium)

A drop of serum potassium by 1 mmol/L is equivalent
to a total deficit of approximately 200-400 mmol.
Mild asymptomatic hypokalaemia is ideally corrected
orally with potassium chloride used to provide up to
50 mmol/day. Intravenous potassium can be used to
treat significant hypokalaemia with potassium levels
<3.0mmol/L. Intravenous infusion with potassium
chloride concentration of 40 mmol/L is used when
using peripheral veins.”” This can be administered at
a rate of 10-20mmol/hour. Higher concentrations
of intravenous potassium delivered into a central
vein can be used with close cardiac monitoring after
specialist advice. The UK NICE guideline recom-
mends providing oral, enteral or intravenous supple-
ments of potassium with the likely requirements being
2—-4 mmol/kg/day.

About 80% of plasma magnesium is filtered through
glomeruli. Intravenous infusion of magnesium will
result in a transient increase in magnesium levels and
consequently renal wasting of a substantial propor-
tion of that magnesium. So, in more severe hypomag-
nesaemia where higher magnesium supplements are
required, these should be administered over longer
hours to avoid sudden increases in magnesium levels.*
In hypomagnesaemia, 20-40mmol of magnesium
sulfate can be given over 1-2hours.”” The UK NICE
guideline recommends providing oral, enteral or intra-
venous supplements of magnesium with the likely
requirements being 0.2 mmol/kg/day intravenously,
0.4 mmol/kg/day orally.*°

408 De Silva A, Nightingale JMD. frontline Gastroenterology 2020;11:404-409. doi:10.1136/flgastro-2018-101065

1ybuAdoo
Ag pa1osioud “[gsu| Areiqr-3 18 020z ‘T 41870100 U0 /wod fwq By/:dny wouy papeojumoq 6T0OZ J8quiadad 0g U0 G90TOT-8T0Z-01sebl/9eTT 0T Se pays!ignd 1Sy :|0I81U80ISBD 8UIju0I


http://fg.bmj.com/

Fluid

Should problems with fluid overload occur, an ‘ABC’
approach to resuscitation should be taken and transfer
to intensive care unit (ICU) should be considered. If
absolutely necessary, diuretics may be required but
may have the effect of lowering circulating electrolytes
further. If this occurs, central access should be sought
and administration of concentrated electrolytes in ICU
may be appropriate. The feed should be slowed further
while these issues are being managed.

CONCLUSION

Refeeding problems are common, however are less
likely to occur if patients are identified as at risk and
if precautions are taken (14%vs 46%).° Electrolyte
(especially hypophosphataemia), sodium and water and
thiamine deficiency are common and can be life threat-
ening/life changing so need to be prevented and treated.
The ‘start low, go slow’ approach for energy provision
recommended by UK NICE guidelines may risk under-
feeding which is linked to poor weight gain and the risk
of the underlying clinical condition deteriorating leading
to organ dysfunction, poor wound healing, increased
rates of infection and prolonged hospitalisation.*’ In this
review, we have advocated an equally cautious start to
energy provision but would highlight the importance of
a more rapid increase in energy, particularly during the
first couple of days, linked to careful blood monitoring
and electrolyte/vitamin provision.
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