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Purpose of review

Malnutrition is frequent in patients with acute kidney injury. Nutrient clearance during renal replacement
therapy (RRT) potentially contributes to this complication. Although losses of amino acid, trace elements and
vitamins have been described, there is no clear guidance regarding the role of micronutrient supplementation.

Recent findings

A scoping review was conducted with the aim to review the existing literature on micronutrients status during
RRT: 35 publications including data on effluent losses and blood concentrations were considered relevant and
analysed. For completeness, we also included data on amino acids. Among trace elements, negative
balances have been shown for copper and selenium: low blood levels seem to indicate potential deficiency.
Smaller size water soluble vitamins were found in the effluent, but not larger size liposoluble vitamins. Low
blood values were frequently reported for thiamine, folate and vitamin C, as well as for carnitine. All amino
acids were detectable in effluent fluid. Duration of RRT was associated with decreasing blood values.

Summary

Losses of several micronutrients and amino acids associated with low blood levels represent a real risk of
deficiency for vitamins B1 and C, copper and selenium: they should be monitored in prolonged RRT.
Further Research is urgently required as the data are insufficient to generate strong conclusions and
prescription recommendations for clinical practice.
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The increased risk of both mortality and morbidity is
well recognized in hospitalized patients who
develop acute kidney injury (AKI) [1]. The patho-
physiological causes are complex, but one aspect
that is often overlooked is the profound effect of
AKI on nutritional status resulting in significant
depletion of lean body mass. Indeed, low caloric
and protein intake, a negative nitrogen balance
and low serum albumin are all associated with
increased hospital mortality [2]. To date, there is
no specific treatment for AKI, instead management
is aimed at correcting the resulting metabolic and
volume disturbances, which may result in the use of
renal replacement therapy (RRT) [3]. However,
exposure to an extracorporeal circuit has potential
drawbacks, not least in terms of nutritional status,
wherein removal of essential dietary components
may not be replenished adequately. This is particu-
larly relevant to micronutrients, which play a
central role in metabolism and maintenance of
cellular function [4]. The term ‘micronutrient’
uthor(s). Published by Wolters Kluwe
and metalloids) and organic vitamins (fat-soluble
and water-soluble molecule). Daily recommended
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KEY POINTS

� Despite sparse data, this scoping review showed a real
risk of micronutrient deficiency in case of prolonged
CRRT (beyond 7–10 days) due to effluent losses of the
hydrosoluble vitamins (especially B1 and C), copper
and selenium.

� Observation of low blood levels of some micronutrients
in several studies points to depletion: monitoring blood
levels of Cu, Se, B1 is encouraged from the second
week on.

� Amino acid losses have been repeatedly shown,
contributing significantly to negative nitrogen balances
and to malnutrition.

� Adsorption to the filter of several micronutrients has
been demonstrated and limits the results on balance
studies including only effluent losses.

� Carnitine is lost in the effluents, contributing to the
development of the carnitine deficiency that is observed
in patients on RRT.

� The water-soluble micronutrient needs are increased. A
well tolerated option is to deliver one dose of
intravenous multitrace element and multivitamin
products per day from the second week on: prospective
studies are required to determine optimal doses, and
specific tailored repletion products might be required.

Metabolic support
intakes (DRIs) have been validated [5]. Their key
functions are summarized in Table 1. However,
the latter are based on the observed intakes in
healthy individuals where ‘normal’ defines ranges
below which a clinical deficiency state is increas-
ingly likely, and intakes above upper tolerable limits
are those where toxicity state is likely to develop [6].
Such levels are relevant at a population level but
translate less well to the individual, particularly if
exposed to critical illness and its management,
including continuous renal replacement therapy
(CRRT), prolonged intermittent therapies as well
as intermittent haemodialysis (IHD). Independent
of RRT modality, micronutrients may be removed
through convection or diffusive techniques poten-
tially leading to a deficiency state in at-
risk individuals.

There appears to be a relative paucity of granular
data regarding micronutrient flux in continuous
therapies. To clarify the current state of the art as
well as identifying knowledge gaps, the following
scoping review was reviewed. We examined the
available evidence and explored the relationship
between CRRT use and micronutrient concentra-
tions with particular focus on the effects of therapy
and supplementation [7]. Literature searches were
368 www.co-criticalcare.com
conducted in MEDLINE, PubMed, Scopus and
CINAHL (mesh words see Table 1 appendix,
http://links.lww.com/COCC/A35), addressing six
specific questions (Table 2).
Which micronutrients are lost in the effluent
and at risk of depletion during continuous
renal replacement therapy?

To address this question, observational studies, and
case reports, were considered. In total, 86 publica-
tions were retrieved, of which 35 reported on efflu-
ent losses or blood concentrations during CRRT or
peritoneal dialysis (n¼4), and were assessed as
potentially relevant, one being only available as
abstract. The quality of publications was assessed
according to the Scottish Intercollegiate Guidelines
Network (SIGN) grading criteria [8].

Our review showed that micronutrient losses
were rarely assessed in isolation. Several studies
investigated amino acids simultaneously, resulting
in the following distribution of available effluent
studies (Table 3):
(1)
 15 determined losses of selected trace elements

(2)
 seven determined selected vitamins

(3)
 one study measured carnitine

(4)
 15 determined specific amino acids
Eleven studies reported blood concentrations, of
which four including blood levels only:
(1)
 eight determined trace elements

(2)
 six determined vitamins

(3)
 five studies measured carnitine

(4)
 four determined amino acids
Furthermore, there was wide variation in the
type of RRT assessed, including modality, dose
and duration. Also, some studies reported effluent
concentrations without plasma concentrations.

Trace elements

Fifteen studies measured trace elements during RRT
(Table 3). Copper, selenium and zinc losses were the
most frequently reported. Other less frequently
measured elements were boron, chromium, iron,
manganese, nickel, rubidium and silicon, probably
reflecting the analytical methods available. The
most recent study showed significant losses of Cu,
Fe, Se and Zn [9

&&

]. Broman et al. [10] analysed eight
elements (Cr, Cu, Co, Mn, Mo, Rb, Se, Zn), and
showed that the balances were quite different: while
they were negative for Cu, Se and Rb, they were
Volume 27 � Number 4 � August 2021
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Table 1. Key functions of the vitamins, and trace elements reported in CRRT studies

Vitamin Name Molecular weight Key functions

B1 thiamine 265.4g/mol Carbohydrate metabolism, ATP production

B2 riboflavin 376.36g/mol Essential component of 2 major coenzymes, flavin mononucleotide
(FMN; also known as riboflavin-5’-phosphate) and flavin adenine
dinucleotide (FAD); these coenzymes play major roles in energy
production, cellular function, growth, and development, and
metabolism of fats, drugs and steroids

B3 Niacinamide 123.12g/mol Component of the coenzyme nicotinamide adenine dinucleotide (NAD)
involved in redox reaction

B5 pantothenic acid 219.23g/mol Required for the synthesis of CoA (coenzyme A) and the citric acid
cycle

B6 pyridoxine 169.2g/mol Active forms: Pyridoxal 5’ phosphate (PLP) pyridoxamine 5’ phosphate
(PMP). Involved in > 100 enzyme reactions, mostly related to protein
metabolism; role in metabolism of one-carbon units, carbohydrates,
and lipids, biosynthesis of neurotransmitters and in maintaining
normal levels of homocysteine; gluconeogenesis and glycogenolysis,
immune function (lymphocytes, interleukin-2), haemoglobin

B8 biotin 244.3g/mol coenzyme for five carboxylase enzymes which are involved in the
digestion of carbohydrates, synthesis of fatty acids, and
gluconeogenesis

B9 folic acid / Folate 441.4g/mol Contributes to iron metabolism, B9 works with B6 and B12 to control
levels of the amino acid homocysteine, DNA and RNA synthesis

B12 cobalamin 1355.36g/mol Cofactor in DNA synthesis and in both fatty acid and amino acid
metabolism; role in neurotransmitter synthesis and myelin synthesis

C ascorbic acid 176.12g/mol Water soluble antioxidant (can quench reactive oxygen and nitrogen
species); cofactor of enzymes required for synthesis of collagen,
carnitine, and neurotransmitters

Vitamin A retinol 286.45g/mol Role in gene expression, vision, reproduction, growth and immune
function

Vitamin D D2 calciferol
D3 calcidiol

397 g/mol
394.6g/mol

Role in modulation of cell growth, neuromuscular and immune function,
glucose metabolism, maintenance of calcium and phosphorus
homeostasis, bone growth and remodelling, and reduction of
inflammation

Vitamin E a-tocopherol 430.7g/mol Chain-breaking antioxidant (prevents propagation of lipid peroxidation)

Trace element

Cr Chromium Insulin sensibility, glucose metabolism, regulation of Cholesterol HDL
and triglycerides

Cu Copper Hemoglobin synthesis, collagen and elastin synthesis, conversion of
dopamine to noradrenaline, structure of Cu-Zn superoxide dismutase,
melanine synthesis

Fe Iron Hemoglobin and myoglobin synthesis/structure, O2 transport,
Cytochrome function, catalases, thyroid function, innate and adaptive
immunity

Se Selenium Antioxidant via selenoproteins (glutathione peroxidase family and other
selenoproteins), immunity, cognitive function, thyroid function, liver
detoxification

Mn Manganese Mitochondrial superoxide dismutase, pyruvate carboxylase,

Rb Rubidium Proper biological function unknown, but is said to stimulate the
metabolism

Va Vanadium Regulates the intracellular signalling via second messengers. Adenylate
cyclase acts as catalyst in the formation of cAMP (cyclic adenosine
monophosphate) from ATP (adenosine triphosphate)

Zn Zinc All cell replications (DNA, RNA), immunity, Redox balance, cutaneous
integrity, vision, gustative function, cerebral function, bone
metabolism

(Note: g/mol ¼Da).

Nutrients and micronutrients at risk during renal Berger et al.
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Table 2. Questions addressed in the scoping review

Question Answer Remark

1 Which micronutrients are lost in the
effluent and at risk of depletion during
CRRT?

Copper and selenium in quantities that
may threaten the status;

other trace elements in quantities
insufficient to cause deficiency;

smaller size hydrosoluble vitamins
thiamine, folate, vitamin C;
concomitant low blood levels have been

observed

Others: either in balance or
positive (e.g. zinc), due to
contamination of replacement
solutions

2 What is the impact of CRRT on lipid
soluble vitamins?

The four lipid soluble vitamins A, D3,
E and K have not been detected in
effluent fluid.

Adhesion to filter is a likely
hypothesis

3 Are micronutrients lost through adhesion
to the filter?

No data available Research required as this may
contribute to negative balances

4 Are all CRRT modalities similar regarding
the impact on micronutrients?

No strong influence Prolonged RRT increases the
losses

5 What is the impact of CRRT on carnitine
and muscle loss?

Carnitine deficiency is frequent and is
diagnosed in blood;

contributes to sarcopenia

Carnitine not found in effluent

6 Should patients on CRRT receive routine
micronutrient supplements?

Based on effluent losses, low blood
levels, and adsorption, the
requirements are increased particularly
for the B and C vitamins, Carnitine,
and for Cu and Zn. The administration
of double or triple doses of parenteral
nutrition multimicronutrient products
does not address the specific needs

No data in favour of better
outcome; adapted products
likely required

Monitoring in prolonged RRT
required

CRRT, continuous renal replacement therapy; RRT, renal replacement therapy.

Metabolic support
positive for Cr, Mn and Zn. This was accompanied
by significantly reduced plasma levels of selenium
and rubidium, whilst the concentrations of chro-
mium, cobalt and molybdenum were significantly
increased. Klein et al. [11] analysed Bo, Mn, Ni, Se
and Si and showed that there was daily variation in
effluent detection (7–84% depending on the ele-
ment, worst for Se). Importantly, these authors
showed that all prefilter dialysate samples were
contaminated with boron, manganese, nickel, and
silicon. Berger et al. [12] conducted a balance study
(i.e. measuring difference between all inputs and
outputs) for Cu, Se and Zn, and showed that con-
tamination of replacement solutions with Zn
resulted in modestly positive balances, while Cu
and Se balances were negative. The same group
reported the depletion effect of CRRT on Cu and
Se during a case of prolonged CRRT confirming,
resulting in life-threatening complications [13]. In
their first study, Datzmann et al. [14] detected zinc,
but no copper, but could not find significant Zn
losses in their second study [15]. Pasko et al. detected
Cu, Se, Mn Se and Zn in effluent of children under-
going RRT (Table 1). Copper and chromium were
detected by Story et al. [16] (Table 1). Three papers
reported on PD in the context of Wilsons disease
370 www.co-criticalcare.com
(Table 1) and showed significant copper losses in the
dialysate. Nakamura et al. [17] conducted an in-vitro
study investigating the in-vitro clearance of trace
elements: the mean sieving coefficients of two dif-
ferent haemodiafilters were similar for each trace
element: copper, chromium, manganese, selenium
and zinc were all detected in the ultrafiltrate, and
the authors suggested that the losses of selenium
were likely to exceed standard clinical intake [17].

Among the eight studies which measured
changes in blood trace elements levels (Table 4),
most reported decreased levels of copper, selenium
and zinc over time, one also showed decreased
rubidium (but function unknown). However, inter-
pretation of blood levels of Se and Zn requires
simultaneous determination of the intensity of
inflammation: a simple marker is C-reactive protein
(CRP) [18], which is generally not provided. Low
levels of copper, which is linked to ceruloplasmin, a
positive acute phase reactant, always reflect defi-
ciency.

In summary, the trace element data show that
copper and selenium are at high risk of negative
balances. Others are either in balance or even posi-
tive (e.g. zinc), due to the contamination of the
replacement solutions. The reporting of low copper
Volume 27 � Number 4 � August 2021
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Table 4. Studies measuring blood levels of amino acids and micronutrients

Reference
Number of
patients Amino acids Vitamins Trace elements Other (carnitine) Mode

Ostermann et al.
[9

&&

]
31 tryptophan, taurine, histidine

and hydroxyproline below
reference range

vitamin D3 and C
below reference
range

Zn, Fe and Se below
reference range
throughout the 6-
day period

Lower carnitine CRRT 2

Lumlertgul et al.
[19

&&

]
33 plasma concentrations of

citrulline and glutamic
acid at 24 hrs and
significantly lower plasma
glutamic acid (74.4 versus
98.2 mmol/l) at day 6
compared to non-CRRT

Low carnitine CRRT 2

Schneider et al. [54] 30 Low alanine, glutamine and
valine

Low vitamin A and C – – CRRT 2

Oh et al. [19
&&

] 72 Decline of all plasma amino
acids during sessions
whatever the modality.
amino acids are lost more
from convection-based RRT
than from diffusion-based
treatment

B1, B2, B3, B6, B9,
B12 analysed

Decrease of total
trace element
concentration at
end of RRT
sessions

– IHD (n¼33)
CVVH (n¼24)
SLEDF (n¼15)

2

Broman AAS, 2017
[10]

31 Low Se and Rb while
Cr, Co and Mo
increased

CRRT 2

Ben-Hamouda et al.
[13]

1 – – Very low Cu and Se Carnitine deficiency CRRT 3

Berger et al. [12] 11 Low B1 Cu, Se and Zn low
in plasma

CRRT 2

Kamel et al., 2018
[56]

75 16% had below
normal whole
blood B1
concentrations,
and 67% had
below normal
serum pyridoxine;
ascorbic acid and
folate deficiencies
in 87 and 33%,
respectively

38% had Zn
deficiency and
60% had Cu
deficiency

CRRT 2

Krimetapak et al.,
2016 [55]

70 Unchanged serum
Zn, Se and Cu
levels

CRRT 2

Sgambat and
Moudgil [30

&

]
42 Within 1 week, 64.5%

(P¼0.03) and 70%
(P¼0.03) were total
carnitine and free
carnitine deficient

CRRT

Story et al., 2004
[16]

8 lower median blood
Vit C and vitamin
E levels

Low Se and Zn CRRT 3

Fah et al. submitteda 10 – B6 low in 18/26
Thiamine vit C Folate

Copper low in 35/
49, Low Zn Se

14/54 low carnitine CRRT 3

Böhmer et al., 1978
[36]

9 – – – Reduced muscle and
plasma carnitine in all
subjects postdialysis.

IHD 3

Cromphout et al.
VUB Thesis 2020
[28]

A, B1, B6, B9, B12,
C, D and E
determined at
three measuring
points

A and D low, B1,
B6, B12 above
normal, B9 and E
within range

Cr, Cu, Mn, Se, Zn
determined at
three time points.
Cr, Cu, Mn within
range, Se and Zn
low

CRRT 2

Several references are only cited directly in this table.
aFah M & Wischmeyer PE. CRRT leads to severe micronutrient deficiencies in critically ill patients: A retrospective study. A4017, International Anesth. Res. Soc.,
2020 https://archive.aievolution.com/2020/ars2001/index.cfm?do=abs.viewAbs&abs=4670.
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and selenium in blood seems to confirm that the
losses result in deficiency.

Vitamins

Seven studies reported vitamin losses in the effluent.
The most recent showed losses of vitamin C
[9

&&

,19
&&

] but B1, B6, B12, D2, D3 could not be
detected [19

&&

]. Searching for vitamins A, B9, B12
and E, Datzmann et al. could not detect any in
effluent fluid [14,15]. Similarly, Story et al. found
that vitamin C was detectable in the effluent, but
vitamin E was not (Table 1). Berger et al. found
significant B1 losses [12] amounting to two times
the usual parenteral nutrition doses. Importantly,
measurement of vitamins depends on the analytical
methods, which may account for some for some
differences between studies. Molecular size, weight
and solubility are other important aspects (Table 2)
and explain why some nutrients are less likely to be
found in the effluents, and the four largest being
liposoluble. In the studies reported in Table 1, none
could detect any vitamin larger than thiamine in
size (i.e. >265 Da). Importantly, the impact of the
lipophilic or hydrophobic properties has not
been studied.

Seven studies looked at blood levels of vitamins
after a variable duration of CRRT (Table 2). Fah et al.
reported (as abstract only) that 89% of the patients
on CRRT presented at different times with reduced
levels of several micronutrients (B1, B6, Folate),
compatible with deficiency (see note Table 4).
Abnormal low values being associated with higher
mortality. Ostermann et al. [9

&&

] reported low values
of folate and vitamin D compared to non-CRRT
patients. Schneider et al. demonstrated a significant
decrease of vitamin C during an 8-day period, while
vitamin A remained stable and low. Story et al. had
reported low levels of vitamin C and E (Table 2) and
Berger et al. confirmed low thiamine levels [12].

In summary, vitamin losses in the effluent have
been described for the smaller size water soluble
vitamins, but not for larger size liposoluble ones.
Low blood values have been frequently reported
mainly for thiamine, folate and vitamin C. As for
trace elements, CRP values need to be reported to
interpret vitamin concentrations [18], but consider-
ing the consistency of losses and low levels, it is
likely that water soluble vitamins are at risk of
being deficient.

Amino acids

Fifteen studies reported significant amino acid
losses. As the molecular weight of amino acids varies
between 74 and 204 g/mol, their small size makes
them highly ultrafiltrable, which contributes to
negative nitrogen balances. The most recent studies
374 www.co-criticalcare.com
[9
&&

,20
&&

,21
&

] confirmed significant losses of all mea-
sured amino acids, ranging from 5 to 20 g/day, most
results pointing to the upper range. Modality of RRT
plays a role. Oh et al. [20

&&

] compared different
techniques and showed that the amino acid losses
were largest with continuous veno-venous hemofil-
tration (CVVH) compared with both slow efficiency
diafiltration (SLEDf) and IHD. In case of parenteral
nutrition, authors have shown that about 10% of
infused amino acids are lost in the effluent (Table 3).
These findings support the higher nitrogen require-
ments during CRRT.
What is the impact of continuous renal
replacement therapy on lipid-soluble
vitamins?

There are very little data available on how lipid
soluble vitamins A, D3, E and K behave during CRRT.
In a critical care setting levels of vitamin A and E
seem to be lowered, and activation of vitamin D3 is
impaired in patients with AKI [22–24]. Two studies
reported that they did not find vitamin A or E in
effluent fluid [14], and a third study did not find
vitamin D [19

&&

]. In general, vitamin A, D and E are
not prone to be removed by convective and diffu-
sion-based processes, in contrast to water soluble
molecules. However, there detailed data is missing.
Are micronutrients lost by adhesion to the
filter?

In addition to elimination by diffusion and convec-
tion adsorptive processes may also take place, both
on the filter membrane and the tubing material
itself. Adsorption to the RRT circuit and dialyzer/
filter of vitamins was evoqued as a possibility by Oh
et al. [25]. After only 5 min of pseudo-filtration, a
marked difference in vitamin B concentration of
replacement solution and effluent was observed,
which could only be explained by adsorption to
the circuit and/or filter [25]. This represents a net
loss to the patient but does not appear in case of
balance studies (no micronutrient in effluent).
Lately specific adsorptive techniques have been
introduced such as sorbent columns. However,
adsorption of micronutrients to the filter has not
been investigated, and to date, we cannot answer
the question.
Are all continuous renal replacement therapy
modalities similar as to impact on
micronutrients?

Only three studies compared the impact of RRT
modality. Maxvold et al. [26] investigated nitrogen
Volume 27 � Number 4 � August 2021
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balances in children, but no micronutrients. Oh
et al. [26] reviewed the reported impact of different
modalities but provided no detailed data. The same
group conducted a prospective study measuring
micronutrients and amino acids [20

&&

] and com-
pared the impact of IHD with CVVH and SLEDf.
They showed that total losses were affected by
modality. Generally amino acid losses were highest
during CVVH, followed by SLEDf and IHD (e.g.
amino acid loss was 18.69�3.04, 8.21�4.07 and
5.13�3.1 g, respectively; P<0.001): the pattern of
overall loss was largely driven by plasma concen-
trations, such as glutamine. B vitamins were unde-
tectable in effluent. Losses of Cu and Zn were
marked, with considerable heterogeneity between
IHD and SLEDf whereas their losses were lowest
during CVVH. Datzmann et al. [15] studied three
different corresponding blood flow and dialysate
flow rates (BF/DF: 100 ml/min, 2000 ml/h; 80 ml/
min, 1500 ml/h; 120 ml/min, 2500 ml/h). They
could not find any correlation between losses and
dialysis flow rate for folic acid, vitamin B12 and Zn.

A study investigating high dose (incremental
postdilution fluid load to 50 ml/kg/h effluent dose)
versus low dose setting in CVVH, as well as the use of
citrate or NaCl 0.9% predilution demonstrated sig-
nificant effluent CO2 removal [27]. The effect on
micronutrients was not reported but preliminary
data from the same group revealed unsurprisingly
that both duration of CVVH treatment and concur-
rent parenteral nutrition influences losses [28].

An in-vitro clearance study [17] compared the
sieving coefficients for Cu, Cr, Mn, Se and Zn when
using of two different haemodiafilters, and found
no difference.

In summary, micronutrient losses do not seem
to be strongly influenced by the type of RRT.
What is the impact of continuous renal
replacement therapy on carnitine and muscle
loss?

Carnitine is a 161-kDa amino acid derivate that is a
conditionally essential nutrient. It is not a vitamin,
but was included in this analysis due to its essential
functions in energy metabolism and mitochondrial
function [29], particular in muscle [30

&

]. Being a
small water-soluble, nonprotein bound molecule
[31], it might potentially be found in the effluent.
Carnitine plays a vital role in free fatty acid metab-
olism via transport of fatty acids from the mitochon-
drial intermembrane space into the mitochondrial
matrix in cardiac and skeletal myocytes [32,33].
Deficiency leads to impaired oxidation of fatty acids,
impaired muscle function, decreased wound heal-
ing, altered ventilatory response and abnormal
1070-5295 Copyright � 2021 The Author(s). Published by Wolters Kluwe
immune function [32]. Carnitine deficiency has
been associated with prolonged hospital stay in
critically ill patients [34,35].

AKI and need for RRT are risk factors for carni-
tine deficiency through reduced endogenous carni-
tine synthesis due to loss of key cofactors (i.e.
ascorbic acid, amino acid precursors) lost in dialy-
sate [36], inadequate dietary intake [37], and possi-
bly due to carnitine effluent losses: one study
showed losses [19

&&

], while another did not [9
&&

].
Original early research in haemodialysis patients
showed the loss of carnitine into the dialysate
(190–2100 mmol/treatment) greatly exceeded the
normal loss in urine in most patients [36]. Low
blood concentrations have been reported in studies
on adults [9

&&

,13] (M. Fah, T. Ohnuma, K. Haines,
et al., in preparation) and in children [35,38–41]
(See Tables 1 and 2 for specific studies). The propor-
tion of patients exhibiting carnitine deficiency
increased with duration of CRRT with deficiencies
reported as early as 5–7 days. Data from one of our
research groups (Wischmeyer, personal communi-
cation and [31]) has shown an initial association of
carnitine deficiency with increased mortality in
patients on CRRT versus those without carnitine
deficiency. Further research is needed to explore
the incidence, treatments and association with
clinical outcomes.

Low serum free carnitine levels are associated
with decreased exercise capacity in chronic dialysis
patients [30

&

]. Specific to the effect of dialysis on
muscle loss, sham dialysis in healthy individuals
clearly demonstrates that any extracorporeal circuit
can activate protein catabolism. The extent of this
protein breakdown depends on the biocompatibility
of the membrane used. This promotion of protein
degradation appears to persist until several hours
posttermination of extra-corporal circulation [42].

In summary, effluent losses remain a likely
hypothesis but adsorption to the dialysis mem-
branes cannot be excluded. Carnitine deficiency is
common and may contribute to sarcopenia in AKI.
Should patients on continuous renal
replacement therapy receive routine
micronutrient complements?

Nutrition and provision of micronutrients in AKI are
an under-researched area. Studies testing micronu-
trient supplementation on outcome could not be
found, but two studies did test the impact of higher
doses on blood levels of respective micronutrients.
Marik and Hooper tested 6 g vitamin C per day in
four septic patients on RRT, and observed blood
concentrations within reference ranges [43].
Cromphout et al. [28] tested multimicronutrient
r Health, Inc. www.co-criticalcare.com 375
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administration over time, but results are only avail-
able as thesis report: 10 patients were studied and
the intervention consisted of PN enriched with
double vitamin (Cernevit; Baxter) and triple trace
element (Tracutil, BBraun) doses infused over 24 h.
The blood levels of different micronutrients were
within or above references ranges after a few days (A,
B1, B6, B9, B12, C, D and E, Cr, Cu, Mn, Se and Zn).
From this preliminary report, it might be concluded
that supplementation with double and triple doses
is excessive: this will orient future research. In criti-
cally ill children on CVVHDF, minimal effluent
losses of Cr, Mn, Se and Zn were reported and daily
standard supplementation of trace elements
exceeded the observed losses [44].

Expert opinion and the data retrieved in this
scoping review suggest that water-soluble vitamins
should be administered routinely during CRRT, but
controversy exists about the optimal dosage, timing,
and duration [45–47]. Recommendations from
experts [10–14,17], official societies [48] and
authorities vary [22,46,49

&&

,50,51]. A recent review
on nutrition therapy during CRRT in critically ill
children proves a dearth of information and shares
weak recommendations [52]. A review on vitamin C
in RRT concluded that 2 g/day intravenous (i.v.)
may be necessary to achieve normal plasma concen-
trations during RRT considering the intense oxida-
tive stress observed in these patients [53]. Finally,
the effect of carnitine administration in patients
receiving CRRT for a prolonged period has not been
formally investigated. Data are sufficient though to
recommend monitoring blood levels of vitamins,
Cu and Zn if RRT is prolonged beyond 1–2 weeks.

According to available literature, it could be
suggested to provide vitamin E daily and vitamin
K weekly in patients on CRRT, but large investiga-
tions are lacking. Vitamins A and D3 seem not to
need extra provision [24]. In a recent study, D3

vitamin levels were below reference range irrespec-
tive of the treatment dose of CRRT [9

&&

,54]. A well
tolerated and simple solution may be to double the
daily lipid soluble vitamin dose during CRRT [24].
However, there are no data demonstrating benefi-
cial effect of an increased supply of vitamins during
CRRT on outcome of critically ill patients.

In summary, there is only an unpublished study
testing prospectively the administration of micro-
nutrient complements on blood levels, but none
on outcome.
CONCLUSION

This scoping review shows that the data are insuffi-
cient to generate strong conclusions and recom-
mendations. But absence of evidence is not
376 www.co-criticalcare.com
evidence of absence, and some larger recent studies
confirm losses [9

&&

,28,54] and adsorption of micro-
nutrients to the circuit and filter [20

&&

,25]. Balance
studies, the measurement of all inputs and outputs,
are considered the best tool to determine needs,
however in RRT, this method leads to an underesti-
mation, due to adsorption. To base recommenda-
tions about supplementation only on blood levels is
not warranted, as blood levels are highly dependent
on the degree of inflammation [18]. Given that sev-
eral small water-soluble micronutrients are lost dur-
ing CRRT, and blood levels are low, it is reasonable to
assume that needs are increased. Daily administra-
tion of parenteral nutrition doses of micronutrients
seems therefore justified, but a global approach
including delivery of ‘all’ micronutrients should be
refined. It is possible that a specific micronutrient
combination needs to be developed for patients
receiving CRRT to correct deficiency without causing
over-replacement or harm.

Further research is urgently required in the fol-
lowing areas: identification of optimal analytical
techniques to determine effluent micronutrient
concentrations and adhesion to filter; investigation
of correlation between blood concentrations, tissue
levels and physiological effects; exploration of asso-
ciation between nutrient losses and patient-centred
outcomes, and prospective micronutrient supple-
mentation trials.
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