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Recent Advances in Hemodialysis Machinery
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A A7l B ASA] AFe AEE dYE
AL ARAYRAY] HHHo| ¢HAE AdiA 8Fo
2 R&AsA ¥ AAd g 5 ds AT
2 <QlFA A (implantable ‘bionic’ artificial kidney)
o] @A o]l RFE ATFHAAE= o] Rold
YNAYL A7 FHEn YA, AFeld A7)
A4 EZE7) dEe b v A3 sdE o
A AHEE R ZAe gk £ dE FrEe 4
A 2¥& o]Fo]A(xenotransplantation)e)t}d. 2
gy, AJlele 93] A7 "ol Fojof ¥
Ag%3 g FF 2AHA FA7 ol 5F
o]l42 Z #FHHo dort o] 2L o]&H FAAN
o] Aoz REZF Aol E Aoy g FA
v BY99A Al & FEFE HMFAstor @
Aot} ditHoz HAFM HlF HIFA A
o] A7lFe] & REAGT ok ol HE Uy
ARA XNEE 9§ AFsid o ArFe] @& x4
o} gaHTo] PAY ¥yPHzo] BAd Y
FAol AFstA @2 AA FurAe] fsiot
€ A& guigtt AT M1eAY At AR &
A AlAL(small-solute clearance)®] A3 H3d
TR BEUREANE AYsis B 85 dYEY
28 Agstz Yk

g Arle= AFEAAEst DR @29
FAEYoE F& A7) HEY A7 &Y AL
FAANY F A FNE ngste Aol Y Ao
=3

Az AR JALE Fo|AH HI(Table 1)
A FA7 A HHAT okge] ¢oT FENAE
o] vopd ulel] whste AelgtaAt g
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Table 1. YHFA 9] HA}

1854 - Thomas Graham:AW33 224 9
¥ A (parchment)d] W5 3ug T3 &
A2 o}F & AT dialysist & &
AL AHE

1913 - John Jacob Abel: Celloidin membrane
2} hiruding AHE3MA Ao HEeo=
dialysisA] 8 (Vividiffusion apparatus)

1924 - George Haas: 22 AMgd|A dialysis
Al #(hirudin AHE). 1928@9ll3= heparin
AHg

1943 - Willem Kolff : Cellophane membrane ©]
48 rotating-drum dialyzer3t&

1946 - Nils Alwall : Ultrafiltration—controlled
dialyzer® A& 3¢+

1955 - Watschinger & Kolff : Twin-coil dia-
lyzer= <}

1960 - Belding Scribner : Cuprophane ©] &

low-volume, low-resistance, low tem-
perature continuous flow dialysis sys-
tem$] modified Kiil dialyzer £

1960 - Scribner, Quinton, Dillard: %9 ch-
ronic vascular access®! Teflon exter-
nal shunt® =93 maintenance he-
modialysis {Z2 A%

1963 - Albert Babb : Central proportioning sys-
tem 7%

1964 ~ Home hemodialysis =%

1966 ~ James Cimino, M. Brescia : Internal en-
dogenous arteriovenous fistula 5.

1970s - Microchip &%

1982 - Gotch & Sargent : Urea kinetic model-
ing# Kt/vid =4

1980s - Meter®} lamp™ 4! computer screen At
49

19803 o

Fur - Sensor technology &

1994 - Twardowski : Daily home hemodialysis

& F4 A A




SYEM ZH|(Hemodialysis equipment)

ARG = F47(dialyzer), $417]74(hemo-
dialysis machine), @F3#(blood tubing)®] 37}A|
FEez2 745 ok ole oA 27HA 3 cir-
cuit) 22 FAHE=d Y £8(blood circuit)¥ ¥
Ao} &=$H(dialysate circuit)o]tHFig. 1).

g} £3ol= blood pump, flow monitoring,
pressure monitoring, air detectord°] U FA
8= proportioning system$ ¥H£3l9 con-
ductivity monitor, temperature monitor, bypass
valve, blood leak detector, dialysate pressure
monitor ¥ dialysate pump $°| Utk

M4 ZtAl(On-line monitoring )2}
profiled dialysis

H2Z 1099 ¢ FAFH #AHE T Fad
HE 9 A, J¥EA 28 2 2= 58
TN YT ATl ARz FE AT E4
s FY &89 434 Frld o FrHAE A
Ae N2 4itd dE AYa ded aze dxd
AFE 1A =3 BAEL EQAT A¥WA 4H
M RS F4 53 #L A oFojAEe T4
e 9 8d43tn 2 AY7] odue Aol ule}
A 39 #AEe a5 FAL # Add 5 9l

=2 ste wEe wAser ¢ ®est Avled 2
Z @i H2Pe EMe AEHA TN PYPe £
Fate ot = 54 Fok AFH e A8
T F4elt 3age] et Heolw 2y 23
< Agsie 544 FAE oy, ggdey By
 oohe} gziely ZHdME AFHoR £ &3
oz A FAFoN RHAYF Ao} Ay
A BdEe 9F BAsAls Holg.

@ A 2 d ¢ B4 s)E) AL @A A
o Az Foto] WA HEH oA A B3}
22 Nust 4y W4E 34 19n d%4He
2 23% 4 A 992 "IN 54 #d Pz
o o® ozl B4 xge zAEL 4§ dAY
A4 A AL o] F4AA FYoh,

1. 84 AX|FX|(Urea sensors)

$e]e st olo] W (Bellco SpA, Mirandola, Italy) &
Aol M (Baxter Health Care Corporation, Mc-
Gaw Park, IL; Bio-Care Corporation, Hsinchu,
Taiwan; Gambro Lundia AB, Lund, Sweden) &
428 94302 FAY F e A= AA7 AL
HAG. o] e 7|&e] Yo zyAle] wlE oj 7
A Aol ok £4 "4E AHn FIFE 2.l
go. &4, d&2o2 A= Wi dAnrt FE
2 3 3% 4 5 Utk AA, olFe 1 "»eye
Z zEA 943 R e o8 7R 71
HBEEs 44 f=8 ¥ F# gtk oixgoz oy

Dialyzer

Flow Voive
y Mater
Al Pressure
wop Monitor
Alrffoomn
Gatector Municipol Water
_‘_D Supply
| JL J
' =
Blood circuit Dialysate circuit

Fig. 1. The blood circuit and dialysate delivery system.
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MEE ARE0] FY doleiuo]2e] AAs]e] AP
HozM #Aze] biofeedback controle] °]&¥
sk

Az FA o} gelozidely 84F ZFHY
T e Ao 4717 Aok(Fig. 2). 7 FA e 7]
+#49 Wg Awyd WA Baxter Biostat 1000 &
E4718 Y o] EM7[AR Eo7te Bl ¥
gt FHAe AT PAL=E AFHSHI o FA
£ capl® ¥ ¢x2Yg A HF(ammonium-
sensitive electrode) 2.2 7}=d| ©] capolt urease

7} €9 o] A7t capoll B2H ureased] 23 &

ONO

o

Baxter

blood

[ S—

Gambro

Fig. 2. Schematic diagram of the location of the
urea monitor(UM): on the dialysate line
from the dialyzer(D) to the dialysis ma-
chine(DM) for the Baxter device(upper
panel), on the ultrdfiltrate line between the
hemofilter(HF) and DM for the Bellco
paired filtration system(middle panel), and
on the spent dialysate line after DM for
the Gambro device(lower panel).

a7t dEYZoz Rl dFelA SHE) 4
& of 5&elg FHEEAIT REL AL ¢ Erk o
ATE o885t o8 s1A] g ¥eEE F Ky,
urea reduction ratio(URR), removed urea, nor-
malized protein catabolic rate(nPCR), solute re-
moval index(SRI) & A4 4 9t} BioCareAt
o] Biotrack& BaxterA} 7142} fA}sich

BellcoAt?] 84 #AAFAE =23 da2oh oz
4$] Paired Filtration mode°| °]-§5%& 325 <]
= o] e PYonE dA 3 o ARAHE
AlEA fh 84 FEE 89 2Py 97
= foonidey A== ojAL FUPe] 84
F=op oY o] JAe FHEL a1 A} uE
blood urea nitrogeno|22 BUNE o|&3l:= &
ASHE AT 5 o FHeloh

GambroAte] DQM200 %3 Baxter?] Biostat
10003} o] 84 §#d o3 AAUYE I==E F
Asted Zlzstn AT FAHse HAE FH7IA
He) T4 pj@Zo] $Jx]%c)

2. BMsE ZtA|(Hemodynamic monitoring)

d9 %(blood volume), MEL]Y £H(extracel-
lular volume), A # <i(total body water) ¥ 4
UEFE 54 5o dExoz an HAFHe
2 2% £ Jde FA7 AdEHe daEA AR
B¢ AP WUFE F FAE 5 UA HIAUC
oA oz A YEFEE FAAIIL PR
ZaA Ao}, gy o]d A 7]EE oj%A A
£3t= ol 7 F& A7 disiMe ofF AHE
o] gl Aok 39 AYolztER WP 2
& A9 o] o]zl Fule] fHasim
Agdrd o ¢4 R 29°

1) B4 = SN Wso] ZAl(Monitoring

intradialytic changes in blood volume)

o £ ¥ 8§39 Y F ANE d5He=
AAFgozAN Ak sty dEHE & F A
ok BA F g4 giAE B4 F ¥ Asiet A
THAZE A 2% ZAEF 3L F4T @Bdso]
9", {2 CRIT-LINE™& v]£3lo §AFY F
A3, HPFHeR FriEadEY FHEFEUE
A & Je o FA7 ALsHe] FH F ¥Y
o} #AEA Wste] A7} AsHa”. ey o)y
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g AAe ol AFEA ] HARAE EA =
o] ohvz}t ¥4 A& AlHe] Apolg AN 4
Ehdic},

2) §4 = HEd 49 o|Y(Prevention of

intradialytic hypotension and symptoms-
blood volume profiling)

ENdel YEF FEE MAEZd £3 Yy
a9 48 493% A7 A FH99 JEF
FEE YT ¥ ANdde] FUisHn B4 F €9
Z #a7t f3Hes gA5HE 3 A A
253 BM AFFHE dodln 53 ¥y A
oA ¥4 22 4+ AP0 IUYEF FAAL
AEE o Ee o RaAgE Felvl Astel, A
2ol wet FMo YEF FEE wFE AL so-
dium modeling’e]2til ¥t} Sodium modeling$
ALY uje] Z2EE dFolu ¥iEh 59 ¥A4H
4 glo] AYEF FE FAd9 FHukg daje
Zeoleh, oj®l @aLE M= sodium modelinge] FF
AE BRI o] ¥HEE REHoZ ALRE V| o}
2 AT Ao} o Ao,

oo ntg e FARA Foo| AEY F43 ¥
o WAE AREE FAY At AYUYL 3

b

A EXZ st AYE AAs] HAMME B9l
&S FAAFE A ARARME oo deH)
o] W Fah} FAAM Azl Al WolEAA] 7] o
2l W7t @k YRR F A|e] Agel we g
od}E aEF FAUME od FAEL F 79
doka g 3 AA A AAZE e4dsr) A
A g9 ogg ARZ7CE B4, HEYY AY
o] 7t & g FukPels @A dAsE 49 A
YgEA Fo dE AEF & Aok 2y o)
Wile] ZE Al A o {3 WHoez FRIE=
AL oprpt ¥,

Sodium modeling# Azt o|EA oo E ZE
gztol A E4E F gt olfrt HlZ ol § AlEel
o3 Jehdte A At ofbx © eI
wZelch @71 Wy £ F g3 gPyg ¥
zhet 3 FAMY YEF o @9 EE =M
2z de 429 ¥9F FA(blood volume moni-
toring) && profilingelgt £3%= $¥& ALsie
AeolthFig. 3)'%. a2y o] Wale] g dFe &
o] gAleln Hisiy] FF Aix hisnz 543
o2 HEd F 7] A7AAE @& Algte] HEY A

Mathematical
el

elaboration

Na® mass

.
Plasma Na*

A2

Fig. 3. A profiling scenario. Ultrdfiltration rate and dialysate
sodium concentration are variable during therapy and
determined by feedback from the patients.
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(On-line monitoring of potassium removal)
o A3EET @dd HAEY A 9¥E
FaAA F sz FAF "3 42 AR
FEA4L a3 NFIa B3] AR U 4T 3
Be Ve vt B4 F DS FH F4Y
259 B Aolo} o3 F47] 4g FH FAH
AAQY. dAH 49 ZE v=v KFAHE £2F
AT B o] FEAE g A Add 53
A o e 3P i BNY LF
27l o BAWe NMEE Folv)e AT HAH
g ZEF AAdE EA Aok

Redaelli 5”& A9 2§ $=& A 7
AA AF-FNA AF T Aol IASA #A
s N2 8954 ZF AA 2do B3 ¥
HEMA YEld & Q= £ANE 29 5 A=A
g& AR FA4F 27 A £5& 29 4213
9 T FAEL AL Yt A W F4Y
9l 271 #F F=E ¥¥ ZF SEEY 1.5mEqg/L
@A 3 P FAYe) ZE FEE FAAA A
gt 25mEq/L7HA @33k dae A WA
BEE 4o vjsf A1 AA 719 FFo| 36% 7
2319tk o] 2L B4 F 4F AA 2de B4
TE RANS AAAA FY F 349 §HFE £¢Y
F g Aoz oz,

=
T

to e i

3.8 ¢

A AEHR dE FAY ureads FARAE
o 2HAA geze 24 AAY SF =W
A2E FUEEE AZE BUA & & Y& Aol
3 hematocrit(volume) monitoringe] &3
EA7 A0 =] ¥ 83 profiled IR
oA 2 5 gu E 712 5 ok 2y AY
F ZA4L syl M E ol profiled o838
= A9 dulFo| AMuselel std b WY
2 BA(fixed) FueZoz o)AL IulEAIYES
HoXg AA T2 2 gl =23E JTE B
o] 9gAe] FAHEE 3= Ae|ch. ol#F open-
loop control systemolA & ¥Hg-e] s =z =F
o] FF J71E olzto]lAY olUd EE AUAlE F7)
A710, w3 A &) AY ol ke @Al d

=8

g ¥Hoe2 closed-loop feedback control¢]
Atk A7 E 71ES vl AT o] VEe 2
B8 7A7 228 ZAHEE v 9 =3 %
nlg] Ay dalFe wet b 2HE& AEHFILEA
aREA A g FFE 5 sde 240 ¥4H
o] gloemz M xHo| o]Fo AEAE H7|
£ ogE + Aok

T t}E 9YL closed-loop feedback system$
&3 A AeH®, nAY F83 FA Al fu-
zzy logicel W& #=38+td Al2€th Fuzzy lo-
gice ZtZte] BAEZRE U0 HAY ZFYPESo|
A4Hoz Y AF As(artificial intelligence)
o 71z3le] AAE}: & EW YAqFe Fod
£ B9 opvel 3 ARY gsMxz =
g3 A4 FA7F Udshde AL 48 7HR W
2, 9 Trendelenburg AYE FH3A IFGEA, 3
Aq7E&S Ho] =J|GER ohd Ay AE9F &
T E AUFEA FOoR VA7t GolM 2AFE Fo]
], o} olag X ®He Zx HA| tgFEA A
3 & YA FHFig. 4). 2% BF3 ARBe] ¢
3l Az 953 systemelM AL fuzzy logic
o g3 71 F AAs Tt oJgHez o] Wy

blood plasma
volume osmolality
UFR dialysate
sodium

Fig. 4. The complex and dynamic interactions
among various signals and responses
during hemodialysis.
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o] E471Ad e thYd monitoring® control
system?rS E§ oz HHo| HIE g ¥
Bolck.

Closed-loop system< 393 Foe} e 2
oz #HEd F Ak AZIME Fex g0
monitor® A% & 283} heparin ¥o] FAALE
2Aggct olgt vhabzbA R FmEAht F4 F BA
9 JFe AAEE AN 897 FA FA A
& 2F FF Mg o)&F closed-loopt 8%
& A%sin WA 248 FA o

HZ ko] AHE wdste o AR YH
AFgHeg FMe] 2AHE 49 “biofeedback”
systemel] W& A77} o] FojHe we} eEde] F
47|41 Aag “biofeedback” machineo 2 x5}
a ek o7)ele A7 7] (biosensor), el #
9 ZA7|(physiological adaptive controller), $Hd
A ~¥l(safety system extension) 59 Zu|Eo] F
7t so] % atize] dF Al artificial kidney)2
2 do} 7tn Q= HoloP,

i X7} SYEN
(Daily home hemodialysis)

oz 742 Z7] A AaHe] YE&S vy B
W 27 AFENe] 7b¢ F& AnE Yehdth At
HoFEHo 109 A YEEL T5%E AEH AR
Aol 44%9F BupEAel 21%0) vl& o 2y
198033} 1995\ Alolol wol A FAgate] & 3
ol E9gdE E7sta, At YFEHoz AR
ga4E 500009 F) A 2,000 e 7HA4d
Qi BE 2A7E BAaL FoAM A7t HARHE A
g3t BAe) ¥LE 62%lN T%E BAIYGT.
A7t AENo] = FAFS BT 7IA B¢
Z3Y, BEste Alge] "ad, ¥ 43F 59 A
Yol w2 2EH2 7|AE ZF3tn Fo
el g2 SF3ga A 3 59 Aelth a3y
Zgk2 TassindlAe 4 A2 diEss FAL
g£a9] o] HAHD™ & EMEFE QL e
54 758 UF o2 wiehal HT vt "ARY
o] A3 7]A(Fig. 57 /idgel uet goz iy
A7t AFEYo] s P PE Aoz oIFd
t}.

253

1. oied Xt AEY JIA

A#o] Twardowskiz ko] A|7ha} A|F2te] A
AL BANIES agkg ARE 7AVE THEelR
W ooy A7t doFEAe] dAAe] H F T Hol
g FES e oy 7iAleE 371/ 8 § @
Wad AFAd @ badsta, 2 4ok dd-§9
uj %] =4 Al ~€l(single-pass batch dialysis system)
@ HMAHM} 2%o] wjd AFss 1, HAHE 7T A

Fig. 5. A prototype ng‘ daily dialysis machine from

Aksys(PHD™™ ). Touch-type monitor, batch
tank and dialyzer circuit are seen(by cour-
tesy of Dr. Carl Kjellstrand).

Table 2. New Daily Home Hemodialysis System

Equipment built for home use
Compact, easy to learn and operate-“user friendly”
Simple, reliable
Low initial cost
Dry chemicals and reusable supplies
Small storage space required
Low cost to operate
Low transportation cost of supplies
Automated setup, priming, tear down, and cleaning
Total dialysis time=effective dialysis time
Partner not required
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9] & 327} dasickn Akstch 1990 dd &
ol Twardowskie °olejdt 87| @& 7|1AE n9
dte] 53 & wth!, A2e ujd A7t AR 7
Alel 3L Table 29 2rh J3e AFAHE o
53 7] 43 ZAHe)n, batch system©] propor-
tioning system®.c} 7desla gre] Ao ] g o

Table 3. Daily Home Hemodialysis: A Hybrid

of Hemodialysis and Peritoneal Dia-

lysis

Features
from hemodialysis

Features from
peritoneal dialysis

Extracorporeal
High efficiency
Dialyzer
High blood flow
High dialysate flow
Achievable Kt/V of
6.0 per week
(if needed)

Easy to perform
Catheter
Easy connection
Simple
Procedure
Equipment
Easy to learn
About 1 week of
training
No need of helper
Low immediate risk
Low stress level in
patient and
eventual helper

sir}, @& RAow Qo Mo AFE A7 H
A @n EAMAS on-linelZ FHEE propor-
tioning systemo] ¥ a3} ¢l Fehabg FA 8o
2 iR Az 38l ¥ (dextrose, sodium chlo-
ride, sodium bicarbonate)ollA] 5o A £ 2o
F%Y(calcium chloride, magnesium chloride,
potassium chloride, lactic acid)o] sl #e
batch tankelM #AFHeoz &3 4olA ) Pro-
portioning system& AH§-&EA] goerma 7)A A7
& g g3t A7 AHEE vEch 9 dats
Aete ol gstez F7] AA HE(deaeration pump)
7} gaskA A =Hol sHHE wE 4 stk w59
el Hzx: 38 FFS AMEStH FE v 8w
I ARG NS FAAA 2 2Eg FY F ok

MZE 7IAIE o83 vid A7h elFEAe el
EAn BupEMo] fdaeln B 4 9ci(Table 3).
HAFEM ] 5AQ REAS Bod HHEG FHAN
o2 Fg Kt/VE 60 °)¢ ol& F Ut} &H 5ot
T4 713 FAF WA U, 2EH2E € we
g 3, 2eEx Bxse Al glo] 222 & 5 gl
o HE 23 e Ao

TIME AVERAGE CONCENTRATION (TAC)

e
Tror

TOoT

Fig. 6. Definition of TAC and TAD. Both TAC and TAD are

defined as standard time-averaged values from the
weekly urea concentration profile, TAC as the mean value

profile and TAD as

the mean fluctuation of the

concentration around its TAC value.

-S 5% -



2. oIEF 2A

19889 7+¥A Hof FEAMeo] “u|(J) A2|"(un-
physiology) 7H'de] Lopots} Valekel 23] o]&x2
2 ANFQGT. oj5e ¥ aie] A AF FE
[time-averaged concentration(TAC)]®} A|Z¢ ##F
HaH (time-averaged deviation(TAD)]E ZA%o
2N 54 ukg Ag Wl TACE 34
obef WHE A AAARLZE Yo Atst
1, TADE TACEHRES Hate WHog Zsld,
#Este FANLZ o] ALgcHFig. 6). TAC
t 7Y HAxe Hrlelv #3E sidn & F gl
. & F 13 FAE WA 0 AIPEet 45
Ax £3e] @& ML 13T @ TACE ¥%o|
YUY F YA ARl HI gro] APHoRE ¥
o A= thE F4 Ao AHgE FE Utk o] 4F
o4 TADxE "¢ ®& ZHelth FAATeo|U T4
A489 #4E TADO 982 F4 %3 TACE
F7F A7le ke, RAAZEeY B4 Fhge] W
3 glo] ¥4 yixe] Frh= TAC®T ozt TAD
E TAaAA 5YF total weekly cleared vol-
ume(TWCW) & total weekly urea clearance®|
B Nxg F7h Aoz TADE dASA #x
3ta TAC oA #agch 1EE A7F AN AN
TADS TACE A7 A3 wlsdz 84 TAD
£t Immol/L "gle]m TACE 4mmol/L v|te]ch

CURRENT STATE OF THE ART

TAD (mmol)
-
T

Fig. 7. State-of-the-art in different renal replace-
ment therapy modalities in the TAC/TAD
plot. The areas illustrated correspond to
TAC/TAD values in patients on hemodi-
alysis(HD), automated or nightly peritoneal
dialysis(APD, NPD), conventional CAPD,
and in a healthy population.

(Fig. 7).

% F7F 4% (total weekly dialysis dose)& F
b A7171 fEA e TE okder 'K'e F7HE =R
g 3o gy K'E F7HHeEA RAHE 7
A7le de gx7t ok ‘K& 79 Ade §
A ZAH e @A W FAZFE FHAIe TR
M A P8 ¥u Uk F KE F7HeEN R
HFHK/V)E F7F A7 HEor 2= FA4d 89
o o& MAelM TN 75T 8% FEb 34 =
7] Bl Ao AL FAsA PP oA v
o= AH-gdct

oy Folrdz HEYG F49 Hog
2k 239 i FAY FUE gle Aol
Charra §¢] TassinolA A#g¢ =2jn 2 Y%
A(F 33] 13] 8AIZF B4 HAHT BYRHA AE
&o duly FRF7ME B FAL FY A8 F
7B AFIE g4l Ak @A st wEe A4E dq
£ 33 54 Adxed % oy =& HAsok
Lid=d

pAge 2 B4 FE&ES PIAIIEH =S F
F UE AU 92 ¥y 49 Hxelrh F49
Hizrt 371 8% A8 9 Kt/Ve #2284 =Hao
ol T EE&E F/HIIC AFAHoR FUTH
time-averaged BUN& #Aslcd H23 weekly
Kt/Ve #Zagch od 1858 7] F4(daily hi-
gh-efficiency short dialysis)2 ellA AZ2" ot
F WS Alold] Ml FYE o]Fo] 2 Ao,

=}
El

e =

2147]elM 8] T4 o]t ZolA Henderson& Fef
ol closed-loop monitoring2] 7H2s gl 3EH
AEE FAECGE UG AR FHog deld A
olgbil &P H?. ARAo|} g g =
e Ay 8HE AAsE AL WAHoz A7
o] gAFo} e 24L& WA ¢y H <2
FAEte] #ggust JUTIY e 2L g9
g A5 vk Ao wWE ol WaEe 9
& FAEn 2AHsE A AR5 F& P4
Al7led "5Aolch, @2 ZWe] on-line monitor-
ing& AZoz Fefel biofeedback FAoZ @i
dte] o7 AAF BAEAA HA>s) 2o o HAd
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9 BAE AFE Aotk ¥H 1EF M= Y
FA7IAE o8 vid A7t EARY] diF 43
Agel AP e AP A& oy ¥
YRAe g BHol Eobd Holn] goze T4
F F7ld wE AR EAAE HPe A= 4
33 F8Y Aoz A9
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