
Refeeding Syndrome in the ICU: New insights 
in pathophysiology, diagnosis and treatment
Arthur R.H. van Zanten, MD PhD 
Internist-intensivist 
Head of ICU & Research 
Gelderse Vallei Hospital, Ede,  
The Netherlands 
E-mail: zantena@zgv.nl

1This content may not be amended, modified or commercially exploited without prior written consent

"Improving patient outcomes in critical care  
the benefits of nutritional treatment"

mailto:zantena@zgv.nl?subject=


Disclosures

Arthur R.H. van Zanten  M.D., PhD:  

received honoraria for advisory board 
meetings, lectures and travel expenses from:  

2

Inclusion fees for patients in the MetaPlus trial published in JAMA, August 2014, from Nutricia 
were paid to the local ICU research foundation.

ICU Nutrition Academy in the Netherlands and website www.criticalcarenutrition.nl

This content may not be amended, modified or commercially exploited without prior written consent



What is refeeding syndrome?
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• Refeeding syndrome comprises metabolic disturbances that occur 
during reintroduction of feeding after a period of starvation or 
fasting. 

• Clinical symptoms are due to biochemical abnormalities, typically 
consisting of fluid and electrolyte imbalances, such as hypokalemia, 
hypomagnesaemia and with hypophosphatemia. 

• Additionally, abnormalities in glucose metabolism, insulin resistance 
and vitamin B1 (thiamine) deficiency are frequently encountered.

4 van Zanten AR. Lancet Respir Med. 2015 Dec;3(12):904-5.
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Refeeding Syndrome  
in internal medicine patients

• Incidence of refeeding syndrome is relatively high in patients acutely admitted to 
the department of internal medicine.  

• Of all patients admitted 8% developed refeeding syndrome.  

• Patients with malignancy or previous malignancy increased risk of developing RFS.  

• Clinicians should be aware of this risk when feeding these patients.  

• When taking the occurrence of hypophosphataemia as a hallmark, no other 
objective parameters were identified in this study that may help to identify at risk 
patients at admission or during the hospital stay.

9 Kraaijenbrink BV et al. Neth J Med. 2016 Mar;74(3):116-21 This content may not be amended, modified or commercially exploited without prior written consent



Main clinical questions

• What is the incidence of refeeding syndrome during critical 
illness? 

• Can we identify patients at risk (compare with NICE 
criteria)? 

• Is caloric restriction warranted, as fluid balance and 
electrolytes can be controlled for excellently in the ICU 
environment?

10This content may not be amended, modified or commercially exploited without prior written consent



Patients at risk of developing  
refeeding problems: useful in the ICU?
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Practice guidelines recommend:  
start feeding at 50% of energy target during first 3 days

NICE criteria  (UK)

Patient has one or more of the following: 

BMI < 16 kg/m2 
Unintentional weight loss >15% within the last 3-6 months 
Little or no nutritional intake for more than 10 days 
Low levels of phosphate, potassium or magnesium prior to feeding 

Or patient has 2 or more of the following: 

BMI < 18.5 kg/m2 
Unintentional weight loss >10% within the last 3-6 months 
Littel or no nutritional intake for more than 5 days 
A history of alcohol abuse or drugs including insulin, chemotherapy, antacids or diuretics

This content may not be amended, modified or commercially exploited without prior written consent

Koekkoek WAC, Van Zanten ARH. 
Curr Opin Clin Nutr Metab Care. 2018 Mar;21(2):130-137.
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2730 adult critically ill patients and 10,504 phosphate measurements

MV logistic regression 
analysis, hypophosphatemia 

not independently associated 
with ICU mortality (aOR, 0.86 
[95% Cl, 0.66-1.10]; P = .24) 
and hospital mortality (aOR, 

0.89 [0.73-1.07]; P = .21).

Hypophosphatemia 
behaves like a 

general marker of 
illness severity and 

not as an 
independent 

predictor of ICU or 
in-hospital 
mortality in 

critically ill patients.

Hypophosphatemia in critically ill patients

Suzuki S J Crit Care. 2013 Aug;28(4):536.e9-19.



Is refeeding syndrome relevant  
during critical illness?
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Diagnosis:  
serum phosphate level below 
0·65 mmol/l within 72h after start 
nutritional support. Change 
>0·16 mmol/l decrease from any 
previous level.  

Exclusion:  
Patients with other major causes 
of hypophosphataemia: ongoing 
dialysis, recent 
parathyroidectomy, or treatment 
for hyperphosphataemia.

Olthof L, Koekkoek K, ..Van Zanten AR  
Clin Nutr 2017 http://dx.doi.org/10.1016/j.clnu.2017.08.001  This content may not be amended, modified or commercially exploited without prior written consent



Refeeding syndrome  
in critically ill patients is common
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Olthof L, Koekkoek K, ..Van Zanten AR  
Clin Nutr 2017 http://dx.doi.org/10.1016/j.clnu.2017.08.001  This content may not be amended, modified or commercially exploited without prior written consent



Baseline characteristics
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Olthof L, Koekkoek K, ..Van Zanten AR  
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Baseline characteristics
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Olthof L, Koekkoek K, ..Van Zanten AR  

Clin Nutr 2017 http://dx.doi.org/10.1016/j.clnu.2017.08.001  This content may not be amended, modified or commercially exploited without prior written consent

Statistically significant but not clinically relevant 

RFH/RFS patients cannot be identified on ICU admission



Phosphate levels and 
supplementation in RFS patients
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Phosphate level Phosphate supplementation

n=337

Olthof L, Koekkoek K, ..Van Zanten AR  
Clin Nutr 2017 http://dx.doi.org/10.1016/j.clnu.2017.08.001  This content may not be amended, modified or commercially exploited without prior written consent



Potassium and insuline 
supplementation in RFS patients
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Potassium supplementation

n=337

Insulin supplementation

Olthof L, Koekkoek K, ..Van Zanten AR  
Clin Nutr 2017 http://dx.doi.org/10.1016/j.clnu.2017.08.001  This content may not be amended, modified or commercially exploited without prior written consent



Outcomes RFS vs no RFS
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ICU patients with and  
without refeeding syndrome
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Lower caloric intake 
is associated with 
better 6-month 
survival only in 

refeeding syndrome 
patients and not in 

those patients 
without RFS

RFS with low caloric intake

RFS with high caloric intake

Effect more pronounced after  
2 weeks: metabolic dysfunction?

Olthof L, Koekkoek K, ..Van Zanten AR  
Clin Nutr 2017 http://dx.doi.org/10.1016/j.clnu.2017.08.001  This content may not be amended, modified or commercially exploited without prior written consent

Mortality separation after 2 weeks



6-month mortality  
in RFS patients
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Refeeding Syndrome population

Variable Univariate COX regression Multivariate cox regression

HR (95%CI) P value HR (95%CI) P value

Caloric intake < 50% target 0.38 (0.16–0.91) 0,030 0.39 (0.16-0.95) 0,037

Charlton Comorbidity Index 1.23 (1.07-1.40) 0,003 1.14 (0.94-1.38) 0.19

NUTRIC score 1.34 (1.09-1.64) 0,006 0.89 (0.62-1.27) 0.51

Age on admission 1.05 (1.01-1.08) 0,004 1.03 (0.99-1.07) 0.12

APACHE II score 1.07 (1.01-1.12) 0,014 1.10 (1.102-1.19) 0,017

Olthof L, Koekkoek K, ..Van Zanten AR  
Clin Nutr 2017 http://dx.doi.org/10.1016/j.clnu.2017.08.001  This content may not be amended, modified or commercially exploited without prior written consent



Refeeding Syndrome  
the “only” RCT
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Inclusion:  
serum phosphate level decreased to below 0·65 
mmol per litre within 72 hours of commencing 
nutritional support.  
Change required to be greater than 0·16 mmol per 
litre decrease from any previous level.  

Exclusion: 
Patients with other major causes of 
hypophosphataemia, such as ongoing dialysis, recent 
parathyroidectomy, or treatment for 
hyperphosphataemia were excluded from enrolment.

Caloric Management 
Protocol reduced energy 
intake to 20 kilocal/h for at 
least 2 days.  
After 2 days, if phosphate 
levels did not need to be 
supplemented, energy 
intake returned to normal.

Doig GS, et al. Lancet Respir Med. 2015.This content may not be amended, modified or commercially exploited without prior written consent



Caloric restriction and  
survival after inclusion
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Caloric restriction during treatment 
for refeeding syndrome
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Any contradictory data?
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Other data in 
search of the 

holy grail?



Refeeding Hypophosphatemia or 
Refeeding Syndrome?

26This content may not be amended, modified or commercially exploited without prior written consent Skipper A. Nutr Clin Pract. 2012 Feb;27(1):34-40. 

• Combined cases (n=63 patients) showed that hypophosphatemia was a 
consistent finding but that other abnormalities were not consistently 
identified.  

• Refeeding hypophosphatemia is not accompanied by a consistent pattern of 
biochemical or clinical abnormalities among case reports or case series of 
patients reported to have refeeding syndrome.

In the Olthof and Doig studies > 90-95% of patients not only had RH but also 
low levels of potassium and magnesium and decreased insulin sensitivity, 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Skipper%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22307490


Other findings

27This content may not be amended, modified or commercially exploited without prior written consent Ralib A. Asia Pac J Clin Nutr 2018;27(2):329-335



Other findings

28This content may not be amended, modified or commercially exploited without prior written consent Ralib A. Asia Pac J Clin Nutr 2018;27(2):329-335

42.6%

After refeeding, patients with RH 
had lower serum phosphate, 
magnesium and albumin, and 
higher supplementation of 
phosphate, potassium and 
calcium. Suggests RFS 

There were no differences in 
mortality, length of hospital or 
ICU stay. Not analyzed for intake



Other findings in Surgical ICU

29This content may not be amended, modified or commercially exploited without prior written consent Fuentes E et al. Nutr Clin Pract 2017 Apr;32(2):252-257.

Nutrition parameters did not differ between groups; most patients were initiated on EN within 48 hours of SICU 
admission, and timing of EN initiation was not a significant predictor for the development of RH.  

The median hospital length of stay (LOS) was 21 and 24 days for those with and without RH, respectively ( P = .79);  

RH remained a nonsignificant predictor for hospital LOS in the multivariable analysis.

28%

33%

39% Refeeding Hypophosphatemia
Hypophosphatemia non-refeeding
No Hypophosphatemia 

Refeeding hypophosphatemia 

<2.0 mg/dL= 0.65 mmol/l and  

decrement > 0.5 mg/dL=0.15 mol/l

213 patients

Associations with intake?



Post-hoc RFS analysis from the 
Permit trial by Arabi and coworkers

30This content may not be amended, modified or commercially exploited without prior written consent Van Zanten AR. Am J Respir Crit Care Med 2017 195(5):691-692.

PermiT (Permissive Underfeeding versus Target Enteral Feeding in Adult Critically Ill Patients)

• Both study groups reflect underfeeding strategies (mean caloric intake 
in the underfeeding and full-feeding groups, 11 kcal vs. 16 kcal per 
kilogram of body weight per day, respectively; recommended target, 
25 kcal per kilogram of body weight per day)  

• Mean protein intake achieved (0.7 g per kilogram of body weight per 
day in both groups) was far below the recommended intake of 1.2 to 
2.0 g per kilogram of body weight per day.



Post-hoc RFS analysis from the 
Permit trial by Arabi and coworkers

31This content may not be amended, modified or commercially exploited without prior written consent Arabi YM et al. Am J Respir Crit Care Med 2017 195(5):692-693.

slightly different definition used



Post-hoc RFS analysis from the 
Permit trial by Arabi and coworkers

32This content may not be amended, modified or commercially exploited without prior written consent Van Zanten AR. Am J Respir Crit Care Med 2017 195(5):691-692.

Interpretation why the full feeding negative effect may not have been seen

• Not fully fed versus trophic (separation of groups <400 kcal/day) 

• Day 1 above 0.70 mmol/l and below on day 2 or 3, not used 0.65 mmol/l and 
minimum drop of 0.15 mmol/l 

• No exclusion of other factors inducing hypophosphatemia 

• Trends show similar observations favoring the hypocaloric strategy 

• post-hoc analysis 

• study not designed to study RFS
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Outcomes of ICU 
patients with refeeding 

hypophosphatemia: 
calories vs 

macronutrients

Are outcomes of ICU 
patients with refeeding 

hypophosphatemia 
related to carbohydrate 

intake following the 
pathophysiology?

Slingerland-Boot R, Rooijakkers EF, Van Zanten AR 

Unpublished data
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Unpublished data

Slingerland-Boot R, Rooijakkers EF, Van Zanten AR 
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Unpublished data

Slingerland-Boot R, Rooijakkers EF, Van Zanten AR 
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Unpublished data

Slingerland-Boot R, Rooijakkers EF, Van Zanten AR 



37

Unpublished data
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Unpublished data Unpublished data
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Unpublished data Unpublished data

Slingerland-Boot R, Rooijakkers EF, Van Zanten AR 
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6-month mortality in RFS

Unpublished data

Slingerland-Boot R, Rooijakkers EF, Van Zanten AR 



Conclusions preliminary data RFS 
study

41This content may not be amended, modified or commercially exploited without prior written consent

• Univariate strong trend that high caloric loading in the early phase of RFS/RH 
reduces 6-months survival 

• After adjustment for covariates this effect disappears 

• High protein intake during RFS/RH is associated with higher mortality 

• For lipids a U-shaped association is found. Both low and high are associated 
with harm 

• No associations for carbohydrates is found although this is the suggested 
pathophysiology of RFS/RH

Slingerland-Boot R, Rooijakkers EF, Van Zanten AR 

Unpublished data



Post-hoc RFS analysis from the 
Permit trial by Arabi and coworkers
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Interpretation why the full feeding negative effect may not have been seen

• As no difference in protein intake was observed due to protein 
supplementation, this may have abolished the benefits of caloric restriction in 
the permissive underfeeding group with Refeeding Hypophosphatemia

Slingerland-Boot R, Rooijakkers EF, Van Zanten AR 

Unpublished data



What we do?

• Measure serum phosphate daily for 3 days after ICU admission (we start EN 
within 6 hours after admission) 

• In case normal on admission (>0.70 mmol/l) and drop below 0.65 mmol/l (delta 
>0.16 mmol/l), RFS protocol 

• Back to 25% of energy target (<500 kcal/day) 

• Supplement electrolytes 

• Thiamine  

• After 48 hours increase per day ( 25-50-75-100% target) 

• No protein supplementation during this phase

43This content may not be amended, modified or commercially exploited without prior written consent



What is in the guidelines?
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ESPEN ICU Nutrition guidelines for adults. Clin Nutr 2019

Caloric Restriction is essential in 
patients with Refeeding 
Hypophosphatemia and Refeeding 
Syndrome

Supplementation of Vitamin B1, 
Phosphate, Magnesium, Potassium 
and Insulin is not enough in ICU 
patients.



Conclusions
• Is refeeding hypophosphatemia rare? 

NO, RH may be encountered frequently during critical illness among long stay ICU patients (1/3 meets criteria) 

• Can we use risk factors to identify RH/RFS in the ICU? 

NO, only difference in potassium and magnesium on admission (not clinically relevant) 

NO, in ICU patients typical predictors fail to identify RFS 

YES, Phosphate monitoring is mandatory during 72h after start feeding 

• Is refeeding syndrome relevant for the critically ill patient? 

Yes, new hypophosphatemia (<0.65 mmol/l) <72 hours after ICU admission/feeding warrants caloric restriction (< 
500 kcal/day), and thiamine and electrolyte supplementation to improve survival 

• Is refeeding syndrome increased mortality associated with carbohydrate intake in the ICU patient? 

NO, in ICU patients high protein intake during RFS is associated with increased mortality, not carbohydrate intake. 
No protein supplementation during caloric restriction should be considered

45This content may not be amended, modified or commercially exploited without prior written consent
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