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Artificial Kidney , by Dayong Gao
Introduction to Heat Transfer,
By Incropera, FP
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Number of Incident and Point Prevalent ESRD Patients in the U.S. Projected
to the Year 2010
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Figure 1.2 Number of reported incident and point prevalent end-stage renal disease
(ESRD) patients in the U.S. projected to the year 2010. These graphs are plotted using
forecasting and time-series analyses, with stepwise autoregressive models for incidence
and exponential smoothing models for prevalence. The projections are determined using
data from the year 1982 to 1997. Incidence is the number of people in a population
newly diagnosed with the disease in a given year, and point prevalence is the number of
people in a population who have the disease on December 31% in a given year. ESRD
patients who died before receiving treatment or whose therapy is not reported to the
Health Care Financing Administration (HCFA) are not included in these data (Data
Source: USRDS 2000 Annual Data Report).
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Estimated Total Medicare Cost for ESRD Patients in the U.S. Projected to the
Year 2010
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Figure 1.5 Estimated total Medicare cost for end-stage renal disease (ESRD) patients in
the U.S. projected to the year 2010. These graphs are plotted using forecasting and
time-series aml} ses with stepwise autoregressive models. The projections are
determined using data from the year 1982 to 1997 (Data Source: USRDS 2000 Annual
Data Report (USRDS 2000)).
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Figure 1.6 Reported worldwide incident and prevalent rates of end-stage renal disease
(ESED) patients. Incident rate is the reported rate of people in a country newly
diagnosed with the disease in a given vear, and prevalent rate is the reported rate of
people in a country who have the disease in a given vear In the incident rates, data for
Japan mnclude dialysis patients only. In the prevalent rates, 1995 data are listed for the
U5, and Auvstralia, and 1994 data are listed for all other countries. The data presented
here account only for a small portion of the information available from individual
countries (Data Source: USEDS 2000 Annual Data Report).
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Figure 1.7 First-vear mortality rates of incident end-stage renal disease patients in the
U5, by modality. The first-yvear mortalitv rates in each modality were determuned by
using the average of incident patients in the vear 1997 1n each modality as the reference
population, and were adjusted for age, gender, race and pnimary diagnosis of diabetes.
The number of deaths per 100 patient-vears m the vear 1988, and the percent change of
the values from the vear 1988 to 1997 by meodality are shown in the legend (Data
Source: USEDS 2000 Annual Data Report).
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Figure 1.8 The percent of point prevalent end-stage renal disease patients m the U.S. by
modality on December 317, 1998, (Darta Source: USRDS 2000 Annual Data Report).
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Figure 2.1 A general schematic diagram of an artificial kidney
(The shape of an artificial kidney varies slightly from different manufacturers)
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FIGURE 11.2  Cross-flow heat exchangers. (a) Finned with both fluids unmixed. (b)
Unfinned with one fluid mixed and the other unmixed.
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FIGURE 11.3  Shell-and-tube heat exchanger with one
shell pass and one tube pass (cross-counterflow mode of
operation).
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(a)

Figure 2.2 The scanning electron micrographs of a CT190G hollow fiber. (a)

Cross-sectional view at 6200X and (b) inner surface view at 150.000X of the hollow
fiber. The CT190G hollow fiber 1s made of cellulose triacetate.
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Table 2.1 Physical characteristics of different clinical dialyzers
CT190G Polyflux 175 SYNTRA160
(Baxter) (Gambro) (Baxter)
Membrane Matenal —” Ceéllulose Tnacetate Polyamide 5™ 1 DIAPES®2
Effective Membrane Area (m?) 19 1.7 16
Fiber Inner Diameter (um) 200 215 200
Fiber Wall Thickness (um) 15 20 30
Nominal Fiber Number 12,000 10,000 11,200
Fiber Packing Density® (Fibers percm?) 1116 122 8914
Ultrafiltration Coefficient® (mL/hr/mmHg) 36 1 84
Multifilament Spacer Yamns No No Yes

All data were obtained from the manufacturer literature (specification data sheets), unless noted otherwise.

! Polyamide S™ = Polyarylethersulfone

? DIAPES® = Polyethersulfone

3 Measured and determined in the laboratory.

4 Did not take into account the multifilament spacer yams.

5 Ultrafiltration coefficients were determined in vitro with bovine blood (HCT = 32%, Temp = 372C). HCT = Hematocrit
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Figure 2.3 The scanning electron micrographs of a Polyflux 17S hollow fiber at (a)
2000X and (b) 200X. These micrographs show cross-sectional views of the unique
morphology of the hollow fiber: (1) outer skin layer, (2) intermediate support layer,
(3) finger-like structure layer, and (4) microdomain mner layer. The Polyflux 17S
hollow fiber 1s made of Polyamude S*™
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Figure 2.4 The scanning electron micrograph of a SYNTRA 160 hollow fiber at
8000X. This micrograph shows cross-sectional view of the three unique layers of the
hollow fiber each with different average pore sizes. The outer skin. intermediate and
inner skin layers have average pore sizes of 10, 100, and 5 nm respectively. The
SYNTRA 160 hollow fiber 1s made of DIAPES®.
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Contimuty equation:
V-u, =0
Momentum equations:
o,(u, -Vu,)=-VB + 14,V u,
Concentration equation:

u,-VC, =D VG,
EMT IR L) Y IE ) T AR
Contimuty equation:
Ve, =0
Momentum equations:
e, -Vu,)=-Vp, +uVu,

Concentration equation:

u,-VC, =D V°C,

(4.2)

(4.3)
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Figure 4 4 Flow chart of computer algorithm
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Table 4.2 Effective fransport properties of membrane in CT190G and PolyFlux 17s

CT190G PolyFlux 17s
Hydraulic permeability L; (m/s/Pa) 3 95x10°! 2 30x1071°
Diffusive permeability P, urea 2.80x10" 2.30=10"
(m/s) creatinine 157x107 133%10~
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Table 4.3 Comparison of Clearance by a new algorithm in CT190G

Clearance of creatimine (ml/muin)

Qu; Qi Clearance of urea (ml/mun)

(ml/mun) | (ml/min) Exp. Num. Error Exp. Num. Error
300 200 195.56 18976 2.97% 18598 180.42 2.99%
300 300 23483 22321 4 95% 21582 205.20 4.92%
300 400 266.56 265.20 0.51% 24512 246.05 0.833%
400 200 212.34 212.33 | 0.00% 207.31 203.97 1.61%
400 400 294 .49 29257 0.65% 26258 262 48 0.04%
400 500 305.62 313.73 2.65% 27414 278.85 1.72%
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Figure 4.5 Concentration of urea in the outlet of blood flow (n=3)
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Figure 4.7 Radial distribution of urea concentration in blood and dialysate side
(Dialyzer: CT190G; Membrane: Cellulose Triacetate; Location: Middle cross section;

Lp=1.15x10-10 m/s/Pa; Ps=9.76x10-6 m/'s)
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Figure 5.5 Pressure loss between dialysate inlet and outlet (n=3)
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