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Clearance of micronutrients

®

Check for
updates

during continuous renal replacement therapy
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Malnutrition is common in critically ill patients with
acute kidney injury (AKI), especially if renal replace-
ment therapy (RRT) is needed. There are several poten-
tial explanations, including nutrient losses during RRT.
Although previous studies confirmed that micronutrients
were detectable in effluent fluid [1-4], daily losses have
not been formally quantified. In addition, information
about the transport characteristics of individual micro-
nutrients during RRT is lacking.

We recently measured serial plasma concentrations of
vitamins, trace elements, carnitine and 22 amino acids
(AAs) for up to six consecutive days in 55 critically ill
adult patients with severe AKI [5]. The main findings
were that patients treated with continuous renal replace-
ment therapy (CRRT) had significantly lower plasma
concentrations of citrulline, glutamic acid and carnitine
at 24 h after enrolment and significantly lower plasma
glutamic acid concentrations at day 6 compared to non-
CRRT patients. In >30% of CRRT patients, the plasma
nutrient concentrations of zinc, iron, selenium, vita-
min D, vitamin C, tryptophan, taurine, histidine and
hydroxyproline were below the reference range through-
out the 6-day period.

Loss of nutrients into the effluent fluid depends on
their plasma concentration (C,), sieving coefficient (SC)
and dose and duration of RRT. The SC describes a solute’s
permeability across the dialysis membrane and depends
on molecular size, electric charge (Donnan equilibrium),
protein binding, volume of distribution, filter porosity,
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contact time and adsorption to the membrane. It is calcu-

lated from the ratio of effluent to plasma solute concen-

tration ([[%‘If]]). A SC less than one represents a mass
p!

transfer process where the concentrations have not
equilibrated.

Here, we report the SCs and daily total losses of AAs,
vitamins, trace elements and carnitine of all 33 CRRT
patients recruited to the study mentioned above [5].
Total daily loss was calculated as C,; x SC x effluent vol-
ume per day. In addition, we estimated total losses for
standard CRRT at 25 ml/kg/h for 24 h. Table 1 lists the
SCs for all important nutrients and average daily losses
during CRRT for up to 6 days. The key findings are:

1 Despite small molecular weights, the SCs of nutrients
varied.

2 The SC of all but 2 AAs was below 1 indicating
incomplete equilibration during RRT. Hydroxypro-
line had the highest SC (6.63). The exact reasons for
SCs greater than 1 are not clear and warrant further
investigations.

3 The absence of small-molecule water-soluble vitamin
B1, B6 and B12 in the effluent was unexpected. How-
ever, we note that Oh et al. reported similar findings
and speculated that dilution by the effluent, conver-
sion to alternative metabolites not discriminated by
mass spectrometry or adsorption by the hemofilter
may have contributed [1].

4 The high daily losses of carnitine, vitamin C and trace
elements in the effluent were consistent with reports
in the literature [2—4].

Nutrition in AKI is an under-researched area, and
the role of routine micronutrient supplementation in
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Table 1 Mean sieving coefficient and daily loss of amino acids, vitamins and trace elements
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Nutrient Molecular weight[g/ Mean SC*+SE 95% Cl Daily loss® [mg] Standardized
mol] daily loss®
[mg]
Alanine 89.1 1.0240.03 0.95-1.09 1102.3+984 603.7+37.2
Arginine 174.2 0.99+0.04 091-1.07 4279+424 2376+£163
Aspartic acid 133.1 0.8240.07 0.67-0.97 329423 203+19
Citrulline 175.2 0.93£0.05 0.82-1.03 756.0£45.3% 4394+ 24.9%
Glutamic acid 147.1 0.53+0.03 0.47-0.60 208.71£173 1184+74
Glutamine 146.2 0.9640.03 0.90-1.01 25259417238 1397.3+£68.1
Glycine 75.1 0.89+£0.03 0.82-0.96 558.1£398 3174+£20.1
Histidine 155.2 0.83+0.02 0.78-0.87 38794277 2164121
Hydroxyproline 1311 6.63£0.83 4.94-8.31 224.7+£286 131.34+185
Isoleucine 131.2 0.94+£0.02 0.89-0.99 37394352 2069+13.1
Leucine 1312 0.814+0.02 0.76-0.86 59254578 3302£219
Lysine 146.2 0.88+£0.03 0.83-0.94 968.14£90.3 5354+£386
Methionine 149.2 0.90+0.03 0.83-0.97 1825+194 100.0+38.1
Ornithine 132.2 0.70£0.02 0.66-0.74 291.1£285 16144+11.2
Phenylalanine 165.2 091+£0.03 0.85-0.96 626.1+57.8 349.6£25.1
Proline 1151 0.7540.02 0.71-0.79 5584+47.7 3080+214
Serine 105.1 0.96+£0.04 0.88-1.04 3393+244 196.8+£99
Taurine 125.2 0.77+£0.08 0.62-0.93 1244422 711412
Threonine 119.1 1.0040.03 0.95-1.06 496.8+43.7 27644200
Tryptophan 204.2 0.55+0.03 0.49-0.61 128.14£119 728449
Tyrosine 181.2 0.96+0.02 0.91-1.01 554.5+£51.9 307.3£209
Valine 1171 0.88+£0.02 0.84-0.93 89554817 4994+ 29.6
Carnitine 161.2 0.92+0.04 0.83-1.01 16980+ 134.7% 981.9+75.8*
Vitamin B1 2654 ubD ub ub ub
Vitamin B6 169.2 ub ub ub ub
Vitamin B12 13554 ub ub ub ub
Vitamin C 176.1 0.83+0.07 0.69-0.98 100.54+153 59.0+9.2
Vitamin D2 397 ub ub ub ub
Vitamin D3 384.6 ub ub ub ub
Copper 63.6 0.009£0.002 0.006-0.013 033+0.05 0.204+0.03
Iron 558 0.02£0.01 0-0.04 0.07 £0.02 0.0440.09
Folate 4414 0.51+0.03 0.44-0.58 599+ 11.7** 353+£6.9%
Selenium 79.0 0.036£0.02 0-0.08 0.04£0.01 0.04+0.02
Zinc 654 0.10£0.07 0-0.24 0.67+0.20 0.64+£0.32
" umol/day **pg/day

SC sieving coefficient, SE standard error, Cl confidence interval, UD undetected

2 SC was calculated as [Eef‘f]
pi
b Daily loss (mg) was calculated by Cpi x SC x effluent volume per 24 h

¢ Standardized daily loss (mg) was estimated for CRRT dose 25 mL/kg/h for 24h

patients receiving CRRT is unknown [6]. Our data sup-
port future studies in this field. We acknowledge some
limitations. First, we measured nutrient concentrations
but did not investigate any relevant metabolic pathways
and therefore cannot comment on the clinical impact of
nutrient losses. Second, we only included patients who

, where C is effluent concentration and Cj; is plasma concentration

were established on full enteral nutrition and received
CRRT for up to 6 days. Whether the results also apply
to patients receiving parenteral nutrition or CRRT
for longer periods is unclear. Finally, we are unable to
make recommendations for nutritional support in clini-
cal practice but suggest that intervention studies are
urgently required.
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