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The relationship between circulatory dynamics and autonomic 
function and biological information monitoring 

 in patients on hemodialysis 
Atsu Todo 

 

For maintaining hemodialysis as a replacement for normal renal function (dialysis), it is necessary 

to maintain vascular access (VA) and blood flow at a high rate to ensure an adequate dialysis dose 

in a short time. Typically, to maintain VA, the patient’s own arteries and veins are used artificially 

in a subcutaneous arteriovenous fistula (AVF) as an anastomosis. Preparation of the AVF and its 

day-to-day management is the lifeline of patients on dialysis. Moreover, patients undergoing 

dialysis must be taken off dialysis after a short period, as excess water accumulates in the body, 

which affects the circulation dynamics, including extracorporeal circulation. It has been reported 

that autonomic nervous system function may also be affected in some diseases. With respect to the 

factors of management of AVF and hemodynamics in patients on dialysis, it can be stated that the 

most important aspects are evaluation and management during blood dialysis therapy. However, 

evaluation and management is challenging, and the many approaches suggested thus far have not 

been sufficient. 

In this study, we aimed to clarify the importance of hemodynamics and autonomic nervous 

function in patients on dialysis. Additionally, we aimed to manage the patient status and device 

information through remote monitoring in the hospital, along with AVF preparation and 

management of through-life maintenance from the hemodialysis induction phase (induction phase), 

hemodynamic monitoring during the maintenance phase. The evaluation by remote monitoring of 

autonomic function was performed by classifying into the following six approaches. 

In chapter 1: 

Introduction of the entire study and overview of dialysis therapy. 

In chapter 2: 

Considering there is a relationship between the patient's background, the induction phase, and 

prognosis, the relationship of patient status and poor prognostic factors during the first 

hemodialysis was examined. The participants were 48 patients (25 men and 23 women) in the 

induction phase who were classified into groups based on AVF and the following factors: using a 

catheter at the time of the first hemodialysis, age, sex, and patient conditions such as the presence 

of diabetes. They were compared and introduced at the time of blood test. Furthermore, in the AVF 

manufacturing group, from the period of AVF preparation to puncture, the mean number of days the 

catheter was indwelling in the first insertion site was examined. First, participants were grouped as 

follows: the group intended for all cases as a whole case group (Group 1), a group including those 



 

 
 

receiving dialysis through an indwelling catheter (Group 1-I), and the group receiving dialysis after 

AVF creation (Group 1-II). It was classified in the group. Second, to adjust for age, the target 

patient age group included those 60-84 years old, which accounted for about 70% of the total 

number of patients on dialysis. The age extraction group (group 2), which was placed according to 

catheter dialysis, introduced a 2-I group. The group that underwent dialysis after an AVF was 

created was classified as the 2-II group. Among all groups, patients receiving hemodialysis using a 

catheter (1-I group) were significantly older compared with those introduced after manufactured 

AVF (1-II group) (p <0.01), and the proportion of those receiving emergency hemodialysis was 

significantly higher (p <0.01). The average length of hospital stay was significantly shorter in the 

AVF manufacturing group (p < 0.0001), and the average medical fee at the time of admission was 

significantly lower (p < 0.001). Additionally, serum albumin level, serum creatinine level, and 

hemoglobin values in the 1-I and 1-II groups were significantly lower compared to those in the 2-I 

2-II, and catheter use groups (1-I group, 2-I exhibited low value significantly respectively group) (p 

< 0.0001, p < 0.0001, p < 0.0001). BUN / Cr ratio was significantly higher in the 1-I group 

compared to that in the 1-II group (p < 0.05), and BUN / Cr ratio of the 2-I group was significantly 

higher compared to that in the 2-II group (p < 0.1). Additionally, the number of white blood cells 

showed no significant difference between the 1-I and 1-II groups; however, the white blood cell 

count of the 2-I group was significantly higher than that of the 2-II group (p < 0.001). Therefore, in 

the catheter group compared with the AVF manufacturing group, malnutrition, and weakness 

(which indicated that the merging ratio of the factors that aggravate conditions such as 

inflammatory disease complications) were high, resulting in prolonged hospital stays and an 

increase in medical costs; this was considered a problem. In the present study, increase easy to 

diabetes of BUN / Cr ratio and heart failure in patients complicated by conditions such as 

malnutrition is likely to occur early in those receiving dialysis, and there is a need for a dialysis 

plan early on. 

In chapter 3: 

We retrospectively analyzed for ultrasound findings before and after AVF creation in the induction 

phase, and, using ultrasound, investigated previous AVF preparation for better growth. In the 

induction phase, 27 patients (14 men, 13 women) were included, and the age at previous AVF 

preparation, sex, underlying disease, brachial artery blood vessel diameter, systolic maximum 

blood flow velocity (peak systolic flow velocity [Vpeak]) brachial arterial blood flow after AVF 

production (flow volume: FV), vascular resistance index (resistance index: RI) were compared 

regarding their correlation. FV was correlated with age (r = -0.53, p <0.05), RI (r = -0.56, p <0.05), 

and brachial artery diameter (r = 0.41, p < 0.05). RI was correlated with Vpeak (r = 0.39, p < 0.05); 

brachial artery diameter in men was significantly higher than that in women (p < 0.001). When 



 

 
 

comparing FV in the group with more than 400 mL/min and FV in the group with less than 400 

mL/min, age showed significantly lower values (p < 0.05), and brachial artery blood vessel 

diameter showed significantly higher values (p < 0.05). Regarding RI, in the group with an RI less 

than 0.6 as and the groups with an RI of 0.6 or more, age and Vpeak were significantly lower (p < 

0.05). Than the present study, AVF made before the patient background, brachial artery blood 

vessel diameter, because you can predict development of AVF is by making the evaluation of 

Vpeak, was considered as a reference of ultrasound findings of previous AVF manufacturing is 

required. 

In chapter 4: 

To increase the accuracy of the daily management of the AVF in the maintenance phase, we 

examined the relevance of the physical findings and ultrasonography findings. The participants 

included 50 patients with an AVF produced in the maintenance phase (15 men, 35 women). The 

group was compared in FV obtained by analyzing frequency characteristics, and using an 

ultrasound of the AVF shunt sound obtained through the auscultation method. Ultrasound cases (31 

cases) with an FV greater than or equal to 500 mL/min were classified into group I, and cases of 

less than 500 mL/min (19 patients) were classified into group II. Furthermore, if the vascular 

resistance index (RI) was less than 0.6 (36 cases), they were classified into group A. Those with an 

RI of 0.6 or more (14 cases) were classified into group B. The data was analyzed using the 

following three methods: (1) Hearing of the shunt sound by auscultation, (2) analysis of the shunt 

sound, (3) analysis of environmental sound at the time of measurement. Among the results, Group 

A showed power spectrum values at a significantly higher frequency band of 41-340 Hz compared 

to those in group B. When comparing group I and group II, the power spectrum value of each 

frequency band of 121-160 Hz was significantly higher compared to all other frequency bands. 

When comparing the power spectrum values in each frequency band in group A, the 121-160 Hz 

band was significantly higher compared to all other frequency bands. In comparing the power 

spectrum value of each frequency band group II, the 121-140 Hz band was significantly higher 

compared to all other frequency bands. It showed a positive correlation between the power 

spectrum value of each frequency band of FV and the range of 61-200 Hz. RI and 81-120 Hz and 

141-160 Hz showed a negative correlation between the power spectrum values of each frequency 

band of the range of 301-340 Hz. Therefore, a possibility that the difference between the 

blood-flow states of FV can be evaluated using ultrasonography only if a shunt sound is heard. In 

present study, using shunt sound presence was considered an objective assessment of the AVF 

function. 

In chapter 5: 

For hemodynamic monitoring during dialysis in the maintenance phase, and to check the various 



 

 
 

monitoring items, the relevance of hemodynamics was examined. Participants included 7 patients 

in the maintenance phase (1 man and 6 women) and, before dialysis start when who underwent 

hemodialysis 5 hours, at the beginning, every hour after the start and after the end, body 

composition and stroke volume were measured; for comparison, hANP values, serum dopamine 

concentration, and blood pressure were measured and analyzed. Extracellular fluid rate and 

swelling rate were significantly lower after 3 hours of hemodialysis compared to those measured 

prior to the start of dialysis (p <0.05). Additionally, extracellular fluid rate and swelling rate 

showed a positive correlation between each of the circulating blood volume rate of change (r = 0.71, 

r = 0.71). Stroke volume showed a significant lower value after 3 hours or more after the start of 

dialysis compared to that prior to the beginning of dialysis (p <0.05); it also showed a positive 

correlation between the circulating blood volume rate of change (r = 0.66). Blood pressure showed 

no correlation between body composition and stroke volume. Pulse rate showed a negative 

correlation to circulating blood volume change rate and stroke volume (r = -0.56, r = -0.74); a 

positive correlation between serum concentration of dopamine was seen (r = -0.61). Body 

composition analysis equipment and non-invasive cardiac output monitoring is considered a simple 

and effective method to monitor the circulation dynamics in the blood during dialysis as well as the 

circulating blood volume rate of change. Moreover, these approaches are useful tools in the setting 

of the reference weight of the dialysis was shown. Blood pressure during dialysis has been shown 

to be stable in direct correlation to the body composition value and stroke volume. It was suggested 

that pulse rate, compared to circulating blood volume change-rate, might be a better property to 

measure immediate response than blood pressure. 

In chapter 6: 

Based on the results obtained in studies 5, the pulse wave measuring the hemodynamic during 

dialysis of the maintenance phase the relevance of autonomic function with the volume pulse wave 

detector fingertip, association of hemodynamic monitoring value It was investigated. Seven 

participants (2 men and 5 women) undergoing maintenance-phase dialysis were included; Prior to 

the start dialysis and for five hours thereafter, we measured pulse wave after cessation, body 

composition, stroke volume, circulating blood volume change rate, blood pressure, and pulse rate 

every hour. Pulse wave analysis included pulse wave amplitude and pulse wavelength, and it was 

compared with each monitoring value. Pulse wave amplitude value significantly increases up to 3 

hours after the beginning of dialysis (p <0.05), and significantly decreases after (p <0.05). Pulse 

wavelength was sustained during the dialysis reduction. Based on these measurements, 

peripheral-side parasympathetic output acts to increase peripheral blood flow for up to 3 hours after 

the start of dialysis; after 3 hours, sympathetic output reduces peripheral blood flow. The 

circulating blood volume was considered to be influenced by sympathetic output, as it was lowered. 



 

 
 

In the present study, it is possible to evaluate the autonomic reaction during dialysis by analyzing 

the pulse wave, and hemodynamics can be evaluated. 

In chapter 7: 

We aimed to remotely monitor hemodynamics during dialysis in the hospital. Not by the 

cooperation of the electronic medical record system and dialysis support system hemodynamics, 

such as blood pressure and pulse rate in the dialysis and patient information management, and 

device-information dialysis room only, of blood purification therapy be carried out in dialysis 

outdoor, such as critical care center safety. We examined sex and operational efficiency. The 

evaluators included 6 engineers and 5 nurses. Responses to the questions, related to the monitoring 

and function, before and after system cooperation were evaluated. The results showed a significant 

improvement in usability and operability, and in cooperation with the electronic medical record 

system before and after the system cooperation. Regarding information sharing and safety, its use 

did not lead to improvement. From these factors, as well as dialysis chamber only, even in the 

dialysis outside, in order to provide a safer blood purification therapy, there is a need for improved 

system features as well as system linkage only. Furthermore, by enhancing the system linkage, it 

was considered possible to further secure and provide efficient blood purification therapy. There is 

a need to promote the data also utilized in dialysis treatment as the incidence of home hemodialysis 

increases, and the production of remote monitoring functions and systems to improve the treatment 

efficacy and safety. 

The findings obtained from this study, and the elucidation of autonomic function and 

hemodynamics with current dialysis treatment is important. The construction of a remote 

monitoring system has become an issue with safer dialysis therapy in home care and it has been 

promoted in recent years. An outcome of this doctoral thesis was the ability to find a new 

management method using clinical studies. 
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 2  

 1  

 4  

 5  



2 VA 2.10  
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1-I 2-I

 

 

4  

2 χ2

2 t  

 

2.10  
2.10.1  

1-I 26 54% AVF

1-II 22 46% 2-4 a  

25 14 11 73±6

2-I 16 64% AVF

2-II 9 36% 2-4 b  

 

2.10.2  
1  

2-4 1-I 71±12

1-II 61±14 1-I 1-II

1-I 1-II 2-4 a  

2-I 2-II

2-4 b  

 

2  

2-4

1-I 26  12 46% 1-II 22 2 9%

1-I 1-II 2-4 a  

2-I 2-II 2-4 b  
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2-4 1 

 

 
 

 

3 eGFR  

2-5

eGFR 1-I 1-II 2-I 2-II

3 a b  

eGFR 1-I 1-II 2-I 2-II

3 a b  

 

4  

2-5

1-I 459 ± 526 1-II 909 ± 570 2-I 502 ± 565



2 VA 2.10  

21 
 

2-II 1080 ± 542 I II

2-5 a b  

 

5  

2-5

1-I 26 4 15% 1-II 22 13 60%

2-I 16 4 25% 2-II 9 7 78% AVF

2-5 a b  

 

6  

1-I 61 ± 30 1-II 31 ± 14 2-I 70 ± 33 2-II

26 ± 9 AVF

2-5 a b  

I II

2-5 a  
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2-5 2 

 

 

 

6  

2-6

 1-I 1-II 2-6 a 2-I 2-II

2-6 b  

I II

2-6 a b  

BUN/Cr I II

2-6 a b  



2 VA 2.10  
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1-I 1-II 2-6 a 2-I

2-II 2-6 b  

 

2-6 BUN Cr  

 

 

 

2.10.3  
1 AVF  

AVF 2-7 AVF

1-I 19±9 1-II 123±142 2-I 21±9 2-II 177±188

2-7 a b  

 



2 VA 2.11  

24 
 

2  

2-7

1-I 35±21 2 0±1 2

73% 27% 2-7 a  

2-I 39±24 2 3±1 3

75% 25% 2-7

b  

 

2-7

 

 

 

2.11  
2.11.1  

1-I

 AVF 1-II



2 VA 2.11  

25 
 

2-I  AVF 2-II

  

eGFR 1-I 1-II

2-I eGFR 2-II

 

1-I 1-II 2-I 2-II

AVF 1-II 2-II AVF

 

AVF

 1-I 1-II

2-I 2-II 1-I 2-I

BUN/Cr 1-I 1-II 2-I BUN/Cr

2-II 1-I 1-II

2-I 2-II

AVF

eGFR

BUN/Cr BUN/Cr 10

 [29]

6

 [30]  

BUN/Cr

 

 



2 VA 2.12  

26 
 

2.11.2 VA  
61 70

35 39

ADL QOL  

AVF 1-I 2-I AVF

1-II 2-II

 [31]

 [9] AVF

JSDT AVF 10

 [19] 10

 

 

2.12  
CRP

VA
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3

 
 

3 arteriovenous fistula: AVF

 

 

3.1 AVF  
AVF

AVF

 

 

3.1.1  
1  

20 20kHz 20kHz

 

 

CT  MRI

 [32]

 

 

2  
41)

 

3-1  

 



3 AVF 3.1 AVF  

28 
 

 

3-1  [32] 

 
340m/

1500 m/

 

 [32]  
 

3  

 [32] 1

Hz

 

2MHz-20MHz

  
m

 

 

 

 



3 AVF 3.1 AVF  
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 4  

3.1  [33]  

 

Vm-mean:  

:  

 

5 resistance index: RI  

RI  [33] AVF

RI 1 0 AVF

RI

AVF RI 3.2  

 

Vpeak peak systolic flow velocity : cm/sec  

Ved end diastolic flow velocity : cm/sec  

 

RI

 

AVG  

 

6 AVF flow volume: FV resistance index: RI

 

FV  [33]

FV: 1500 mL/min

FV: 300 500 mL/min

 

VA

FV 500 mL/min 20%

 [10] RI 0.6

3.2  

3.1  



3 AVF 3.1 AVF  

30 
 

100%  [34]  

FV 500 mL/min RI

3-2  [33]

FV 350 mL/min : 87.7% : 91.4% RI 0.68 : 

75.4% : 82.4% 3-3 3-4 FV 300 380 mL/min RI0 7 0

8 VAIVT

 [33]  

 
3-2 FV RI  [33] 

 

 

3-3 FV  [33] 



3 AVF 3.1 AVF  

31 
 

 
 

3-4 RI  [33] 

 

7 Xario TM 

Xario TM

3-5  

 
3-5 Xario TM [35] 

 

3.1.2  

 

 

 

 



3 AVF 3.2  

32 
 

 

 

 

 

 

3.2  
AVF

VA

VA

AVF  [9] AVF

 

AVF retrospective

AVF AVF

 

 

3.3  
AVF AVF

 

 

3.4  
2009 1 2011 7 31

AVF 27

3-1  

 

 

 

 

 

 

 

 

 

 



3 AVF 3.5  
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3-1  

 27  

/  14 /13  

 67±10  

 80 89 3 70 79 8 60 69 8  

50 59 7 40 49 1  

 9 7 3

3 1 1  

1 2  

 

3.5  
1 AVF  

XarioTM

7 5MHz

60°

FV peak systolic flow 

velocity: Vpeak RI 12MHz

AVF

AVF  [19] 14

 
 

2  

2

Vpeak FV

 

 

3 FV Vpeak  

AVF FV 400mL/min

FV 400mL/min 400mL/min FV

Vpeak 2   



3 AVF 3.6  

34 
 

 

4 RI Vpeak  

AVF RI 0.6 RI

0.6 0.6 FV Vpeak

2  

 

5  

2 Pearson χ2

2 t  

2.0mm 2.0mm

AVF 4-6)  

 

3.6  
1 AVF  

4.1±0.7mm Vpeak 91.0±33.0cm/s AVF

9.6±4.5 FV 0.53±0.24L/min RI

0.56±0.12  

 

2 3-2  

FV

FV FV RI

RI Vpeak

FV
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3-2  

 
 

3 FV Vpeak 3-6  

FV 400mL/min FV 400mL/min

Vpeak

 

 

3-6 FV Vpeak  



3 AVF 3.7  
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4 RI Vpeak 3-7  

RI 0.6 RI 0.6 Vpeak

 

 

 

3-7 RI Vpeak  

 

3.7  
VA

AVF

 [19]  

AVF

 [36] [37] [38] [39] [40] AVF FV RI

AVF

AVF

2.0mm 2.0mm AVF



3 AVF 3.8  
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AVF

 

Allon  [41]

AVF 2 53

AVF

 

AVF

FV

400mL/min RI 0.6 VA AVF

Vpeak AVF FV RI

VA  

Voormolen AVF AVF

21% 24 AVF 50

AVF AVF
 [42]

AVF FV RI

AVF FV RI AVF

Vpeak

AVF

 

 

3.8  
AVF AVF Vpeak

AVF  

 

 



4 4.1  

38 
 

4

 
 

4 arteriovenous fistula: AVF

 

 

4.1  

 

 

70 80%

 [43]

 [43]  

 

4.2  
AVF

3)

AVF  

flow volume: FV

resistance index: RI

AVF

 

 

4.3  

flow volume: FV resistance index: RI



4 4.4  

39 
 

AVF  

 

4.4  

50 15 35

59.3±14.6 3-1

 

 

4-1  

 

 9  

 15  

 10  

 3  

 3  

 2  

/  2  

 2  

 2  

 2  

 50  

 

 42  

 4  

  4  

 50  

 

4.5  
4.5.1  

3-2

AVF FV

 

 

 



4 4.5  

40 
 

4-2  

 

1 50 AVF

FV RI  

2

 

 

1  

2 5  

 

4.5.2  

AVF  [10]

FV 500 mL/min 500 mL/min RI

0.6 A 0.6 B  

 

4.5.3  
4.5.3.1  

1  

LittmannTM Model 4100

4-1 8

8kHz

20-1000Hz  

2  

 4-1-a  

 4-1-b  

 

 
4-1  



4 4.5  

41 
 

4.5.3.2  

1  

6

4-2-a  

 

2  

6

4-2-b  

 

 
a b  

4-2  

 

4.5.4  
Java™ Eclipse

Excel 20Hz

20-1000Hz  

 

4.5.5  
1  

 

 

2 FV 2  

FV: 500 mL/min FV: 500 mL/min

 



4 4.6  

42 
 

 

3 RI 2  

A RI: 0.6 B RI: 0.6

 

 

4.5.6  
2 unpaired t-test

Bonferroni’s multiple comparison test

FV

FV RI  

 

4.6  
4.6.1 flow volume: FV

resistance index: RI  
 

4.6.1.1 FV RI  

4-3 FV RI  

FV 1634mL/min FV 184mLmin FV 638±51mL/min

mean±SEM RI 0.87 RI 0.22 RI 0.51±0.14

mean±SD  
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4-3 FV RI  

 
FV 

mL/min  
RI  

FV 

mL/min  
RI  

FV 

mL/min  
RI 

1  456 0.51 21  361 0.32 41  224 0.75 

2  302 0.44 22 1336 0.40 42  788 0.46 

3  184 0.59 23  520 0.61 43  50.6 0.30 

4  355 0.44 24 1209 0.59 44  723 0.65 

5  256 0.63 25  515 0.56 45  286 0.73 

6  526 0.56 26  639 0.66 46  723 0.63 

7  868 0.50 27  721 0.40 47  460 0.43 

8 1438 0.49 28  30.6 0.74 48 1057 0.45 

9 10.62 0.42 29  946 0.31 49 1634 0.44 

10  536 0.25 30  497 0.53 50  324 0.41 

11  587 0.57 31  823 0.41    

12  238 0.47 32  189 0.87    

13  198 0.43 33  402 0.84    

14 1419 0.43 34  297 0.60    

15  567 0.54 35  539 0.49    

16  546 0.36 36 1246 0.40    

17  327 0.62 37  575 0.60    

18  826 0.46 38  558 0.48    

19  212 0.22 39  579 0.63    

20  791 0.53 40  973 0.50    

 

4.6.1.2 FV  

AVF  [10]

FV 500mL/min 31 500mL/min 19

. 4-4 FV ± . 

FV 1634 mL/min FV 50.6 mL/min FV 831 ± 323 

mL/min . FV 497 mL/min FV 184 mLmin FV

309 ± 95mL/min . 

 

 

 



4 4.6  
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4-4 FV  

 

FV: 500 mL/min  

 

FV: 500 mL/min  

 
FV 

mL/min  
 

FV 

mL/min  
 

FV 

mL/min  

6  526 36 1246 1  456 

7  868 37  575 2  302 

8 1438 38  558 3  184 

9 10.62 39  579 4  355 

10  536 40  973 5  256 

11  587 42  788 12  238 

14 1419 43  50.6 13  198 

15  567 44  723 17  327 

16  546 46  723 19  212 

18  826 48 1057 21  361 

20  791 49 1634 28  30.6 

22 1336   30  497 

23  520   32  189 

24 1209   33  402 

25  515   34  297 

26  639   41  224 

27  721   45  286 

29  946   47  460 

31  823   50  324 

35  539     

FV ±  831±323 mL/min 309±95 mL/min 

 

4.6.1.3  RI  

AVF RI

0.6 A 36 0.6 B 14 . 4-5

RI ± . 

 

 



4 4.6  

45 
 

4-5 RI  

A  

RI: 0.6  

B  

RI: 0.6  

 RI  RI  RI 

1 0.51 24 0.59 5 0.63 

2 0.44 25 0.56 17 0.62 

3 0.59 27 0.40 23 0.61 

4 0.44 29 0.31 26 0.66 

6 0.56 30 0.53 28 0.74 

7 0.50 31 0.41 32 0.87 

8 0.49 35 0.49 33 0.84 

9 0.42 36 0.40 34 0.60 

10 0.25 38 0.48 37 0.60 

11 0.57 40 0.50 39 0.63 

12 0.47 42 0.46 41 0.75 

13 0.43 43 0.30 44 0.65 

14 0.43 47 0.43 45 0.73 

15 0.54 48 0.45 46 0.63 

16 0.36 49 0.44   

18 0.46 50 0.41   

19 0.22     

20 0.53     

21 0.32     

22 0.40     

RI ±  0.45 ± 0.09 0.68 ± 0.09 

 

A RI 0.59 RI 0.22 RI 0.45 ± 0.09 .B

RI 0.87 RI 0.60 RI 0.68 ± 0.09 . 

 

 

4.6.2  
1  

341-1000Hz
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4-3 .

5 . 

 

 
4-3  

 

4.6.3  
1  

20-340Hz

2

4-4 . 

. 
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4-4  

 

2  

20-340Hz

2

4-5 . 

 

4-5  

 

 



4 4.6  

48 
 

20-40Hz . 41-340Hz

. 

20-40Hz

41-340Hz . 

 

4.6.4 FV 2
 

FV 41-340Hz 20Hz

4-6 . 41-340Hz

. 

 
4-6 FV 2  

 

 

4.6.5 FV
 

121-140Hz 141-160Hz 4-7 .  



4 4.6  
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4-7  

 

121-140Hz 141-160Hz

4-8 . 121-160Hz 121-160Hz

. 

 

 

4-8  



4 4.6  

50 
 

4.6.5  RI 2
 

RI 41-340Hz 20Hz

4-9 .A B 41-340Hz

. 

 

 
4-9 RI 2  

 

 

4.6.6 RI
 

A

121-140Hz 141-160Hz

4-10 . 

 



4 4.6  
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4-10 A  

 

B 121-140Hz 4-11 .

A 121-160Hz B 121-140Hz . 

 

4-12 B  



4 4.7  
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4.6.7  FV RI  
FV RI 4-13 .FV RI . 

 

 
4-13 FV RI  

 

4.7  
4.7.1  

VA .

 AVF

. VA

VA AVF  [9]. AVF

. AVF

 [10].

.

.

AVF . 

FV 500 mL/min

20%

 [10]. RI 0.6



4 4.7  

53 
 

100%  [34]. FV 500 mL/min RI

.

VA

.

. 

20-340Hz . 

341-1000Hz

. 20-340Hz .

2

. 

2

20-40Hz

. 41-340Hz

.

. 

20-40Hz

20-40Hz

. 

AVF 125-250Hz

 [44] 41-340Hz

.

. 

 

4.7.2 FV RI 2
 

FV 41-340Hz 20Hz

FV: 500 mL/min FV: 500 mL/min

41-340Hz .
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121-140Hz 141-160Hz . 

121-160Hz .

121-140Hz

141-160Hz . 

121-160Hz

121-160Hz . 121-160Hz

121-160Hz

FV . 

RI 41-340Hz 20Hz

A RI: 0.6 B RI: 0.6

41-340Hz . A

121-140Hz

141-160Hz . A

121-160Hz . B

121-140Hz

. B

121-140Hz . 

. 

FV 500 mL/min RI 0.6 AVF

FV 500 mL/min RI 0.6 AVF

41-340Hz

121-160Hz . AVF

41-340Hz

121-140Hz . AVF

AVF

. 

RI

FV .

 [44] [45] [46] [47] [48].

. 

FV RI AVF
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. 

 

4.8  
2004

47 48).

 [47] [48].  

FV RI

.

FV RI  

[49] . FV

. FV RI

. 

 
4.9  

33  [1]. VA AVF

89.7% [19] 29 AVF .

AVF .

AVF AVF

.  

FV RI AVF

. 
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5

 
 

5

. 

 

5.1  
5.1.1  

plasma refilling . plasma refilling

.

. 

 [50]. 

.

5.1  [51]. 

 

   ×  5.1  

5.2 . 

   + 2 × / 3 5.2  

 

5-1 . 5-1

.

. . 70%

.

.

 [51]. 
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5-1  [51] 

 

5-2 . 

.

. 

. 

.

.

.

. . 

. 

.

. 

.

 [51]. 

 

5.1.2  
.

. 
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.

.

.

. 

 [51]. 

5-2 . 

 

 

 

 

 

 

 

 

 

 

 

5-2  [51] 

 

5.1.3  
. 

5-3 . 

. 

.

.

. 

.

 [51]. 
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5-3  [51] 

 

5.1.4  
5-1  [50]. 

1.  

 Dry weight DW

. 

 1

. 

 

. 

2.  

 . 

 . 

 . 

 

. 

3.  

β . 

4.  
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. 

 

5-1  [50] 

  

 

 

 

 

Plasma refilling  

 

DW  

 

 

 

 

 

 

  

 

 

 

  

 

 

5.1.5  DW  
 

 [51].  DW 

.  DW 

cardiothoracic ratio: CTR  50% 

. 

 

. DW 

 50% 

.  DW 

. 

50% 

. DW 



5 5.2  

61 
 

. DW

DW . DW

. 5-4  DW 

 CTR .  

 

 
 

 

5-4 CTR  [51] 

 

5.2  
5.2.1 blood volume ΔBV  

5-5 JMS TQA  [52]. ΔBV

. 

. ΔBV  [53] [54] [55]

.

TQA

660 880 1300nm 3 . 

.

. 

 [52]. 

 

a

b

c  

a + b  

CTR c 100  
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5-5 TQA  [52] 

 

5.2.2  
5-6 MLT-50  [56]. 

. 

10Hz

. 

total body water: TBW

extracellular water: ECW TBW ECW intracellular water: ICW

. 5-2 . MLT-50

. 

 

5-6 MLT-50  [56]) 
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5-2 MLT-50  

TBW  kg  

ICW  kg  

ECW  kg  

FAT  
 

kg kg ×100 

FAT kg  
 

kg kg ×  

FFM  
 

kg kg - kg  

BMI Body Mass Index  
 

BMI kg m m  

R 0 kHz Ω  

R ∞ Ω  

R ∞ R 0 kHz  

fc  kHz  

Rfc Ω  

Ifc Ω  

Cm  

 

5.2.3  
5-7 OSYPKA MEDICAL ®

 [57] [58]. thoracic 

fluid content: TEB stroke volume: SV

. 4

TEB 5-8 .

A D

. B

C ECG .

. 

. 

.

. 
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. 

. 

electrical velocimetry: EV

. 

5-7 . 

. 

. 

. 

5-7 ECG -dz(t) 2

-dz(t)/dt 3

:  [58]. 

beat to beat

-dz(t) -dz(t)/dt

. 

 

 
-dz(t) 2 -dz(t)/dt 3  

 

5-7  AESCULON  [58] 
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A B C D  

5-8  [57] 

 

5.3  
2015

32 5000 . 67.2

1

 [1].

. 

.

. dry weight: DW

.

DW DW

human atrial natriuretic peptide: hANP

. 

DW . 

DW

 [59] [60] [61] [62].

 [63]. 

 MLT-50 [56]

 

hANP

 [52] . 
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5.4  

DW

. 

 

5.5  
7 1 6

61 ± 11 13 ± 3 3

. 5-3 . 

 

5-3  

  

 5  

 1  

 1  

 

5.6  
3 AF4

1 . 

5 200mL/min VPS-21HA

. 5-4 . 

 

5-4  

  

 5  

 VPS-21HA® 

 

 ®AF4  

 

 200 mL/min 
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5.6.1  
MLT-50( )

1 . 

(ICW%) (ECW%)

ICW/ECW . 5.3 5.4 5.5 5.6 5.7

. 

 

kg kg  kg   5.3  

kg kg  + kg  5.4  

ECW% %  = kg  /  1 kg  5.5  

ICW% %  = kg  /  1 kg  5.6  

%  = kg  /  2 kg   5.7  

 

5.6.2  
(OSYPKA MEDICAL )

1

. 

 

5.6.3 (ΔBV%)  
(JMS )

. 

 

5.6.4  
1 hANP

. 

 

5.6.5  
1

. 

 

5.6.6  
ICW%  ECW% ICW/ECW BV hANP

Bonferroni’s multiple comparison test . ICW% ECW%
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ICW/ECW BV hANP

Speaman . 

 

5.6.7  
. 

 

5.7  
5.7.1  

1  ICW%  

ICW% 5-9 . ICW%

pre 5hr post

. 0hr 5hr post .pre

0hr 1hr-4hr 1-4 5hr post

. 

 
5-9 ICW%  

 

2  ECW%  

ECW% 5-10 . ECW% pre

3 3hr 4 4hr  5hr post

. 1 1hr 5hr post

2 2hr 5hr post 3hr post

. 
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5-10 ECW%  

 

3  ECW/TBW  

5-11 . pre 3hr 4hr

5hr post 0hr 3hr 4hr 5hr

post . 1hr 5hr post 2hr

5hr post 3hr post . 

 

 
5-11  
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4  ICW/ECW  

ICW/ECW 5-12 . ICW/ECW pre

4hr 5hr post 0hr 4hr 5hr post

. 1hr 5hr post 2hr 5hr post 3hr

5hr post . 

 
5-12 ICW/ECW  

 

5.7.2   
5-13 . pre

3hr 4hr 5hr . 

 
5-13  
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5.7.3  BV 
BV 5-14 . BV

. 

 
5-14 BV  

 

5.7.4  hANP  
hANP 5-15 . hANP pre 2hr

3hr 4hr post .  

 

 

5-15 hANP  
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5-16 .

. 

 

5-16  

 

5.7.5   
5-17 . 

. 

 

 

5-17  
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5-18 . 

. 

 

5-18  

 

5.7.6  BV hANP  
BV ECW % 5-19 . BV ECW%

. 

 

5-19 BV ECW %  
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BV 5-20 . BV

. 

 

 
5-20 BV  

 

BV ICW/ECW 5-21 . BV ICW/ECW

. 

 

 
5-21 BV ICW/ECW  
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BV hANP 5-22 . BV hANP

. 

 

 

5-22 BV hANP  

 

BV 5-23 . BV

. 

 

 

5-23 BV  
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5.7.7  hANP  
hANP ICW% 5-24 . hANP ICW%

. 

 

 
5-24 hANP ICW%  

 

hANP ICW/ECW 5-25 . hANP ICW/ECW

. 

 

 

5-25 hANP ICW/ECW  
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hANP ECW% 5-26 . hANP ECW%

. 

  

 

5-26 hANP ECW%  

 

hANP 5-27 . hANP

. 

 

 

5-27 hANP  
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5.7.8  BV  
BV 5-28 . BV

. 

 

 

5-28 BV  

 

5-29 . 

. 

 

 
5-29  
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5.8   
5.8.1   
ICW% ICW/ECW ECW%

 [59] [63] .  
3 .

hANP

DW

.  

 

5.8.2   
BV ECW% ICW/ECW
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