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Acute kidney disease (AKD) - which includes acute kidney injury (AKI) e and chronic kidney disease
(CKD) are highly prevalent among hospitalized patients, including those in nephrology and medicine
wards, surgical wards, and intensive care units (ICU), and they have important metabolic and nutritional
consequences.

Moreover, in case kidney replacement therapy (KRT) is started, whatever is the modality used, the
possible impact on nutritional profiles, substrate balance, and nutritional treatment processes cannot be
neglected.

The present guideline is aimed at providing evidence-based recommendations for clinical nutrition in
hospitalized patients with AKD and CKD. Due to the significant heterogeneity of this patient population
as well as the paucity of high-quality evidence data, the present guideline is to be intended as a basic
framework of both evidence and - in most cases - expert opinions, aggregated in a structured consensus
process, in order to update the two previous ESPEN Guidelines on Enteral (2006) and Parenteral (2009)
Nutrition in Adult Renal Failure. Nutritional care for patients with stable CKD (i.e., controlled protein
content diets/low protein diets with or without amino acid/ketoanalogue integration in outpatients up to
CKD stages four and five), nutrition in kidney transplantation, and pediatric kidney disease will not be
addressed in the present guideline.

© 2021 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

The present guideline represents an updating and expansion of
the existing ESPEN Guidelines on Enteral Nutrition in Adult Renal
e and Surgery Dept. Parma
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Failure 2006 [1] and Parenteral Nutrition in Adult Renal Failure
2009 [2] and has been jointly prepared by amultidisciplinary group
of experts from different specialties (Nephrology, Intensive Care
Medicine, Internal Medicine) based on the new methodology
defined by the Standard Operating Procedures for the ESPEN
Guidelines and Consensus Papers [3].

The aim of the project has been the development of guidelines
for hospitalized patients with acute kidney injury/acute kidney
disease (AKI/AKD) and/or chronic kidney disease (CKD) with or
without kidney failure (KF). This guideline is not intended to be
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List of abbreviations

APD automated peritoneal dialysis
AKD acute kidney disease
AKI acute kidney injury
BIA bioelectric impedance analysis
BMI body mass index
CAPD continuous ambulatory peritoneal dialysis
CKD chronic kidney disease
CKRT continuous kidney replacement therapy
CT computed tomography
CVVH continuous veno-venous hemo-dia-filtration
DEXA dual energy X-ray absorptiometry
EN enteral nutrition
GH growth hormone
ICU intensive care unit
IDPN Intradialytic parenteral nutrition
IGF insulin-like growth factor

KF kidney failure
KRT Kidney replacement therapy
MNA-SF mini-nutrition assessment -short form
MRC Medical Research Council
MUST malnutrition universal screening tool
NRS nutritional risk screening
ONS oral nutritional supplements
PIKRT prolonged intermittent kidney replacement therapy
PD peritoneal dialysis
PN parenteral nutrition
PUFA polyunsaturated fatty acids
RCT randomized controlled trial
REE resting energy expenditure
renal iNUT renal inpatient nutritional screening tool
sCr serum creatinine
SGA Subjective global assessment
SLED sustained low-efficiency dialysis
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applied in the outpatient setting of stable patients with CKD stages
1e5 or on chronic dialysis. Abnormal kidney function, usually
indicated in the literature with the broad terms AKI/AKD or CKD, is
highly prevalent among hospitalized patients in different clinical
settings, including nephrology and internal medicine wards, sur-
gery wards, and intensive care units (ICU). As far as nutrition is
concerned, the approach to these patients when hospitalized is
highly complex since they represent a very heterogeneous group of
subjects, with variable and widely differing metabolic character-
istics and nutritional needs.

In all of these clinical settings AKI/AKD and CKD (especially in its
most advanced stages, from 3 to 5), as well as their specific treat-
ments, may have important adverse effects on both substrate
metabolism and nutritional status. Moreover, in case kidney
replacement therapy (KRT) is started, and whatever is the modality
used (conventional intermittent hemodialysis; prolonged inter-
mittent kidney replacement therapies PIKRT), or continuous kidney
replacement therapies (CKRT), its impact on nutritional profile,
substrate balance, and nutritional treatment processes cannot be
neglected.

The present guideline is aimed at providing evidence-based
recommendations for clinical nutrition in hospitalized patients
with AKI/AKD or CKD. Due to the paucity of high-quality evidence
data, the present guideline is to be intended as a basic framework of
both evidence and - in most cases - expert opinions, aggregated in a
structured consensus process. Nutritional care for outpatients with
metabolically stable CKD (i.e., patients on controlled protein con-
tent diets with or without amino acid/ketoanalogue integration), as
well as nutrition in kidney transplant or pediatric KD will not be
addressed here. As will be discussedmore in-depth in the following
section, the 2012 nomenclature of the “Kidney Disease Improving
Global Outcomes” (KDIGO) for AKI and AKD [4], and the 2012
KDIGO nomenclature for CKD [5], as recently updated in a 2019
KDIGO consensus conference [6] will be applied in the text.

2. Methods

2.1. General aspects and guideline development process

The present guideline started as a basic framework of evidence
and expert opinions subsequently structured into a consensus
process following the standard operating procedure for the devel-
opment of ESPEN Guidelines [3]. On this basis, the concept of
1645
“Medical nutrition aimed at prevention and treatment of malnu-
trition in the context of diseases” was focused on, with a compre-
hensive approach not separating enteral nutrition (EN) and
parenteral nutrition (PN) as in the past ESPEN guidelines for adult
renal failure, and including screening, assessment, nutritional
counseling, oral nutritional supplements (ONS), as well as EN and
PN [7]. Thus, the present guideline is an update and revision of the
two existing ESPEN guidelines, respectively on Enteral Nutrition in
Adult Renal Failure 2006 [1] and on Parenteral Nutrition in Adult
Renal Failure 2009 [2]. The two previous guidelines were joined
and integrated by a multidisciplinary working group of seven
specialists (Nephrology, Intensive Care, Internal Medicine) from
three European countries (Italy, Sweden, Belgium), based on the
new methodology defined by the standard operating procedures
for the ESPEN Guidelines and consensus papers [3]. The working
group members declared their conflicts of interest according to the
rules of the International Committee of Medical Journal Editors. No
individual employed by the industry was allowed to participate in
the guideline development process. No industry sponsoring was
obtained, and the costs for the development process of the guide-
line were entirely covered by ESPEN. The new ESPEN guideline
standard operating procedures [3] is based on the methodology
followed by the Association of Scientific Medical Societies of Ger-
many, the Scottish Intercollegiate Guidelines Network (SIGN), and
the Centre for Evidence-basedMedicine at the University of Oxford.
Accordingly, a sequential approach is requested, that includes the
structuring of clinical questions according to the PICO system (Pa-
tient, Intervention, Control, Outcome) when possible, systematic
literature search, with the evaluation of recent other relevant
guidelines/consensus, and the identification of specific keywords.
Non-PICO clinical questions were also structured, concerning basic
and general concepts related to acute and chronic kidney diseases,
definitions regarding renal function impairment syndromes, clas-
sifications of AKI/AKD, and CKD, KRT modalities, and indications.
Each question led to one or more recommendation/statement and
related commentaries. Different topics concerning nutrition in
hospitalized patients with AKI/AKD or CKD were covered, such as
the metabolic background of reduced renal function, the metabolic
effects of AKI/AKD, AKI on CKD with or without KRT, CKD, and CKD
on KRT, screening of patients at risk, nutritional status assessment,
indications and timing of nutritional support, route of feeding,
macro- and micronutrient requirements, disease-specific nutrient
use, integration of nutritional therapy with KRT, as well as



Table 1
Definition of levels of evidence [3].

1þþ High quality meta-analyses, systematic reviews of RCTs, or RCTs with a
very low risk of bias

1þ Well-conducted meta-analyses, systematic reviews, or RCTs with a low
risk of bias

1- Meta-analyses, systematic reviews, or RCTs with a high risk of bias
2þþ High quality systematic reviews of case control or cohort or studies.

High quality case control or cohort studies with a very low risk of
confounding or bias and a high probability that the relationship is causal

2þ Well-conducted case control or cohort studies with a low risk of
confounding or bias and a moderate probability that the relationship is
causal

2- Case control or cohort studies with a high risk of confounding or bias
and a significant risk that the relationship is not causal

3 Non-analytic studies, e.g. case reports, case series
4 Expert opinion
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monitoring of nutritional status and nutritional therapy. Existing
evidence was graded, as well as recommendations and statements
were developed and agreed in a multistage consensus process.
Levels of evidence for literature selection were provided according
to the SIGN evidence classification (NICE 2012), which ranks the
evidence from 1þþ for high quality studies (meta-analyses, sys-
tematic reviews of randomized controlled trials (RCTs) or RCTs with
a very low risk of bias) up to low level of evidence graded as 4 in the
case of expert opinion (Table 1) [3].

2.2. Search strategy

We searched the PubMed and Cochrane Library databases for
studies and systematic reviews published until January 1st, 2020,
using selected keywords (Table 2). Only articles on studies in hu-
man adult patients published in English or with an English abstract
were considered. RCTs, meta-analyses, and systematic reviews
were also hand-searched for studies not included in the initial
database search.

2.3. Meta-analysis strategy

Therewas no data on the specific topic covered by this guideline
suitable for a formal meta-analytic approach.

2.4. Quality of evidence

The classification of the literature into levels of evidence was
performed according to the SIGN grading system, as exemplified in
Table 1.

2.5. Evidence levels and grading of recommendations

Evidence levels were translated into recommendations, taking
into account study design and quality as well as consistency and
clinical relevance (Table 3) [3]. In particular, the lowest recom-
mendation corresponded to a good practice point (GPP) based on
expert opinion and reflecting the consensus views inside the
working group experts. As in other ESPEN guidelines [8] this
approach reflects the attempt to make the best recommendations
possible within the available data and expert clinical experience,
mainly because data from RCTs are not available. Recommenda-
tions are formulated in terms of a “strong” (“shall”) or “conditional”
(“should or can”) and for or against the intervention based on the
balance of desirable and undesirable consequences of the inter-
vention (Table 3) [3]. In case of inconsistency, the recommenda-
tions were based both on the available evidence and on working
group judgment, taking consistency, clinical relevance, and validity
of the evidence into account [8]. The recommendations were
classified according to the strength of consensus according to
Table 4 [3].

2.6. Consensus process

The working group prepared a guideline draft with a total of 32
recommendations and eight statements approved by both the
working group and the ESPEN Guidelines Editorial Board which
was followed by the start of the consensus procedure, by providing
the draft to the ESPEN members for the first online voting which
took place between 21st February and 15thMarch 2020. The results
of this online voting were a strong consensus (agreement of >90%)
for 26 of the recommendations, and seven of the statements, and
consensus (agreement of >75e90%) in six of the recommendations
and one statement. The feedback obtained in the online voting was
used to modify and improve the recommendations to reach a
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higher degree of acceptance at the final consensus meeting. Due to
the COVID-19 pandemic, a planned Consensus Conference was
canceled and replaced by a second online voting where the rec-
ommendations and statements with an agreement equal or lower
than 90% and those with substantial changes resulting from com-
ments of the first online voting, were voted on again. The second
online voting took place between 15thMay and 7th June 2020. Nine
recommendations and one statement were included in the second
online voting. Four recommendations and the statement reached
an agreement of >90% (strong consensus), five recommendations
reached an agreement of >75e90% (consensus).

2.7. Definitions and terminologies

All the definitions and terminologies used in the present
guideline are in accordance with the recent ESPEN terminology
recommendations [9].

Medical nutrition therapy includes the use of oral nutritional
supplements, EN and PN, and replaces the terminology “artificial
nutrition”.

Actual body weight is the weight measured during hospitali-
zation; ideal body weight is the weight related to the height to
obtain a body mass index (BMI) of 23 kg/m2; adjusted body weight
is usually used in obese and is calculated as (actual body weight -
ideal body weight)x 0.33þ ideal body weight. Through the text, the
reference body weight used is the preadmission dry weight for
normal and overweight patients. For obese patients, the ideal body
weight to reach a BMI ¼ 25 kg/m2 should be considered.

Isocaloric nutrition is the administration of energy within
70e110% of the defined target; hypocaloric feeding or underfeeding
is an energy administration of <70% of the defined target; over-
feeding is an energy administration of >110% of the defined target;
trophic feeding is a minimal administration of nutrients to preserve
the normal function of the intestinal epithelium, and prevent
bacterial translocation.

A low protein diet or conservative nutritional treatment of CKD
or AKI/AKD is the administration of �0.7 g/kg/d of protein.

The following definitions are presented in detail in Tables 5e7.
AKI is a sudden decrease in glomerular filtration rate (GFR) which
becomes evident by an increase in serum creatinine or oliguria
within 48 h to seven days, with the severity (stage) of AKI deter-
mined by the severity of the increase in serum creatinine or oliguria
[4]. There are no currently available accepted criteria for markers of
kidney damage in the case of AKI, as defined for CKD (e.g. for
example proteinuria). It is generally accepted that the urine output
criteria for AKI are only applicable in intensive care settings, while
ascertainment of AKI and its severity from the timing of serum
creatinine level changes alone is generally considered acceptable in



Table 2
Key words used in PICO search.

PICO Intervention Control Key words

1. Indication
1 Medical nutrition therapy No medical nutrition

therapy
Medical nutrition therapy OR nutritional support AND acute kidney injury OR
hemodialysis OR kidney disease OR kidney failure

2. Assessment
2.1 Screen for malnutrition No screen Nutritional screening OR nutritional status AND hospitalized patients AND acute kidney

injury OR kidney disease OR kidney failure
2.2 Assess nutritional status Malnutrition OR nutritional status AND hospitalized patients AND acute kidney injury

OR kidney disease OR kidney failure
2.3 Assess lean body mass,

muscle mass and function
Acute kidney injury OR kidney disease OR kidney failure AND body composition OR
muscle mass OR muscle function OR lean body mass

2.4 Malnutrition definition Acute kidney injury OR kidney disease OR kidney failure AND malnutrition OR
malnutrition diagnosis OR sarcopenia OR cachexia OR protein energy wasting

3. Timing and route of feeding
3.1 Enteral feeding Parenteral feeding Refer to ESPEN guideline in polymorbid hospitalized medical inpatients and critically ill

patients [5,26]
3.2 Parenteral nutrition

indication
Refer to ESPEN guideline in critically ill patients [5]

3.3 Outcome Enteral nutrition Parenteral nutrition Enteral nutrition or enteral feeding AND parenteral nutrition AND Complications OR
aspiration OR hyperglycemia OR infections OR survival OR mortality OR length of stay

3.4 Safety Enteral nutrition Parenteral nutrition Enteral nutrition or enteral feeding AND parenteral nutrition AND Acute kidney injury
OR renal failure OR renal insufficiency OR renal dysfunction OR Renal replacement
therapy OR hemodialysis

4. Energy requirements
4.1 Indirect calorimetry Predictive equations Rest OR resting AND energy metabolism AND renal insufficiency OR acute kidney injury

OR renal failure OR kidney failure
4.2 Optimal energy intake Under or overfeeding Acute kidney injury OR renal failure OR kidney failure OR kidney disease AND energy

intake OR underfeeding OR overfeeding. Also refer to ESPEN guideline in polymorbid
hospitalized medical inpatients and critically ill patients [5,26]

4.3 Carbohydrates and lipids
based on measure
utilization

Standard nutritional
composition

Acute kidney injury OR renal failure OR kidney failure OR kidney disease AND
carbohydrate metabolism OR lipids metabolism AND enteral nutrition AND parenteral
nutrition

4.4 Energy balance KRT Energy balance no KRT Acute kidney injury OR renal failure OR kidney failure OR kidney disease AND kidney
replacement therapy OR renal replacement therapy AND energy intake OR energy
sources OR overfeeding

4.5 Energy requirements KRT Energy requirements no
KRT

Acute kidney injury OR renal failure OR kidney failure OR kidney disease AND kidney
replacement therapy AND energy requirements OR indirect calorimetry

5. Protein requirements
5.1 Protein balance KRT Protein balance no KRT Acute kidney injury OR renal failure OR kidney failure OR kidney disease AND kidney

replacement therapy AND protein needs OR protein catabolic rate
5.2 High protein intake Standard protein intake Acute kidney injury OR renal failure OR kidney failure OR kidney disease AND kidney

replacement therapy AND protein needs OR protein catabolic rate
5.3 Reduce protein intake to

delay KRT
No reduction in protein
intake

Acute kidney injury OR renal failure OR kidney failure OR kidney disease AND kidney
replacement therapy AND protein needs OR protein catabolic rate

5.4 Conservative therapy No conservative therapy Acute kidney injury OR renal failure OR kidney failure OR kidney disease AND protein
intake OR low protein AND kidney replacement therapy OR renal replacement therapy

5.5 Maintain conservative
therapy in CKD

No conservative therapy
CKD

Chronic kidney disease OR kidney failure OR kidney disease AND protein needs OR
protein catabolic rate OR low protein diet

6. Micronutrients requirements
6.1 Supplementation trace

elements and vitamins
No supplementation trace
elements and vitamins

Acute kidney injury OR renal failure OR kidney failure OR kidney disease AND trace
elements OR vitamins

7. Disease-specific nutrients
7.1 Renal-specific formulae (EN

or PN)
Standard formulae (EN or
PN)

Acute kidney injury OR renal failure OR kidney failure OR kidney disease AND standard
enteral nutrition OR renal enteral nutrition OR disease-specific enteral nutrition OR
standard parenteral nutrition OR renal parenteral nutrition OR disease-specific
parenteral nutrition

7.2 Omega-3 No omega-3 Acute kidney injury OR renal failure OR kidney failure OR kidney disease AND omega 3
OR omega 3 supplementation OR omega 3 parenteral nutrition

7.3 Glutamine No glutamine Acute kidney injury OR renal failure OR kidney failure OR kidney disease AND glutamine
OR glutamine supplementation

8. Monitoring
8.1 Normal range glycaemia Higher range glycaemia Acute kidney injury OR renal failure OR kidney failure OR kidney disease AND glycemic

control OR hyperglycemia OR hypoglycemia OR tight glucose control
9. Electrolytes requirements
9.1 Monitoring electrolytes No monitoring of

electrolytes
Acute kidney injury OR renal failure OR kidney failure OR kidney disease AND
electrolytes OR electrolytes monitoring OR sodium OR potassium OR phosphorus OR
magnesium

9.2 Dialysis/hemofiltration
solutions enriched with
phosphate, potassium and
magnesium

Regular dialysis/
hemofiltration solutions

Acute kidney injury OR renal failure OR kidney failure OR kidney disease AND kidney
replacement therapy OR renal replacement therapy AND dialysis fluids OR dialysis
solutions AND electrolytes

CKD, Chronic kidney disease; EN, Enteral nutrition; KRT, Kidney replacement therapy; PN, parenteral.
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Table 3
Definition of grades of recommendation [3].

A At least one meta-analysis, systematic review, or RCT
rated as 1þþ, and directly applicable to the target
population; or A body of evidence consisting principally
of studies rated as 1þ, directly applicable to the target
population, and demonstrating overall consistency of
results

B A body of evidence including studies rated as 2þþ,
directly applicable to the target population; or A body of
evidence including studies rated as 2þ, directly
applicable to the target population and demonstrating
overall consistency of results; or and demonstrating
overall consistency of results; or Extrapolated evidence
from studies rated as 1þþ or 1þ

0 Evidence level 3 or 4; or Extrapolated evidence from
studies rated as 2þþ or 2þ

GPP Good practice points/expert consensus: Recommended
best practice based on the clinical experience of the
guideline development group

Table 4
Classification of the strength of consensus [3].

Strong consensus Agreement of > 90% of the participants
Consensus Agreement of > 75e90% of the participants
Majority agreement Agreement of > 50e75% of the participants
No consensus Agreement of < 50% of the participants

Table 5
KDIGO definitions for Acute Kidney Injury (AKI), Acute Kidney Disease (AKD) and
Chronic Kidney Disease (CKD) [4e6].

Acute kidney injury
(AKI)

�7 days Abrupt decrease in kidney function
that occurs over a period of hours-
days (less than seven days)
Criteria
� Increase in sCr by � 0.3 mg/dl

(26.5 mmol/l) within 48 h; or
� Increase in sCr to � 1.5 times

baseline, which is known or
presumed to have occurred
within the prior 7 days; or

� Urine volume < 0.5 ml/kg/h
Acute kidney

disease (AKD)
7-days to 3-months Acute or subacute damage and/or

loss of kidney function occurring for
a duration of between 7 and 90 days
after exposure to an AKI initiating
event

Chronic kidney
disease (CKD)

>3-months Abnormalities in kidney structure
or function that persist for � 90
days with or without decreased
eGFR
Criteria
� Structural or functional

abnormalities of the kidney;
with or without decreased
glomerular filtration rate (GFR);
or

� GFR < 60 ml/min/1,73m2 for � 3
months with or without kidney
damage

AKI, acute kidney injury; AKD, acute kidney disease; CKD, chronic kidney disease;
SCR, serum creatinine; GFR, glomerular filtration rate.
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all of the other clinical settings. AKI is classified according to three
stages (Table 6), based on the KDIGO guidelines [4]. AKD by defi-
nition includes AKI but also includes disorders characterized by
markers of kidney damage, such as hematuria, pyuria, or urinary
tract obstruction, in which the rate of decline in GFR is not as rapid
as in AKI. AKD diagnosis includes markers of kidney damage or GFR
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reduction to <60 ml/min/1.73 m2 for �3 months, without classifi-
cation by severity [6]. It appears that AKD without AKI is more
common than AKI. CKD is defined based on gradual and progressive
loss of kidney function and/or the presence of markers and/or
radiological/histological evidence of kidney disease (for example,
proteinuria, renal ultrasound suggesting kidney disease, patho-
logical renal biopsy findings, etc.) over months to years. CKD in its
initial stages is almost always asymptomatic and is usually detected
on routine screening blood work by either an increase in serum
creatinine or by the presence of protein/blood in the urine [5]. CKD
stages are described in Table 7. KF characterizes stage 5 of CKD, with
or without KRT. It is to be understood that in many cases, AKI/AKD
can be superimposed to a previous CKD condition (AKI/AKD on
CKD).

3. General aspects (NONePICO QUESTIONS)

3.1. What is the impact of AKI/AKD and CKD on substrate
metabolism?

Statement 1
Kidney function impairment has negative effects on carbo-

hydrate, protein, and lipid metabolism exerts a pro-
inflammatory effect, and has a major impact on the anti-
oxidative system.

Strong consensus (100% agreement)
Commentary
Severe impairment of renal function (usually to be intended as

a loss of glomerular filtration rate) which is peculiar of AKI/AKD
and the most advanced stages of CKD up to KF, not only affects
water, electrolyte, and acid-base metabolism but also induces
global changes in the ‘‘milieu interieur’‘, along with specific al-
terations in protein, amino acid, carbohydrate and lipid metabo-
lisms [10]. Additionally, it exerts a pro-inflammatory action and
has a negative impact on the anti-oxidative system. AKI/AKD,
especially in the ICU setting, rarely represent isolated disease
processes. Metabolic changes in these patients are also deter-
mined by the underlying disease and/or comorbidities, by other
organ dysfunction, as well as by the modality and intensity of KRT
[10]. Important specific metabolic abnormalities associated with
AKI/AKD, are:

- protein catabolism
- alteration of metabolism of specific amino acids
- peripheral insulin resistance
- reduction of lipolysis and impaired fat clearance
- depletion of antioxidant systems
- induction of a pro-inflammatory state
- immunodeficiency

Protein catabolism is the metabolic hallmark of AKI/AKD,
especially in the ICU setting. The metabolism of the different amino
acids is abnormal, several nonessential amino acids (e.g. tyrosine)
become conditionally essential, and there are alterations in the
intra- and extra-cellular amino acid pools, as well as in the utili-
zation of exogenously administered amino acids. There is hyper-
glycemia, caused both by peripheral insulin resistance and the
activation of hepatic gluconeogenesis. In contrast to the situation in
patients with stable CKD and healthy subjects, the increased
glucose formation cannot be suppressed by exogenous nutrient
supply. Insulin resistance, defined as hyperglycemia despite high
insulin concentrations, may be associated with increased risk of
complications in critically ill patients with AKI/AKD; alterations in
lipid metabolism are present and are characterized by hyper-
triglyceridemia due to an inhibition of lipolysis; finally, exogenous



Table 6
KDIGO Classification of acute kidney injury [4, 6].

Acute kidney injury Serum creatinine Urine output

Stage 1 1.5e1.9 � baseline or �0.3 mg/dla above baseline <0.5 ml/kg/hr for 6e12 h
Stage 2 2.0e2.9 � baseline <0.5 ml/kg/hr for >12 h
Stage 3 �3.0 � baseline, � 4.0 mg/dla, or initiation of renal replacement therapy <0.3 ml/kg/h for �24 h of anuria for �12 h

a To convert values for creatinine to mmol/L, multiply by 88.4.

Table 7
KDIGO Classification of chronic kidney disease [5, 6].

GFR category Definition GFR ml/min/1.73 m2

1 Kidney damage with normal GFR �90
2 Kidney damage with mild decrease in GFR 60e89
3A Mild-to-moderate decrease in GFR 45e59
3B Moderate-severe decrease in GFR 30e44
4 Severe decrease in GFR 15e29
5 End Stage Renal Disease (ESRD)

GFR, glomerular filtration rate.
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fat particle clearance after parenteral or enteral administration of
lipids can be reduced [10].

Additional features include the induction of a pro-inflammatory
state and impaired immune competence. The plasma concentra-
tions of water-soluble vitamins are reduced and the activation of
vitamin D is impaired, contributing to secondary hyperparathy-
roidism. Vitamins E and A and selenium levels are lowand there is a
profound depression of the antioxidant system.

It should be pointed out that pre-existing CKD, especially in its
most advanced stages, may already cause various levels of meta-
bolic derangements including systemic oxidative stress and low-
grade inflammation. This acutely worsening renal function in CKD
patients (i.e., AKI/AKD on CKD) may lead to even worse metabolic
alterations and consequent changes in skeletal muscle, adipose
tissue, and body composition.
3.2. Are AKI/AKD or CKD independent risk factors for malnutrition?

Statement 2
AKI/AKD and/or CKD with or without KF increase the risk for

malnutrition by inducing multiple metabolic derangements
and, frequently, by reducing nutrient intake

Strong consensus (100% agreement)
Commentary
The pathogenesis of malnutrition in hospitalized patients with

AKI/AKD and/or CKD with or without KF is complex and involves
many different factors and mechanisms in the different patient
settings considered [10,11]. In the case of AKI/AKD or AKI/AKD on
CKD, especially in the ICU, the acute loss of kidney homeostatic
function plays a central role in the worsening of the dysmetabolic
status typical of critical illness (Fig. 1) [10]. Central to this process
are both insulin resistance [12], which is frequently observed in
patients with AKI and is closely associated with increasedmortality
risk [13], and the release of pro-inflammatory/oxidative stress
mediators from the kidney into the systemic circulation [14]. In fact,
AKI is now viewed as the consequence of an initially kidney-
confined inflammatory process that rapidly spreads to the other
organ/systems [15]; protein, carbohydrate, and lipid metabolism
alterations, combined to cause a general disruption of the ‘internal
milieu’, could be considered part of the systemic effects of a ‘kid-
ney-centered’ inflammatory syndrome [16]. Most of the above
mechanisms leading to malnutrition can be applied also to acutely
ill hospitalized patients with AKI/AKD on CKD or KF not staying in
the ICU. In fact, in renal patients with CKD with or without KF,
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malnutrition is characterized by loss of protein and energy stores
associated with multiple metabolic derangements, most of which
are peculiar of the syndrome [17]. Several metabolic and clinical
factors (Table 8) may negatively affect nutritional status and lean
body mass [18,19], also leading to frailty [20]. Apart from an inad-
equate spontaneous nutrient intake, several other factors such as
metabolic acidosis, insulin resistance, chronic inflammation, in-
testinal microbiota alterations (intestinal dysbiosis), infection and
oxidative stress are also contributive to malnutrition development.
In addition, factors related to CKD treatment itself, such as for
example inappropriate dietary restrictions or hemodialysis pro-
cedures, may play a role. The overall effect is the persistence of a
vicious cycle between malnutrition and its complications (Fig. 1)
[17].

3.3. What is KRT and which modalities are currently used in
hospitalized patients with AKI/AKD or CKD with KF?

The term KRT is currently used to include all of the different
modalities used to replace kidney function (in particular glomer-
ular or filtration function) in patients with AKI/AKD or CKDwith KF.
KRT provides clearance of solutes (such for example creatinine,
urea, electrolytes, and other so-called “uremic toxins”) depending
on their molecular weight, removal of fluid excess, and mainte-
nance of acid-base status and electrolyte homeostasis. However,
neither the tubular secretive and reabsorptive function nor the
endocrine function of the normal kidney is replaced by KRT.
Furthermore, solute clearance, even in the case of optimal KRT, is
significantly lower than that achieved by the normal kidney, since
it is only about 10e20% of the physiological clearance of index
substances such as urea or creatinine, and even less in case of
higher molecular weight solutes. Finally, some beneficial sub-
stances, and in particular some low molecular weight macronu-
trients or micronutrients, like amino acids or water-soluble
vitamins can be lost as well, since they are easily removed during
KRT. The basic principles of solute removal by KRT are diffusion and
convection (Fig. 2). Diffusion is the movement of solutes from an
area of high concentration to an area of low concentration across a
semipermeable membrane. The movement continues until equi-
librium is reached. In the case of convection, the solvent (i.e. water)
carries the solutes across the membrane (solvent drag); fluid is
thus removed (a process called ultrafiltration) together with sol-
utes, removed by convection. The semipermeable membrane can
be artificial, so that the blood of the patient is to be sent by a
machine in an external filter in an extracorporeal circuit, or natural.
In the latter case the only membrane available to this purpose is the
peritoneal membrane, and blood flow is granted by the peritoneal
microcirculation. Peritoneal dialysis fluids are removed by the
creation of an osmotic gradient vs the peritoneal capillaries
through the instillation of osmotic solutions (hypertonic glucose or
icodextrin) in the peritoneal cavity. Based on these principles KRT
can be divided into extracorporeal KRT (hemodialysis and/or
hemofiltration) and intracorporeal KRT (peritoneal dialysis, PD).
Diffusion and convection are usually combined and proceed
simultaneously both in hemodialysis and in PD. Hemodialysis
(usually lasting 4 h thrice a week) represents the standard



Table 8
Causes and mechanisms of Protein energy wasting in CKD patients [17].

1. Reduced protein and energy intake a. Anorexia:
i. Dysregulation of appetite mediators
ii. Amino acid stimuli in the hypothalamus
iii. Uremic toxins

b. Inappropriate dietary restrictions
c. Gastrointestinal diseases
d. Depression
e. Difficulties in food preparation
f. Socio-economic difficulties

2. Hypercatabolism a. Increase in energy expenditure:
i. Chronic inflammation
ii. Increase in pro-inflammatory cytokines
iii. Altered metabolism of adiponectin and resistin

b. Hormonal changes:
i. Insulin resistance
ii Increased glucocorticoid activity

3. Metabolic acidosis Increased protein breakdown, increased BCAA oxidation, insulin and IGF-1 resistance
4. Reduced physical activity Reduced muscle trophism, reduced self-sufficiency, reduced performance
5. Reduced anabolism a. Reduced uptake of nutrients

b. Resistance to insulin, GH/IGF-1
c. Testosterone deficiency
d. Reduced levels of thyroid hormones

6. Comorbidities and life style a. Comorbidities (diabetes, heart failure, ischemic heart disease, peripheral vascular disease)
b. Sedentary lifestyle

7. Dialytic treatment a. Loss of amino acids and proteins in the dialysate
b. Inflammatory processes related to dialysis
c. Hypermetabolism related to dialysis
d. Loss of residual renal function

CKD, chronic kidney disease; GH, growth hormone; IGF, insulin-like growth factor.

Fig. 1. Vicious circle of malnutrition in CKD [17].
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treatment for patients with CKD in the KF stage on chronic KRT,
being only a minority of these patients on PD. Many different
modalities are instead currently available in critically ill patients
with AKI/AKD. All of them are based on diffusion or convection or a
combination of both, but they can be significantly different for
what concerns the efficiency (clearance) and duration. The choice
of treatment thus depends on this case from the characteristics of
patients and is mainly based on an integrated clinical judgment on
depurative needs (for example the rate of catabolism), fluid
removal needs, and hemodynamic status of the patient. Only a few
critically ill patients with AKI/AKD can tolerate the relatively short
duration of treatments typical of the conventional hemodialysis
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schedule routinely used for patients with KF. As far as hemody-
namic status is concerned, more prolonged KRT modalities (from
eight to 12 h a day up to 24 h a day, i.e. continuously) are usually
more adequate. In Western countries and the US, PD is not
routinely utilized for critically ill adult patients in the ICU. Thus, in
this clinical setting, extracorporeal KRT represents the gold stan-
dard, and in the case of acutely/critically ill, AKI/AKD patients are
usually classified based on its duration [21]. Each of the principal
modalities of KRT used in the ICU (intermittent, prolonged inter-
mittent, and continuous) carries advantages and disadvantages in
this specific patient setting. In the case of AKI/AKD patients outside



Fig. 2. Principles of solute removal in KRT (diffusion and convection).
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the ICUs, intermittent conventional hemodialysis represents the
most commonly used modality of KRT.

3.4. Modalities of KRT

Intermittent hemodialysis is the most commonly used extra-
corporeal KRT modality in patients with advanced CKD in the KF
stage, but it can be used also in patients with AKI/AKD or AKI on
CKD provided they are not hemodynamically unstable. Intermittent
hemodialysis is usually performed three times a week for three to
4 h. Intermittent hemofiltration can be also used in patients with KF
on chronic KRT in hypotension-prone subjects. In this case, clear-
ance is achieved by convection. However, in most of these cases,
hemodialysis and hemofiltration are combined in the same KRT
session (hemodiafiltration). In the ICU, the more prolonged mo-
dalities are preferred, such as CKRT or Prolonged Intermittent
Kidney Replacement (PIKRT). This latter term encompasses the
group of the so-called “hybrid” therapies since it combines the
characteristics of intermittent and continuous KRT concerning the
prolonged duration and increased frequency of treatment, along
with the main advantages of both [21].

The use of more prolonged KRT modalities such as CKRT and
PIKRT in critically ill patients has the advantage of better hemo-
dynamic stability, slower and reduced solute shifts, and better
tolerance of fluid removal, and are therefore preferentially used in
patients with AKI and hemodynamic instability [22]. No clear
advantage has been demonstrated so far for CKRT over PIKRT.

3.5. Peritoneal dialysis

In addition to the above mentioned extracorporeal treatments,
some hospitalized patients are treated with PD. The use of PD in the
adult ICU setting is quite rare in Western countries, while it can be
more frequent in the case of hospitalized patients previously on
continuous ambulatory peritoneal dialysis (CAPD, a PD modality
based on daily manual exchanges by the patient at home) or
automated peritoneal dialysis (APD, a PD modality where ex-
changes are by a simplifiedmachine, usually at home and by night).
PD is based on the exchange of solutes between the blood in the
peritoneal capillaries and the dialysis fluid is introduced in the
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peritoneal cavity and subsequently drained. PD solutions contain
glucose or another sugar to achieve fluid removal. However,
dextrose is absorbed over time, and this may cause a positive
glucose balance of about 400 kcal/d.

4. Recommendations

4.1. Indication

4.1.1. Does nutritional treatment (based on screening and/or
assessment versus no screening and/or assessment) improve
outcomes and which patients would benefit from it?

Recommendation 1
Medical nutrition therapy may be considered for any patient

with AKI/AKD, AKI on CKD, CKD with or without KF requiring
hospitalization.

Grade of recommendation GPP e Strong consensus (100%
agreement)

Recommendation 2
Medical nutrition therapy should be provided to any patient

with AKI/AKD, AKI on CKD, CKD with or without KF staying in
the ICU for more than 48 h.

Grade of recommendation GPP e Strong consensus (100%
agreement)

Commentary to recommendations 1 and 2
Patients with CKD, especially in those in the KF stage under-

going or not chronic dialysis, are at high risk of developing nutri-
tional disorders [11]. Progressive depletion of protein and/or energy
stores is often observed [23], with prevalence rates that increase
along with the decline in kidney function [23]. In a global meta-
analysis, the prevalence of malnutrition as defined by subjective
global assessment (SGA) or malnutrition-inflammation score was
found to range from 11% to 54% in patients with non-dialysis CKD
stages 3e5, and between 28 and 54% in patients undergoing
chronic hemodialysis [24]. Given this high prevalence, we find it
justified to suggest that all patients admitted to the hospital should
be considered at risk of malnutrition.

For ethical reasons, there are no studies directly addressing the
effects of starvation of hospitalized patients with KF. The scientific
literature regarding nutritional support in AKI is scarce and



E. Fiaccadori, A. Sabatino, R. Barazzoni et al. Clinical Nutrition 40 (2021) 1644e1668
mainly represented by low-quality studies from the 1980s that
have been summarized in more recent reviews [10,25,26]. Given
that even kidney impairment per se does not cause major modi-
fications on energy needs [1], and important alterations in energy
expenditure are usually better explained by acute comorbidities
and complications, recommendations for medical nutrition ther-
apy in patients with AKI and critically-ill patients with CKD with
KF should be the same as for any other ICU patient (see ref. [8]).
Since the publication of the earlier ESPEN recommendations [1,2],
a cut-off of 48h for the initiation of early nutrition has been
established for critically ill patients [8,27], and we feel this is also
adequate in patients with AKI/AKD or CKD with KF in the ICU.

Recommendation 3
In malnourished non-critically ill hospitalized patients with

AKI/AKD or CKD with or without KF and those patients at risk
for malnutrition who can safely feed orally but cannot reach
their nutritional requirements with a regular diet alone, ONS
shall be offered.

Grade of recommendation A e Strong consensus (100%
agreement)

Commentary
In stable, non-critically ill hospitalized patients with AKI/AKD or

CKD with or without KF, nutritional support is indicated in patients
with malnutrition or patients at risk of malnutrition [1,28,29]. ONS,
and especially those with higher energy and protein content, can
add up to 10e12 kcal/kg and 0.3e0.5 g of protein/kg daily over the
spontaneous intake in a 70 kg patient if provided two times a day at
least 1 h after a meal, thus facilitating the achievement of nutri-
tional targets [23]. To our knowledge, there are no published
studies on this topic in non-critically ill hospitalized patients with
AKI/AKD or CKD with or without KF. However, evidence in poly-
morbid (defined as two or more chronic comorbidities) inpatients
suggests that ONS may improve nutritional status, and we specu-
late that this evidence may also extend to the polymorbid inpatient
with AKI/AKD or CKD with or without KF. In a large RCT with 200
inpatients from internal medicine wards, ONS combined with
physiotherapy increased energy and protein intake without nega-
tively affecting hospital food consumption, while preserving lean
body mass during recovery and until three months after discharge
[30]. In another large (n ¼ 445) RCT of hospitalized patients, ONS
provision significantly improved nutritional status, as assessed by
serum albumin, red-cell folate, and vitamin B12 concentration, and
reduced the number of non-elective readmissions in the following
six months after discharge [31]. Similar results were found in other
RCTs in which ONS resulted in improved nutritional status (as
assessed by the difference in body weight and functional status)
[32,33], reduced complications [32], and mortality [34,35].

Besides, there is rich evidence from RCTs in non-hospitalized
patients with KF suggesting that ONS may rapidly improve nutri-
tional status as well as some aspects of quality of life and physical
functioning [28,36e46]. In an observational study that enrolled
CKD patients on hemodialysis with low serum albumin, the pro-
vision of ONS was associated with improved survival rates [43]. A
large trial of undernourished CKD patients on hemodialysis showed
that standard ONS is capable of inducing a sustained improvement
of serum albumin and transthyretin independently from inflam-
matory status, and the increase in transthyretin during ONS was
associated with better survival [47].

Recommendation 4
Intradialytic parenteral nutrition (IDPN) shall be applied in

malnourished non-critically ill hospitalized patients with CKD
and KF on hemodialysis, or the same patients if at risk of
malnutrition that fail to respond or do not tolerate ONS or EN.

Grade of recommendation A e Strong consensus (91.7%
agreement)
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Commentary
IDPN is a specific modality of PN that can be applied only to

patients with KF on chronic hemodialysis. It is based on the
administration of macro- and micronutrients in the extracorporeal
circuit of hemodialysis, three times a week for three to 4 h [48].
Although the gastrointestinal route is the preferred choice for
nutritional supplementation, parenteral provision of nutrients
during hemodialysis is a safe and convenient approach for in-
dividuals who cannot tolerate oral or enteral administration of
nutrients. Multiple studies, including several RCTs, showed evi-
dence for nutritional improvements with the use of IDPN in pa-
tients with KF on hemodialysis with overt protein-energy wasting
[1,47,49e51]. Because of its non-superiority to ONS, and its time
limitation (hemodialysis is usually 4 h three times a week), IDPN
may be a reasonable treatment option for patients who fail to
respond or cannot receive recommended treatments, but the
widespread use of IDPN before trying counseling and ONS does not
appear warranted [52].

Recommendation 5
EN, PN, or EN and PN shall be given to critically and non-

critically ill hospitalized patients with AKI/AKD, CKD, CKD
with KF unable to achieve at least 70% of macronutrient re-
quirements with oral nutrition.

Grade of recommendation A e Strong consensus (95.7%
agreement)

Commentary to recommendations 1e5
EN is indicated if oral intake (with or without ONS) is not suf-

ficient to meet at least 70% of daily requirements [1,8]. Reaching
nutritional intake goals is important to prevent weight loss and loss
of muscle mass. However, in the hospital care setting, many con-
ditions may interfere with the patient's spontaneous oral intake
[53]. These conditions may include loss of appetite, delayed gastric
emptying, and dysphagia among others. In these cases, the use of
EN or PNmay help increase nutritional intake [54,55]. No study has
specifically investigated the effect of nutritional support or
compared EN and PN in non-critically ill hospitalized patients with
AKI/AKD, CKD, or CKDwith KF. Several RCTs compared the effects of
nutritional support on the outcome of patients hospitalized in in-
ternal medicine wards. A recent meta-analysis of 27 trials found
increased energy and protein intake with beneficial effects on
weight in patients receiving EN when comparing to the control
group [56]. There is some observational evidence comparing EN
and PN effects on the outcome of non-critically ill internal medicine
patients [57]. In this large observational study (n ¼ 1831), the au-
thors found a significantly lower risk of overall complications and
infections associated with medical nutritional therapy. Particularly,
patients receiving EN had significantly lower infectious and non-
infectious complications than those receiving PN [57]. Regarding
the critical care setting, there is some evidence demonstrating that
EN compared to PN results in lower complication risk [8]. Besides,
one study in non-malnourished critically-ill patients with AKI
described potential advantages in delaying PN if EN is not possible/
tolerated [58,59]. A careful and progressive re-introduction of
nutrition may prevent the risk of refeeding syndrome, particularly
in patients who are severely malnourished or report reduced food
intake before or during admission [8].

4.2. Assessment

4.2.1. Should all hospitalized patients with AKI/AKD, and/or CKD be
screened for malnutrition?

Recommendation 6
Any hospitalized patient with AKI/AKD and/or CKD with or

without KF, and especially those staying for more than 48 h in
the ICU, should be screened for malnutrition.
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Grade of recommendation GPP e Strong consensus (95.7%
agreement)

Commentary
Few existing screening tools have been evaluated in hospi-

talized patients with AKI/AKD and/or CKD. The malnutrition
universal screening tool (MUST) score was found to have low
sensitivity in these patients [60], perhaps due to the complex and
multifactorial nature of malnutrition in patients with kidney
diseases. MUST screening acknowledges acute starvation but
omits some KF-specific risk factors such as anorexia and nutri-
tional deficit [61,62]. The nutritional risk screening (NRS) 2002
tool [63,64] has been reported to adequately identify patients
considered malnourished by SGA and predicted worse clinical
outcomes [65,66]. We are not aware of studies comparing the
reliability of existing screening tools in these patients. Therefore,
we conclude that until such studies are conducted all screening
tools ought to be considered equally valuable. Nutrition-related
symptoms have been shown to have an important role in pre-
dicting malnutrition risk in kidney patients, and among those,
appetite loss conveyed the highest prognostic power [67,68].
Recently, a new renal inpatient nutritional screening tool (Renal
iNUT) was specifically developed for hospitalized patients with
AKI/AKD and or CKD, or CKD with KF on KRT [60], showing a
good sensitivity, specificity, and positive predictive value against
the SGA. In addition to the components of MUST, the renal iNUT
includes questions on appetite, dietary intake, use of nutritional
supplements, and kidney-specific details on weight (dry-weight
target or edema free target weight). However, whether the renal
iNut may be an adequate tool to screen hospitalized patients
with kidney diseases requires external validation.

4.2.2. How to assess nutritional status in hospitalized patients with
AKI/AKD and or CKD?

Recommendation 7
Until a specific tool has been validated, a general nutritional

assessment should be performed to any hospitalized patient
with AKI/AKD or CKDwith or without KF at risk of malnutrition.

Grade of recommendation GPP e Strong consensus (91.3%
agreement)

Commentary
A general nutritional assessment should include patient history,

report of unintentional weight loss or decrease in physical perfor-
mance before hospital or ICU admission, physical examination,
general assessment of body composition, muscle mass, and
strength.

In the absence of consensus in defining one single tool for the
assessment of nutritional status, the diagnosis of malnutrition
should be made by clinical observations and complementary ex-
aminations [3]. Many tools have been suggested to assess malnu-
trition in hospitalized patients, however, most of them suffer from
major limitations, especially when applied to patients with kidney
disease [69] and especially to those in the ICU [10].

Body weight and BMI, unless very low (e.g. BMI <18 kg/m2), are
poor nutritional assessment tools in hospitalized patients with AKI/
AKD and/or CKD or CKDwith KF. This is because body sizemeasures
cannot take into account the frequent presence of fluid overload in
these patients, and cannot distinguish fat from muscle stores [10].
Overweight/obesity is not uncommon in AKI or CKD with KF, and
conditions of low lean body mass or skeletal muscle mass loss may
exist in these patients despite appearing as having a normal or
overweight BMI (e.g. sarcopenic obesity) [70,71].

The SGA has been used in AKI patients to diagnose nutritional
derangements, and it has been shown to predict poor outcomes at
the population level [72]. The SGA has also been used to identify
malnourished hospitalized KF patients on chronic hemodialysis
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[73]. Severe malnutrition by SGA at ICU admission was also asso-
ciated with late mortality (until six months after discharge) in AKI
patients [74]. This being said, the SGA is not widely employed and
can be difficult to apply in the ICU setting.

Despite its sensitivity as a screening and prognostic tool, serum
albumin provides limited information about the complex nature of
the underlying nutritional problem in the setting of AKI and CKD.
The albumin concentration is the net result of its synthesis,
breakdown, the volume of distribution, and exchange between
intra- and extra-vascular spaces, as well as losses [75]. Besides, it is
a negative acute phase reactant, i.e., during acute illness its syn-
thesis is reduced, resulting in low serum levels. Albumin level
values should not be interpreted alone, and the appropriate
nutritional assessment should also include a thorough physical
exam and clinical judgment [76].

4.2.3. How to assess lean body mass, muscle mass, and function?
Recommendation 8
Body composition assessment should be preferred to

anthropometry measurements when diagnosing and moni-
toring malnutrition in hospitalized patients with AKI/AKD and/
or CKD or CKD with KF.

Grade of recommendation B e Strong consensus (95.7%
agreement)

Commentary
Because critically ill patients suffer an important and acceler-

ated skeletal muscle loss already occurring in the first few days at
the ICU [8,77,78], body composition monitoring during hospital
stay appears of major importance. Identifying early muscle loss is
important since it could represent a major cause of delayed
weaning from mechanical ventilation, and a well-known predic-
tor of both in-hospital mortality and morbidity [79], functional
recovery [80,81], and disability after discharge [82,83]. Key
problems in this regard are however the lack of reliable bedside
tools able to assess muscle mass and the interference of fluid
overload and rapid fluid shifts when using conventional methods
for muscle mass evaluation. Because of such drawbacks, the
literature investigating the role of body composition in hospital-
ized patients with kidney disease is scarce. A study on 31
critically-ill patients with AKI used bioelectric impedance analysis
(BIA) and observed that measurements performed after KRT re-
ported a reduction in the estimated fat free mass of almost 5% in
comparison to measurements performed before KRT, showing
how unreliable BIA can be when patients are overhydrated [84]. In
another study, BIA analysis only suggested the presence of excess
total body water and body fat, thus hampering the possibility to
separately detect any change in lean body mass [85]. While dual
energy X-ray absorptiometry (DEXA), computed tomography scan
(CT), and magnetic resonance imaging (MRI) are considered the
reference standard techniques for the assessment of skeletal
muscle mass and body composition [86], however, they cannot be
used routinely for nutritional status assessment in ICU or more in
general in hospitalized patients [86]. As a potential alternative
method, the use of ultrasound for the assessment of muscle mass
has been recently investigated in hospitalized patients with AKI
and CKD patients with KF on hemodialysis, with good reliability
[87,88]. Muscle ultrasound is a noninvasive technique easily
applicable even in non-collaborative patients, it appears
economically viable, safe and does not require specialized staff
nor X-ray exposure [87,89e91]. Besides, muscle ultrasound mea-
sures seem to be scarcely influenced by rapid fluid shifts both in
patients with AKI and in patients with CKD and KF on chronic
hemodialysis [87,92]. Validations studies against CT in critically ill
patients with AKI disclosed an absence in differential and pro-
portional bias, with a minor loss of precision [88]. Because of the
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lack of cutoff values to identify lowmuscle mass using ultrasound,
we suggest that ultrasound may be valuable for monitoring of
muscle mass during recovery and for assessing the effectiveness of
physical and nutritional interventions. CT scan has also been used
in the ICU to assess skeletal muscle mass (at the L3 vertebra level),
but obviously may be useful only for patients already undergoing
abdominal CT for other clinical reasons [93]. Low muscle mass by
CT scan at admission predicted a higher length of stay and the risk
of mortality [94], while it associated with the risk of complications
and 30-day mortality in ICU patients when measured at the time
of extubation [95]. However, at the present time its use is confined
to research purposes.

In summary, amongst the currently validating techniques, ul-
trasound appears promising and easy to implement in the ICU and
the hospital wards. For those patients undergoing abdominal CT,
the assessment of skeletal muscle mass at the level of the third
lumbar vertebra can be a valuable prognostic and diagnostic tool.

Recommendation 9
In collaborative patients with AKI/AKD and/or CKD or CKD

with KF, muscle function should be assessed by hand-grip
strength.

Grade of recommendation B e Strong consensus (95.7%
agreement)

Commentary to recommendations 8 and 9
Besides malnutrition, other conditions such as critical illness

polyneuropathy, critical illness myopathy, and disuse atrophy
caused by immobilization may increase the risk of developing a
specific neuromuscular dysfunction syndrome during and after an
ICU stay, including a form of severe weakness typical of critically ill
patients, currently known as ICU-acquired weakness [96].
Decreased functional capacity before hospital admission is associ-
ated with increased hospital mortality regardless of age, comor-
bidities, disease severity, and type of ICU admission [97]. In
individuals aged 70 years or older [98], the pre-ICU functional
trajectory strongly influences post-ICU functional status. Pre-
morbid health status, the functional decline in the ICU, and post-
ICU functional status are likely determined by the complexity of
different factors over time.

In the ICU the recommended tool to assess muscle strength is
the six-point Medical Research Council (MRC) score. An MRC sum
score of less than 48 for 12 muscle groups (or a mean MRC of less
than four per muscle group) is used as the cutoff for defining
ICU-acquired weakness [99e101]. However, assessing the MRC
score in ICU patients is time-consuming and requires adequate
training. Handgrip strength dynamometry has been proposed as
a simple and easy diagnostic method for ICU-acquired weakness
and can identify disorders even before the changes in body
composition parameters are identified, allowing nutritional in-
terventions to be made earlier, and possibly influencing the
prognosis of the patient [101,102]. There are no studies available
regarding the use of MRC score in critically ill patients with KF.
On the other hand, handgrip strength has been used in this
clinical setting to assess muscle strength. In a cohort of hospi-
talized patients with KF and at risk of malnutrition, handgrip
strength values were shown to be in the sarcopenic range [60]. In
another study, handgrip strength lower than 10 kg at the time of
discharge and lower than 15 kg one month after hospital
discharge were associated with the risk of death [74]. In patients
with KF on hemodialysis, handgrip strength correlates with the
number of comorbidities and the malnutrition inflammation
score [92,103]. Despite these promising applications, we do not
recommend handgrip strength to be used in isolation as it also
has some limitations. One important limitation is that coopera-
tion by the subject is always required. Besides, there is still no
absolute consensus on the measurement protocols for handgrip
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strength, the handheld dynamometer must be well-calibrated
and adjusted for hand size for accurate measurements and
finally, standard reference values for handgrip strength are also
lacking [104].

4.2.4. How to define malnutrition in patients with AKI/AKD and/or
CKD or CKD with KF?

Statement 3
There is no uniform and validated criteria to define malnu-

trition in hospitalized patients with AKI/AKD and/or CKD or CKD
with KF. Studies to validate the ESPEN endorsed GLIM criteria in
patients with kidney disease should be performed.

Strong consensus (100% agreement)
Commentary
The pathophysiology of nutritional disorders in patients with

kidney disease is complex, involving both reduced food intake or
deranged assimilation of nutrients, and disease-associated and
comorbidity-associated hypercatabolism. There is no clear
consensus on how to define these derangements, and available
definitions are based on studies of stable patients with CKD
managed in outpatient care. We will argue here that some of these
definitions may not apply for diagnostic purposes in inpatient
settings and especially in AKI.

The International Society of Renal Nutrition and Metabolism
(ISRNM) [28], introduced the term “protein-energy wasting” to
indicate “a condition of decreased body stores of protein and en-
ergy fuel (i.e. lean body mass and fat stores), which can occur in
either AKI or CKD, regardless of the cause, and can be associated
with diminished functional capacity related to metabolic stresses”
[28]. Although this definition corresponds to what occurs physio-
logically in hospitalized patients, the recommended criteria to di-
agnose it may not be entirely suitable for the setting of hospitalized
KF and we refer to sections 2.2 and 2.3 above regarding limitations
of diagnostic tools. Furthermore, the criteria of diagnosis of protein-
energy wasting by derangements in three out of four subsets of
nutritional indicators still lacks internal or external validation,
despite having been shown to strongly predict long-termmortality,
at least in chronic hemodialysis patients [105].

Major clinical nutrition societies worldwide joined in the Global
Leadership Initiative on Malnutrition (GLIM) and established a
consensus definition for an etiology-independent diagnosis of
malnutrition in adults from different clinical care settings [76]. The
GLIM criteria consist of a two-step model for risk screening (with
tools such as NRS-2002, MUST, and the short form of the mini-
nutrition assessment (MNA-SF)) and diagnostic assessment.
Assessment includes five criteria: three phenotypic criteria, i.e.
non-volitional weight loss, low BMI (<20 kg/m2 if < 70 years old
or < 22 kg/m2 if > 70 years old), and reduced muscle mass (by
DEXA, BIA, CTorMRI using their corresponding standards), and two
etiological criteria, i.e., reduced food intake or assimilation, and
disease burden/inflammation (acute illness or chronic disease-
related). Diagnosis of malnutrition requires at least one pheno-
typic and one etiological criterion. No study has validated so far the
application of these criteria in hospitalized patients with kidney
disease. Limitations of BMI use in overhydrated patients may also
lead to underestimating malnutrition in this setting, and special
attention should therefore be paid to the use of this criterion in
potential applications of the GLIM approach to hospitalized sub-
jects with AKI/AKD and/or CKD or CKD with KF.

The term cachexia is used to describe a syndrome associated
with chronic conditions, including CKD and CKD with KF, and is
characterized mainly by the loss of muscle mass. Loss of fat can also
be present but is not a requisite for its diagnosis [106]. The clinical
manifestations of cachexia include weight loss corrected for fluid
retention and anorexia. Its pathophysiology is thus similar to the
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ISRNM definition of protein-energy wasting, in which cachexia is
suggested for most severe stages of protein-energy wasting
[28,107]. Diagnostic criteria proposed by the Society on Sarcopenia,
Cachexia and Wasting Disorders are similar to those of protein-
energy wasting, since both rely on serum chemistry, measures of
body and muscle mass, and nutritional intake, with thresholds
being lower for cachexia than for protein-energy wasting. However,
as mentioned above, these criteria may not be fully suitable for the
acute care setting, especially in the ICU.

Sarcopenia is a complex geriatric syndrome associated with the
loss of muscle mass and function [76]. Sarcopenia can be defined as
primary or secondary. In the first case, it is a sole consequence of
aging, while secondary sarcopenia has a multifactorial etiology, and
includes as possible causes the decline in physical activity, alter-
ations of the endocrine system, presence of chronic or acute ill-
nesses, inflammation, insulin resistance, and nutritional
inadequacy [108]. Many operational definitions for sarcopenia have
been proposed during the last decade [76,108e111]. In any case,
reliable assessments of muscle strength and function may be
difficult to obtain in the inpatient setting, especially in critically ill
patients.
4.3. Timing and route of feeding

4.3.1. Which is the most appropriate route of feeding and when it
should be started?

For this PICO question, we refer to recommendation 8.1 of the
ESPEN guideline for polymorbid hospitalized medical patients [29]
and recommendations 4 and 5 of the ESPEN guideline for critically
ill patients [8].

Early nutritional support (i.e. provided in less than 48 h from
hospital admission) compared to later nutritional support
should be performed in polymorbid medical inpatients, as sar-
copenia could be decreased and self-sufficiency could be
improved.

Grade of recommendation B e strong consensus (95%
agreement) [29]

If oral intake is not possible, early EN (within 48 h) in criti-
cally ill adult patients should be performed/initiated rather than
delaying EN.

Grade of recommendation B e strong consensus (100%
agreement) [8]

If oral intake is not possible, early EN (within 48 h) shall be
performed/initiated in critically ill adult patients rather than
early PN.

Grade of recommendation A e strong consensus (100%
agreement) [8]

Commentary
As discussed above in section 1, non-critically ill patients with

AKI/AKD and/or CKD, or CKD with KF are a high-risk population for
developing malnutrition and muscle loss and should receive
nutritional therapy when needed. There are no published studies,
to our knowledge, on non-critically ill hospitalized patients with
kidney diseases that investigated the timing for initiation of such
therapy. However, evidence in polymorbid (defined as two or more
chronic comorbidities) inpatients shows that this population could
benefit from early nutritional support during hospital admission to
avoid worsening of nutritional status with subsequent negative
outcomes [29]. In one RCT on 200 elderly inpatients [30], early
nutritional support and physical rehabilitation were able to atten-
uate muscle loss during the hospital stay and helped to regain lean
body mass back to its original value within 12 months after
discharge. In another study [112], early EN was related to reduced
infection rates and better self-sufficiency.
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The timing of initiation and the best route of feeding in critically
ill patients has been amatter of debate for years. In comparing early
EN vs. delayed EN (including six studies in ICU patients [113e118]
and four studies including non-ICU patients [119e122] and early EN
vs PN (including six studies in ICU patients [123e128] and seven
studies with also non-ICU patients included [129e135] the ESPEN
guideline in critically ill patients reports a reduction in infectious
complications when using early EN. Besides, in comparison to early
PN, early EN was also related to shorter hospital and ICU stays [8].

In line with the ESPEN and ESICM guidelines [8,27], we suggest
towithhold EN in critically ill patients with AKI/AKD and/or CKD, or
CKD with KF when there is uncontrolled shock, uncontrolled hyp-
oxemia and acidosis, uncontrolled upper GI bleeding, gastric aspi-
rate volume > 500 ml/6 h, bowel ischemia, bowel obstruction,
abdominal compartment syndrome, and high-output fistula
without distal feeding access.

4.3.2. When is PN indicated?
For this PICO question, we refer to the recommendations 6 and 7

of the ESPEN guideline for critically ill patients [8].
In case of contraindications to oral and EN, PN should be

implemented within three to seven days.
Grade of recommendation B econsensus (89% agreement)

[8].
Early and progressive PN can be provided instead of no

nutrition in case of contraindications for EN in severely
malnourished patients.

Grade of Recommendation 0 e strong consensus (95%
agreement) [8].

Commentary
A meta-analysis of studies comparing enteral and parenteral

routes independent of timing [136], found an important reduction
in infectious episodes with EN as compared to PN (RR 0.64, 95% CI
0.48, 0.87, P ¼ 0.004, I2 ¼ 47%). This difference did not occur when
the calories administered by PN and EN were similar (most recent
studies), suggesting that caloric overfeeding may play a role in the
infectious complications of PN. However, considering the negative
consequences of malnutrition and muscle wasting, and based on
expert consensus, also in the case of AKI/AKD and/or CKD or CKD
with KF, when a patient is likely to be at high nutritional risk or
severely malnourished, and EN is not possible, the initiation of PN
should be carefully considered and balanced against the risks of
overfeeding and refeeding.

4.3.3. Is EN associated with improved outcomes as compared to PN?
Statement 4
As in other clinical settings (polymorbid hospitalized pa-

tients, ICU patients) EN is the most physiologic route of feeding
in comparison to PN, and in general has been linked to lower
infection rates, shorter ICU and hospital stay.

Strong consensus (100% agreement)
Commentary
As in other clinical settings, the route of feeding depends more

on gastrointestinal tract function than on the presence of renal
function impairment itself. In the past, critically ill patients with
AKI/AKD were mostly fed via the parenteral route, while now the
enteral route is the first choice for medical nutrition therapy. Safety
and efficacy of nutritional support administered solely via EN were
evaluated in an observational study on 182 critically ill patients
with AKI, there was no evidence that AKI is associated with a
consistent increase in gastrointestinal, mechanical, or metabolic
complications during EN [137]. In other clinical settings, the evi-
dence favoring EN instead of PN is more consolidated. In a meta-
analysis of studies comparing EN and PN in the ICU independent
of timing, EN was able to reduce dramatically the risk for ICU
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acquired infections [136]. While other studies in critically ill
[123e128] and non-ICU patients [129e133] showed a reduction in
infectious complications, shorter ICU and hospital stay with early
EN versus PN.
4.3.4. Is EN safe in hospitalized patients with AKI/AKD or CKD/CKD
with KF as compared to PN when renal function is reduced?

Statement 5
There is no evidence linking a reduced renal functionwith an

increase of either gastrointestinal, mechanical, or metabolic
complications during EN in patients with AKI/AKD and/or CKD
or CKD with KF.

Strong consensus (100% agreement)
Commentary
EN represents the first and most important measure to support

and restore gastrointestinal function, especially in the critically ill
[8]. However, it is frequently impossible to meet the nutrient re-
quirements exclusively by EN, making supplementation of one or
more nutrients by the parenteral route necessary. EN should start at
low rates and should be increased slowly (over days) until re-
quirements are met. Clear evidence concerning the incidence and
severity of refeeding syndrome in hospitalized patients with kidney
disease is not available at present: however, plasma electrolyte and
phosphorus levels must be strictly monitored [1].

Few systematic clinical trials of EN in hospitalized patients with
kidney disease are currently available. The largest observational
study to date has evaluated the safety and efficacy of nutritional
support administered solely via nasogastric tubes using either a
standard formula or a disease-specific formula for patients with KF
on hemodialysis in 182 patients with AKI, [137]. No evidence was
found that AKI is associated with a serious increase of either
gastrointestinal, mechanical, or metabolic complications when EN
was chosen. High gastric residuals were more frequent in patients
with AKI compared to those with normal renal function, but in
general, EN was safe and effective [137].
4.4. Energy requirements

4.4.1. How to define energy requirements?
Recommendation 10
In hospitalized patients with AKI/AKD and/or CKD or CKD

with KF needingmedical nutrition therapy, indirect calorimetry
should be used to assess energy expenditure to guide nutritional
therapy (caloric dosing) and avoid under- or overfeeding.

Grade of recommendation B e Strong consensus (95.7%
agreement)

Bearing in mind that predictive equations and weight-based
formulae are subject to significant bias and imprecision especially in
kidney patients, in the absence of IC, for non-critically ill patients with
AKI/AKD and/or CKD or CKD with KF staying in a medical ward and
not on a low protein diet, we refer to the recommendations 4.2 and
4.3a and b of the ESPEN guideline for polymorbid internal medicine
patients [29].

For non-critically ill CKD patients with KF (without KRT) staying in
a medical/nephrology ward with no stress factors, and continuing
previously established low protein diet regimens during the hospital
stay, the 30e35 kcal/kg/d amount already indicated in the past ESPEN
guidelines [1,2] can be confirmed.

Commentary
Accurate determination of protein and energy needs is impor-

tant in this clinical setting because both over- and underfeeding
may occur and are likely to be associated with poor outcomes
[10,138].
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The gold standard for measuring individual caloric needs is
represented by indirect calorimetry, a noninvasive method allow-
ing resting energy expenditure (REE) assessment based on oxygen
consumption and carbon dioxide production measurements in the
exhaled air [139]. In critically ill patients, REE measured by indirect
calorimetry is generally considered for a nutritional prescription.
Unfortunately, indirect calorimetry measurements are not widely
used in daily hospital routine [139].

The knowledge of metabolic rate provided by indirect calorim-
etry is clinically relevant as a clinical study on 124 ICU patients with
severe AKI revealed a hypermetabolic state in 62% and a hypo-
metabolic state in 14% [140].

Global consensus exists on the importance of indirect calorim-
etry use to evaluate REE. Both the European [8] and the US [141]
guidelines state recommendations to support the use of indirect
calorimetry as a gold standard tool. This is largely supported by the
fact that equations and formulations aiming at REE estimation are
largely inadequate, thus carrying the risk of clinically significant
under- and overfeeding, which is well proven even in the context of
AKI and KRT [140,142,143].

A prospective interventional study on ICU patients with AKI on
KRT as CKRT demonstrated that a metabolic cart can improve en-
ergy provision also increasing protein intake [144]. When a positive
effect on nitrogen balance has reached the probability of survival is
likely to be increased [145].

While published prediction equations and weight-based
formulae provide valid estimates of energy requirements at the
population level, both methods are subject to significant bias and
imprecision when applied to individual patients [142,143,146,147],
requiring the clinician to exercise a considerable degree of clinical
judgment, to individualize energy prescription. Therefore, clini-
cians need to be aware of the limitations of using such predictive
tools to obtain REE values.

Past guidelines on ICU patients with AKI have recommended
20e30 kcal/kg/d of non-protein calories [1,2,148], or 20e30 kcal/
kg/d total calories [4,149,150]. These indications reasonably include
the mean energy needs at the population level and can be used as a
general starting point when indirect calorimetry is not available.
However, in many cases, it is not mentioned if the actual, pre-
admission, or ideal body weight should be considered for calcula-
tions. Considering that patients with AKI frequently have fluid
overload and suffer sudden fluid shifts related to KRT, it is even
more difficult to define the reference body weight to be used to
estimate energy expenditure using predictive equations. In this
regard, a recent study on 205 critically ill patients in which REE
measured by indirect calorimetry was compared to the
HarriseBenedict equation calculated with three different reference
weights (actual, ideal, and predicted body weight), concluded that
the number of calories calculated by the HarriseBenedict equation,
regardless of the reference body weight used, cannot replace in-
direct calorimetry results [151]. Only two observational studies
were performed in critically ill patients with AKI comparing indi-
rect calorimetry determination of energy expenditure and energy
expenditure estimated with weight-based formulae or predictive
equations, including HarriseBenedict equation [142,143]. Both
studies agree that these methods of energy expenditure calculation
have low precision, wide limits of agreement, and can often under-
or overestimate the real energy expenditure, depending on the BW
used for the calculations. Thus, despite being a very simple way to
predict energy expenditure, this approach is likely to increase the
risk of both over- and underfeeding in ICU patients with AKI.

From the review of the literature, at present, it is not possible to
determine, and therefore recommend, which method for predict-
ing energy needs is the best in terms of promoting better outcomes



E. Fiaccadori, A. Sabatino, R. Barazzoni et al. Clinical Nutrition 40 (2021) 1644e1668
in hospitalized patients with AKI/AKD and/or CKD or CKD with KF.
Given the absence of robust evidence, referring to the recent ESPEN
guidelines on critically ill patients [8] and on polymorbid internal
medicine patients [29] could facilitate the daily practice of clini-
cians because these guidelines do not exclude patients with kidney
disease.

Recommendation 11
Indirect calorimetry can be performed during CKRT, bearing

in mind the intrinsic limitations of the method. A minimum
interval of 2 h after an intermittent dialysis session should be
preferred to improve the precision of the measurement.

Grade of recommendation 0 e Consensus (78.3% agreement)
Commentary
Currently available recommendations from experts suggest that

indirect calorimetry measurements should not be performed dur-
ing KRT, due to possible interferences by KRT on CO2 balance [139].
However, more recently, studies investigating the use of indirect
calorimetry in patients receiving or not CKRT suggested no differ-
ence in REE [144,152e154]. The MECCIAS trial recently showed that
the influence of CO2 changes during CKRT on REE is minimal and
that indirect calorimetry during CKRT should be preferred because
of its effects on energy expenditure [154]. In indirect calorimetry,
the REE value is calculated from O2 consumption and CO2 pro-
duction (Weir equation), and both gases are also exchanged in the
extracorporeal circulation [155]. However, during KRT, a substantial
amount of CO2 (26 ml/min) is removed in the effluent in the course
of CKRT, which represented 14% of the average expired VCO2 [155],
thus VCO2measurement could not exactly reflect the endogenously
produced CO2, limiting the correct interpretation of IC-based
measured REE.

Recommendation 12
Whenever the clinical condition of the patient is changing,

indirect calorimetry shall be repeated.
Grade of recommendation GPP e Strong consensus (100%

agreement)
Commentary to recommendation 12
Whether only one indirect calorimetry measurement at the

beginning of recovery is enough to tailor nutritional prescriptions
during ICU stay is still an open question. In one study on patients
with AKI, no differences were observed between energy measure-
ments performed at the beginning of ICU stay and within oneweek,
nor within 48 h, despite in the vast majority of patients (68%)
variations greater than ±10% was measured, which could be clini-
cally relevant [142]. A retrospective study on 1171 critically ill pa-
tients found a statistically significant between-day difference,
however, the difference lost significance after excluding the first
two days of hospitalization [156]. An expert position paper on in-
direct calorimetry in critically ill patients [139] states that the en-
ergy expenditure of critically ill patients is very dynamic and
depends on the phase and the severity of illness, treatment, and
extended bed rest. The same concept reasonably holds for AKI
patients [1,2]. Thus, it is recommended that, whenever the clinical
condition of the patient is changing, indirect calorimetry should be
repeated. If indirect calorimetry is not available, the calculation of
REE from VCO2 only obtained from ventilators has been demon-
strated to be more accurate than equations in critically ill patients
not on CKRT [157] but less than indirect calorimetry [139]. How-
ever, no such study has been made up to now in critically ill pa-
tients with AKI.

Overall, we refer to Statement 2 from the ESPEN GL on clinical
nutrition in the intensive care unit [8].

If calorimetry is not available, using VO2 (oxygen consump-
tion) from pulmonary arterial catheter or VCO2 (carbon dioxide
production) derived from the ventilator will give a better eval-
uation on energy expenditure than predictive equations.
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Consensus (82% agreement)
Commentary
If indirect calorimetry is not available, the calculation of REE

only from VCO2 values obtained from ventilators (REE e VCO2 x
8.19) has been demonstrated to be more accurate than equations
[157], but less than indirect calorimetry [139]. Also, VO2 calculated
from a pulmonary artery catheter is another available option
[158].
4.4.2. What is the optimal energy intake to avoid under- or
overfeeding?

Since no major modifications of energy metabolism are associ-
ated with AKI per se, as the more relevant effects on energy
expenditure are usually due to chronic (such as diabetes, severe
hyperparathyroidism, and inflammation) or acute catabolic
comorbidities and complications [8,159,160], and since there are no
high-quality studies that investigated energy provision in hospi-
talized patients with AKI/AKD and/or CKD or CKD with KF, we refer
to the recommendation 11.1 of the ESPEN guideline for polymorbid
hospitalized medical patients [29] and the recommendations 8 and
16e19 of the ESPEN guideline for critically ill patients [8].

In polymorbid medical inpatients with reduced food intake
and hampered nutritional status at least 75% of calculated en-
ergy and protein requirements should be achieved in order to
reduce the risk of adverse outcomes.

Grade of recommendation B e strong consensus (100%
agreement) [29]

Hypocaloric nutrition (not exceeding 70% of EE) should be
administered in the early phase of acute illness.

Grade of recommendation B - strong consensus (100%
agreement) [8]

After day three, caloric delivery can be increased up to
80e100% of measured energy expenditure.

Grade of recommendation 0 - strong consensus (100%
agreement) [8]

To avoid overfeeding, early full EN and PN shall not be used in
critically ill patients but shall be prescribed within three to
seven days.

Grade of recommendation A - strong consensus (100%
agreement) [8]

If indirect calorimetry is used, isocaloric nutrition rather
than hypocaloric nutrition can be progressively implemented
after the early phase of acute illness.

Grade of recommendation 0 - strong consensus (95% agree-
ment) [8]

If predictive equations are used to estimate the energy need,
hypocaloric nutrition (below 70% estimated needs) should be
preferred over isocaloric nutrition for the first week of ICU stay.

Grade of recommendation B - strong consensus (95% agree-
ment) [8]

Commentary
The optimal energy to nitrogen ratio has not been determined

during AKI. A prospective study investigating the effect of
increasing calorie to nitrogen ratio in critically ill patients with AKI
(40 kcal/kg/d vs. 30 kcal/kg/d) found that this approach is not
associated with improved nitrogen balance; instead, more severe
metabolic complications of medical nutrition therapy (hypergly-
cemia, hypertriglyceridemia) and more positive fluid balance were
observed [161].

There are three RCTs performed in critically ill patients looking
at the effects of different levels of energy provision in other organs
as a secondary outcome [162e164]. No study found any positive
effect on KF free days or other renal outcomes, apart from an in-
crease in fluid balance during the full feed protocol [162].
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An RCT designed to study different levels of protein intake in
critically ill patients with AKI on CKRT that provided an average of
89% of measured energy requirements during the whole study
period found that patients that achieved a positive nitrogen balance
during the study had a better hospital outcome, suggesting that the
impact of protein intake could have been more important than that
of energy intake; however, no data on metabolic complications
weremade available [145]. In the same study, ENwas also related to
better outcomes in comparison to PN. In another more recent RCT,
full feeding, calculated using 25e35 kcal/corrected ideal body
weight/d given through PN, no benefit in kidney function recovery
or AKI incidence was demonstrated; instead, delayed recovery in
patients with stage two AKI was likely [59]. Besides, no improve-
ment in nitrogen balance was found, while urea formation
increased, which probably prolonged the duration of KRT [59].

In critically ill patients, actual energy expenditure should not be
the target during the first 72 h. Because in the early phase of critical
illness there is an endogenous energy production of
500e1400 kcal/d, early full feeding adding up to this amount may
cause overfeeding [165]. Unfortunately, it is still not possible to
assess this endogenous nutrient production, which would be very
helpful to adjust early medical nutrition and to prevent the dele-
terious effects of overnutrition (increased length of stay, ventilation
duration, and infection rates), likely to be observed when exoge-
nous nutrients are administered on top of the endogenous pro-
duction [166]. On the other hand, an intake below 50%, may lead to
severe calorie debt and energy reserves depletion, lean body mass
reduction, and infectious complication increase [167,168]. Recently,
a large observational study including 1171 patients [156] confirmed
that both under- and overfeeding were deleterious and that the
optimal calorie amount is between 70 and 100% of measured en-
ergy expenditure.

Taken together, timing, route, and caloric/protein target should
no longer be considered as three different issues, but should rather
be integrated into a more comprehensive approach. After defining
the timing and the route, the energy/protein goal should be ach-
ieved progressively and not before the first 48 h to avoid over-
nutrition. This progression should be ordered according to a local
protocol preventing sharp and too rapid increases. Full targeted
medical nutrition therapy is considered to achieve more than 70%
of the REE, but not more than 100% [8]. Key points for the initiation
of medical nutrition are the following:

� 1. Oral nutrition as early as possible while considering the risks
of complications (e.g. aspiration);

� 2. Early EN at a low rate and progressive increase within 48 h if
oral nutrition is not possible while considering the risk of
complications;

� 3. Determination of the optimal starting point and the dose of
(supplemental) PN based on the risk of complications from oral
or EN, state of acute illness, and presence of previous under/
malnutrition.
4.4.3. What are the optimal combinations of carbohydrate and lipid
calories for medical nutrition?

Recommendation 13
In hospitalized patients with AKI/AKD and/or CKD or CKD

with KF needing medical nutrition the amount of lipids and
carbohydrates may be combined to increase lipid intake and
reduce carbohydrate provision based on real substrate utiliza-
tion assessed by indirect calorimetry.

Grade of recommendation 0 e Strong consensus (91.3%
agreement)

Commentary
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Hospitalized patients with AKI/AKD and/or CKD or CKD with KF
may show a hypermetabolic state. The kidney has an important role
in gluconeogenesis, insulin clearance, and glucose uptake [10,138].
Therefore, decreased glucose oxidation is to be expected in AKI
patients, especially those critically ill patients with an unbalanced
release of catabolic hormones and excessive release of proin-
flammatory cytokines. Lipid metabolism derangements in AKI are
more complex. Impaired lipolysis is a known phenomenon in AKI, a
condition characterized by a decrease in lipoprotein lipase and
hepatic triglyceride lipase activity and slowed down fat emulsions
clearance from the blood [10]. The most recent available evidence
suggests that critically ill patients with AKI oxidize much fewer
carbohydrates (56.7%) and much more lipids (150.7%) than ex-
pected [169]. A similar finding was described in an earlier study
[170].

Almost all of the standard EN and PN formulas available today
contain a high percentage of calories from carbohydrates, even in
lipid-based all-in-one formulas. This non-protein macronutrient
distribution may not be appropriate for hospitalized patients with
KF. However, the possible impact of this imbalance in nutritional
status, morbidity, and mortality remain ill-defined.

4.4.4. How KRT might impact on energy balance by the potential
delivery of energy substrates (citrate, lactate, glucose)?

Recommendation 14
For patients undergoing KRT, the total energy provision by

additional calories given in the form of citrate, lactate, and
glucose from dialysis/hemofiltration solutions should be
included in the calculations to determine the total daily energy
provision to avoid overfeeding.

Grade of recommendation B e Strong consensus (100%
agreement)

Commentary
Some of the solutions commonly used in the dialysis/hemofil-

tration procedures (dialysate and replacement fluids) may provide
energy substrates in the form of:

1. Citrate (3 kcal/g) from regional circuit anticoagulation using
ACD-A (2.2% citrate), TSC (4% trisodium citrate), or the more
recent diluted citrate solutions (citrate 12 or 18 mmol/l)

2. Glucose (3.4 kcal/g) from ACD-A (2.45% dextrose) and replace-
ment and dialysate fluids (0e110 mg/dl)

3. Lactate (3.62 kcal/g), used as a buffer

In recent years, anticoagulation with citrate during KRT has
proved to be a safe and efficient alternative compared to conven-
tional protocols of anticoagulation, most often based on unfrac-
tionated heparin [22,171,172]. Citrate is partially removed from the
blood by KRT, and the citrate load to the patients depends on the
balance between the total dose administered in the extracorporeal
circulation and the amount of citrate removed through the filter
during KRT [173]. Citrate reaching the systemic circulation is
metabolized primarily in the liver, as well as in the kidney and
skeletal muscle [171]. Citrate is the anion of a tricarboxylic acid
(citric acid), which is an intermediate metabolite of the Krebs cycle.
As such, citrate does not require insulin to enter the cells, where it
can be metabolized yielding energy and bicarbonate (0.59 kcal/
mmol and 3 mmol of bicarbonate/mmol of citrate, respectively).

Energy gain can be substantial, depending on the type and rate
of fluids used, with one study reporting up to 1300 kcal/d using
high lactate replacement fluids and anticoagulation with ACD-A
[174]. High variability in energy gain was noted in the three avail-
able studies on this matter, depending on the lactate content of
replacement fluids and type of anticoagulation (115e1300 kcal/d)
[174e176]. Themost recent study published on this topic confirmed
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the potential for significant caloric contribution, specifically with
the use of continuous veno-venous hemo-diafiltration (CVVH) as
the KRT modality. By using citrate anticoagulation as ACD-A and
bicarbonate based replacement fluids with glucose 110 mg/dl, the
study reported an average daily delivery of 513 kcal (citrate
218 kcal, glucose 295 kcal). On the other hand, the use of glucose-
free replacement fluids should also be taken into account, since it
may contribute to increased net glucose loss because effluent losses
of glucose are left unreplaced [177].

Energy excess provided by KRT could be partially avoided by
using protocols based on lower citrate concentration solutions,
bicarbonate as a buffer, and citrate solutions other than ACD-A in
lower doses and without glucose [21]. Alternatively, diffusive PIKRT
modalities, such as sustained low-efficiency dialysis (SLED), easily
allow increased citrate removal by the treatment itself [22,171],
with only a limited amount of energy (100e300 kcal/d) to be
factored in the patient's prescribed energy intake.

4.4.5. What are the energy requirements in AKI/AKD and/or CKD or
CKD with KF patients not started on KRT as compared to those
patients on KRT?

Recommendation 15
No factor should be applied to the measured REE to

compensate for KRT since there is no difference between pa-
tients not on KRT as compared to those on KRT.

Grade of recommendation B e Strong consensus (100%
agreement)

Commentary
No major modifications of energy metabolism are associated

with AKI per se, as the more relevant effects on energy expenditure
are usually due to acute comorbidities and complications [8,170]. In
mechanically ventilated patients, no differences were found in REE
due to the presence of AKI [178]. Even in multiple organ failure, the
energy expenditure of critically ill patients amounts to not more
than 130% of predicted energy expenditure [2]. The scarce available
evidence suggests that not even KRT is responsible for increasing
energy needs in patients with KF. One observational study in CKD
with KF patients found no difference in REE in the same cohort of
patients before the beginning of dialysis (hemodialysis and PD) and
one month after hemodialysis or PD initiation [179]; in the same
way, critically ill patients with AKI undergoing KRT had similar REE
measured by indirect calormetry than AKI patients not on KRT
[142]. Only one observational study found a difference between
REE of patients with AKI before the initiation of KRT and after five
days on dialysis [180]. However, the study had a high dropout rate
(24 patients evaluated at five days out of 124 enrolled).

4.5. Protein requirements

4.5.1. What is the potential impact of KRT on protein balance in
patients with AKI or AKI on CKD or CKD with KF as compared to that
of similar patients, not on KRT? Does KRT increase protein needs?

Statement 6
KRT can exert a negative influence on protein balance by

inducing amino acid and peptide/protein losses. As a conse-
quence, protein requirements can be increased in patients un-
dergoing KRT.

Strong consensus (100% agreement)
Commentary
Kidney replacement therapies as CKRT or PIKRT such as SLED

have become the treatment modality of choice in critically ill pa-
tients with AKI. These modalities of intensive KRT, due to their
prolonged schedules and the type of membranes used, can exert a
negative influence on protein balance by inducing amino acid and
peptide/protein losses (up to 15e20 g/d and 5e10 g/d, respectively)
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[10,144,181e187]. The factors related to the KRT prescription that
will determine how many amino acids will be lost include the
modality of KRT (continuous or intermittent and convection,
diffusion or both), the blood and dialysis fluid flow rate, effluent
rate, as well as membrane properties of the filter used [144,188].
Besides, since amino acids are low molecular weight substances
with a sieving coefficient near 1.0, many amino acids such as
cysteine, arginine, alanine, and glutamine can be readily filtered
from the blood into effluent [183,184]. Currently, with the increased
efficiency of the available KRT modalities, allowing higher blood
flow rates and increased effluent removal, it is possible to estimate
that the actual amino acid losses of patients on CKRT are much
more than those reported in the earlier studies [181e184]. A study
that enrolled eight patients (four with cardiogenic shock and four
with septicemia) reported a mean daily loss of 3.8 g/d of amino
acids in septic patients and 7.4 g/d in patients with cardiogenic
shock during CVVH [182], while a more recent study in critically ill
patients on CVVH reported a median amino acid loss of 13.4 g/d,
ranging from 11.8 to 17.4 g/d [189].

4.5.2. How to define protein requirements in patients with kidney
disease? Does high protein intake lead to improved outcomes as
compared to standard protein intake?

Statement 7
Protein requirements are mainly determined by baseline

illness, however, prolonged KRT can exert a negative influence
on protein balance.

Strong consensus (100% agreement)
Statement 8
There are no substantial differences in terms of protein re-

quirements between ICU, surgical, and medical acutely ill pa-
tients with AKI/AKD and/or CKD or CKD with KF since all these
conditions are characterized by protein catabolism.

Strong consensus (91.3% agreement)
Recommendation 16
In hospitalized patients with AKI/AKD and/or CKD or CKD

with KF receiving medical nutrition, protein prescription may
be preferably guided by protein catabolic rate instead of only
using predictor factors normalized by body weight (see
recommendation 18).

Grade of recommendation GPP e Consensus (86.4%
agreement)

Recommendation 17
Overfeeding should be avoided in order to achieve a positive

nitrogen balance or minimize an existing negative nitrogen
balance.

Grade of recommendation B e Strong consensus (95.7%
agreement)

Recommendation 18
The following protein intakes may be prescribed:

� Hospitalized patient with CKD without acute/critical illness:
0.6e0.8 g/kg BW/d

� Hospitalized patient with CKD and KF on conventional
intermittent chronic KRT without acute/critical illness: �
1.2 g/kg BW/d

� Hospitalized patient with AKI, AKI on CKD without acute/
critical illness: 0.8e1.0 g/kg BW/d

� Hospitalized patient with AKI, AKI on CKD, CKD, with acute/
critical illness, not on KRT: start with 1 g/kg BW/day, and
gradually increase up to 1.3 g/kg BW/d if tolerated

� Critically ill patients with AKI or AKI on CKD or CKD with KF
on conventional intermittent KRT: 1.3e1.5 g/kg/d

� Critically ill patients with AKI or AKI on CKD or CKD with KF
on CKRT or PIKRT: 1.5 g/kg/d up to 1.7 g/kg/d
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If available, the pre-hospitalization body weight or usual
body weight may be preferred over the ideal BW. Actual BW
should not be considered for a protein prescription.

Grade of recommendation 0 e Consensus (82.6% agreement)
Commentary to statements 7 and 8, and recommendations

16e18
The protein requirement is determined by the inflammatory

stress of the acute/critical illness. Critically ill patients with sys-
temic inflammation and immobilization are strongly catabolic and
are characterized by extensive muscle protein breakdown and
impaired protein synthesis, leading to negative nitrogen balance
[10]. Consequently, the protein requirement can be largely
increased. Providing increased protein intake can limit nitrogen
losses, even though it cannot reverse the catabolic condition
[145,161,186].

Instead, a difference exists with those medical patients who
have non-complicated AKI due for example to urinary tract
obstruction or nephrotoxic drugs or contrast-induced nephropathy,
in the absence of underlying acute/critical illness. In these non-
catabolic conditions, patients could be metabolically stable and
do not require increased protein regimes. Nevertheless, the esti-
mation of the protein catabolic rate could provide a better under-
standing of patients’ catabolic status and help guide nutrient
prescription.

The optimal protein intake in hospitalized patients on KRT,
especially in critically ill patients with AKI is still unclear. It should
be quantitatively sufficient to blunt skeletal muscle wasting while
providing the amino acids needed for the acute-phase response.
Protein requirement in hospitalized patients with AKI or AKI on
CKD or CKD not started on KRT are likely to depend mainly on the
underlying disease, acute comorbidities, and complications than on
the presence of reduced renal function per se. Considering the
increased loss of amino acids, patients on KRT may require higher
protein intakes [10,190].

Total nitrogen loss in a typical CKRT patient can be about 25 g/
d [184,186] further worsening negative nitrogen balance.
Normalized protein catabolic rate values of 1.2e2.1 g/kg/d have
been obtained by the urea kinetic method in small groups of pa-
tients with AKI on different modalities of KRT and medical nutri-
tion (prolonged, continuous, and intermittent modalities)
[142,161,191e195]. Few data are currently available on the effects
of high protein intakes on nitrogen balance in patients on KRT.
Protein intakes up to 2.5 g/kg/d, at least in nonrandomized studies,
led to near positive or slightly positive nitrogen balance [145,186].
In a nonrandomized study of AKI patients on CKRT comparing a
higher dose of dietary protein supplementation 2.5 g/kg/d to a
group of patients receiving standard of care 1.2 g/kg/d with both
receiving equal amount of calories [185], patients receiving the
higher dose of protein were more likely to achieve a positive ni-
trogen balance at any time during follow-up (53.6% vs. 36.7%;
p < 0.05) and trended towards having less overall negative ni-
trogen balance, but required increased CKRT dose due to increased
blood urea nitrogen production. In a detailed metabolic study
[193], it was reported that AKI patients that received 2.0 g protein/
kg had improved nitrogen balance compared to those receiving
1.5 g protein/kg. Interestingly, increasing calorie intake from 10 to
15 kcal/kg to 30 kcal/kg benefited those patients with lower
protein intake (0.6e0.8 g/kg) but not ones receiving increased
protein. Patients that were overfed (40e60 total kcal/kg) had
increased normalized protein catabolic rate and worsened nitro-
gen balance. A positive nitrogen balance is associated with
improved patient survival in AKI with critical illness [144]. Sup-
plementing protein to a target of 2.0 g/kg/d may be desirable in
patients on prolonged CKRT or PIKRT with negative nitrogen
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balance. One important consideration regarding protein prescrip-
tion is that it is frequently normalized using the body weight of
patients. Considering that critically ill patients with AKI frequently
have fluid overload, the determination of the reference body
weight to be used for protein prescription is a delicate issue.
Different body weights will lead to different protein needs esti-
mation, which may in part explain the wide range of normalized
protein catabolic rate values found in previous studies. A recent
study found that estimation of protein needs based on body
weight in critically ill patients with AKI overestimated protein
requirements in patients undergoing KRT, while it underestimated
it in patients not on KRT [142]. While the first situation may in-
crease urea production and the need for KRT, the second one may
contribute to the intensification of muscle wasting. Despite tech-
nical difficulties that may occur during 24 h urine and dialysis
fluid collection, it is very important to calculate the protein cata-
bolic rate in hospitalized patients on KRT.

4.5.3. Should protein prescription be reduced in critically ill
hospitalized patients with AKI and/or CKD or CKD with KF to delay
KRT start?

Recommendation 19
Protein prescription shall not be reduced in order to avoid or

delay KRT start in critically ill patients with AKI, AKI on CKD, or
CKD with KF.

Grade of recommendation A e Strong consensus (95.5%
agreement)

Commentary
In the presence of increased protein catabolism associated with

reduced nitrogen waste product clearance due to decreased renal
function, excessive protein supplementation may result in further
accumulation of end products of protein and amino acid meta-
bolism, and consequently, blood urea nitrogen values increase.
However, protein catabolism in patients with AKI is only quite
partially influenced by protein intake, i.e. lowering protein intake
does not influence the protein catabolic rate [85]. A recent meta-
analysis found no difference in outcome between the timing of
KRT initiation (early versus late) [196]. Thus, protein prescription in
this clinical setting should be guided by the catabolic state of pa-
tients, and protein intake should not be reduced to delay KRT
initiation.

Considering the relatively low content of protein present in
standard enteral formulas (40-60g of protein/L), more concentrated
disease-specific (renal) formulas containing 70e80 g of protein/L
may be preferred, mainly to reduce fluid overload; in some cases,
parenteral supplementation of amino acids is recommended to
achieve protein need goals by enteral nutrition [1,2,137].

4.5.4. Should a conservative approach (protein reduction) be
considered in any situation?

Recommendation 20
A medical conservative approach consisting of moderately

restricted protein regimens, may be considered only in the case
of metabolically stable patients with AKI or CKD, without any
catabolic condition/critical illness and not undergoing KRT (see
recommendation 18).

Grade of recommendation GPP e Consensus (87.0%
agreement)

Commentary
In selected non-catabolic conditions with acutely reduced renal

function (such as drug-induced isolated AKI, contrast-associated
AKI, and some conditions of post-renal AKI) or in metabolically
stable CKD patients, medical conservative treatment can help to
correct phosphate, sodium, potassium acid-base alterations, also
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reducing the accumulation of nitrogen waste products, such as
urea. Instead, when catabolic status exists, a conservative approach
might only partially correct electrolytes, fluids or acid-base un-
balances but invariably worsens nitrogen balance; in most of such
cases, KRT start is advised.

4.5.5. Should CKD patients on conservative treatment be
maintained on lower protein diets during hospitalization?

Recommendation 21
CKD patients previously maintained on controlled protein

intake (the so-called “low protein diet”) should not be main-
tained on this regimen during hospitalization if acute illness is
the reason for hospitalization.

Grade of recommendation GPP e Strong consensus (100%
agreement)

Commentary
As discussed above, hospitalization due to critical or acute

illness or major surgery is often characterized by a pro-
inflammatory status and increased protein catabolism, thus
continuing the dietary protein restriction is not appropriate. The
protein need in hospitalized patients must be oriented by the
baseline illness that caused hospital admission more than by the
underlying CKD condition per se. Conversely, CKD patients can
continue on controlled protein intake regimens during hospitali-
zation provided the absence of a pro-catabolic state. Besides, the
nutrient intake must fully cover the essential amino acids and the
energy requirement [197], and metabolic acidosis must be pre-
vented or adequately corrected [198]. If this not the case, the CKD
patients will be at high risk of negative nitrogen balance and hence
of muscle wasting, even in metabolically stable non-catabolic
conditions. Last but not least, optimal control of glucose meta-
bolism is needed to implement a nutritionally safe protein re-
striction [199].

4.6. Micronutrient requirements

4.6.1. Should trace elements and vitamins be supplemented?
Recommendation 22
Because of increased requirements during KF and critical

illness, and large effluent losses during KRT, trace elements
should be monitored and supplemented. Increased attention
should be given to selenium, zinc, and copper.

Grade of recommendation B e Strong consensus (100%
agreement)

Recommendation 23
Because of increased requirements during KF and critical

illness, and large effluent losses during KRT, water-soluble vi-
tamins should be monitored and supplemented. Special atten-
tion should be given to vitamin C, folate, and thiamine.

Grade of recommendation B e Strong consensus (100%
agreement)

Commentary to recommendations 22 and 23
During critical illnesses, vitamins, and trace elements may

impact on immunomodulation, wound healing and may have
antioxidant properties [200,201]. Even though optimal dosing of
micronutrients in critically ill patients is still a matter of debate, it
appears quite clear that the start of KRT as CKRT in patients with
AKI or AKI on CKD or CKD with KF represents an additional variable
negatively affecting serum micronutrient levels [202,203]. The
depurative mechanisms at the basis of dialysis modalities along
with a variable amount of hemofilter adsorption may increase the
risk of vitamin and trace element deficiency, but dedicated and
specific nutritional approaches are still lacking [204]. In patients on
CKRT, a reduction in serum levels of folate, vitamins C, E, thiamine,
zinc, and selenium have been described, probably as a consequence
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of increased utilization in critical illness and losses secondary to
CKRT [202,205e207]. Specifically, a daily loss in the effluent of
about 68 mg of vitamin C, 0.3 mg of folate, and 4 mg of vitamin B1
(thiamine) have been reported [206,207]. In an observational study
on 77 patients with CKD with KF on chronic hemodialysis, zinc,
thiamin, and vitamin B6 were the most deficient micronutrients
(44.1%, 24.7%, and 35.1% respectively) [208]. In a randomized trial of
chronic hemodialysis patients [209], serum levels of selenium and
zinc in 150 chronic hemodialysis patients were not normalized by
giving a moderate supplementation (up to 75 mg/d of selenium and
50 mg/d of zinc), suggesting increased requirements in these pa-
tients. The current recommendation is that the losses of selenium
and other micronutrients in the effluent fluid should be replaced
[210,211] and that these patients would need an additional amount
beyond that provided by standard PN [207,212]. The optimal dose
remains unknown, but a dosage of 100mg/d has been suggested for
vitamin C [213]. Large effluent losses of several trace elements, but
particularly of copper were shown to far exceed nutritional intakes
[207]. Recently a fatal case of copper deficiency was published
[212]. When CKRT is required for more than two weeks, blood
copper determination should probably be recommended. It has
been suggested to intravenously administer about 3mg/d of copper
to prevent deficiencies (based on repeated determinations in pa-
tients on hemodialysis) [214]. In conclusion, given the blood assay
limitations and the lack of evidence of clinical advantages derived
from micronutrients supplementation, supplementation of micro-
nutrients should be guided by their serum levels and KRT losses.
4.7. Disease-specific nutrients

4.7.1. Would the use of renal disease-specific formulae (EN or PN)
lead to reduced complication rate and improved nutrient delivery as
compared to standard formulae?

Recommendation 24
No disease-specific enteral nor parenteral formula oriented

for patients with reduced kidney function should be routinely
utilized in every patient with AKI, AKI on CKD, or CKDwith KF in
comparison to conventional formulas. Instead, their use is to be
individualized (see recommendation 26).

Grade of recommendation B e Consensus (87.5% agreement)
Recommendation 25
The choice of the most appropriate EN or PN formula should

be made based on the calorie and protein ratio to provide the
most accurate dosing in clinical practice.

Grade of recommendation B e Strong consensus (91.3%
agreement)

Recommendation 26
In selected patients with electrolyte and fluid imbalances,

concentrated “renal” EN or PN formulas with lower electrolyte
content may be preferred over standard formulas.

Grade of recommendation GPP e Strong consensus (95.7%
agreement)

Commentary to recommendations 24 to 26
The most recent review on this subject, which included litera-

ture up to December 2013, did not suggest any proven benefit in
using disease-specific enteral formulas in critically ill patients
[141]. However, formulas designed for patients with KF are more
concentrated and all of them have lower sodium, potassium, and
phosphorus content. Thus they could be advantageous for reaching
the protein target of patients with higher protein needs, but also in
patients presenting electrolyte disturbances (for example hyper-
kalemia) and/or fluid overload.
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4.7.2. Would adding omega-3 supplements or PN solutions enriched
with omega-3 lipids lead to improved outcomes?

Recommendation 27
There is not enough evidence to support the routine use of

omega-3 polyunsaturated fatty acids (PUFA) supplements or PN
solutions enriched with omega-3 PUFA in hospitalized patients
with AKI, AKI on CKD or CKD with KF.

Grade of recommendation GPP e Strong consensus (95.8%
agreement)

Commentary
The role of omega-3 PUFA in hospitalized patients with kidney

disease and reduced kidney function is at this time point unknown.
Even though interesting experimental data exist [215,216], no RCT
is currently available to support the recommendation of its use in
hospitalized patients with AKI/AKD and/or CKD with or without KF
[10]. However, intravenous lipid emulsions with omega-3 PUFA are
recommended by ESPEN for critically ill patients due to their anti-
inflammatory and immune-modulating effects and these recom-
mendations do not exclude patients with AKI [8].

4.7.3. Would adding glutamine supplements lead to improved
outcomes?

Recommendation 28
In critically ill patients with AKI, AKI on CKD, or CKD with KF,

additional high dose parenteral glutamine shall not be
administered.

Grade of recommendation A e Strong consensus (100%
agreement)

Commentary
Even though glutamine losses of about 1.2 g/d have been

documented during CKRT [217], and earlier underpowered studies
showed some benefit of intravenous L-glutamine only when sum-
marized in a meta-analysis [218], the most important evidence
regarding glutamine, the REDOX study [219,220], shows that high
doses intravenously or via EN of alanyl-glutamine seem to be
harmful in the subgroup of critically ill patients with KF. Besides,
another important trial, the MetaPlus trial [221] showed similar
results in a population of critically ill patients.

4.8. Monitoring

4.8.1. Would reaching and maintaining serum glucose levels in the
normal range (80e110 mg) lead to improved outcomes?

Recommendation 29
Serum glucose levels shall be maintained between

140e180 mg/dl in hospitalized patients with AKI, AKI on CKD, or
CKD with KF.

Grade of recommendation A e Strong consensus (95.5%
agreement)

Recommendation 30
Tight glucose control (80e110 mg/dl) shall not be pursued

because of the increased risk of hypoglycemia.
Grade of recommendation A e Strong consensus (100%

agreement)
Commentary to recommendations 29 and 30
In this clinical setting, patients are at increased risk of both

hyper- and hypoglycemia [138]. Insulin resistance is highly preva-
lent among patients with AKI and is associated with increased
mortality risk [222]. High blood glucose concentration can be
considered one of the best independent predictors of mortality in
this clinical setting [222]. On the other hand, since insulin is
metabolized also by the kidney, renal function impairment may act
as a predisposing factor for hypoglycemia. An observational study
in critically ill patients with trauma treated with insulin to achieve
a target of 70e149mg/dl, showed hypoglycemia (<60mg/dl) in 76%
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of cases with concomitant KF (either AKI or CKD with KF), as
compared with 35% in patients with normal renal function [223]. In
the case of severe hypoglycemia (<40 mg/dl) the corresponding
percentages were 29% and 0%, respectively [223]. Similarly, glyce-
mic variability was increased in patients with KF [223].

In this regard, the use of specific protocols targeting higher
glycemic values for patients with AKI, AKI on CKD, or CKD with KF,
independently of KRT, could contribute to the reduction of the
incidence of hypoglycemia in this category of patients [224].
Furthermore, the contribution of renal gluconeogenesis is also very
important, being responsible for approximately 30% of glucose
systemic appearance [225,226]. The relevance of the kidney in in-
sulin metabolism and glucose regulation explains the increased
incidence of hypoglycemia in the presence of AKI or CKD with KF,
the reduced insulin need of diabetic patients with CKD, as well as
the increased risk of hypoglycemia during AKI [138]. As an addi-
tional factor complicating glycemic control in patients with AKI in
the ICU, some of the solutions commonly used in the dialysis/
hemofiltration procedures (dialysate and replacement fluids) may
provide energy substrates in the form of citrate, glucose and
lactate) as already discussed. Regarding possible favorable effects
renal outcome, strategies aiming at a tighter glycemic control are
not supported [227e231].

4.9. Electrolytes requirements

4.9.1. In hospitalized patients with AKI, AKI on CKD, or CKD with KF
undergoing KRT, would monitoring of electrolytes (mainly
phosphate, potassium, and magnesium) improve clinical outcome?

Recommendation 31
Electrolytes abnormalities are common in patients with AKI,

AKI on CKD, or CKD with KF receiving KRT and shall be closely
monitored.

Grade of recommendation A e Strong consensus (100%
agreement)

Commentary
Electrolyte disorders are common among hospitalized patients

and, despite the exact incidence remaining still unclear, a cumu-
lative incidence of up to 65% has been reported, especially among
critically ill patients [232]. In the clinical setting considered in the
present guideline, the most commonly reported electrolyte disor-
ders are hyponatremia, hyperkalemia, hyperphosphatemia, hypo-
calcemia, and most of them normally improve when KRT is started.
However, KRT, and especially the most intensive KRT modalities
such as CKRT and PIKRT commonly used in the ICU, may add other
electrolyte derangements, due to the high intrinsic efficiency of the
treatments in electrolyte removal [233,234].

Common laboratory abnormalities associated with intensive/
prolonged KRTs include hypophosphatemia, hypokalemia, and
hypomagnesemia [235,236]. Hypophosphatemia, defined as serum
phosphate levels <0.81 mmol/l and commonly classified as mild,
moderate, and severe (respectively < 0.81, 0.61 and 0.32 mmol/l),
has a reported prevalence up to 60e80% among ICU patients
[237,238]. Given the association of hypophosphatemia with wors-
ening respiratory failure and increased risk of prolonged weaning
from mechanical ventilation, cardiac arrhythmias, and prolonged
hospitalization and a global negative impact on patients' outcome
hypophosphatemia is particularly important in critically ill patients
[239e241]. Phosphate balance is maintained through a complex
interaction between phosphate uptake and phosphate excretion; in
hospitalized patients, the mechanisms regulating this interaction
are frequently disrupted, leading to an increased risk for hypo-
phosphatemia by three main mechanisms: inadequate intake and/
or decreased intestinal absorption, redistribution, and loss of
phosphate [242]. In patients with KF, the start of KRTmay represent
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a further significant risk factor for hypophosphatemia [232]. Finally,
in this clinical setting, the parallel initiation of medical nutrition,
especially when calories from carbohydrates are privileged, may
add another component to the development of hypophosphatemia
as a part of the refeeding syndrome, a complex constellation of
symptoms and blood electrolyte derangements associated with
reintroduction of oral or (par)enteral nutrition after deprivation of
caloric intake, either acute or chronic [243]. In course of prolonged
KRT modalities, the prevalence of hypophosphatemia can rise to
80%, especially when intensive dialysis strategy is applied and
standard phosphate-free KRT solutions are adopted [
[235,244e249] 2017]. Hypokalemia is another usual complication
observed among hospitalized patients, with a prevalence ranging
from 12 to 20% [250,251], with reported values increasing up to
around 25% in patients with KF started on prolonged modalities of
KRT [235]. The risk of hypokalemia is proportional to the delivered
dialysis dose and may be further augmented by the use of low-
concentration potassium dialysis or replacement solutions, as
well as by the coexistence of inadequate potassium intake or pa-
tients’ comorbidities (e.g. diarrhea, metabolic alkalosis, diuretic
therapy) [235,244]. Finally, hypomagnesemia, generally defined as
serum magnesium levels <0.70 mmol/l and commonly classified as
mild, moderate, and severe (respectively between 0.76 and 0.64,
between 0.63 and 0.40 and <0.40 mmol/l), has been reported in up
to 12% of hospitalized patients with an incidence around 60e65%
among critically ill patients [252,253]. In addition to the most
common causes (such as diarrhea, malabsorption syndrome,
chronic use of proton pump inhibitors and diuretics, hypercalcemia,
and volume expansion), increased attention has recently been
directed to the increased magnesium removal in course of KRT
[254]. In particular, the onset and the exacerbation of hypomag-
nesemia in course of CKRT have been associated not only to the
depurative mechanism at the basis of dialysis treatment (diffusive
or convective clearance) but also to the amount of ionized mag-
nesium chelated by citrate when regional citrate anticoagulation is
utilized and magnesium is lost in the effluent under the form of
magnesiumecitrate complexes [246,255e258].

4.9.2. Are hypophosphatemia, hypokalemia, and hypomagnesemia
in course of KRT in patients with AKI, AKI on CKD, or CKD with KF
preventable by using dialysis/hemofiltration solutions enriched with
phosphate, potassium, and magnesium?

Recommendation 32
Dialysis solutions containing potassium, phosphate, and

magnesium should be used to prevent electrolyte disorders
during KRT.

Grade of recommendation B e Strong consensus (100%
agreement)

Commentary
An intravenous supplementation of electrolytes in patients un-

dergoing CKRT is not recommended. In this regard, given the
possibly severe clinical implications and the risks associated with
exogenous supplementation, prevention of KRT-related electrolytes
derangements bymodulating KRT fluid composition may represent
the most appropriate, and easier, therapeutic strategy [259e261].
Nowadays, commercial KRT solutions enriched with phosphate,
potassium, and magnesium, which can be safely used as dialysis
and replacement fluids, are widely available and they can also be
used in the setting of regional citrate anticoagulation. This
approach could prevent the onset of hypophosphatemia, hypoka-
lemia, and hypomagnesemia. The adoption of phosphate-
containing KRT solutions has been reported as a safe and effective
strategy to prevent CKRT-related hypophosphatemia, limiting the
need for exogenous supplementations [242,262e264]. In the same
way, the onset of hypokalemia in course of CKRT has been
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successfully minimized by using replacement and/or dialysate so-
lutions with a potassium concentration of 4 mEq/l [265]. Con-
cerning magnesium, despite the majority of the originally KRT
solutions were characterized by a lowmagnesium concentration to
correct the KF-related hypermagnesemia, with the diffusion of
regional citrate anticoagulation, the use of dialysis and replacement
fluids with increased magnesium concentration may be indicated
to prevent KRT-related hypomagnesemia [255,263].

5. Conclusions

The presence of AKI/AKD or CKD with or without KF in hospi-
talized patients identifies a highly heterogeneous group of subjects
with widely varying nutrient needs and intakes. However, since all
of these patients are at high risk for malnutrition, nutritional status
should be thoroughly assessed. Also, nutritional requirements
should be frequently evaluated in their quantitative and qualitative
aspects, individualized, and carefully integrated with KRT, to avoid
both underfeeding and overfeeding. Despite the high degree of
heterogeneity in the patient population considered, the methodo-
logical difficulties encountered and the paucity of high-quality
evidence data, literature was reviewed aiming to define the most
relevant important aspects of nutritional support in different clin-
ical settings of hospitalized patients with AKI/AKD or CKD with or
without KF. Practical recommendations and statements were
developed, aiming at defining suggestions for everyday clinical
practice in the individualization of nutritional support in this pa-
tient setting. Literature areas with scarce or without evidence were
also identified, thus requiring further basic or clinical research.

Funding

The present guideline has not received any fundings.

Conflict of Interest

None declared.

References

[1] Cano N, Fiaccadori E, Tesinsky P, Toigo G, Druml W, Kuhlmann M, et al.
ESPEN guidelines on enteral nutrition: adult renal failure. Clin Nutr 2006;25:
295e310.

[2] Cano NJ, Aparicio M, Brunori G, Carrero JJ, Cianciaruso B, Fiaccadori E, et al.
ESPEN Guidelines on Parenteral Nutrition: adult renal failure. Clin Nutr
2009;28:401e14.

[3] Bischoff S, Singer P, Koller M, Barazzoni R, Cederholm T, van Gossum A.
Standard operating procedures for ESPEN guidelines and consensus papers.
Clin Nutr 2015;34:1043e51.

[4] Kidney Disease Improving Global Outcomes (KDIGO) Acute Kidney Injury
Work Group. KDIGO clinical practice guideline for acute kidney injury. Kid-
ney Int 2012;2:1e138.

[5] Kidney Disease Improving Global Outcomes (KDIGO) CKD Work Group.
KDIGO 2012 clinical practice guideline for the evaluation and management
of chronic kidney disease. Kidney Int 2013:1e150.

[6] Levey AS, Eckardt K-U, Doman NM, Christiansen SL, Hoom EJ, Ingelfinger JR,
et al. Nomenclature for kidney function and disease: report of a kidney
disease: improving global outcomes (KDIGO) consensus conference. Kidney
Int 2020;97:1117e29.

[7] Preiser J, Schneider S. ESPEN disease-specific guideline framework. Clin Nutr
2011;30:549e52.

[8] Singer P, Blaser AR, Berger MM, Alhazzani W, Calder PC, Casaer MP, et al.
ESPEN guideline on clinical nutrition in the intensive care unit. Clin Nutr
2019;38:48e79.

[9] Cederholm T, Barazzoni R, Austin P, Ballmer P, Biolo G, Bischoff SC, et al.
ESPEN guidelines on definitions and terminology of clinical nutrition. Clin
Nutr 2017;36:49e64.

[10] Fiaccadori E, Regolisti G, Maggiore U. Specialized nutritional support in-
terventions in critically ill patients on renal replacement therapy. Curr Opin
Clin Nutr Metab Care 2013;16:217e24.

[11] Carrero JJ, Stenvinkel P, Cuppari L, Ikizler TA, Kalantar-Zadeh K, Kaysen G,
et al. Etiology of the protein-energy wasting syndrome in chronic kidney

http://refhub.elsevier.com/S0261-5614(21)00052-2/sref1
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref1
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref1
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref1
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref2
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref2
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref2
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref2
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref3
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref3
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref3
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref3
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref4
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref4
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref4
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref4
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref5
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref5
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref5
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref5
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref6
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref6
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref6
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref6
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref6
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref7
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref7
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref7
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref8
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref8
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref8
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref8
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref9
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref9
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref9
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref9
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref10
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref10
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref10
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref10
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref11
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref11


E. Fiaccadori, A. Sabatino, R. Barazzoni et al. Clinical Nutrition 40 (2021) 1644e1668
disease: a consensus statement from the international society of renal
nutrition and metabolism (ISRNM). J Ren Nutr 2013;23:77e90.

[12] Mehta R. Glycemic control and critical illness: is the kidney involved? J Am
Soc Nephrol 2007;18:2623e7.

[13] Basi S, Pupim L, Simmons E, Sezer M, Shyr Y, Freedman S, et al. Insulin
resistance in critically ill patients with acute renal failure. Am J Physiol Ren
Physiol 2005;289:F259e64.

[14] Simmons E, Himmelfarb J, Sezer M, Chertow G, Mehta R, Paganini E, et al.
Plasma cytokine levels predict mortality in patients with acute renal failure.
Kidney Int 2004;65:1357e65.

[15] Grams M, Rabb H. The distant organ effects of acute kidney injury. Kidney Int
2012;81:942e8.

[16] Himmelfarb J, Ikizler T. Acute kidney injury: changing lexicography, defini-
tions, and epidemiology. Kidney Int 2007;71:971e6.

[17] Sabatino A, Regolisti G, Karupaiah T, Sahathevan S, Sadu Singh BK, Khor BH,
et al. Protein-energy wasting and nutritional supplementation in patients
with end-stage renal disease on hemodialysis. Clin Nutr 2017;36:663e71.

[18] Obi Y, Qader H, Kovesdy CP, Kalantar-Zadeh K. Latest consensus and update
on protein-energy wasting in chronic kidney disease. Curr Opin Clin Nutr
Metab Care 2015;18:254e62.

[19] Wang XH, Mitch WE. Mechanisms of muscle wasting in chronic kidney
disease. Nat Rev Nephrol 2014;10:504e16.

[20] Johansen K, Dalrymple L, Delgado C, Kaysen G, Kornak J, Grimes B, et al.
Association between body composition and frailty among prevalent hemo-
dialysis patients: a US renal data system special study. J Am Soc Nephrol
2014;25:381e9.

[21] Nystrom EM, Nei AM. Metabolic support of the patient on continuous renal
replacement therapy. Nutr Clin Pract 2018;33:754e66.

[22] Fiaccadori E, Regolisti G, Cademartiri C, Cabassi A, Picetti E, Barbagallo M,
et al. Efficacy and safety of a citrate-based protocol for sustained low-
efficiency dialysis in AKI using standard dialysis equipment. Clin J Am Soc
Nephrol 2013;8:1670e8.

[23] Ikizler TA, Cano NJ, Franch H, Fouque D, Himmelfarb J, Kalantar-Zadeh K,
et al. Prevention and treatment of protein energy wasting in chronic kidney
disease patients: a consensus statement by the International Society of Renal
Nutrition and Metabolism. Kidney Int 2013;84:1096e107.

[24] Carrero JJ, Thomas F, Nagy K, Arogundade F, Avesani CM, Chan M, et al.
Global prevalence of protein-energy wasting in kidney disease: a meta-
analysis of contemporary observational studies from the international soci-
ety of renal nutrition and metabolism. J Ren Nutr 2018;28:380e92.

[25] Li Y, Tang X, Zhang J, Wu T. Nutritional support for acute kidney injury.
Cochrane Database Syst Rev 2012:Cd005426.

[26] Joannidis M, Druml W, Forni LG, Groeneveld ABJ, Honore PM, Hoste E, et al.
Prevention of acute kidney injury and protection of renal function in the
intensive care unit: update 2017 : expert opinion of the Working Group on
Prevention, AKI section, European Society of Intensive Care Medicine.
Intensive Care Med 2017;43:730e49.

[27] Reintam Blaser A, Starkopf J, Alhazzani W, Berger MM, Casaer MP, Deane AM,
et al. Early enteral nutrition in critically ill patients: ESICM clinical practice
guidelines. Intensive Care Med 2017;43:380e98.

[28] Fouque D, Kalantar-Zadeh K, Kopple J, Cano N, Chauveau P, Cuppari L, et al.
A proposed nomenclature and diagnostic criteria for protein-energy wasting
in acute and chronic kidney disease. Kidney Int 2008;73:391e8.

[29] Gomes F, Schuetz P, Bounoure L, Austin P, Ballesteros-Pomar M,
Cederholm T, et al. ESPEN guidelines on nutritional support for polymorbid
internal medicine patients. Clin Nutr 2018;37:336e53.

[30] Hegerov�a P, D�edkov�a Z, Sobotka L. Early nutritional support and physio-
therapy improved long-term self-sufficiency in acutely ill older patients.
Nutrition 2015;31:166e70.

[31] Gariballa S, Forster S, Walters S, Powers H. A randomized, double-blind,
placebo-controlled trial of nutritional supplementation during acute
illness. Am J Med 2006;119:693e9.

[32] Starke J, Schneider H, Alteheld B, Stehle P, Meier R. Short-term individual
nutritional care as part of routine clinical setting improves outcome and
quality of life in malnourished medical patients. Clin Nutr 2011;30:
194e201.

[33] Volkert D, Hübsch S, Oster P, Schlierf G. Nutritional support and functional
status in undernourished geriatric patients during hospitalization and 6-
month follow-up. Aging 1996;8:386e95.

[34] Potter J, Roberts M, McColl J, Reilly J. Protein energy supplements in unwell
elderly patients–A randomized controlled trial. J Parenter Enter Nutr
2001;25:323e9.

[35] Schuetz P, Fehr R, Baechli V, Geiser M, Deiss M, Gomes F, et al. Individualised
nutritional support in medical inpatients at nutritional risk: a randomised
clinical trial. Lancet 2019;393:2312e21.

[36] Allman MA, Stewart PM, Tiller DJ, Horvath JS, Duggin GG, Truswell AS. En-
ergy supplementation and the nutritional status of hemodialysis patients.
Am J Clin Nutr 1990;51:558e62.

[37] Eustace JA, Coresh J, Kutchey C, Te PL, Gimenez LF, Scheel PJ, et al. Ran-
domized double-blind trial of oral essential amino acids for dialysis-
associated hypoalbuminemia. Kidney Int 2000;57:2527e38.

[38] Hiroshige K, Sonta T, Suda T, Kanegae K, Ohtani A. Oral supplementation of
branched-chain amino acid improves nutritional status in elderly patients on
chronic haemodialysis. Nephrol Dial Transplant 2001;16:1856e62.
1664
[39] Sharma M, Rao M, Jacob S, Jacob CK. A controlled trial of intermittent enteral
nutrient supplementation in maintenance hemodialysis patients. J Ren Nutr
2002;12:229e37.

[40] Leon JB, Albert JM, Gilchrist G, Kushner I, Lerner E, Mach S, et al. Improving
albumin levels among hemodialysis patients: a community-based random-
ized controlled trial. Am J Kidney Dis 2006;48:28e36.

[41] Moretti HD, Johnson AM, Keeling-Hathaway TJ. Effects of protein supple-
mentation in chronic hemodialysis and peritoneal dialysis patients. J Ren
Nutr 2009;19:298e303.

[42] Stratton R, Bircher G, Fouque D, Stenvinkel P, de Mutsert R, Engfer M, et al.
Multinutrient oral supplements and tube feeding in maintenance dialysis: a
systematic review and meta-analysis. Am J Kidney Dis 2005;46:387e405.

[43] Lacson Jr E, Wang W, Zebrowski B, Wingard R, Hakim RM. Outcomes asso-
ciated with intradialytic oral nutritional supplements in patients undergoing
maintenance hemodialysis: a quality improvement report. Am J Kidney Dis
2012;60:591e600.

[44] Cheu C, Pearson J, Dahlerus C, Lantz B, Chowdhury T, Sauer PF, et al. Asso-
ciation between oral nutritional supplementation and clinical outcomes
among patients with ESRD. Clin J Am Soc Nephrol 2013;8:100e7.

[45] Weiner DE, Tighiouart H, Ladik V, Meyer KB, Zager PG, Johnson DS. Oral
intradialytic nutritional supplement use and mortality in hemodialysis pa-
tients. Am J Kidney Dis 2014;63:276e85.

[46] Tomayko E, Kistler B, Fitschen P, Wilund K. Intradialytic protein supple-
mentation reduces inflammation and improves physical function in main-
tenance hemodialysis patients. J Ren Nutr 2015;25:276e83.

[47] Cano NJ, Fouque D, Roth H, Aparicio M, Azar R, Canaud B, et al. Intradialytic
parenteral nutrition does not improve survival in malnourished hemodial-
ysis patients: a 2-year multicenter, prospective, randomized study. J Am Soc
Nephrol 2007;18:2583e91.

[48] Sabatino A, Regolisti G, Antonucci E, Cabassi A, Morabito S, Fiaccadori E.
Intradialytic parenteral nutrition in end-stage renal disease: practical as-
pects, indications and limits. J Nephrol 2014;27:377e83.

[49] Guarnieri G, Faccini L, Lipartiti T, Ranieri F, Spangaro F, Giuntini D, et al.
Simple methods for nutritional assessment in hemodialyzed patients. Am J
Clin Nutr 1980;33:1598e607.

[50] Navarro JF, Mora C, Leon C, Martin-Del Rio R, Macia ML, Gallego E, et al.
Amino acid losses during hemodialysis with polyacrylonitrile membranes:
effect of intradialytic amino acid supplementation on plasma amino acid
concentrations and nutritional variables in nondiabetic patients. Am J Clin
Nutr 2000;71:765e73.

[51] Marsen TA, Beer J, Mann H. Intradialytic parenteral nutrition in maintenance
hemodialysis patients suffering from protein-energy wasting. Results of a
multicenter, open, prospective, randomized trial. Clin Nutr 2017;36:107e17.

[52] Anderson J, Peterson K, Bourne D, Boundy E. Effectiveness of intradialytic
parenteral nutrition in treating protein-energy wasting in hemodialysis: a
rapid systematic review. J Ren Nutr 2019;29:361e9.

[53] Schuetz P. Food for thought: why does the medical community struggle with
research about nutritional therapy in the acute care setting? BMC Med
2017;15:38.

[54] Bounoure L, Gomes F, Stanga Z, Keller U, Meier R, Ballmer P, et al.
Detection and treatment of medical inpatients with or at-risk of
malnutrition: suggested procedures based on validated guidelines.
Nutrition 2016;32:790e8.

[55] Schuetz P. Eat your lunch!" - controversies in the nutrition of the acutely,
non-critically ill medical inpatient. Swiss Med Wkly 2015;145:w14132.

[56] Gomes F, Baumgartner A, Bounoure L, Bally M, Deutz N, Greenwald J, et al.
Association of nutritional support with clinical outcomes among medical
inpatients who are malnourished or at nutritional risk: an updated sys-
tematic review and meta-analysis. JAMA Netw Open 2019;2:e1915138.

[57] Jie B, Jiang Z, Nolan M, Efron D, Zhu S, Yu K, et al. Impact of nutritional
support on clinical outcome in patients at nutritional risk: a multicenter,
prospective cohort study in Baltimore and Beijing teaching hospitals.
Nutrition 2010;26:1088e93.

[58] Casaer MP, Mesotten D, Hermans G, Wouters PJ, Schetz M, Meyfroidt G, et al.
Early versus late parenteral nutrition in critically ill adults. N Engl J Med
2011;365:506e17.

[59] Gunst J, Vanhorebeek I, Casaer MP, Hermans G, Wouters PJ, Dubois J, et al.
Impact of early parenteral nutrition on metabolism and kidney injury. J Am
Soc Nephrol 2013;24:995e1005.

[60] Jackson HS, MacLaughlin HL, Vidal-Diez A, Banerjee D. A new renal inpatient
nutrition screening tool (Renal iNUT): a multicenter validation study. Clin
Nutr 2018:2297e303.

[61] Bergstr€om J. Anorexia in dialysis patients. Semin Nephrol 1996;16:222e9.
[62] Kalantar-Zadeh K, Block G, McAllister C, Humphreys M, Kopple J. Appetite

and inflammation, nutrition, anemia, and clinical outcome in hemodialysis
patients. Am J Clin Nutr 2004;80:299e307.

[63] Kondrup J, Allison S, Elia M, Vellas B, Plauth M. ESPEN guidelines for nutrition
screening 2002. Clin Nutr 2003;22:415e21.

[64] Kondrup J, Rasmussen H, Hamberg O, Stanga Z. Nutritional risk screening
(NRS 2002): a new method based on an analysis of controlled clinical trials.
Clin Nutr 2003;22:321e36.

[65] Borek P, Chmielewski M, Małgorzewicz S, Dębska �Slizie�n A. Analysis of
outcomes of the NRS 2002 in patients hospitalized in nephrology wards.
Nutrients 2017;9:287.

http://refhub.elsevier.com/S0261-5614(21)00052-2/sref11
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref11
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref11
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref12
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref12
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref12
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref13
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref13
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref13
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref13
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref14
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref14
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref14
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref14
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref15
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref15
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref15
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref16
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref16
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref16
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref17
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref17
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref17
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref17
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref18
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref18
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref18
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref18
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref19
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref19
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref19
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref20
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref20
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref20
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref20
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref20
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref21
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref21
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref21
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref22
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref22
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref22
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref22
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref22
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref23
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref23
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref23
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref23
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref23
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref24
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref24
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref24
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref24
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref24
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref25
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref25
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref26
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref26
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref26
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref26
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref26
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref26
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref27
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref27
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref27
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref27
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref28
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref28
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref28
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref28
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref29
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref29
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref29
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref29
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref30
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref30
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref30
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref30
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref30
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref30
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref30
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref31
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref31
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref31
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref31
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref32
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref32
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref32
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref32
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref32
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref33
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref33
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref33
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref33
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref34
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref34
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref34
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref34
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref35
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref35
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref35
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref35
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref36
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref36
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref36
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref36
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref37
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref37
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref37
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref37
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref38
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref38
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref38
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref38
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref39
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref39
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref39
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref39
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref40
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref40
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref40
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref40
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref41
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref41
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref41
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref41
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref42
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref42
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref42
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref42
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref43
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref43
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref43
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref43
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref43
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref44
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref44
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref44
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref44
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref45
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref45
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref45
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref45
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref46
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref46
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref46
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref46
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref47
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref47
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref47
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref47
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref47
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref48
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref48
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref48
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref48
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref49
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref49
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref49
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref49
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref50
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref50
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref50
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref50
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref50
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref50
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref51
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref51
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref51
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref51
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref52
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref52
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref52
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref52
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref53
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref53
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref53
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref54
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref54
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref54
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref54
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref54
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref55
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref55
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref56
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref56
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref56
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref56
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref57
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref57
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref57
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref57
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref57
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref58
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref58
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref58
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref58
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref59
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref59
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref59
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref59
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref60
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref60
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref60
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref60
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref61
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref61
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref61
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref62
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref62
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref62
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref62
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref63
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref63
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref63
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref64
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref64
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref64
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref64
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref65
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref65
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref65
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref65
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref65
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref65


E. Fiaccadori, A. Sabatino, R. Barazzoni et al. Clinical Nutrition 40 (2021) 1644e1668
[66] Müller M, Dahdal S, Saffarini M, Uehlinger D, Arampatzis S. Evaluation of
nutrition risk screening score 2002 (NRS) assessment in hospitalized chronic
kidney disease patient. PloS One 2019;14:e0211200.

[67] Burrowes J, Larive B, Chertow G, Cockram D, Dwyer J, Greene T, et al. Self-
reported appetite, hospitalization and death in haemodialysis patients:
findings from the hemodialysis (HEMO) study. Nephrol Dial Transplant
2005;20:2765e74.

[68] Young V, Balaam S, Orazio L, Bates A, Badve S, Johnson D, et al. Appetite
predicts intake and nutritional status IN patients receiving peritoneal dial-
ysis. J Ren Care 2016;42:126e31.

[69] Carrero J, Chen J, Kovesdy C, Kalantar-Zadeh K. Critical appraisal of bio-
markers of dietary intake and nutritional status in patients undergoing
dialysis. Semin Dial 2014;27:586e9.

[70] Cordeiro A, Qureshi A, Stenvinkel P, Heimbürger O, Axelsson J, B�ar�any P, et al.
Abdominal fat deposition is associated with increased inflammation,
protein-energy wasting and worse outcome in patients undergoing hae-
modialysis. Nephrol Dial Transplant 2010;25:562e8.

[71] Gracia-Iguacel C, Qureshi A, Avesani C, Heimbürger O, Huang X, Lindholm B,
et al. Subclinical versus overt obesity in dialysis patients: more than meets
the eye. Nephrol Dial Transplant 2013;28(Suppl 4):iv175e81.

[72] Fiaccadori E, Lombardi M, Leonardi S, Rotelli CF, Tortorella G, Borghetti A.
Prevalence and clinical outcome associated with preexisting malnutrition in
acute renal failure: a prospective cohort study. J Am Soc Nephrol 1999;10:
581e93.

[73] Tan SK, Loh YH, Choong HL, Suhail SM. Subjective global assessment for
nutritional assessment of hospitalized patients requiring haemodialysis: a
prospective cohort study. Nephrology 2016;21:944e9.

[74] Xavier SP, Goes CR, Bufarah MN, Balbi AL, Ponce D. Handgrip strength and
weight predict long-term mortality in acute kidney injury patients. Clinical
nutrition ESPEN 2017;17:86e91.

[75] Jeejeebhoy K. Nutritional assessment. Gastroenterol Clin N Am 1998;27:
347e69.

[76] Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm T, et al.
Sarcopenia: revised European consensus on definition and diagnosis. Age
Ageing 2019;48:16e31.

[77] Puthucheary ZA, Rawal J, McPhail M, Connolly B, Ratnayake G, Chan P, et al.
Acute skeletal muscle wasting in critical illness. JAMA 2013;310:1591e600.

[78] Koukourikos K, Tsaloglidou A, Kourkouta L. Muscle atrophy in intensive care
unit patients. Acta Inf Med : AIM : J Soc Med Inform Bosnia Herzegovina :
casopis Drustva za medicinsku informatiku BiH. 2014;22:406e10.

[79] Puthucheary Z, Montgomery H, Moxham J, Harridge S, Hart N. Structure to
function: muscle failure in critically ill patients. J Physiol 2010;588:4641e8.

[80] Hiesmayr M. Nutrition risk assessment in the ICU. Curr Opin Clin Nutr Metab
Care 2012;15:174e80.

[81] Wieske L, Dettling-Ihnenfeldt DS, Verhamme C, Nollet F, van Schaik IN,
Schultz MJ, et al. Impact of ICU-acquired weakness on post-ICU physical
functioning: a follow-up study. Crit Care 2015;19:196.

[82] Puthucheary ZA, Hart N. Skeletal muscle mass and mortality - but what
about functional outcome? Crit Care 2014;18:110.

[83] Weijs PJ, Looijaard WG, Dekker IM, Stapel SN, Girbes AR, Oudemans-van
Straaten HM, et al. Low skeletal muscle area is a risk factor for mortality in
mechanically ventilated critically ill patients. Crit Care 2014;18:R12.

[84] Ismael S, Savalle M, Trivin C, Gillaizeau F, D'Auzac C, Faisy C. The conse-
quences of sudden fluid shifts on body composition in critically ill patients.
Crit Care 2014;18:R49.

[85] Ganesan MV, Annigeri RA, Shankar B, Rao BS, Prakash KC, Seshadri R, et al.
The protein equivalent of nitrogen appearance in critically ill acute renal
failure patients undergoing continuous renal replacement therapy. J Ren
Nutr 2009;19:161e6.

[86] Buckinx F, Landi F, Cesari M, Fielding RA, Visser M, Engelke K, et al. Pitfalls in
the measurement of muscle mass: a need for a reference standard. J Cachexia
Sarcopenia Muscle 2018;9:269e78.

[87] Sabatino A, Regolisti G, Bozzoli L, Fani F, Antoniotti R, Maggiore U, et al.
Reliability of bedside ultrasound for measurement of quadriceps muscle
thickness in critically ill patients with acute kidney injury. Clin Nutr 2017;36:
1710e5.

[88] Sabatino A, Regolisti G, di Mario F, Ciuni A, Palumbo A, Peyronel F, et al.
Validation by CT scan of quadriceps muscle thickness measurement by ul-
trasound in acute kidney injury. J Nephrol 2020;33:109e17.

[89] Connolly B, MacBean V, Crowley C, Lunt A, Moxham J, Rafferty GF, et al.
Ultrasound for the assessment of peripheral skeletal muscle architecture in
critical illness: a systematic review. Crit Care Med 2015;43:897e905.

[90] Regolisti G, Maggiore U, Sabatino A, Gandolfini I, Pioli S, Torino C, et al.
Interaction of healthcare staff's attitude with barriers to physical activity in
hemodialysis patients: a quantitative assessment. PloS One 2018;13:
e0196313.

[91] Battaglia Y, Ullo I, Massarenti S, Esposito P, Prencipe M, Ciancio G, et al.
Ultrasonography of quadriceps femoris muscle and subcutaneous fat tissue
and body composition by BIVA in chronic dialysis patients. Nutrients
2020;12:1388.

[92] Sabatino A, Regolisti G, Delsante M, Di Motta T, Cantarelli C, Pioli S, et al.
Noninvasive evaluation of muscle mass by ultrasonography of quadriceps
femoris muscle in End-Stage Renal Disease patients on hemodialysis. Clin
Nutr 2019;38:1232e9.
1665
[93] Braunschweig CA, Sheean PM, Peterson SJ, Gomez Perez S, Freels S, Troy KL,
et al. Exploitation of diagnostic computed tomography scans to assess the
impact of nutrition support on body composition changes in respiratory
failure patients. J Parenter Enter Nutr 2014;38:880e5.

[94] Looijaard W, Denneman N, Broens B, Girbes ARJ, Weijs PJM, Oudemans-van
Straaten HM. Achieving protein targets without energy overfeeding in crit-
ically ill patients: a prospective feasibility study. Clin Nutr 2019;38(6):
2623e31.

[95] Fuchs G, Thevathasan T, Chretien YR, Mario J, Piriyapatsom A, Schmidt U,
et al. Lumbar skeletal muscle index derived from routine computed to-
mography exams predict adverse post-extubation outcomes in critically ill
patients. J Crit Care 2018;44:117e23.

[96] Jolley SE, Bunnell AE, Hough CL. ICU-acquired weakness. Chest 2016;150:
1129e40.

[97] Zampieri FG, Bozza FA, Moralez GM, Mazza DD, Scotti AV, Santino MS, et al.
The effects of performance status one week before hospital admission on the
outcomes of critically ill patients. Intensive Care Med 2017;43:39e47.

[98] Ferrante LE, Pisani MA, Murphy TE, Gahbauer EA, Leo-Summers LS, Gill TM.
Functional trajectories among older persons before and after critical illness.
JAMA Intern Med 2015;175:523e9.

[99] Hermans G, Van den Berghe G. Clinical review: intensive care unit acquired
weakness. Crit Care 2015;19:274.

[100] Stevens RD, Marshall SA, Cornblath DR, Hoke A, Needham DM, de Jonghe B,
et al. A framework for diagnosing and classifying intensive care unit-
acquired weakness. Crit Care Med 2009;37:S299e308.

[101] Parry SM, Berney S, Granger CL, Dunlop DL, Murphy L, El-Ansary D, et al.
A new two-tier strength assessment approach to the diagnosis of weakness
in intensive care: an observational study. Crit Care 2015;19:52.

[102] Ali NA, O'Brien Jr JM, Hoffmann SP, Phillips G, Garland A, Finley JC, et al.
Acquired weakness, handgrip strength, and mortality in critically ill patients.
Am J Respir Crit Care Med 2008;178:261e8.

[103] Bakkal H, Dizdar O, Erdem S, Kulako�glu S, Akcakaya B, Katırcılar Y, et al. The
relationship between hand grip strength and nutritional status determined
by malnutrition inflammation score and biochemical parameters in hemo-
dialysis patients. J Ren Nutr 2020;30(6):548e55. https://doi.org/10.1053/
j.jrn.2020.01.026.

[104] Bauer JM, Sieber CC. Sarcopenia and frailty: a clinician's controversial point
of view. Exp Gerontol 2008;43:674e8.

[105] Moreau-Gaudry X, Jean G, Genet L, Lataillade D, Legrand E, Kuentz F, et al.
A simple protein-energy wasting score predicts survival in maintenance
hemodialysis patients. J Ren Nutr 2014;24:395e400.

[106] Evans W, Morley J, Argil�es J, Bales C, Baracos V, Guttridge D, et al. Cachexia: a
new definition. Clin Nutr 2008;27:793e9.

[107] Slee A, McKeaveney C, Adamson G, Davenport A, Farrington K, Fouque D,
et al. Estimating the prevalence of muscle wasting, weakness, and sarcopenia
in hemodialysis patients. J Ren Nutr 2019:313e21.

[108] Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE, Newman AB, et al.
Sarcopenia: an undiagnosed condition in older adults. Current consensus
definition: prevalence, etiology, and consequences. International working
group on sarcopenia. J Am Med Dir Assoc 2011;12:249e56.

[109] Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al.
Sarcopenia: European consensus on definition and diagnosis: report of the
European working group on sarcopenia in older people. Age Ageing
2010;39:412e23.

[110] Muscaritoli M, Anker S, Argil�es J, Aversa Z, Bauer J, Biolo G, et al. Consensus
definition of sarcopenia, cachexia and pre-cachexia: joint document elabo-
rated by special interest groups (SIG) "Cachexia-Anorexia in chronic wasting
diseases" and "nutrition in geriatrics". Clin Nutr 2010;29:154e9.

[111] Studenski S, Peters K, Alley D, Cawthon P, McLean R, Harris T, et al. The
FNIH sarcopenia project: rationale, study description, conference recom-
mendations, and final estimates. J Gerontol A Biol Sci Med Sci 2014;69:
547e58.

[112] Zheng T, Zhu X, Liang H, Huang H, Yang J, Wang S. Impact of early enteral
nutrition on short term prognosis after acute stroke. J Clin Neurosci 2015;22:
1473e6.

[113] Jolliet P, Pichard C, Biolo G, Chiol�ero R, Grimble G, Leverve X, et al. Enteral
nutrition in intensive care patients: a practical approach. Clin Nutr 1999;18:
47e56.

[114] Minard G, Kudsk K, Melton S, Patton J, Tolley E. Early versus delayed feeding
with an immune-enhancing diet in patients with severe head injuries. J
Parenter Enter Nutr 2000;24:145e9.

[115] Peck M, Kessler M, Cairns B, Chang Y, Ivanova A, Schooler W. Early enteral
nutrition does not decrease hypermetabolism associated with burn injury.
J Trauma 2004;57:1143e8.

[116] Nguyen N, Fraser R, Bryant L, Burgstad C, Chapman M, Bellon M, et al. The
impact of delaying enteral feeding on gastric emptying, plasma cholecysto-
kinin, and peptide YY concentrations in critically ill patients. Crit Care Med
2008;36:1469e74.

[117] Moses V, Mahendri N, John G, Peter J, Ganesh A. Early hypocaloric enteral
nutritional supplementation in acute organophosphate poisoning–A pro-
spective randomized trial. Clin Toxicol 2009;47:419e24.

[118] Chourdakis M, Kraus M, Tzellos T, Sardeli C, Peftoulidou M, Vassilakos D,
et al. Effect of early compared with delayed enteral nutrition on endocrine
function in patients with traumatic brain injury: an open-labeled random-
ized trial. J Parenter Enter Nutr 2012;36:108e16.

http://refhub.elsevier.com/S0261-5614(21)00052-2/sref66
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref66
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref66
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref67
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref67
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref67
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref67
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref67
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref68
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref68
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref68
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref68
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref69
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref69
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref69
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref69
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref70
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref70
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref70
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref70
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref70
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref70
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref70
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref71
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref71
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref71
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref71
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref72
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref72
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref72
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref72
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref72
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref73
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref73
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref73
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref73
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref74
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref74
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref74
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref74
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref75
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref75
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref75
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref76
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref76
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref76
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref76
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref77
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref77
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref77
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref78
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref78
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref78
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref78
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref79
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref79
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref79
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref80
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref80
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref80
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref81
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref81
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref81
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref82
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref82
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref83
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref83
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref83
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref84
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref84
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref84
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref85
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref85
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref85
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref85
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref85
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref86
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref86
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref86
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref86
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref87
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref87
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref87
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref87
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref87
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref88
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref88
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref88
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref88
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref89
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref89
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref89
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref89
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref90
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref90
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref90
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref90
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref91
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref91
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref91
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref91
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref92
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref92
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref92
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref92
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref92
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref93
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref93
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref93
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref93
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref93
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref94
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref94
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref94
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref94
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref94
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref95
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref95
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref95
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref95
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref95
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref96
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref96
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref96
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref97
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref97
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref97
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref97
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref98
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref98
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref98
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref98
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref99
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref99
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref100
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref100
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref100
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref100
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref101
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref101
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref101
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref102
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref102
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref102
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref102
https://doi.org/10.1053/j.jrn.2020.01.026
https://doi.org/10.1053/j.jrn.2020.01.026
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref104
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref104
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref104
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref105
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref105
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref105
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref105
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref106
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref106
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref106
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref106
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref107
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref107
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref107
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref107
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref108
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref108
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref108
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref108
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref108
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref109
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref109
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref109
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref109
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref109
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref110
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref110
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref110
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref110
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref110
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref110
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref111
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref111
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref111
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref111
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref111
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref112
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref112
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref112
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref112
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref113
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref113
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref113
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref113
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref113
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref114
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref114
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref114
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref114
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref115
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref115
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref115
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref115
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref116
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref116
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref116
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref116
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref116
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref117
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref117
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref117
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref117
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref118
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref118
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref118
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref118
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref118


E. Fiaccadori, A. Sabatino, R. Barazzoni et al. Clinical Nutrition 40 (2021) 1644e1668
[119] Pupelis G, Selga G, Austrums E, Kaminski A. Jejunal feeding, even when
instituted late, improves outcomes in patients with severe pancreatitis and
peritonitis. Nutrition 2001;17:91e4.

[120] Malhotra A, Mathur A, Gupta S. Early enteral nutrition after surgical treat-
ment of gut perforations: a prospective randomised study. J Postgrad Med
2004;50:102e6.

[121] Kaur N, Gupta M, Minocha V. Early enteral feeding by nasoenteric tubes in
patients with perforation peritonitis. World J Surg 2005;29:1023e7.

[122] Barlow R, Price P, Reid T, Hunt S, Clark G, Havard T, et al. Prospective mul-
ticentre randomised controlled trial of early enteral nutrition for patients
undergoing major upper gastrointestinal surgical resection. Clin Nutr
2011;30:560e6.

[123] Bakker O, van Brunschot S, van Santvoort H, Besselink M, Bollen T,
Boermeester M, et al. Early versus on-demand nasoenteric tube feeding in
acute pancreatitis. N Engl J Med 2014;371:1983e93.

[124] Lam N, Tien N, Khoa C. Early enteral feeding for burned patients–an effective
method which should Be encouraged in developing countries. Burns
2008;34:192e6.

[125] Altintas N, Aydin K, Türko�glu M, Abbaso�glu O, Topeli A. Effect of enteral
versus parenteral nutrition on outcome of medical patients requiring me-
chanical ventilation. Nutr Clin Pract 2011;26:322e9.

[126] Justo Meirelles C, de Aguilar-Nascimento J. Enteral or parenteral nutrition in
traumatic brain injury: a prospective randomised trial. Nutr Hosp 2011;26:
1120e4.

[127] Harvey S, Parrott F, Harrison D, Bear D, Segaran E, Beale R, et al. Trial of the
route of early nutritional support in critically ill adults. N Engl J Med
2014;371:1673e84.

[128] Reignier J, Boisram�e-Helms J, Brisard L, Lascarrou J, Ait Hssain A, Anguel N,
et al. Enteral versus parenteral early nutrition in ventilated adults with
shock: a randomised, controlled, multicentre, open-label, parallel-group
study (NUTRIREA-2). Lancet 2018;391:133e43.

[129] Bozzetti F, Braga M, Gianotti L, Gavazzi C, Mariani L. Postoperative enteral
versus parenteral nutrition in malnourished patients with gastrointestinal
cancer: a randomised multicentre trial. Lancet 2001;358:1487e92.

[130] Gupta R, Patel K, Calder P, Yaqoob P, Primrose J, Johnson C. A randomised
clinical trial to assess the effect of total enteral and total parenteral nutri-
tional support on metabolic, inflammatory and oxidative markers in patients
with predicted severe acute pancreatitis (APACHE II > or ¼6). Pancreatology
2003;3:406e13.

[131] Eckerwall G, Axelsson J, Andersson R. Early nasogastric feeding in predicted
severe acute pancreatitis: a clinical, randomized study. Ann Surg 2006;244:
959e65.

[132] Petrov M, Kukosh M, Emelyanov N. A randomized controlled trial of enteral
versus parenteral feeding in patients with predicted severe acute pancrea-
titis shows a significant reduction in mortality and in infected pancreatic
complications with total enteral nutrition. Dig Surg 2006;23:336e44.

[133] Sun J, Mu X, Li W, Tong Z, Li J, Zheng S. Effects of early enteral nutrition on
immune function of severe acute pancreatitis patients. World J Gastroenterol
2013;19:917e22.

[134] Boelens P, Heesakkers F, Luyer M, van Barneveld K, de Hingh I,
Nieuwenhuijzen G, et al. Reduction of postoperative ileus by early enteral
nutrition in patients undergoing major rectal surgery: prospective, ran-
domized, controlled trial. Ann Surg 2014;259:649e55.

[135] Aiko S, Yoshizumi Y, Sugiura Y, Matsuyama T, Naito Y, Matsuzaki J, et al.
Beneficial effects of immediate enteral nutrition after esophageal cancer
surgery. Surg Today 2001;31:971e8.

[136] Elke G, van Zanten AR, Lemieux M, McCall M, Jeejeebhoy KN, Kott M, et al.
Enteral versus parenteral nutrition in critically ill patients: an updated sys-
tematic review and meta-analysis of randomized controlled trials. Crit Care
2016;20:117.

[137] Fiaccadori E, Maggiore U, Giacosa R, Rotelli C, Picetti E, Sagripanti S, et al.
Enteral nutrition in patients with acute renal failure. Kidney Int 2004;65:
999e1008.

[138] Fiaccadori E, Sabatino A, Morabito S, Bozzoli L, Donadio C, Maggiore U, et al.
Hyper/hypoglycemia and acute kidney injury in critically ill patients. Clin
Nutr 2016;35:317e21.

[139] Oshima T, Berger MM, De Waele E, Guttormsen AB, Heidegger CP,
Hiesmayr M, et al. Indirect calorimetry in nutritional therapy. A position
paper by the ICALIC study group. Clin Nutr 2017;36:651e62.

[140] Goes CR, Balbi AL, Ponce D. Evaluation of factors associated with hyperme-
tabolism and hypometabolism in critically ill AKI patients. Nutrients
2018;10:505.

[141] McClave S, Taylor B, Martindale R, Warren M, Johnson D, Braunschweig C,
et al. Guidelines for the provision and assessment of nutrition support
therapy in the adult critically ill patient: society of critical care medicine
(SCCM) and American society for parenteral and enteral nutrition
(A.S.P.E.N.). J Parenter Enter Nutr 2016;40:159e211.

[142] Sabatino A, Theilla M, Hellerman M, Singer P, Maggiore U, Barbagallo M, et al.
Energy and protein in critically ill patients with AKI: a prospective, multi-
center observational study using indirect calorimetry and protein catabolic
rate. Nutrients 2017;9:802.

[143] de Goes CR, Berbel-Bufarah MN, Sanches AC, Xavier PS, Balbi AL, Ponce D.
Poor agreement between predictive equations of energy expenditure and
1666
measured energy expenditure in critically ill acute kidney injury patients.
Ann Nutr Metab 2016;68:276e84.

[144] Scheinkestel CD, Kar L, Marshall K, Bailey M, Davies A, Nyulasi I, et al. Pro-
spective randomized trial to assess caloric and protein needs of critically Ill,
anuric, ventilated patients requiring continuous renal replacement therapy.
Nutrition 2003;19:909e16.

[145] Scheinkestel CD, Adams F, Mahony L, Bailey M, Davies AR, Nyulasi I, et al.
Impact of increasing parenteral protein loads on amino acid levels and
balance in critically ill anuric patients on continuous renal replacement
therapy. Nutrition 2003;19:733e40.

[146] Boullata J, Williams J, Cottrell F, Hudson L, Compher C. Accurate determi-
nation of energy needs in hospitalized patients. J Am Diet Assoc 2007;107:
393e401.

[147] Miles J. Energy expenditure in hospitalized patients: implications for nutri-
tional support. Mayo Clin Proc 2006;81:809e16.

[148] Brown RO, Compher C, Directors ASfPaENBo A.S.P.E.N. Clinical guidelines:
nutrition support in adult acute and chronic renal failure. J Parenter Enter
Nutr 2010;34:366e77.

[149] Palevsky P, Liu K, Brophy P, Chawla L, Parikh C, Thakar C, et al. KDOQI US
commentary on the 2012 KDIGO clinical practice guideline for acute kidney
injury. Am J Kidney Dis 2013;61:649e72.

[150] Fliser D, Laville M, Covic A, Fouque D, Vanholder R, Juillard L, et al.
A European Renal Best Practice (ERBP) position statement on the Kidney
Disease Improving Global Outcomes (KDIGO) clinical practice guidelines
on acute kidney injury: part 1: definitions, conservative management
and contrast-induced nephropathy. Nephrol Dial Transplant 2012;27:
4263e72.

[151] Picolo MF, Lago AF, Menegueti MG, Nicolini EA, Basile-Filho A, Nunes AA,
et al. Harris-benedict equation and resting energy expenditure estimates in
critically ill ventilator patients. Am J Crit Care 2016;25:e21e9.

[152] Goes CR, Vogt BP, Sanches ACS, Balbi AL, Ponce D. Influence of different
dialysis modalities in the measurement of resting energy expenditure in
patients with acute kidney injury in ICU. Clin Nutr 2017;36:1170e4.

[153] Wu C, Wang X, Yu W, Li P, Liu S, Li J, et al. Short-term consequences of
continuous renal replacement therapy on body composition and metabolic
status in sepsis. Asia Pac J Clin Nutr 2016;25:300e7.

[154] Jonckheer J, Demol J, Lanckmans K, Malbrain M, Spapen H, De Waele E.
MECCIAS trial: metabolic consequences of continuous veno-venous hemo-
filtration on indirect calorimetry. Clin Nutr 2020;39(12):3797e803. https://
doi.org/10.1016/j.clnu.2020.04.017.

[155] Jonckheer J, Spapen H, Debain A, Demol J, Diltoer M, Costa O, et al. CO 2 and
O 2 removal during continuous veno-venous hemofiltration: a pilot study.
BMC Nephrol 2019;20:222.

[156] Zusman O, Theilla M, Cohen J, Kagan I, Bendavid I, Singer P. Resting energy
expenditure, calorie and protein consumption in critically ill patients: a
retrospective cohort study. Crit Care 2016;20:367.

[157] Stapel SN, de Grooth HJ, Alimohamad H, Elbers PW, Girbes AR, Weijs PJ, et al.
Ventilator-derived carbon dioxide production to assess energy expenditure
in critically ill patients: proof of concept. Crit Care 2015;19:370.

[158] Cobean R, Gentilello L, Parker A, Jurkovich G, Maier R. Nutritional assessment
using a pulmonary artery catheter. J Trauma 1992;33:452e6.

[159] Avesani C, Kamimura M, Cuppari L. Energy expenditure in chronic kidney
disease patients. J Ren Nutr 2011;21:27e30.

[160] Rodrigues C, Santos J, Quinto B, Marrocos M, Teixeira A, Rodrigues C, et al.
Impact of metabolic syndrome on resting energy expenditure in patients
with chronic kidney disease. Clinical nutrition ESPEN 2016;15:107e13.

[161] Fiaccadori E, Maggiore U, Rotelli C, Giacosa R, Picetti E, Parenti E, et al. Effects
of different energy intakes on nitrogen balance in patients with acute renal
failure: a pilot study. Nephrol Dial Transplant 2005;20:1976e80.

[162] Arabi Y, Tamim H, Dhar G, Al-Dawood A, Al-Sultan M, Sakkijha M, et al.
Permissive underfeeding and intensive insulin therapy in critically ill pa-
tients: a randomized controlled trial. Am J Clin Nutr 2011;93:569e77.

[163] Rice T, Wheeler A, Thompson B, Steingrub J, Hite R, Moss M, et al. Initial
trophic vs full enteral feeding in patients with acute lung injury: the EDEN
randomized trial. JAMA 2012;307:795e803.

[164] Singer P, Anbar R, Cohen J, Shapiro H, Shalita-Chesner M, Lev S, et al. The
tight calorie control study (TICACOS): a prospective, randomized, controlled
pilot study of nutritional support in critically ill patients. Intensive Care Med
2011;37:601e9.

[165] Tappy L, Schwarz J, Schneiter P, Cayeux C, Revelly J, Fagerquist C, et al. Effects
of isoenergetic glucose-based or lipid-based parenteral nutrition on glucose
metabolism, de novo lipogenesis, and respiratory gas exchanges in critically
ill patients. Crit Care Med 1998;26:860e7.

[166] Iapichino G, Radrizzani D, Armani S, Noto A, Spanu P, Mistraletti G. Metabolic
treatment of critically ill patients: energy balance and substrate disposal.
Minerva Anestesiol 2006;72:533e41.

[167] Dvir D, Cohen J, Singer P. Computerized energy balance and complications in
critically ill patients: an observational study. Clin Nutr 2006;25:37e44.

[168] Villet S, Chiolero R, Bollmann M, Revelly J, Cayeux RNM, Delarue J, et al.
Negative impact of hypocaloric feeding and energy balance on clinical
outcome in ICU patients. Clin Nutr 2005;24:502e9.

[169] Hellerman M, Sabatino A, Theilla M, Kagan I, Fiaccadori E, Singer P. Carbo-
hydrate and lipid prescription, administration, and oxidation in critically ill

http://refhub.elsevier.com/S0261-5614(21)00052-2/sref119
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref119
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref119
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref119
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref120
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref120
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref120
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref120
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref121
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref121
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref121
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref122
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref122
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref122
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref122
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref122
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref123
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref123
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref123
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref123
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref124
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref124
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref124
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref124
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref125
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref125
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref125
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref125
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref125
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref125
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref126
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref126
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref126
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref126
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref127
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref127
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref127
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref127
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref128
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref128
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref128
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref128
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref128
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref128
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref129
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref129
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref129
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref129
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref130
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref130
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref130
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref130
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref130
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref130
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref130
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref131
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref131
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref131
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref131
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref132
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref132
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref132
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref132
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref132
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref133
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref133
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref133
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref133
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref134
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref134
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref134
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref134
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref134
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref135
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref135
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref135
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref135
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref136
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref136
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref136
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref136
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref137
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref137
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref137
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref137
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref138
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref138
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref138
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref138
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref139
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref139
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref139
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref139
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref140
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref140
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref140
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref141
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref141
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref141
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref141
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref141
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref141
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref142
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref142
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref142
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref142
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref143
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref143
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref143
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref143
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref143
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref144
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref144
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref144
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref144
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref144
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref145
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref145
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref145
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref145
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref145
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref146
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref146
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref146
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref146
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref147
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref147
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref147
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref148
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref148
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref148
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref148
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref149
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref149
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref149
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref149
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref150
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref150
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref150
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref150
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref150
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref150
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref150
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref151
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref151
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref151
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref151
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref152
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref152
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref152
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref152
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref153
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref153
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref153
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref153
https://doi.org/10.1016/j.clnu.2020.04.017
https://doi.org/10.1016/j.clnu.2020.04.017
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref155
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref155
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref155
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref156
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref156
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref156
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref157
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref157
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref157
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref158
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref158
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref158
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref159
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref159
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref159
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref160
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref160
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref160
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref160
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref161
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref161
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref161
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref161
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref162
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref162
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref162
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref162
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref163
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref163
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref163
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref163
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref164
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref164
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref164
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref164
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref164
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref165
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref165
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref165
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref165
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref165
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref166
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref166
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref166
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref166
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref167
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref167
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref167
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref168
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref168
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref168
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref168
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref169
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref169


E. Fiaccadori, A. Sabatino, R. Barazzoni et al. Clinical Nutrition 40 (2021) 1644e1668
patients with acute kidney injury: a post hoc analysis. J Ren Nutr 2019;29:
289e94.

[170] Schneeweiss B, Graninger W, Stockenhuber F, Druml W, Ferenci P,
Eichinger S, et al. Energy metabolism in acute and chronic renal failure. Am J
Clin Nutr 1990;52:596e601.

[171] Morabito S, Pistolesi V, Tritapepe L, Fiaccadori E. Regional citrate anti-
coagulation for RRTs in critically ill patients with AKI. Clin J Am Soc Nephrol
2014;9:2173e88.

[172] Fiaccadori E, Pistolesi V, Mariano F, Mancini E, Canepari G, Inguaggiato P,
et al. Regional citrate anticoagulation for renal replacement therapies in
patients with acute kidney injury: a position statement of the Work Group
"Renal Replacement Therapies in Critically Ill Patients" of the Italian Society
of Nephrology. J Nephrol 2015;28:151e64.

[173] Jonckheer J, Vergaelen K, Spapen H, Malbrain M, De Waele E. Modification of
nutrition therapy during continuous renal replacement therapy in critically
ill pediatric patients: a narrative review and recommendations. Nutr Clin
Pract 2019;34:37e47.

[174] Balik M, Zakharchenko M, Otahal M, Hruby J, Polak F, Rusinova K, et al.
Quantification of systemic delivery of substrates for intermediate meta-
bolism during citrate anticoagulation of continuous renal replacement
therapy. Blood Purif 2012;33:80e7.

[175] Balik M, Zakharchenko M, Leden P, Otahal M, Hruby J, Polak F, et al. Bio-
energetic gain of citrate anticoagulated continuous hemodiafiltration–a
comparison between 2 citrate modalities and unfractionated heparin. J Crit
Care 2013;28:87e95.

[176] New AM, Nystrom EM, Frazee E, Dillon JJ, Kashani KB, Miles JM. Continuous
renal replacement therapy: a potential source of calories in the critically ill.
Am J Clin Nutr 2017;105:1559e63.

[177] Stevenson JM, Heung M, Vilay AM, Eyler RF, Patel C, Mueller BA. In vitro
glucose kinetics during continuous renal replacement therapy: implica-
tions for caloric balance in critically ill patients. Int J Artif Organs 2013;36:
861e8.

[178] Faisy C, Guerot E, Diehl J, Labrousse J, Fagon J. Assessment of resting energy
expenditure in mechanically ventilated patients. Am J Clin Nutr 2003;78:
241e9.

[179] de Oliveira MC, Bufarah MNB, Ponce D, Balbi AL. Poor agreement between
indirect calorimetry and predictive formula of rest energy expenditure in
pre-dialytic and dialytic chronic kidney disease. Clinical nutrition ESPEN
2018;28:136e40.

[180] Goes CR, Sanches AC, Balbi A, Ponce D. Daily variability of resting energy
expenditure in acute kidney injury patients on dialysis. J Bras Nefrol
2017;39:15e22.

[181] Frankenfield DC, Badellino MM, Reynolds HN, Wiles 3rd CE, Siegel JH,
Goodarzi S. Amino acid loss and plasma concentration during continuous
hemodiafiltration. J Parenter Enter Nutr 1993;17:551e61.

[182] Davenport A, Roberts NB. Amino acid losses during continuous high-flux
hemofiltration in the critically ill patient. Crit Care Med 1989;17:1010e4.

[183] Davies SP, Reaveley DA, Brown EA, Kox WJ. Amino acid clearances and daily
losses in patients with acute renal failure treated by continuous arteriove-
nous hemodialysis. Crit Care Med 1991;19:1510e5.

[184] Maxvold NJ, Smoyer WE, Custer JR, Bunchman TE. Amino acid loss and ni-
trogen balance in critically ill children with acute renal failure: a prospective
comparison between classic hemofiltration and hemofiltration with dialysis.
Crit Care Med 2000;28:1161e5.

[185] Bellomo R, Seacombe J, Daskalakis M, Farmer M, Wright C, Parkin G, et al.
A prospective comparative study of moderate versus high protein intake for
critically ill patients with acute renal failure. Ren Fail 1997;19:111e20.

[186] Bellomo R, Tan HK, Bhonagiri S, Gopal I, Seacombe J, Daskalakis M, et al. High
protein intake during continuous hemodiafiltration: impact on amino acids
and nitrogen balance. Int J Artif Organs 2002;25:261e8.

[187] Zappitelli M, Juarez M, Castillo L, Coss-Bu J, Goldstein SL. Continuous renal
replacement therapy amino acid, trace metal and folate clearance in criti-
cally ill children. Intensive Care Med 2009;35:698e706.

[188] Btaiche IF, Mohammad RA, Alaniz C, Mueller BA. Amino Acid requirements in
critically ill patients with acute kidney injury treated with continuous renal
replacement therapy. Pharmacotherapy 2008;28:600e13.

[189] Sn S, Rj DB, Pj T, Mg V, Arj G, Hm O-vS. Amino acid loss during continuous
venovenous hemofiltration in critically ill patients. Blood Purif 2019;48:
321e9.

[190] Cano NJ, Saingra Y, Dupuy AM, Lorec-Penet AM, Portugal H, Lairon D, et al.
Intradialytic parenteral nutrition: comparison of olive oil versus soybean oil-
based lipid emulsions. Br J Nutr 2006;95:152e9.

[191] Chima CS, Meyer L, Hummell AC, Bosworth C, Heyka R, Paganini EP, et al.
Protein catabolic rate in patients with acute renal failure on continuous
arteriovenous hemofiltration and total parenteral nutrition. J Am Soc
Nephrol 1993;3:1516e21.

[192] Marshall MR, Golper TA, Shaver MJ, Alam MG, Chatoth DK. Urea kinetics
during sustained low-efficiency dialysis in critically ill patients requiring
renal replacement therapy. Am J Kidney Dis 2002;39:556e70.

[193] Macias WL, Alaka KJ, Murphy MH, Miller ME, Clark WR, Mueller BA.
Impact of the nutritional regimen on protein catabolism and nitrogen
balance in patients with acute renal failure. J Parenter Enter Nutr
1996;20:56e62.
1667
[194] Leblanc M, Garred LJ, Cardinal J, Pichette V, Nolin L, Ouimet D, et al. Catab-
olism in critical illness: estimation from urea nitrogen appearance and
creatinine production during continuous renal replacement therapy. Am J
Kidney Dis 1998;32:444e53.

[195] Kritmetapak K, Peerapornratana S, Srisawat N, Somlaw N, Lakananurak N,
Dissayabutra T, et al. The impact of macro-and micronutrients on predicting
outcomes of critically ill patients requiring continuous renal replacement
therapy. PloS One 2016;11:e0156634.

[196] Li Y, Li H, Zhang D. Timing of continuous renal replacement therapy in pa-
tients with septic AKI: a systematic review and meta-analysis. Medicine
2019;98:e16800.

[197] Kopple J, Monteon F, Shaib J. Effect of energy intake on nitrogen metabolism
in nondialyzed patients with chronic renal failure. Kidney Int 1986;29:
734e42.

[198] Williams B, Hattersley J, Layward E, Walls J. Metabolic acidosis and skeletal
muscle adaptation to low protein diets in chronic uremia. Kidney Int
1991;40:779e86.

[199] Hoffer L, Taveroff A, Schiffrin A. Metabolic adaptation to protein restriction in
insulin-dependent diabetes mellitus. Am J Physiol 1997;272:E59e67.

[200] Prelack K, Sheridan RL. Micronutrient supplementation in the critically ill
patient: strategies for clinical practice. J Trauma 2001;51:601e20.

[201] Berger M. Do micronutrient deficiencies contribute to mitochondrial failure
in critical illness? Curr Opin Clin Nutr Metab Care 2020;23:102e10.

[202] Ostermann M, Summers J, Lei K, Card D, Harrington D, Sherwood R, et al.
Micronutrients in critically ill patients with severe acute kidney injury - a
prospective study. Sci Rep 2020;10:1505.

[203] Vanek VW, Borum P, Buchman A, Fessler TA, Howard L, Jeejeebhoy K, et al.
A.S.P.E.N. position paper: recommendations for changes in commercially
available parenteral multivitamin and multi-trace element products. Nutr
Clin Pract 2012;27:440e91.

[204] Tucker BM, Safadi S, Friedman AN. Is routine multivitamin supplementation
necessary in US chronic adult hemodialysis patients? A systematic review.
J Ren Nutr 2015;25:257e64.

[205] Bellomo R, Parkin G, Boyce N. Acute renal failure in the critically ill: man-
agement by continuous veno-venous hemodiafiltration. J Crit Care 1993;8:
140e4.

[206] Story DA, Ronco C, Bellomo R. Trace element and vitamin concentrations and
losses in critically ill patients treated with continuous venovenous hemo-
filtration. Crit Care Med 1999;27:220e3.

[207] Berger MM, Shenkin A, Revelly JP, Roberts E, Cayeux MC, Baines M, et al.
Copper, selenium, zinc, and thiamine balances during continuous venove-
nous hemodiafiltration in critically ill patients. Am J Clin Nutr 2004;80:
410e6.

[208] Dizdar O, Yıldız A, Gul C, Gunal A, Ersoy A, Gundogan K. The effect of he-
modialysis, peritoneal dialysis and renal transplantation on nutritional sta-
tus and serum micronutrient levels in patients with end-stage renal disease;
multicenter, 6-month period, longitudinal study. J Trace Elem Med Biol
2020;60:126498.

[209] Tonelli M, Wiebe N, Thompson S, Kinniburgh D, Klarenbach S, Walsh M, et al.
Trace element supplementation in hemodialysis patients: a randomized
controlled trial. BMC Nephrol 2015;16:52.

[210] Casaer MP, Mesotten D, Schetz MR. Bench-to-bedside review: metabolism
and nutrition. Crit Care 2008;12:222.

[211] Wiesen P, Van Overmeire L, Delanaye P, Dubois B, Preiser JC. Nutrition dis-
orders during acute renal failure and renal replacement therapy. J Parenter
Enter Nutr 2011;35:217e22.

[212] Ben-Hamouda N, Charriere M, Voirol P, Berger MM. Massive copper and
selenium losses cause life-threatening deficiencies during prolonged
continuous renal replacement. Nutrition 2017;34:71e5.

[213] Chiolero R, Berger MM. Nutritional support during renal replacement ther-
apy. Contrib Nephrol 2007;156:267e74.

[214] Kobashigawa J, Dadhania D, Bhorade S, Adey D, Berger J, Bhat G, et al. Report
from the American Society of Transplantation on frailty in solid organ
transplantation. Am J Transplant : Off J Am Soc Transplant Am Soc Transplant
Surgeon 2018:984e94.

[215] Spite M, Cl�aria J, Serhan C. Resolvins, specialized proresolving lipid media-
tors, and their potential roles in metabolic diseases. Cell Metabol 2014;19:
21e36.

[216] Hassan I, Gronert K. Acute changes in dietary omega-3 and omega-6 poly-
unsaturated fatty acids have a pronounced impact on survival following
ischemic renal injury and formation of renoprotective docosahexaenoic acid-
derived protectin D1. J Immunol 2009;182:3223e32.

[217] Chua H, Baldwin I, Fealy N, Naka T, Bellomo R. Amino acid balance with
extended daily diafiltration in acute kidney injury. Blood Purif 2012;33:
292e9.

[218] Wischmeyer P, Dhaliwal R, McCall M, Ziegler T, Heyland D. Parenteral
glutamine supplementation in critical illness: a systematic review. Crit Care
2014;18:R76.

[219] Heyland D, Wischmeyer P, Day A. Glutamine and antioxidants in critically ill
patients. N Engl J Med 2013;369:401e9.

[220] Heyland D, Elke G, Cook D, Berger M, Wischmeyer P, Albert M, et al.
Glutamine and antioxidants in the critically ill patient: a post hoc analysis of
a large-scale randomized trial. J Parenter Enter Nutr 2015;39:401e9.

http://refhub.elsevier.com/S0261-5614(21)00052-2/sref169
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref169
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref169
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref170
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref170
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref170
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref170
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref171
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref171
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref171
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref171
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref172
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref172
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref172
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref172
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref172
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref172
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref173
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref173
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref173
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref173
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref173
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref174
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref174
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref174
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref174
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref174
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref175
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref175
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref175
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref175
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref175
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref176
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref176
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref176
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref176
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref177
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref177
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref177
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref177
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref177
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref178
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref178
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref178
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref178
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref179
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref179
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref179
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref179
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref179
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref180
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref180
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref180
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref180
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref181
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref181
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref181
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref181
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref182
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref182
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref182
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref183
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref183
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref183
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref183
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref184
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref184
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref184
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref184
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref184
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref185
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref185
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref185
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref185
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref186
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref186
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref186
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref186
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref187
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref187
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref187
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref187
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref188
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref188
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref188
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref188
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref189
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref189
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref189
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref189
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref190
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref190
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref190
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref190
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref191
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref191
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref191
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref191
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref191
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref192
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref192
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref192
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref192
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref193
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref193
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref193
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref193
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref193
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref194
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref194
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref194
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref194
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref194
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref195
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref195
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref195
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref195
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref196
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref196
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref196
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref197
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref197
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref197
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref197
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref198
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref198
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref198
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref198
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref199
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref199
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref199
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref200
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref200
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref200
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref201
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref201
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref201
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref202
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref202
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref202
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref203
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref203
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref203
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref203
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref203
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref204
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref204
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref204
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref204
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref205
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref205
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref205
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref205
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref206
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref206
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref206
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref206
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref207
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref207
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref207
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref207
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref207
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref208
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref208
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref208
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref208
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref208
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref208
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref208
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref209
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref209
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref209
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref210
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref210
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref211
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref211
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref211
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref211
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref212
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref212
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref212
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref212
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref213
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref213
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref213
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref214
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref214
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref214
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref214
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref214
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref215
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref215
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref215
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref215
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref215
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref216
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref216
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref216
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref216
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref216
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref217
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref217
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref217
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref217
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref218
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref218
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref218
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref219
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref219
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref219
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref220
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref220
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref220
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref220


E. Fiaccadori, A. Sabatino, R. Barazzoni et al. Clinical Nutrition 40 (2021) 1644e1668
[221] van Zanten A, Sztark F, Kaisers U, Zielmann S, Felbinger T, Sablotzki A, et al.
High-protein enteral nutrition enriched with immune-modulating nutrients
vs standard high-protein enteral nutrition and nosocomial infections in the
ICU: a randomized clinical trial. JAMA 2014;312:514e24.

[222] Basi S, Pupim LB, Simmons EM, Sezer MT, Shyr Y, Freedman S, et al. Insulin
resistance in critically ill patients with acute renal failure. Am J Physiol Ren
Physiol 2005;289:F259e64.

[223] Dickerson R, Hamilton L, Connor K, Maish G, Croce M, Minard G, et al.
Increased hypoglycemia associated with renal failure during continuous
intravenous insulin infusion and specialized nutritional support. Nutrition
2011;27:766e72.

[224] Dickerson R, Lynch A, Maish G, Croce M, Minard G, Brown R. Improved safety
with intravenous insulin therapy for critically ill patients with renal failure.
Nutrition 2014;30:557e62.

[225] Cersosimo E, Garlick P, Ferretti J. Renal glucose production during insulin-
induced hypoglycemia in humans. Diabetes 1999;48:261e6.

[226] Meyer C, Dostou J, Gerich J. Role of the human kidney in glucose counter-
regulation. Diabetes 1999;48:943e8.

[227] Brunkhorst FM, Engel C, Bloos F, Meier-Hellmann A, Ragaller M, Weiler N,
et al. Intensive insulin therapy and pentastarch resuscitation in severe sepsis.
N Engl J Med 2008;358:125e39.

[228] Finfer S, Chittock D, Li Y, Foster D, Dhingra V, Bellomo R, et al. Intensive
versus conventional glucose control in critically ill patients with traumatic
brain injury: long-term follow-up of a subgroup of patients from the NICE-
SUGAR study. Intensive Care Med 2015;41:1037e47.

[229] Preiser J, Devos P, Ruiz-Santana S, M�elot C, Annane D, Groeneveld J, et al.
A prospective randomised multi-centre controlled trial on tight glucose
control by intensive insulin therapy in adult intensive care units: the glu-
control study. Intensive Care Med 2009;35:1738e48.

[230] Marik P, Preiser J. Toward understanding tight glycemic control in the ICU: a
systematic review and metaanalysis. Chest 2010;137:544e51.

[231] Griesdale D, de Souza R, van Dam R, Heyland D, Cook D, Malhotra A, et al.
Intensive insulin therapy and mortality among critically ill patients: a meta-
analysis including NICE-SUGAR study data. CMAJ (Can Med Assoc J)
2009;180:821e7.

[232] Jung S, Kim H, Park S, Jhee J, Yun H, Kim H, et al. Electrolyte and mineral
disturbances in septic acute kidney injury patients undergoing continuous
renal replacement therapy. Medicine 2016;95:e4542.

[233] Macedo E, Mehta R. Continuous dialysis therapies: core curriculum 2016. Am
J Kidney Dis 2016;68:645e57.

[234] Maynar Moliner J, Honore P, S�anchez-Izquierdo Riera J, Herrera Guti�errez M,
Spapen H. Handling continuous renal replacement therapy-related adverse
effects in intensive care unit patients: the dialytrauma concept. Blood Purif
2012;34:177e85.

[235] Bellomo R, Cass A, Cole L, Finfer S, Gallagher M, Lo S, et al. Intensity of
continuous renal-replacement therapy in critically ill patients. N Engl J Med
2009;361:1627e38.

[236] Finkel K, Podoll A. Complications of continuous renal replacement therapy.
Semin Dial 2009;22:155e9.

[237] Suzuki S, Egi M, Schneider A, Bellomo R, Hart G, Hegarty C. Hypo-
phosphatemia in critically ill patients. J Crit Care 2013;28(536):e9. 19.

[238] Geerse D, Bindels A, Kuiper M, Roos A, Spronk P, Schultz M. Treatment of
hypophosphatemia in the intensive care unit: a review. Crit Care 2010;14:
R147.

[239] Yang Y, Zhang P, Cui Y, Lang X, Yuan J, Jiang H, et al. Hypophosphatemia
during continuous veno-venous hemofiltration is associated with mortal-
ity in critically ill patients with acute kidney injury. Crit Care 2013;17:
R205.

[240] Schwartz A, Gurman G, Cohen G, Gilutz H, Brill S, Schily M, et al. Association
between hypophosphatemia and cardiac arrhythmias in the early stages of
sepsis. Eur J Intern Med 2002;13:434.

[241] Demirjian S, Teo B, Guzman J, Heyka R, Paganini E, Fissell W, et al. Hypo-
phosphatemia during continuous hemodialysis is associated with prolonged
respiratory failure in patients with acute kidney injury. Nephrol Dial
Transplant 2011;26:3508e14.

[242] Pistolesi V, Zeppilli L, Fiaccadori E, Regolisti G, Tritapepe L, Morabito S.
Hypophosphatemia in critically ill patients with acute kidney injury on renal
replacement therapies. J Nephrol 2019:895e908.

[243] Boot R, Koekkoek K, van Zanten A. Refeeding syndrome: relevance for the
critically ill patient. Curr Opin Crit Care 2018;24:235e40.
1668
[244] Palevsky P, Zhang J, O'Connor T, Chertow G, Crowley S, Choudhury D, et al.
Intensity of renal support in critically ill patients with acute kidney injury.
N Engl J Med 2008;359:7e20.

[245] Park J, Lee H, Kee Y, Park S, Oh H, Han S, et al. High-dose versus
conventional-dose continuous venovenous hemodiafiltration and patient
and kidney survival and cytokine removal in sepsis-associated acute kidney
injury: a randomized controlled trial. Am J Kidney Dis 2016;68:599e608.

[246] Morimatsu H, Uchino S, Bellomo R, Ronco C. Continuous veno-venous
hemodiafiltration or hemofiltration: impact on calcium, phosphate and
magnesium concentrations. Int J Artif Organs 2002;25:512e9.

[247] Song Y, Seo E, Yoo Y, Jo Y. Phosphate supplementation for hypo-
phosphatemia during continuous renal replacement therapy in adults. Ren
Fail 2019;41:72e9.

[248] Sun Z, Ye H, Shen X, Chao H, Wu X, Yang J. Continuous venovenous hemo-
filtration versus extended daily hemofiltration in patients with septic acute
kidney injury: a retrospective cohort study. Crit Care 2014;18:R70.

[249] Albino B, Balbi A, Abr~ao J, Ponce D. Dialysis complications in acute kidney
injury patients treated with prolonged intermittent renal replacement
therapy sessions lasting 10 versus 6 hours: results of a randomized clinical
trial. Artif Organs 2015;39:423e31.

[250] Eliacik E, Yildirim T, Sahin U, Kizilarslanoglu C, Tapan U, Aybal-Kutlugun A,
et al. Potassium abnormalities in current clinical practice: frequency, causes,
severity and management. Med Princ Pract 2015;24:271e5.

[251] Crop M, Hoorn E, Lindemans J, Zietse R. Hypokalaemia and subsequent
hyperkalaemia in hospitalized patients. Nephrol Dial Transplant 2007;22:
3471e7.

[252] Tong G, Rude R. Magnesium deficiency in critical illness. J Intensive Care Med
2005;20:3e17.

[253] Upala S, Jaruvongvanich V, Wijarnpreecha K, Sanguankeo A. Hypomagne-
semia and mortality in patients admitted to intensive care unit: a systematic
review and meta-analysis. QJM 2016;109:453e9.

[254] Di Mario F, Regolisti G, Greco P, Maccari C, Superchi E, Morabito S, et al.
Prevention of hypomagnesemia in critically ill patients with acute kidney
injury on continuous kidney replacement therapy: the role of early sup-
plementation and close monitoring. J Nephrol 2020. https://doi.org/10.1007/
s40620-020-00864-4. In press.

[255] Zakharchenko M, Los F, Brodska H, Balik M. The effects of high level mag-
nesium dialysis/substitution fluid on magnesium homeostasis under
regional citrate anticoagulation in critically ill. PloS One 2016;11:e0158179.

[256] Brain M, Anderson M, Parkes S, Fowler P. Magnesium flux during continuous
venovenous haemodiafiltration with heparin and citrate anticoagulation.
Crit Care Resusc 2012;14:274e82.

[257] Strobl K, Harm S, Weber V, Hartmann J. The role of ionized calcium and
magnesium in regional citrate anticoagulation and its impact on inflamma-
tory parameters. Int J Artif Organs 2017;40:15e21.

[258] Klein C, Moser-Veillon P, Schweitzer A, Douglass L, Reynolds H, Patterson K,
et al. Magnesium, calcium, zinc, and nitrogen loss in trauma patients during
continuous renal replacement therapy. J Parenter Enter Nutr 2002;26:
77e92.

[259] Agarwal B, Walecka A, Shaw S, Davenport A. Is parenteral phosphate
replacement in the intensive care unit safe? Ther Apher Dial 2014;18:31e6.

[260] Shajahan A, Ajith Kumar J, Gireesh Kumar K, Sreekrishnan T, Jismy K.
Managing hypophosphatemia in critically ill patients: a report on an under-
diagnosed electrolyte anomaly. J Clin Pharm Therapeut 2015;40:353e4.

[261] Martin K, Gonz�alez E, Slatopolsky E. Clinical consequences and management
of hypomagnesemia. J Am Soc Nephrol 2009;20:2291e5.

[262] Broman M, Carlsson O, Friberg H, Wieslander A, Godaly G. Phosphate-con-
taining dialysis solution prevents hypophosphatemia during continuous
renal replacement therapy. Acta Anaesthesiol Scand 2011;55:39e45.

[263] Godaly G, Carlsson O, Broman M. Phoxilium(®) reduces hypophosphataemia
and magnesium supplementation during continuous renal replacement
therapy. Clin Kidney J 2016;9:205e10.

[264] Pistolesi V, Zeppilli L, Polistena F, Sacco M, Pierucci A, Tritapepe L, et al.
Preventing continuous renal replacement therapy-induced hypo-
phosphatemia: an extended clinical experience with a phosphate-containing
solution in the setting of regional citrate anticoagulation. Blood Purif
2017;44:8e15.

[265] Uchino S, Bellomo R, Ronco C. Intermittent versus continuous renal
replacement therapy in the ICU: impact on electrolyte and acid-base balance.
Intensive Care Med 2001;27:1037e43.

http://refhub.elsevier.com/S0261-5614(21)00052-2/sref221
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref221
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref221
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref221
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref221
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref222
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref222
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref222
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref222
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref223
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref223
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref223
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref223
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref223
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref224
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref224
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref224
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref224
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref225
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref225
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref225
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref226
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref226
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref226
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref227
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref227
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref227
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref227
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref228
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref228
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref228
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref228
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref228
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref229
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref229
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref229
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref229
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref229
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref229
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref230
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref230
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref230
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref231
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref231
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref231
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref231
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref231
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref232
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref232
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref232
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref233
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref233
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref233
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref234
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref234
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref234
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref234
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref234
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref234
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref234
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref235
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref235
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref235
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref235
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref236
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref236
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref236
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref237
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref237
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref238
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref238
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref238
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref239
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref239
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref239
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref239
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref240
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref240
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref240
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref241
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref241
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref241
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref241
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref241
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref242
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref242
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref242
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref242
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref243
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref243
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref243
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref244
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref244
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref244
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref244
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref245
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref245
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref245
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref245
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref245
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref246
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref246
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref246
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref246
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref247
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref247
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref247
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref247
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref248
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref248
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref248
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref249
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref249
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref249
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref249
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref249
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref249
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref250
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref250
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref250
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref250
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref251
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref251
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref251
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref251
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref252
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref252
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref252
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref253
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref253
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref253
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref253
https://doi.org/10.1007/s40620-020-00864-4
https://doi.org/10.1007/s40620-020-00864-4
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref255
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref255
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref255
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref256
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref256
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref256
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref256
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref257
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref257
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref257
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref257
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref258
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref258
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref258
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref258
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref258
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref259
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref259
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref259
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref260
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref260
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref260
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref260
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref261
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref261
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref261
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref261
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref262
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref262
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref262
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref262
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref263
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref263
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref263
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref263
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref264
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref264
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref264
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref264
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref264
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref264
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref265
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref265
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref265
http://refhub.elsevier.com/S0261-5614(21)00052-2/sref265

	ESPEN guideline on clinical nutrition in hospitalized patients with acute or chronic kidney disease
	1. Introduction
	2. Methods
	2.1. General aspects and guideline development process
	2.2. Search strategy
	2.3. Meta-analysis strategy
	2.4. Quality of evidence
	2.5. Evidence levels and grading of recommendations
	2.6. Consensus process
	2.7. Definitions and terminologies

	3. General aspects (NON–PICO QUESTIONS)
	3.1. What is the impact of AKI/AKD and CKD on substrate metabolism?
	3.2. Are AKI/AKD or CKD independent risk factors for malnutrition?
	3.3. What is KRT and which modalities are currently used in hospitalized patients with AKI/AKD or CKD with KF?
	3.4. Modalities of KRT
	3.5. Peritoneal dialysis

	4. Recommendations
	4.1. Indication
	4.1.1. Does nutritional treatment (based on screening and/or assessment versus no screening and/or assessment) improve outcomes an ...

	4.2. Assessment
	4.2.1. Should all hospitalized patients with AKI/AKD, and/or CKD be screened for malnutrition?
	4.2.2. How to assess nutritional status in hospitalized patients with AKI/AKD and or CKD?
	4.2.3. How to assess lean body mass, muscle mass, and function?
	4.2.4. How to define malnutrition in patients with AKI/AKD and/or CKD or CKD with KF?

	4.3. Timing and route of feeding
	4.3.1. Which is the most appropriate route of feeding and when it should be started?
	4.3.2. When is PN indicated?
	4.3.3. Is EN associated with improved outcomes as compared to PN?
	4.3.4. Is EN safe in hospitalized patients with AKI/AKD or CKD/CKD with KF as compared to PN when renal function is reduced?

	4.4. Energy requirements
	4.4.1. How to define energy requirements?
	4.4.2. What is the optimal energy intake to avoid under- or overfeeding?
	4.4.3. What are the optimal combinations of carbohydrate and lipid calories for medical nutrition?
	4.4.4. How KRT might impact on energy balance by the potential delivery of energy substrates (citrate, lactate, glucose)?
	4.4.5. What are the energy requirements in AKI/AKD and/or CKD or CKD with KF patients not started on KRT as compared to those pati ...

	4.5. Protein requirements
	4.5.1. What is the potential impact of KRT on protein balance in patients with AKI or AKI on CKD or CKD with KF as compared to tha ...
	4.5.2. How to define protein requirements in patients with kidney disease? Does high protein intake lead to improved outcomes as c ...
	4.5.3. Should protein prescription be reduced in critically ill hospitalized patients with AKI and/or CKD or CKD with KF to delay  ...
	4.5.4. Should a conservative approach (protein reduction) be considered in any situation?
	4.5.5. Should CKD patients on conservative treatment be maintained on lower protein diets during hospitalization?

	4.6. Micronutrient requirements
	4.6.1. Should trace elements and vitamins be supplemented?

	4.7. Disease-specific nutrients
	4.7.1. Would the use of renal disease-specific formulae (EN or PN) lead to reduced complication rate and improved nutrient deliver ...
	4.7.2. Would adding omega-3 supplements or PN solutions enriched with omega-3 lipids lead to improved outcomes?
	4.7.3. Would adding glutamine supplements lead to improved outcomes?

	4.8. Monitoring
	4.8.1. Would reaching and maintaining serum glucose levels in the normal range (80–110 mg) lead to improved outcomes?

	4.9. Electrolytes requirements
	4.9.1. In hospitalized patients with AKI, AKI on CKD, or CKD with KF undergoing KRT, would monitoring of electrolytes (mainly phos ...
	4.9.2. Are hypophosphatemia, hypokalemia, and hypomagnesemia in course of KRT in patients with AKI, AKI on CKD, or CKD with KF pre ...


	5. Conclusions
	Funding
	Conflict of Interest
	References


