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Introduction

Kidney disease is a major problem, affecting about
5% of the population in the United States

Accounts for about 60,000 deaths per year

~ 500,000 Americans are sustained on artificial
Kidney

Cost: $23 billion per year
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Presenter Notes
Presentation Notes
The human kidney plays an important role in sustaining human life by removing toxic solutes and excess water, secreting hormone to keep chemical balance and re-absorb useful solutes. 

The nephron is the basic unit of kidney, which includes glomerulus and tubule. The glomerulus will remove the waste products from blood and glomerular filtrate is produced. Then the glomerular filtrate goes to tubule and is further purified there. The tubule will re-absorb Some important substance required by human body. The end product is called urine and sent to the bladder. Every day, about 200 quarts of blood are processed and 2 quarts of urine are produced in human kidneys 

(1 quart = 1.1 liter)

If the kidney loses its function, the patients have to choose some forms of renal replacement therapy in order to keep their lives, such as hemodialysis, peritoneal dialysis or kidney transplant. The hemodialysis is the most popular therapy and accounts for over 60% of end-stage renal disease patients.  
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Hemodialysis Process


Presenter Notes
Presentation Notes
When the patient is taking hemodialysis, the human blood will be pumped through the artificial kidney, where the toxic solutes are removed from blood, then the clean blood will go back to human body.

In order to increase efficiency of hemodialysis therapy, we need to face two challenges:
One is to optimize the artificial kidney to improve performance
The other is to optimize dialysis dose. For example,  how many times the patients need to go to hospital to take dialysis, and how long for each time?

My talk will focus on these two challenges.



Artificial Kidney
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Inner diameter: ~ 200 ym

Membrane thickness: ~ 20 um

Material: Cellulose Triacetate, Polysulfone,
Polyamide, Polyethersulfone
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Membrane surface
Pore size: ~ 5 nm


Presenter Notes
Presentation Notes
The hollow fiber is very small with about 200 micrometer in diameter, and 20 micrometer in membrane thickness. 

The membrane material is different, such as Cellulose Triacetate, Polysulfone, Polyamide and Polyethersulfone.

The pore size in the membrane surface is around 5 nm





Performance Evaluation
J = koA ( CB' CD)

[moles/min = cm/min * cm? * moles/cm?]

1k, = 1/kg + 1k + 1/kg
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In Vitro Dialysis Experiment Setup
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1. Solute clearance:

The volume of solution cleared of a
particular solute in a given time

Cl — (QbiCbi B QboCbo)

C,

bi

2. Sieving coefficient:

How easily the solute can pass

Reservoir (patient pool)

through the membrane by solvent

. Dialyzer

Water bath 7 ‘_ d ra g

Blood pump

Dialysate flow

Dialysis machine
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Blood side
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Evaluation of Local Clearance
for Dialyzers

Inner Ring Middle Ring Outer Ring
(Dialyzer 1) (Dialyzer 2) (Dialyzer 3)
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Experiment Setup
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Water bath

Blood pum
pump Dialysate flow

Dialyzis machine




Urea Clearance at Different Annular
Ring in CT 190 G
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*: P< 0.05 vs. inner ring **. P<0.01 vs. inner ring



DISCUSSION

Possible cause of spike-like velocity distribution across the whole cross
section, and flow redistribution along the length of the dialyzer in the
dialysate compartment ...
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DISCUSSION

Spacer yarns improved dialysate-side flow distribution ...

*Keep individual hollow fibers apart

«Stabilize the entire hollow-fiber bundle within the dialyzer
housing



* New membranes development



Current Problems in HD

* Low performance (low middle molecular solutes
clearance)

* Albumin loss (cellulose, polymer membrane)
 Potential pyrogen back transfer into blood side

* Low reusability
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Comparison of Ceramic Membrane and
Synthetic Membrane

Surface

Cross section
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Pore Size Distribution and Hydraulic Permeability
(Ceramic Membrane)

*39.1x10-1° m2-s-1-Pa-?

(ceramic membrane at 3% sulfuric acid)

*15.1x10-1° m2-s1-Pa1
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Mini Module Dialyzer

Nano-porous alumina tube




Table 1: Solute clearance for the alumina membrane

Solute Clearance mL/min  Reduction ratio/hour
Urea 9.03+0.15 0.36 + 0.01
Creatinine 8.96 + 0.15 0.36 + 0.01
Vancomycin 7.81+0.18 0.31 £ 0.01
Inulin 6.88 + 0.31 0.28 + 0.01

“Normal Urea Reduction Ratio is 0.22/hour

Table 2: Solute sieving coefficient (Sc) for the alumina membrane

Solute Rops Sc
Urea 0.014 0.98
Creatinine 0.002 0.99
Vancomycin 0.044 0.95
Inulin 0.047 0.95

Albumin - < 0.003
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% Continuous renal replacement therapy
(CRRT)


Presenter Notes
Presentation Notes
As we mentioned in previous slide, many dialysis approaches have been practicing in clinical hemodialysis treatment. The hemofiltration is one of these practicing. Usually, hemofiltration is used in Intensive Care Unit (ICU) to treat acute renal disease patient. It always runs 24 hours. So, sometime we call it continuously hemofiltration. 


Pre and Post Dilution High Volume
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Presenter Notes
Presentation Notes
	The difference between hemodialysis and hemofiltration is: there is no dialysate solution to clean blood in hemofiltration. The uremic toxin removal is depend on the ultrafiltration from the blood. Plasma water was pushed away from blood, so, the solutes will be removed with plasma water. 

We want to produce as much plasma water as possible, so that we can remove more uremic toxin. But too much plasma water removal will cause patient dehydrated. So, in order to keep patient’s body water, we need some replacement solution infuse to blood. There are two ways to do so. Pre and Post dilution 

In Pre dilution, blood is diluted before it enter hemofilter. In Post dilution, blood is diluted after it come out from hemofilter. In clinic, people prefer to use post dilution mode, because it have high uremic solute removal efficiency. But there is limitation for plasma water removal in post dilution mode. This is because in post dilution mode, blood is concentrated before it is diluted. The concentrated blood will block the hollow fiber. But pre dilution does not have this limitation because it is pre diluted before going to hemofilter. This limitation is called filtration fraction. Filtration fraction means how much plasma water can be removed from blood in post dilution. Usually, filtration fraction need keep below 40%.




Table 1 Effect of Dilution on Solutes Clearance

Urea Creatinine Vancomycin Inulin
100 % PRE 35.1+£0.7 35.5+0.3 36.7 £ 3.8 33.6 + 3.1
75 % PRE 41.1+04 409+ 0.6 32.1+£0.8 32.1+1.7
50 % PRE 45.0 £ 0.7 453 +0.4 32.7 +2.3 33.8+0.9
25 % PRE 51.5+1.3 50.6 + 0.9 35.2+1.5 35.5+1.1
100 % POST 54.0+1.2 54.0+1.2 31.9+0.6 34.7+£5.6
P-Value 1.596E-08 * 3.693E-09 * 0.0738366 0.704991




DISCUSSION

For a given set of flow parameters, the balance between pre-dilution
and post-dilution had a significant impact on urea and creatinine

clearances.

The transition from pure post-dilution to pure pre-dilution resulted in an
average decrease in small solute clearance of 35%.

Middle molecule clearances were relatively insensitive to the effects of
pre-dilution versus post-dilution,

Dilution mode had no significant impact on clearance of either

vancomycin or inulin.



*» Theoretical Approach

Computer Simulation of
Mass Transfer in
Artificial Kidney



Membrane u,=J, u,=0;J,=-D /d+J,C
Wﬁﬁﬁﬁ '&E«"ﬁ@;

Inlet | u.(r) = 20, (R>-r)/(nR?) ' Outlet
u, =0 R .

y

Centerline u,=0; ou/or =0; 0C/or =0

Blood flow is governed by Navier-Stokes equations
Continuity equation: m

Momentum equations:

Concentration equation: [IEA O IAALS



Presenter Notes
Presentation Notes
Blood flow is governed by Navier-Stokes equations.

Until now, we use water solution instead of real blood in our numerical and experimental study. For small solutes, such as urea, the error of clearance between water solution and real blood is small and below  3%.


Computational dialysate outlet Computational dialysate inlet
p=0 J

Outer shell u,=0
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Centerline u,=0

Dialysate flow is governed by Darcy equations:




Kedem-Katchalsky (K-K) equations:

blood-side flow
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Results...


Presenter Notes
Presentation Notes
This figure shows the flow  chart of computer algorithm.

Navier-Stokes equations, Darcy equations and K-K equations should be coupled together to provide boundary conditions for each other.
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Distribution of pressure in dialysate side
(CT190G, Q, = 360ml/min, Q4 = 500ml/min, P, =P, ,.=0)


Presenter Notes
Presentation Notes
This figure shows the distribution of pressure. 

The pressure is uniform in the middle range, but non-uniform near dialysate inlet and outlet. 

The higher pressure in the inlet while low pressure in the outlet.


1\ Dialysate outlet Dialysate inlet \l/

Centerline

Distribution of urea concentration in dialysate side
(CT190G, Q,, = 360ml/min, Q4= 500ml/min, C;,, = 0.48 g/1)


Presenter Notes
Presentation Notes
This figure shows the distribution of urea concentration in dialysate side, which indicates the solute concentration is not uniform in each cross section where the concentration in the center is larger than that in the periphery. The highest concentration is not in the dialysate outlet, but in the centerline below the outlet. To the best of our knowledge, it is the first time in the literature to get the 2-D distribution of solute concentration with the couple of blood and dialysate flow.
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= Design optimal artificial kidney

Baffled module

Flower-like blood inlet header design



Presenter Notes
Presentation Notes
Now, I would like to take several minutes to introduce my ongoing projects and future work.
The first is to design optimal artificial kidney
The baffled module can Improve flow distribution and increase mass transfer coefficient
The flower-like blood inlet header design can achieve more uniform blood distribution


= Bio-Artificial Kidney / Cell
Cryopreservation

- culture kidney cells in the hollow fiber to secrete hormone and
re-absorb useful solutes
- cryopreserve kidney cells
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Presenter Notes
Presentation Notes
The current artificial kidney can mimic only one function of human kidney to remove toxic solutes and excess water. But the other two functions of human kidney, such as secrete hormone and re-absorb useful solutes, are also very important. How to make artificial kidney mimic the whole function of human kidney? The key idea is to culture kidney cells in the artificial kidney.

In this figure, the human blood is separated into filtrate and post hemofilter blood. Then filtrate goes into the lumen side of RAD, and post hemofilter blood goes into the shell side. A kidney cell layer is cultured in the inner surface of hollow fiber membrane. This kidney cell layer can re-absorbed some useful solutes from filtrate into blood, and at the same time this kidney cell layer can secrete hormone into blood. Finally the  blood goes  back to human body.

So this part is to mimic the function of kidney glomerulus to remove toxic solutes and excess water, and this part is to mimic the function of kidney tubule to secrete hormone and re-absorb useful solutes. Therefore, the bio-artificial kidney can mimic all functions of human kidney. 

In order to provide kidney cells to bio-artificial kidney continuously, it is necessary to cryopreserve kidney cells in optimal condition. 


= Wearable Artificial Kidney
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Schematic sketch of wearable renal support device




Thanks for Attention
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