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ARTICLE INFO ABSTRACT

Background: The ability of continuous renal replacement therapy (CRRT) to remove 
amino acids with different hemofilters and filtration volumes was investigated by using 
an experimental model of closed circulation.

Materials and Methods: CRRT was performed for 4 hours with recirculation in the 
total parenteral nutrition solution bag, and concentrations of amino acids in the bag 
were determined. Polysulfone (PS), polymethyl methacrylate (PMMA) and acrylonitrile-
co-methallyl sulfonate surface-treated (AN69ST) membranes were used as hemofilters. 
The modality of CRRT was continuous hemofiltration (CHF), and the flow rate of the test 
solution and flow rate of the replacement fluid (QF) were set to 100ml/min and 600 mL/
hr, respectively. When using the PS membrane, QF was set to 2000 mL/min.

Results: The concentrations of amino acids at QF of 600 mL/hr decreased with time, 
but there was no remarkable difference depending on the hemofilter material or the 
electric charge states of amino acids. The concentrations of amino acids at QF of 2000 
mL/hr markedly decreased earlier than those at 600 mL/hr and became under the lower 
detection limit after 120 minutes. 

Conclusions: The number of amino acids removed as small molecules may not be 
different regardless of the type of hemofilter. Caution should be taken when using high-
volume CHF because the concentrations of amino acids clearly decreased with increase 
in the filtration volume.
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Background
Appropriate nutritional therapy is closely associated with 

the complication rate and clinical course in critically ill patients 
[1,2]. Sufficient amounts of proteins and amino acids are crucial 
for critically ill patients. On the other hand, continuous renal 
replacement therapy (CRRT) is used to support impaired renal 
function and to regulate mediators in critically ill patients [3-
5]. During CRRT, small molecular weight substances including 
electrolytes, administered drugs and nutrients may be removed by 
mechanisms such as filtration and diffusion. Increased removal of  

 
essential substances by high-volume CRRT has been suggested to 
induce reduction of the drug treatment effect and deterioration of 
nutrition status [6-8]. In recent years, attention has been given to 
an acrylonitrile-co-methallyl sulfonate surface-treated (AN69ST) 
membrane as a membrane that efficiently adsorbs cytokines [9]. In 
addition, albumin may not be adsorbed easily since the membrane 
is negatively charged [10]. However, it has not been determined 
whether the AN69ST membrane adsorbs amino acids and whether 
its adsorption ability changes according to difference in the charge 
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state of amino acids. In this study, we evaluated the ability of CRRT 
to remove amino acids depending on differences in the hemofilter 
and filtration volume by using an experimental model of a closed 
circuit.

Materials and Methods
A closed circulation system of CRRT was constructed by 

using a high-calorie total parenteral nutrition (TPN) solution 
formulated with amino acids (ELNEOPA-NF No. 2 Injection, Otsuka 
Pharmaceutical Factory, Inc., Naruto, Japan) as a test solution. 
The composition and concentrations of amino acids in ELNEOPA-
NF No. 2 Injection are shown in Table 1. The modality of CRRT 
was continuous hemofiltration (CHF) using SUBPACK-Bi (Nipro 
Tokyo, Japan) as a replacement fluid, and the flow rate of the test 

solution was set to 100 mL/min. CRRT was performed for 4 hours 
with recirculation in the test solution bag, and concentrations of 
various amino acids were determined by liquid chromatography/
mass spectrometry. The sampling point of the test solution was just 
before the hemofilter, and samples were collected at 0, 15, 30, 60, 
120, 180 and 240 minutes after starting recirculation. Three types 
of membranes including polysulfone (PS), polymethyl methacrylate 
(PMMA) and AN69ST membranes were used as hemofilters for the 
experimental CRRT. The flow rate of the replacement fluid (QF) was 
set to 600mL/hr (which is the amount for insurance adaptation 
in Japan). In addition, when using the PS membrane, changes in 
concentrations of amino acids were determined at a QF of 2000mL/
min.

Table 1.

Amino acids
MW Concentration

(kDa) (mg/mL) (nmol/mL)

L-Leucine 131.17 4.20 32020

L-Isoleucine 131.17 2.40 18297

L-Valine 117.15 2.40 20487

L-Lysine 146.19 3.15 21547

L-Threonine 119.12 1.71 14355

L-Tryptophan 204.23 0.60 2938

L-Methionine 149.21 1.17 7841

L-Cysteine 121.16 0.30 2476

L-Phenylalanine 165.19 2.10 12713

L-Tyrosine 181.19 0.15 828

L-Arginine 174.2 3.15 18083

L-Histidine 155.15 1.50 9668

L-Alanine 89.09 2.40 26939

L-Proline 115.13 1.50 13029

L-Serine 105.09 0.90 8564

Glycine 75.07 1.77 23578

L-Aspartic Acid 133.1 0.30 2254

L-Glutamic Acid 147.13 0.30 2039

Results
Concentrations of 18 amino acids in the high-calorie TPN solution 

were measured. Since changes in the concentrations of amino acids 
showed almost the same trends, the changes in concentrations of 
alanine (neutral electric charge), glutamic acid (negative electric 
charge) and arginine (positive electric charge), which were selected 
from differences in the charge state of amino acids, are presented. 
The concentration of alanine decreased with time, but there was no 

remarkable difference in alanine concentrations among the three 
hemofilters (Figure 1). Alanine concentration at QF of 2000mL/
hr (high volume) markedly decreased earlier than that at 600mL/
hr and became under the lower detection limit after 120 minutes. 
The concentrations of glutamic acid and arginine decreased with 
the same tendency regardless of the electric charge state, and 
there was no difference in the amino acid concentrations with the 
different hemofilter materials. 
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Figure 1.

Discussion
We evaluated the ability of CRRT to remove amino acids using 

a closed circuit and a high-calorie TPN solution as the test solution. 
After starting CRRT, concentrations of amino acids gradually 
decreased, but there was no difference depending on the type 
of hemofilter or electric charge state of amino acids. However, 
decreased concentrations of amino acids at an increased filtration 
volume indicated that high-volume CRRT may increase the amount 
of amino acids removed. In this study, the ability of CRRT to remove 
amino acids was investigated by using three types of hemofilters: 
a PS membrane as a filtration membrane and PMMA and AN69ST 
membranes as adsorption membranes. For large molecular weight 
substances such as cytokines, the mechanism of removal seems 
to be mainly filtration in the PS membrane and adsorption in the 
PMMA and AN69ST membranes. The AN69ST membrane, which has 
been developed as a cytokine adsorption membrane, is designed to 
have a negatively electric charged surface itself and to have reduced 
ability for removal of albumin, which is negatively charged. 

Since the amino acids evaluated in this study were small 
molecular weight substances, it was considered that the membrane 
material of the hemofilter and the electric charged state had no 
influence on the ability of CRRT to remove amino acids. On the other 
hand, the results suggested that the amount of amino acids removed 
increases with an increase in filtration volume. It has been reported 
that increased filtration volume up to 25mL/kg/hr may increase 
the therapeutic effect compared with QF of 600mL/hr (equivalent 
to 12mL/kg/hr for body weight of 50kg), which is the amount 
for insurance adaptation in Japan [11]. However, it is considered 
that removal of small essential substances such as amino acids 
cannot be overlooked if the volume of filtration is increased up to 
2000mL/hr (equivalent to 40 mL/kg/hr for body weight of 50kg). 

We perform tapering-CHF that increases the filtration volume in 
the early stage of sepsis and then gradually decrease its filtration 
volume according to the hemodynamic state or changes in lactate 
concentration [12]. 

The results of this study indicate that it is important to 
gradually decrease the increased filtration volume as soon as 
possible after reaching a stabilized state of disease by tapering-
CHF. Furthermore, it is necessary to increase the number of amino 
acids and proteins from parenteral and enteral nutrition to avoid 
loss of amino acids when performing tapering CHF. This study has 
several limitations. First, there was no influence of clogging of the 
hemofilter due to plasma protein and blood cells since a clinically 
available high-calorie TPN solution was used as the test solution 
in this study. Second, the results of this study cannot be directly 
applied to changes of amino acid concentration in clinical patients 
undergoing CRRT. Since amino acids are supplied by generation in 
the liver and administration from parenteral and enteral feeding, 
the concentrations of amino acids do not rapidly decrease and may 
be clinically different. Finally, in clinical settings, it is necessary to 
consider leakage of amino acids from circulating blood because 
of hypervascular permeability in critically ill patients. Such 
mechanisms were not included in our experimental model.

Conclusions
The ability of CRRT to remove amino acids depending on the 

type of hemofilter and the volume of filtration was evaluated by 
using closed circuit models. The amount of amino acids removed 
as small molecules may not be different regardless of the type of 
hemofilter. However, caution should be taken when using high-
volume CHF because the concentrations of amino acids clearly 
decreased with increase in the filtration volume.
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