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Abstract

Background: Intravenous administration of amino acid (AA) formulation (IVAA) as intradialytic parenteral nutrition

is widely used for malnourished patients with end-stage kidney disease (ESKD) treated with hemodialysis (HD) or
hemodiafiltration (HDF). Although various therapy recipes such as AA compositions or simultaneous administration
of glucose and/or lipids have been attempted, the specific effects of each recipe on AA behaviors and metabolic
consequences have not been well investigated. To clarify the effect of simultaneous glucose administration with VAA,
we investigated the behavior of AAs, insulin as a metabolic hormone, and energy-related metabolites during an HDF
session in two patients.

Case presentation: \We aimed to determine the effect of IVAA with or without simultaneous glucose administration.
The plasma levels of AAs, branched-chain AAs (leucine, isoleucine, and valine), major nonessential AAs (alanine and
glutamine with glutamate), insulin, glucose, and ketone bodies were measured before HDF and at the second hour
(prior to the meal in the HDF session). Lost AAs in the spent dialysate were also measured for the first two hours dur-
ing the HDF session.

Conclusion: In the absence of glucose administration, plasma AA levels and the loss of AAs in the dialysate increased
owing to IVAA, with the increase in plasma levels in ketone bodies occurring because of scarce secretion of plasma
insulin. In the presence of glucose administration, plasma levels and the loss of AA decreased even when the same
amount of AAs was injected, possibly because of the profound secretion of insulin with a decrease in ketone bodies.
The present findings suggest that the metabolic effects of simultaneous glucose administration on IVAAs enhanced
AA uptake into the body during HDF sessions, which might increase the effectiveness of IVAAs.

Keywords: Branched-chain amino acid, Glucose, Hemodiafiltration, Intravenous administration of amino acid
formulation (IVAA), Insulin, Ketone body

Introduction

In recent years, high-efficiency hemodialysis (HD) and
hemodiafiltration (HDF) for patients with end-stage kid-
ney disease (ESKD) have become the dominant thera-
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between HD and HDF [2]. A loss of AAs from the body
not only means they flow out from the plasma but also
entails protein breakdown in muscle, as HD (HDF) treat-
ment itself also involves a protein-catabolic aspect [4,
5]. In addition, the current progressive aging of patients
with ESKD [6] requires an effective strategy to minimize
the negative effects of highly efficacious treatments on
AA Kkinetics. Therefore, adequate nutritional therapy for
ESKD patients treated with dialysis therapy should be
highlighted, especially for maintaining body protein lev-
els through minimizing protein breakdown.

As a nutrient therapy for ESKD patients several studies
concerning intradialytic parenteral nutrition (IDPN) with
various AA constitutions or coadministration of glucose
and/or lipids [7-12] have evaluated long-term influ-
ences on patients’ clinical parameters regarding mortal-
ity. However, no definite consensus has been reached on
the effect of IDPN recipes on nutrients in ESKD patients.
Moreover, IDPN involves a direct injection of certain
amounts of AAs or other constituents into the blood,
which may invoke additional metabolic disruption in
the treatment. Therefore, the intercorrelations between
AAs, insulin as a metabolic hormone, and energy-related
metabolites during session should be investigated in
detail. However, few studies have elucidated metabolic
behaviors during sessions with or without IDPN.

In our previous study regarding the intravenous admin-
istration of amino acids (IVAA) with only AA formula-
tion without simultaneous glucose administration to
patients with diabetes mellitus during HDE, analysis
of AA profiles in plasma and spent dialysate showed in
imperfect compensation in individual AAs for the dialy-
sis removal [13]. IVAA is often dispensed along with glu-
cose coadministration in a clinical setting; however, the
metabolic effect of additional glucose administration on
IDPN has not yet been evaluated.

In a previous study, we found that HD or HDF induced
disruption of energy homeostasis through rapid deple-
tion of insulin and elevation of ketone bodies in plasma,
which often invoked cell starvation [14, 15]. In addi-
tion, plasma levels of branched-chain AAs (BCAA) were
found to increase after the first hour of the fasting HD
session [15]. BCAAs belong to the essential AA (EAA)
group, and EAAs have no in vivo biosynthesis; therefore,
the increase in plasma BCAA levels during dialysate was
suggested to originate from the free AA pool along with
body protein breakdown.

This study aimed to evaluate AA behaviors and effects
on energy metabolism of simultaneous glucose adminis-
tration with IVAA during HDF in two patients without
diabetes mellitus through measuring the plasma lev-
els of BCAA (leucine [Leu], isoleucine [Ile], and valine
[Val]), the major nonessential AAs (NEAA, alanine, and
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glutamine including glutamate), insulin, ketone bodies,
and blood glucose together with dialysate loss in BCAA
and NEAA.

Case presentation and methods

In this report, we evaluated two malnutritional ESKD
patients without diabetes mellitus (P1 and P2) needing
IDPN therapy, who underwent maintenance 5 h predilu-
tion HDF. They were Patient characteristics are presented
in Table 1. In these two patients, the dialysate glucose
concentration was 150 mg/dL. Table 1 shows patient’s
profile including nutritional parameters.

Three HDF conditions were specified for this study, as
follows: (i) HDF without IVAA (C1), (ii) HDF with IVAA
(C2), and (iii) HDF with IVAA and simultaneous glucose
administration (C3).

For IVAAs in C2 and C3, an AA-containing solution
(Kidmin®, Otsuka Pharmaceutical. Co Ltd., Tokyo, Japan)
for the two patients with ESKD was injected consistently
throughout each HDF session at a constant rate for two
hours into venous blood (40 mL/h) during each HDF
session (Fig. 1). Kidmin® includes a total of 5.76 g AAs,

Table 1 Patients'profile

P1 P2
Age years 54 66
Gender Female Male
Dialysis vintage years 16 40
Height cm 156 144
Weight kg 54 43
Body mass index kg/m’ 22 21
Serum creatinine mg/dL 120 72
Serum urea nitrogen mg/dL 60 67
Serum albumin g/dL 35 34
Hemoglobin g/dL 10.7 10.5
Hematocrit % 330 31.7
C-reactive protein mg/dL 0.016 0.107
nPCR g/kg/day 0.89 1.09
GNRI 93.82 8541
%CGR % 130.00 63.80
Kt/Vsp 2.00 1.99
Hemofilter ABH-18PA ABH-18PA
Membrane matrix Polysulfone Polysulfone
Surface area m? 18 18
Blood flow rate mL/min 250 260
Dialysate flow rate mL/min 500 500
Replacement fluid volume L/hour 12 14
Water removal ratio 0.04 0.05

The values are averages under C1, C2 and C3. nPCR; normalized Protein
Catabolic Rate, GNRI; Geriatic Nutritional Risk Index, %CGR; % Creatinine
Generation Rate, Water removal ratio = (pre-HDF weight — post-HDF weight)/
pre-HDF weight
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Fig. 1 The time courses of AA and glucose administration and the timing of the sample collection. Time course of 5 h HDF session. (C1): without
IVAA or glucose, (C2): with IVAA only, (C3): with IVAA and glucose coadministration. Blood was sampled at two time points (0 h and 2 h), and spent
dialysate was sampled at four time points (15 min, 30 min, 1 h and 2 h) before meals. Blood samples were taken from the inflow of the dialysis
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Fig. 2 Major components of IVAA solution Kidmin® (mmol)

comprising 17 kinds of AAs, including 9 EAAs. Of these,
3 BCAAs (isoleucine, valine and leucine) are the major
components (Fig. 2). For glucose administration in C3, a
50% glucose solution was injected for two hours during
HDF at a constant rate of 40 mL/h, similar to the Kid-
min® infusion (Fig. 1). The patients ate their lunch at the
second hour from the start of HDF; thus, our study was
conducted in the earlier half of the session, from the start
to the second hour before meals, to avoid the metabolic
influence of meal intake. In each condition, plasma sam-
ples were collected before the HDF (initial) session and at
the second hour before the lunchtime meal (final) using
a method reported in a previous study [16, 17]. Dialysate
was collected at four time points, namely, at 15 min,
30 min, 1 h, and 2 h (before lunch) from the start of the
session (Fig. 1).

The plasma levels of the following molecules were quan-
tified in these samples: major components of NEAAs (ala-
nine [Ala], glutamine, and glutamate), three BCAAs (lle,
Leu, Val), glucose, and immunoreactive insulin (IRI). As glu-
tamine is easily converted to glutamate in normal laboratory
settings [13, 15], the sum of the glutamine and glutamate
levels was evaluated as glutamine-glutamate (Glx) levels.
In the dialysate samples, three BCAAs, Ala, and Glx were
measured using the same method as for blood, and ketone
bodies (KB; including 3-hydroxy butyrate and acetoacetate)
were measured using quantitative 'HNMR spectroscopy of
dialysate and converted to plasma levels [14—16].

IRI, AA, and plasma glucose (PG) levels were deter-
mined using CLIA, HPLC, and enzymatic methods,
respectively (LSI Medience Corp., Tokyo, Japan).

Quantification of AA lost in the dialysate was con-
ducted using an area under the curve of time course
change in dialysate AA levels using a rectangular approx-
imation method [18]. The balance of each AA was sub-
tracted from the loss starting from the entry of respective
Kidmin® components flowing into the blood.

This study was approved by the Ethical Committee of
Teikyo University (TU-20-194), and written informed
consent was obtained from both patients.

Results

Figure 3 shows the plasma levels of Leu, Ile, Val, Ala, and
Glx before HDF (initial) and at the second hour before
lunch (final) under the three conditions (C1-C3). Under
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Fig. 3 Plasma levels of Ley, lle, Val Ala and GIx (umol/L) at two time points; 0 h and 2 h. In each graph, the dotted line depicts C1 (without IVAA),
the broken line C2 (with IVAA), and the real line C3 (with IVAA and simultaneous glucose administration). All the data were labeled to each point in

C1 (without IVAA), all plasma levels of AA decreased
toward the final level owing to HDF removal. Comparing
the final to the initial plasma levels of C1 and C2 in each
AA, the levels in C2 were much higher than those in C1,
except Ala and Glx for P2. These increases were due to
IVAAs, and the composition of the five AAs is presented
in Fig. 2. In C3 (with IVAA and simultaneous glucose
administration), the final plasma levels were much lower
than those in C2, even with the same injected amounts of
AA via IVAA as in C2. These final and initial plasma lev-
els (labeled in Fig. 3) were used to calculate the increased
ratio defined as; (final level—initial level)/initial level. The
ratios for P1 in C2 and C3 were 2.23 and 0.87 (Ile), 1.96
and 0.71(Leu), 0.98 and 0.21(Val), respectively. Those
for P2 were 0.36 and 0.05 (Ile), 0.24 and 0.04 (Leu), -0.07
and-0.12 (Val), respectively. These decreased ratios in C3
compared to C2 presented the effects of glucose coad-
ministration on plasma levels in BCAAs.

Figure 4 shows the AA loss (into dialysate) and amount
balance in each AA in the three conditions (C1-C3) for
P1 and P2. Concerning AA loss as shown in the left pan-
els of Fig. 4, there were larger decreases in C2 than in C1
owing to IVAA; however, they became smaller in C3 than
in C2, with the exception of Ala in P2. The right panels
show balance graphs for each AA (administered amount
(Kidmin®) subtracted by loss) outlined in the three con-
ditions (C1-C3) for P1 and P2. The bars with positive

signs indicate the amount preserved in the body, and
the bars with negative signs indicate the amount of flow
out of the body. In C1, the blank bars of all the AAs have
negative signs showing flow out of the body due to HDF
removal, which are equal to the blank bars in the left pan-
els of Fig. 4. In C2 and C3 (with IVAA), the values of the
three BCAAs (P1 and P2) had positive signs, and the val-
ues of Ala and Glx had negative signs.

Figure 5 illustrates the time change of plasma levels for
IRI, PG, and KB in the three conditions for P1 and P2.
As to the changes of IRI and KB, their time course pro-
files were quite different: the increase of IRI was observed
only in C3, and the increase of KB (which indicates cell-
starvation state) was lacking only in C3.

Discussion

Behavior in amino acids

In HDF with no IVAA or glucose addition (C1), the
plasma levels in five types of AAs decreased, which
showed flow out from the blood (Fig. 3) and negative
signs that indicated flow out from the body (Fig. 4).

With IVAA but without glucose administration (C2),
the plasma levels of BCAA in the final stage increased
to become higher than the initial levels (Fig. 3), and
these increases for P1 were much higher than those for
P2. Possible reasons to explain the difference between
P1 and P2 could be that the initial levels were lower for
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P1 and that there might be differences in insulin sensi-
tivities between the two patients, as will be mentioned
below. Other AAs such as Ala and Glx, which are minor
components in IVAA (Fig. 2), did not increase but rather
decreased in a similar manner as in C1. Due to IVAA, a
certain amount of injected BCAA was replete not only in
the blood (Fig. 3) but also in the body (the right panels
of Fig. 4), and some flowed out in the dialysate (the left
panels of Fig. 4).

Under the condition of IVAA and simultaneous glu-
cose administration (C3), it should be noted that the
final plasma BCAA levels became much lower as calcu-
lated above (Fig. 3) and that the amount of every BCAA
retention became greater (the right panels of Fig. 4) than
in C2, despite the same amount of IVAA having been
injected for both patients. This phenomenon suggests
that simultaneous glucose administration enhances AA
uptake from the IVAA into the body, perhaps mainly in
the liver and muscles.

Behaviors in energy-related metabolites: plasma glucose
and insulin

Under conditions with no IVAA or glucose administra-
tion (C1), in P1, PG levels increased with an increase
in IRI levels [20], whereas KB levels increased to an
extremely high level. In contrast, in P2, PG levels were
maintained with a decrease in IRI levels and an increase
in KB levels up to a high level, but not higher than in P1.
These results suggest that P1 might have had an insulin-
secretion potential, which surpassed adsorption by the
dialysis membrane [21], while insulin sensitivity might
have been somewhat impaired. As a result, PG lev-
els were not suppressed but increased up to the level of
dialysate glucose (perhaps re-stimulating the secretion of
IRI in P1). However, P2 might not have had enough insu-
lin secretion potential to surpass the adsorption by the
membrane, while insulin sensitivity might have been rel-
atively preserved; thus, the PG level was suppressed, with
possibly no further IRI secretion. Further study is neces-
sary for identifying these different metabolic responses of
the two.

Under the condition with IVAA but without glucose
administration (C2), there were not much differences
in the changes to PG, IRI, and KB levels compared with
those in C1, except for slightly lower KB levels. This find-
ing in both patients possibly indicates that there was no
effect of IVAAs (containing BCAA and other AAs) on
insulin secretion, which is characterized by the abnormal
increase in KB levels.

On the other hand, under the conditions of IVAA and
simultaneous glucose administration (C3), changes in the
PG, IR], and KB levels differed profoundly from those in
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conditions without glucose administration (C1 and C2).
For P1, PG levels increased to approximately 250 mg/
dL, with an evident increase in IRI levels. For P2, PG
and IRI levels also increased, but their levels were not as
high as those in P1. However, in both patients, KB lev-
els decreased and then recovered to within the normal
range.

Behaviors in ketone bodies

In the patients without diabetes in this report, toward
the second hour of sessions without glucose adminis-
tration (C1 and C2), KB levels increased to high levels.
This significantly high level of KB might correspond to
pathophysiological starvation [22, 23]. As mentioned in
introduction, the increase of plasma levels of KB during
treatments in patients with diabetes mellitus have been
reported [14, 15], and underlined mechanism of them
were suggested to be cell starvation. Circulating KB
appears during starvation when the depletion of insulin
induces free fatty acid release from adipose tissue, and
[-oxidation is accelerated in the liver. During starvation,
metabolism generally tends to be catabolic (entailing
lipolysis and proteolysis); thus, even the preserved BCAA
in C2 (Fig. 4) might not predispose to protein synthesis,
but may be oxidized as a substrate for gluconeogenesis
to produce energy. In such a catabolic condition, if dose
of IVAA was augmented in the nutrient recipes, it might
result in only the increase of loss of AA into dialysate or
a part of absorbed AA might be refrained from protein
synthesis.

In contrast, in the presence of simultaneous glucose
administration with IVAA (C3), KB levels decreased and
finally recovered to within the normal range. The disap-
pearance of KB in plasma indicated suppressed lipolysis
might be due to insulin secretion (Fig. 5), which could
enhance the availability for possible protein synthesis in
this anabolic state. Further investigation is required to
verify the protein synthesis of these absorbed BCAAs.

Following the recent report that elevated blood KB lev-
els correlated with water removal ratios among sessions
[24], these correlations were evaluated in the present
cases and resulted in negligible changes among the con-
ditions (C1-C3), and the averages of water removal ratios
were presented in Table 1.

Summary

In the present patients without diabetes, glucose concen-
tration (150 mg/dL) in dialysate was consistently higher
than the normal serum level (100 mg/dL) and even IVAA
therapy only (C2) could not deter a state of (abnormal)
starvation [25]. Glucose coadministration with IVAA has
altered the AA kinetic behavior to an unexpected effect
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beside glucose itself as an energy generation. To compare
C3 to C2, the plasma levels of every BCAA decreased
(Fig. 3) and net-balance amounts of every BCAA have
increased (Fig. 4) together with the synchronous changes in
the values of PG, IRI and KB (Fig. 5).

In conclusion, the present cases study suggests that
coadministration of glucose with IVAA exhibited poten-
tial usefulness in preserving AA in the body, which might
enhance IVAA availability. This effect was probably due to
the action of insulin, which is secreted through the admin-
istrated glucose.

Present our finding is preliminary but novel and the
larger study is warranted in near future.
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