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Abstract:

Background/Aim: Overhydration is a serious complication of maintenance hemodialysis patients. Various predictive
factors of overhydration have been mentioned, but the role of nutritional condition has not been fully established. We have
encountered several cases whose nutritional indices, especially serum cholinesterase (ChE) and serum albumin (Alb),
declined one to two months before the onset of overhydration.

Then, among cases suffering from overhydration, two groups were divided according to the changes of ChE during before
and after 3 months from overhydration attack and were certified the features of both groups concerning cardiothoracic ratio
(CTR) and blood pressure as well as body weight changes.

Subjects: The subjects were 20 patients suffering from overhydration during maintenance hemodialysis and were
hospitalized.

Methods: Monthly changes of ChE, Alb, post-dialysis weight, CTR, and blood pressure for 3 months before and after
overhydration.

Results: Among the 20 patients, 14 had a decrease in ChE values during overhydration, and 6 did not. The ChE-decreased
groups tended to have lower BMI, Alb, and ChE than the non-ChE-decreased groups. In the ChE-decreased groups, CTR
tended to increase, and ChE and Alb decreased significantly from two months before the onset of overhydration and further
increase in CTR (P=0.026) and further decreases in ChE (P<0.001) and Alb (P=0.005) were observed at overhydration
attack.

Conclusions: In patients with overhydration, there were two types; one is ChE-decreased groups (70%), and the other is
non-ChE-decreased groups (30%). Both groups increased CTR and NT-proBNP at overhydration. The former decreased
Alb, but latter did not. These results suggested that a decrease in food intake might be the main risk of overhydration and
decrease in ChE might be sensitive warning signs for overhydration.
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Abbreviations CTR : Cardiothoracic ratio

HD: Hemodialysis

DW : Dry weight
ChE : Serum cholinesterase

NT-proBNP: N-terminal fragment of human brain natriuretic peptide
Alb : Serum albumin precursor
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1.Introduction

Overhydration is one of the serious complications frequently encountered
during hemodialysis treatment. In addition to severe subjective symptoms
such as chest discomfort and shortness of breath in the acute phase,
overhydration itself is also known to have a poor prognosis. Therefore,
overhydration should be avoided [1].

Usually, enhanced cardiothoracic ratio (CTR), high blood pressure, and
subjective symptoms such as dyspnea and discomfort were paid attention
to find overhydration. However, CTR can fluctuate if insufficient air is
inhaled during X-ray imaging, especially in elderly patients, and high
blood pressure is not always observed before overhydration. Then it is not
easy to find signs and symptoms predicting overhydration.

In recent years, it has been reported that human brain natriuretic peptide
(BNP) and N-terminal fragment of BNP precursor (NT-proBNP) are
useful indicators for congestive heart failure even in hemodialysis patients
[2]. And it might be expected to be a good marker for predicting
overhydration [2]. In addition, monitoring of body water volume using
bioelectrical impedance method [3] and Fluid indices calculated from the
distribution balance of urea and uric acid are also expected to be useful
[4], but a comprehensive clinical evaluation is necessary, as one alone is
not necessarily sufficient. As for nutritional factors, overeating and
excessive water intake are generally thought to be the main cause of
overhydration [1].

Whereas, we have often encountered cases whose nutritional factors such
as serum cholinesterase (ChE) and serum albumin (Alb) were decreased
at the onset of overhydration. Alb is well known as an indicator of protein
in the body [5], ChE is generally considered to be an indicator of liver
function. And ChE shows high values in patients with fatty liver, obesity,
nephrotic syndrome, and hyperthyroidism, and low values in patients with
malignant tumors, liver cirrhosis, and organophosphate drug poisoning
[6]. As for the relationship with nutritional condition, it is reported that
ChE correlates with energy intake in healthy young men [7].

Recently, ChE has been reported to be a prognostic indicator for patients
with heart failure and after surgery, but little has been reported about its
significance in hemodialysis patients [8,9,10,11].

However, ChE reflects the increase in protein synthesis and lipid
metabolism accompanying the influx of energy components into the liver
and therefore can also be an indicator of food intake.[6] We also believe
that ChE may be an indicator of dry weight (DW) adjustment by
predicting weight gain or loss in dialysis patients.

Furthermore, we hypothesize that overhydration accompanied by a
decrease in ChE is not due to overeating or drinking, but rather that
overhydration is due to the DW setting not keeping up with the patient's
actual weight loss.

In this study, we aimed to observe changes in various factors, mainly ChE,
in dialysis patients who had experienced overhydration, to clarify the
relationship between the occurrence of overhydration and ChE, and to
examine whether ChE can be used as an adjustment indicator for the
setting of DW.

2. Materials and Methods

2.1. Subjects

The subjects were all 20 cases who were taking maintenance hemodialysis
therapy and suffered from overhydration. They were all hospitalized at
Mihama Hospital between September 1, 2020. and August 31, 2022. The

diagnosis of overhydration was based on the increased CTR, the presence
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of pleural effusion and symptoms of respiratory distress. Additionally,
Pleural effusion occurring at the time of the initiation of emergency
dialysis in patients with conservative renal failure and pleural effusion
associated with malignant tumors and acute heart disease were excluded
from this study.

The clinical background of all subjects at the time of admission is shown
in Table 1. The clinical background (median [IQR]) was age 80.5 [72.5-
82.25] years old, years of dialysis was 5.8 [3.7-10.2] years, and BMI
21.17 [18.42-23.35] kg/m?.

At the time of admission, patient’s DW was set to be 53.75 [43.5-63.63]
kg, whereas the patient's weight after the last dialysis just before
overhydration was 55.9 [44.9-63.95] kg. After removal water during
hospitalization, the patient’s body weight was 51.1 [40.23-60.75] kg. All
patients recovered and discharged after improvement of signs and
symptoms.

Among patients suffering from overhydration, there were ChE decreasing
patients and ChE increasing patients. Then, those patients were separated
shown as follows. Patients 1 to 14 were cases whose ChE decreased at
overhydration attack, compared to 3 months before. Patients 15 to 20 were
cases whose ChE increased or did not change at overhydration attack,
comparing 3 months before.

2.2. Study Design and Data Collection

The changes of ChE, Alb, CTR, post-dialysis weight, and intradialytic
systolic blood pressure (start, median, and end values) were investigated
monthly from 3 months before to 3 months after overhydration attack.
NT-proBNP were measured at before 3 months, just overhydration attack
and after 3 months.

Regarding the timing of data collection, blood test data were pre-dialysis
test values on the regular blood draw day two days after dialysis and on
the blood draw day at the time of overhydration hospitalization, post-
dialysis weight was the value on the same day, and CTR was the value for
the same month. The systolic blood pressure during dialysis was
calculated as the average of three dialysis sessions during the regular
blood sampling week each month and the average of three dialysis
sessions immediately before overhydration and was used as the
representative value for each individual.

In addition, post-dialysis weight and blood pressure were also collected
immediately overhydration treatment was corrected.

The study design was observational, and all data were retrospectively
collected using medical records.

2.3. Statical Analysis

BellCurve® for Excel ver4.01 (Social Survey Research Information Co.,
Ltd., Tokyo, Japan) was used as statistical software, and the Wilcoxon
signed rank test was used to compare data from three months prior to the
overhydration with data from each subsequent month.

In addition, Spearman's rank correlation coefficient was calculated to
examine the correlation between the decrease in ChE (U/L) from 3
months before overhydration to the time of onset of overhydration and the
amount of weight loss from 3 months before overhydration after
correction of overhydration.

The significance level was set at less than 0.05 in all cases.
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3. Results

3.1. Comparison of clinical backgrounds between ChE-decreased
groups and non-ChE-decreased groups

Table 1 showed the background of 20 cases who suffered from
overhydration. The means of various clinical features at overhydration
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were shown in the bottom. Actually, among those 20 cases, there were
two groups: one is ChE-decreased groups (No. 1-14 cases, 70%), and the
other is non-ChE-decreased groups (No. 15-20 cases, 30%). The main
features of two groups were shown in Table 2. The changes of each factor
between 3months before and just at overhydration were shown.

Years Dry Weight after Weight NT-
of | Primary Disease |weigh th? last dialysis BMIZ anUSte.d CTR Alb | BUN | Cre ChE [proBNP| EF
Cases |Sex| Age dialvsi of dialvsis ¢ just before  |(kg/m?| for inpatient %) (g/dL | (mg/dL | (mg/dL UL | (parmL| (©6)
Y Y overhydration(kg| ) |treatment(kg ) ) ) P9
s (kg) ) ) )
A1 | F| 87 | 1.3 |Unclear 38.0 374 15.2 366 | 604 | 29 | 503 | 553 | 150 | 36100 | 89.4
A2 | F | 88 | 27 [Dlabetic 46.0 46.6 218 | 409 |549| 33| 739 | 6.19 | 170 |337000| 42.6
nephropathy
A3 | F | 73 | 231 [Chronicnephritic | 0 o 38.6 154 | 380 |557| 31| 747 | 453 | 152 |134000| 39.0
syndrome
Diabetic
A4 M| 82 | 59 615 60.8 232 566 | 527 |37 | 249 | 513 | 147 |54300 | 48.0
nephropathy
Diabetic
A5 | F| 81 | 116 52.0 56.7 23.9 507 | 668 | 33| 504 | 362 | 166 109000 34.4
nephropathy
Diabetic
A6 |M| 54 | 04 635 63.6 215 600 | 461 | 33 | 60.5 | 11.67 | 193 | 10200 | 55.4
nephropathy
A7 | F| 71 | 66 |Preeclampsia 470 472 213 456 | 617 | 3.7 | 490 | 6.46 | 251 | 22600 | 60.8
A8 | M| 83 | gp |Dlabetc 39.0 39.0 150 | 382 |444| 26| 207 | 6.05 | 120 |36700| 515
nephropathy
Diabetic
A9 M| 69 | 105 66.0 65.3 206 630 |532 |34 | 246 | 594 | 149 {31000 | 33.0
nephropathy
Diabetic
A10 M| 82 | 49 555 55.1 17.7 515 |638 |38 | 406 | 539 | 252 | 87800 | 21.0
nephropathy
Diabetic
A1l M| 77 | 57 75.0 77.3 27.1 740 | 476 | 34 | 57.2 | 1230 | 181 | 4300 | 4858
nephropathy
A12 | M| 96 | 06 |Nephrosclerosis | 47.0 476 18.7 430 | 487 | 25 | 489 | 473 | 146 | 61900 | 435
A13 M| 82 | 43 gi';gg?f“c"'d“ey 575 57.8 215 531 | 477 | 24 | 267 | 435 | 141 |34200| 578
Diabetic
A-14 M| 80 | 101 450 46.9 20.0 456 | 526 |37 | 514 | 885 | 234 |34600 | 53.6
nephropathy
B1 | M| 54 | g0 [PraDEtC 955 96.3 30.0 940 | 455 |39 | 497 | 1457 | 356 | 777 | 60.7
nephropathy
Diabetic
B2 [M| 79 | 226 64.0 65.0 251 633 | 640 |36 | 582 | 846 | 83 |66400| 35.2
nephropathy
Diabetic
B3 M| 77 | 53 74.0 74.4 253 720 |535 |38 | 528 | 809 | 253 | 56900 | 26.7
nephropathy
B4 | M| 82 | 29 [Plabetic 595 59.6 21.0 570 |475|36 | 51.7 | 875 | 181 |28600 | 62.1
nephropathy
B5 | F| 71 | 39 [Plabetic 385 39.8 195 370 |554 |30 | 540 | 677 | 225 | 38200 49.3
nephropathy
B-6 | F | 83 | 22,8 |CNFONiC nephritic | o 33.0 17.6 325 | 581 | 25| 558 | 453 | 161 |15100 | 63.8
syndrome
ia [M/F Diabeti
media M/F) 805 | o |Diabetic 53.75 2117 511 2331335 500 | 612 | 68 | 37450 [ 4900
n |=|[72.5- nephropathy/Other 55.9 [47.68 [148.5- [38.05
(10R] | 13/ 8205 | 137 [435- 110 eas |[1842 [4023- % |[2.98-| [43.83-| [5.03- |, |[30400-|
2171020 [y 63.63] 2335]|  6075] |ggcen| 371|5615] | 853] |71\ 7a750] | o

Table 1: Clinical background of the subjects at the time of admission.
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All cases [A] ChE-decreased groups [B] non-ChE-decreased groups
n 20 14 6
Sex(M/F) 13/7 9/5 412
Age 80.5 [72.5-82.25] 81.5 [74-82.75] 78 [72.5-81.25]
Years of dialysis 5.8 [3.7-10.2] 5.79 [3.06-9.96] 7.17 [4.27-19.19]
Primary disease of
dialysis
. . 14/6 9/5 5/1
(Diabetic
nephropathy / Others)
EF (%) 49.05 [38.05-58.53] 48.4 [39.9-54.95] 55 [38.73-61.75]
Overhydration Overhydration| p- Overhydration
3M before p-value| 3M before 3M before p-value
at onset atonset | value at onset
ChE(U/L) 1945 - 0.033 o 159 0.001 1855 203 0.028
[148.5- : [171.5- <U. :
[168-247.75] 227.25] 249.25] [147.5-190] [127.75-209.5] | [166-246]
NT-proBNP(pg/mL) 30000 87450 0.001 30000 36400 0.002 25900 47550 0.028
-pro pg/m [8755- [30400- |<U. . .
37800] 71750] [8225-38200]|[31800-81325] [11900-32625] | [31000-64025]
3.6 3.35 3.6 3.3 35 3.6
Alb(g/dL) 0.011 0.005 0.285
[3.3-3.725] | [2.975-3.7] [3.325-3.378]| [2.95-3.625] [3.175-3.6] [3.15-3.75]
Post-dialysi 58.3 55.4 52.3 51.35 62.4 62.3
ostClalysIs [44.85- ' 0.016 ' ' 0.048 ' ' 0.208
weight(kg) 64.75] [44.4-64.1] [46.03-62.95] | [46.68-60.05] [46.28-72.53] | [44.75-72.05]
51.2 53.35 50 52.95 53.9 54.45
CTR (%) 0.022 0.026 0.529
[47.55-57.5] | [47.68-59.8] [47.28-56.48] | [47.95-59.23] [48.75-58.23] | [49-58.55]

(median [IQR])

Comparisons were made using the Wilcoxon signed rank test, with the significance level set at less than 0.05.
Table 2: Changes in indicators 3 months before and at the time of overhydration.

Usually, overhydration is thought to be due to over-drinking water or
eating too much, and insufficient water removal during hemodialysis.
Actually, No. 14-20 cases in Table2 showed a not change in body weight
at overhydration, accompanying with increased CTR, in addition to an
increase in ChE and Alb. The increases in the last two factors are usually
due to the result of over drinking and or overeating. Whereas, No. 1-14
cases showed a decrease in body weight, ChE, and Alb, which means that
70% of cases suffered from overhydration were associated with a decrease
in food intake.

From these results, the mechanism by which overhydration occurred
might be different in both groups. Those two groups were different. Then
we analyzed the features of the two groups separately as follows.

Auctores Publishing LLC — Volume 28(5)-921 www.auctoresonline.org
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3.2. Changes in ChE, Alb, NT-proBNP, CTR, post-dialysis weight, and
intradialytic systolic blood pressure (start, median, and end values) 3
months before and after the onset of overhydration in the ChE-
decreased groups

The trends (median [p-value]) of ChE, Alb, NT-proBNP, CTR, post-
dialysis weight, and intradialytic systolic blood pressure (start value,
median value, and end value) in the ChE-decreased groups 3 months
before overhydration, 2 months before overhydration, 1 month before
overhydration, at the time of overhydration onset, 1 month after
overhydration, 2 months after overhydration, and 3 months after
overhydration are shown in Figure 1. Numbers in the text and figures
indicate median values and p-value compared with baseline 3 months
before overhydration.

Page 4 of 10



Clinical Case Reports and Reviews. Copy rights@ Keita Sugai, et al,

220

210
~ 190
180
170
160
150
140

L0000

25000 ZI

0000

5000

E(L

0000

L

15000

(Tw/Ed)INgO1d-

10000

Alb(g/dL)
%]
e

| [0.005] ' 32
. [0.003]

C1 %
c4gr i =
osy 00T 6

i 5175

51.35
[0.048] |

D weight(kg)
8 g

(961D

5295 Ry
[0.026] ' [0.374]

sl 06 T~
W Post-HD weight ooy 1043
i CTE. - 48

Post-H

=

BEF at the start of HD i
1A03T  MEEINISON] 14DL&[DUEAT] | 143 TaOAIe; | 1MDO00S) ALTTMIONZ] 1T4S3IUSIE| 133.09)0.248]
190 T @ar as the midpems of HD |
180 THIT MEENDLET] 10.20TH] |14TESMIND 1M LINNAST]  L4SSNAI5E] 420X
(BF af the end of HD i

170 15757 1SAFID2EA]  149.I7]0U528] | 14 ETTOLA0T] | 135.5{0L07] J45.S7]05SY] 1TRENOLLEA] J4E[RO9L
|

gyt O
140 ! A ' L~

Systalic blood pressure in HR{mm Hg)
—=
L% ]
]

3T ™ | Cver | mmemamy pi Y L

Efore befare bafore i]'-!-"';“'-":‘r-i swespazutizn after aftar after

| atomset | peatmest
| ——
.

n=14, median[p-value] Using the Wilcoxon signed rank test, the data from three months prior to the overhydration was used as the base period, and
comparisons were made with each subsequent month. The significance level was set at a risk level of less than 0.05.

Figure 1: Changes in various factors before and after the onset of overhydration in the ChE-decreased groups.

3.2.1. Changes in pre-dialysis serum ChE values continued to decrease thereafter, further decreasing to 159 [<0.001] at the

Pre-dialysis serum ChE value (U/L) decreased from 205.5 three months ~ time of the onset of overhydration. One month after the overhydration,
before the overhydration to 177.5 [0.079] the following month, and the value remained at 149 [0.002], but then rose again, reaching 188
[0.019] three months after the overhydration.
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3.2.2. Changes in pre-dialysis serum Alb values

Pre-dialysis serum Alb value (g/dL) was 3.6 three months before
overhydration and decreased significantly to 3.35 [0.031] the following
month, and at the time of the onset of overhydration, it had decreased to
3.3 [0.005]. It then dropped to 3.2 [0.003] one month after the
overhydration. Three months after overhydration, it had risen to 3.4
[0.068].

3.2.3. Changes in pre-dialysis NT-proBNP values

Pre-dialysis NT-proBNP (pg/mL) values were shown for the values
within 3 months before the overhydration, the values at the time of the
onset of the overhydration, and the values within 3 months after the
overhydration. The value of 30,000 before overhydration significantly
increased to 36,400 [0.002] at the time of the onset of overhydration and
showed a tendency to decrease to 22,800 [0.638] after overhydration
treatment.

3.2.4. Changes in CTR

The CTR (%) tended to increase from 50 three months before
overhydration to 52.6 [0.875] the following month, and at the time of the
onset of overhydration, there was a significant increase to 52.95 [0.026].
After overhydration, the weight was corrected, and the index fell to 50.6
[0.136] but then rose to 54.85 [0.042].

3.2.5. Changes in post-dialysis weight

Post-dialysis weight (kg) tended to decrease from 52.3 three months
before the onset of overhydration to 51.6 [0.255] the following month,
and at the time of the onset of overhydration it had significantly decreased
to 51.35 [0.048], and ChE and Alb values had also decreased, while NT-
proBNP and CTR had increased. Post-dialysis weight after overhydration
treatment was temporarily corrected to 48.15 [<0.001], then rose again
and remained almost flat, but ChE and Alb values rose again, and NT-
proBNP and CTR values decreased.

3.2.6. Changes in intradialytic systolic blood pressure

Intradialytic systolic blood pressure (mm/Hg) 3 months before the
overhydration was 145.33 at the start of dialysis, 144.17 in the middle,
and 157.92 at the end. There was a tendency for the end to be higher than
the start, and this tendency was observed throughout the entire period, but
there was no significant change compared to 3 months before the
overhydration. Immediately after overhydration treatment, a decrease was
observed in all areas, with a significant decrease of 130 [0.009] in the start
blood pressure.

3.3. Changes in ChE, Alb, NT-proBNP, CTR, post-dialysis weight, and
intradialytic systolic blood pressure (start, median, and end values) 3
months before and after the onset of overhydration in the non-ChE-
decreased groups

The trends (median [p-value]) of ChE, Alb, NT-proBNP, CTR, post-
dialysis weight, and intradialytic systolic blood pressure (start value,
median value, and end value) in the non-ChE-decreased groups 3 months
before overhydration, 2 months before overhydration, 1 month before
overhydration, at the time of overhydration onset, 1 month after
overhydration, 2 months after overhydration, and 3 months after
overhydration are shown in Figure 2. Numbers in the text and figures
indicate median values and p-value compared with baseline 3 months
before overhydration.

Auctores Publishing LLC — Volume 28(5)-921 www.auctoresonline.org
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3.3.1. Changes in pre-dialysis serum ChE values

Pre-dialysis serum ChE value (U/L) was 185.5 three months before the
overhydration and decreased to 171 [0.465] the following month, a non-
significant decrease, and continued to decrease thereafter, but at the time
of the onset of overhydration, there was a significant increase to 203
[0.028]. One month after the overhydration, the value dropped to 150.5
[0.753], but then increased slightly, reaching 160 [0.686] three months
after the overhydration.

3.3.2. Changes in pre-dialysis serum Alb values

The pre-dialysis serum Alb value (g/dL) was 3.5 3 months before the
onset of overhydration but had increased to 3.6 [0.285] at the time of the
onset of overhydration. The value then showed a decreasing trend to 3.4
[0.500] one month after the overhydration but increased to 3.55 [0.893]
three months after the overhydration.

3.3.3. Changes in pre-dialysis NT-proBNP values

Pre-dialysis NT-proBNP (pg/mL) values were shown for the values
within 3 months before the overhydration, the values at the time of the
onset of the overhydration, and the values within 3 months after the
overhydration. The value of 25,900 before the overhydration significantly
increased to 47,550 [0.028] at the time of the onset of overhydration and
showed a tendency to decrease to 30,850 [0.249] after overhydration
treatment.

3.3.4. Changes in CTR

The CTR (%) showed an increasing trend, increasing from 53.9 three
months before the overhydration to 54.45 [0.529] at the time of the onset
of overhydration. After the overhydration, the dry weight was corrected
and dropped to 51.1 [0.345], but three months after the overhydration it
rose to 53.3 [0.345].

3.3.5. Changes in post-dialysis weight

Post-dialysis body weight (kg) was 62.4 kg 3 months before the
overhydration and remained almost unchanged at 62.3 [0.208] at the time
of the onset of overhydration. After overhydration treatment, a non-
significant downward trend was observed.

3.3.6. Changes in intradialytic systolic blood pressure

Intradialytic systolic blood pressure (mm/Hg) 3 months before
overhydration was 126.17 at the start of dialysis, 128.17 at the middle,
and 121 at the end, showing a tendency for it to be higher at the middle
than at the start. No significant changes were observed in any period
compared to three months prior to overhydration. At the time of the onset
of overhydration, there was a tendency for the values to increase, although
not significantly, from 147.5 [0.345] at the start, to 132.83 [0.345] at the
middle, to 126.58 [0.753] at the end, which was particularly noticeable at
the start.

3.4. Correlation between the amount of ChE reduction and the amount
of weight loss during 3 months just before overhydration attack in ChE-
decreased groups.

The correlation between the amount of ChE reduction and the amount of
weight loss during 3 months just before overhydration attack in ChE-
decreased groups in 13 cases is shown in Figure 3. Decreased in ChE
(U/L) from 3 months before overhydration to the time of overhydration
onset and the amount of weight loss from 3 months before overhydration
after overhydration were corrected, and found a positive correlation
(r=0.595, p=0.032).
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Figure 2: Changes in various factors before and after the onset of overhydration in the non-ChE-decreased groups.
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Correlation was calculated using Spearman's rank correlation coefficient, with the significance level set at less than 0.05.
One patient was excluded from the analysis because his weight loss was a statistical outlier.

Figure 3: Correlation between the amount of ChE reduction and the amount of weight loss during 3 months just before overhydration attack in ChE-
decreased groups.

4. Discussion

We observed the changes in weight, blood pressure, CTR, NT-proBNP,
as well as ChE and Alb in 20 dialysis patients who were hospitalized for
treatment of overhydration. The observation period was three months
before and after hospitalization for treatment of overhydration. We found
ChE-decreased groups (70%) and non-ChE-decreased groups (30%). In
the ChE-decreased groups, ChE showed a tendency to decrease from 2
months before overhydration compared to 3 months before overhydration
and was further decreased at the time of the onset of overhydration.

Compared to the ChE-decreased groups, the non-ChE-decreased groups
had relatively good nutritional conditions and cardiac function indices
such as Alb, ChE, BMI, and EF. And at the time of the onset of
overhydration, CTR and NT-proBNP were elevated while ChE was also
elevated, suggesting that the increase in body fluids due to overeating and

increased fluid intake caused of overhydration. In other words, they were
relatively in good nutritional condition.

On the other hand, the ChE-decreased groups had relatively poor
nutritional status and cardiac function, and in such cases, ChE and Alb
decreased further, and a significant decrease was observed at the time of
the onset of overhydration.

ChE is generally considered an indicator of liver function, but it is also
considered an indicator of nutritional intake status [7]. This is also
confirmed by the correlation between ChE changes and boby weight-
changes at show in figure 3. From the above, it is suggested that
continuous measurement and observation of ChE in hemodialysis
patients, might be useful in predicting overhydration caused by a decrease
in food intake. Then, in the cases whose ChE began to decrease,
nutritional intervention and adjust DW (figure 4) might be needed to
prevent overhydration.

Unadjusted
Dry weight dry weight
\\\\ Adjusted
Water Water ", dry weight
components components
______ Water
= | .
f=g D d
% Muscle and fat ecrease Muscle and fat
- muscle and fat
o components components
2 components
=2
Decrased
foodintake,
leads to a
decrease in
ChE
Normal condition Overhydration Adjusted dry weight

by removal of excess water

Figure 4: Schematic of net weight loss and dry weight adjustment.
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Alb showed almost the same trends as ChE, but the changes in ChE
appeared to be more sensitive markers for nutritional conditions. Because,
ChE has a short half-life of approximately 10 days and a large molecular
weight of 340,000, making it unlikely to leak through the dialysis
membrane. This makes it useful as a nutritional indicator for predicting
and evaluating weight changes in dialysis patients [6]. Alb has a relatively
long half-life of 15 to 20 days and a molecular weight of 66,000.
Therefore, it is possible that Alb leaks from dialyzers, which have high
waste removal capabilities, and that its levels fluctuate due to the effects
of dialysis itself [5,12].

Limitations:

Single-center study and the number of cases was small, a study with a
larger number, of cases is needed.

5. Conclusions

When hemodialysis patients developed overhydration, ChE had been
decreasing for the two months prior in 70% cases in addition to an
increase in CTR and NT-proBNP. These results suggest that watching
ChE decrease may be useful to predict overhydration caused by actual
weight loss and in adjusting DW for hemodialysis patients. To prevent
overhydration, it might be important to intensify fluid removal by
considering a decrease of ChE in addition to an increase in CTR and NT-
proBNP.
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