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Timing of hemoperfusion during combined treatment with hemodialysis and hemoperfusion
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[Abstract] Objective To investigate the effect of timing of hemoperfusion (HP) on the efficiency of hemodialysis (HD)
combined with HP, a kind of combined artificial kidney (CAK), in treating patients on maintenance hemodialysis.
Methods Totally 20 end-stage renal disease patients undergoing hemodialysis (HD) (4 hours every time,3 times every week)
for more than 3 months in the Blood Purification Department of Shanghai Tongji Hospital were enrolled in the present study
from July 2012 to January 2013. All patients were alternately and randomly given two kinds of CAK (model A: HP was given
during the first and second hours of HD; model B; HP was given during the third and forth hours of HD) in succession. Serum
samples were harvested before and after CAK treatment and the toxin concentrations were measured in the same batch; the toxin
concentrations after CAK were corrected by pre-treatment body weight and ultrafiltration quality. Efficiencies of different
models of CAK were evaluated by the absolute and percentages of toxin concentration declines after treatment. Results All the
toxins were significantly declined after treatment with both models of CAK (P<C0. 01). The clearance efficiencies for serum
creatine (SCr) and blood urea nitrogen (BUN) were not significantly different between the two models (P>>0. 05). The
decreases of intact parathyroid hormone (iPTH) and ,-microglobulin (8;-MG) of model B were significantly greater than those
of model A (P<C0.05). Model B also led to significantly greater decline of interleukin-1(1L.-1), interleukin-6 (11.-6) and tumor

necrosis factor-a(TNF-o) , either in absolute value and/or percentage (P<C0. 05). The declines of C-reactive protein (CRP) and
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pentraxin 3 (PTX-3) and the incidences of adverse events (low blood pressure, blood coagulation and so on) were not

significantly different between the two models (P > 0. 05). Conclusion

Both models of CAK are significantly efficient in

eliminating uremic toxins for MHD patient. Comparatively, model B CAK have better performance for eliminating iPTH,

B2-MG, IL-1, IL-6 and TNF-a, without increasing adverse events, and is worth of popularizing in clinic.

[Key words| hemodialysis; artificial kidney; hemoperfusion; opportunity for choice
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R 1 ESRD BEMEZREH
Tab 1 Baseline data of ESRD patients

N=20

Ttem Value

Age® (year) 51.32417.86

Male/female n/n 10/10
BMI* (kg * m™?) 21.4344.62
Dialysis age® t/month 48.36+9.28
Dry weight® m/kg 62.74+11. 64
SBP* p/mmHg 147.40417. 45
DBP* »/mmHg 78.90+8. 43
Hemoglobin® pp/(g « L™1) 105.86421.72
Serum albumin®pp/(g + L™1) 39.66+2. 34
Kt/ Vv 1.41+0.18
Ultrafiltration volume* V/mL 2 450,00+ 386. 24
Primary disease n
Chronic glomerulonephritis 7
Diabetic nephropathy 5
Hypertensive renal atherosclerosis 5
Polycystic kidney 1
Obstructive nephropathy 1
Chronic interstitial nephritis 1

ESRD: End-stage renal disease; BMI: Body mass index;
SBP: Systolic blood pressure; DBP: Diastolic blood pres-

sure; Kt/V: Urea clear score. *: Data presented as ¥ = s.

1 mmHg=0. 133 kPa

1.2 CAK ## ¥R H B. Braun Melsungen-
Dialog " BUFEHTHL (FE E )  R-131 &Y RN o 2= 245 4
BN A [BEm A 103 m®; Mg R 5.5 mL/
(mmHg * h + m*),1 mmHg=0. 133 kPa; &&=
&7 R AT RS ], YTS-100 8 — Y PR A s 98 37 2%
[HERMA 1 000~1 500 m*/g. 45 it 160 mL; i
DU B g7 AR A A PR 2 R L Bk R A R 0B AT
[HCO, ™ : 35 mmol/L; &I B m B 7 & oA IR A
GNP

1.3 CAK #4% Frff &k %Z AB 2 A
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#E4T HD #1 HP, G AS 1T 56 H 2 000 mL PR E
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E L A o (6] B AR 0 O A L B B S ROHE R 2 R 1
R VAR 35 BRI T AT A B Bk E . i
200~250 mL/min([d]l— & # 2 X CAK IGY7 Il
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TR AAS L5 min J5 05 5 T DKo 0B RIS . AR
ARZWREE 2 h J§ 4°C.3 000 r/min (L4215
em) B0 BUML Y , — 70°C VKA AR AF B 6 4,
1.5 #AaIEARE S & Do FRER. wWIRIREN
JWUEF (SCr) 7K ¥ o A% 26 I R 3R & (BUND 7K -, 351
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G A B HUIR 25 IR R GPTHD K P, 70 &
A Hi - % 2 W i () A BRZA W 5 S Lk
W B, -1 R B 11 (B.-MG) K- X R &l [ 56 [ 7 R
W D A RA R RAE R . S bk
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BRI ¢ K56, 560 H R o A 56, A 56 7K o

(a)N 0.05,
2 & B

2.1 FARAFZXNCAK ¥ R & X0 F kRt
#BOBRGE D BR (DHMWH I CAK EIT G %
FRERTFHIBIT R, ZF A RIF¥E L (P<
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BUN E BRAUR 22 7 L4 it 2 2 L (P>0. 05);
(3B I CAK X 73 F#F iPTH 5 B.-MG 1H
R AR BT L R B R B8 K T B 48 6 (RN R [ 43
B (P<C0.01);(4) BJr = CAK XF & %E ¥ 1L-1,
1L-6 il TNF-o A5 BRACR B 47 23R 3 K0 T B
2t % A (B0 TR H 4380 (P<<0. 01) 5 (5) M7 =X
CAK Xt RAEHF CRP Al PTX-3 (¥ BRAUR 22 5% 0
Gt @ L (P>0.05),
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BET LA FREIT R R EMRE 4 61,8 i 6
i, AT sk FERRAR N 2, 5 R AEEIRYT 3 h A4 B R
A AR 5 5 TRV B R A O i, RO i 4 SRR R
Fifks A LR 1B, B R 2 B, T %
BRI, ¥ KRR IR AS 4 /NI s A 7 X & A R Rk
Fe2 4, B I 1 0, ¥ — bt WA A 3
B e — b v N s A R E A R AL LB
Fal 1 R AT AR kR T2 )5 A
TRYT I 2B M S fl R 2 LB K 3 s A D
R UL PR 250 L P 50 B, B 7 A 1 A R 3%
NN A | AR 1 1= R NI
RE AR R B, PR 7 30 CAK i R R &
TR R R R RG22 L (P>0.05), Pl
JE CAK WRY7 b B (B ARk DL 1,

3 %W
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FEMNIERFEH HD REER  HP A 5 L H A
LT HD 864 HP 8 CAK W& B/ o 7 8 R AR
JG W 5 50

BREBRE LB

Tab 2 Comparison of clearance efficiencies between the two models for different toxins
n=20, r+s
Ttem Model A Model B Item Model A Model B
SCr PTX-3
Before CAK ¢g/(pmol « L™1)  762.31£232. 76 757.54+223. 37 Before CAK pn/(pg * L b 2.32+0. 46 2.28+0.69
After CAK ¢/ (pumol « L1 292.00£88.38" *  345.72+64.54 After CAK pp/(pg = L1 1.2040.25** 1.22£0.17*
Decline value ¢/ (pmol « L™1) 470.30+127. 98 502.80+134. 92 Decline value pp/(pg + L1 1.1240. 38 1.0640. 15
Decline percentage (%) 63.36+11.56 68.14413.70 Decline percentage (%) 39.96+9. 83 40.12+5.72
BUN 1L-1
Before CAK ¢p/(mmol « L™1)  22.54+7.29 20.05+7.80 Before CAK pi/(ng * L™  222.66+56.80 229.52+64.71
After CAK cp/(mmol « L™1) 6.44+2, 147" 5.57+1.75" " After CAK pp/(ng+ L™H 136.72432.33* % 116.44+23.24"*
Decline value ¢g/(mmol « L™1)  16.1045. 96 14.48+5.75 Decline Valuepls/(ng' L= 85.94421.77 113.08428. 7144
Decline percentage (%) 71.05+6.13 72.21410. 04 Decline percentage (%) 37.65+11.77 48. 89415, 3444
iPTH 1L-6

Before CAK pp/(ng+ L™1)  520.944186. 00 634. 65199, 04

After CAK pg/(ng« L™ 412.924123.37* % 448.704154.54* *

Decline value pp/(ng « L™1) 108.01428. 45 185. 95453, 9444

Decline percentage (%) 40, 25+5.42 54. 43414, 1544
B-MG

Before CAK pg/(mg « L™ 66.16+17.19 68.35420. 29

After CAK pp/(mg -+ L™ 1) 53.09415.81**  40.36+12. 14"~

Decline value pg/(mg + L™1) 13.07+5. 20 27.9949. 6044

Decline percentage (%) 18.05+4.76 37.9949, 2744
CRP

Before CAK pp/(mg + L™1) 12.20+2.85 11.90+2.63

After CAK pp/(mg+ L™1) 4,90+£1.10" " 4,701,467

Decline value pn/(mg- L b 7.30%1.42 7.204+1.94

Decline percentage (%) 59.8948. 42 60.2347.98

Before CAK pp/(ng * L b 178.71449. 07 176.87435.75

After CAK pp/(ng+ L7 138.29428.85" % 125.44+23.78*

Decline value pp/(ng * L b 40, 414+14. 80 51.43412. 5744

Decline percentage (%) 20.894+5.93 27.6344, 4844
TNF-«

Before CAK pp/(ng« L™ 77.79417. 30 77.01416. 37

After CAK pp/(ng » L") 48.18+11.83* % 42.01+£11.03* "

Decline value pp,/(ng° LD 29.6146.01 34.9945.50
Decline percentage (%) 34.174+7.01 43.114£7. 5244

Model A: HP was given during the first and second hours of HD; Model B; HP was given during the third and forth hours of

HD. CAK: Combined artificial kidney; SCr;

B.-MG: B,-microglobulin; CRP: C-reactive protein; PTX-3: Pentraxin-3; IL-1

Serum creatine; BUN:

Blood urea nitrogen; iPTH: Intact parathyroid hormone;

;. Interleukin-1; IL-6. Interleukin-6; TNF-q:

Tumor necrosis factor-a. Decline value= Value before CAK — value after CAK; decline percentage (%) = Decline value/value

before CAK X 100%. Value after CAK was corrected by body weight change after CAK(AW[ kg, equal filtration quality) and

body weight before CAK (W [kg]); corrected value = actual value/(1+ AW/[0. 2 X W,

AL P<0.01 vs model A

*P<C0. 01 vs before CAK;
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Fig 1 Comparison of blood pressure between
the two models of CAK during treatment
Model A: HP was given during the first and second hours of
HD; Model B: HP was given during the third and forth
hours of HD. CAK: Combined artificial kidney; SBP. Sys-
tolic blood pressure; DBP: Diastolic blood pressure; PP:
Pulse pressure; MAP: Mean arterial pressure. n=20, 7 *ts.

1 mmHg=0.133 kPa

iPTH 1 3,-MG & 8t 8 1y JR 3 5F P 4> T 5
U IPTH 51 R ESBEACH 8 i & B Rk .
Bz IR BE SR LB, -MG A S22 SR M REAR | I A
WAk W LE A RS, AR A B 2 CAK X
iPTH 1 B.-MG Ry BRZORIE T A 77X CAK, &
BRIEM 40T . (DX B 78 CAK,HD 2 h Ji5 #
6 K Aof 9 3% e B T g L AL R I A o R O A Y R
VR R AT L ME VR ASAE 2 h N 5 A, AT AR SIE
HP s KAk mxtF A 5 CAK, #ER#5 m A
I DB e L BE SR OR VR A, S I ) G i O A 1Y
R R A AR, PTRE S M E R AR 7E 2 h e DL
L ABEARIE HP SR e KL, (2) HD XF/h ok 1 i
FR AR C AR 1, BFR HP X R 43 7 84 0% B
S PR BEE L 6F /N 43 0 W Ry AR R S R X T
BJr CAK,HD 2 h J5/hr F# R EFHR KET
B L B HP gl B 1K T T O 2 4 R R S
YEH; % F A 7 X CAK, HP A BF, HD 78 & i
T3 /NGr F R B R BE R T I, O 45 19 AR 4 5
W B FHASE R . Ao S R RS B A ) 355 o e
W B, TIT ELAG AT R R e S 1 R Y S A

MHD f& # 1 P9 35 3l A7 78 A e R A L DL 2
HAE B BN () i B2 R 2 T i g 3R B 7E A8 R i

1R A O I A S A A R A LR ke R PR T
CRP,PTX-3,1L-1,1L-6, TNF-« A& 7 4> X Bt MHD
BEMIAERE, ¥ KRR, Hrp
PTX-3 2 4E R BN CRP [R5 % 1Y R GE I W 3K
F L ERESE 2 W H 5 MHD B30 1L =508 19 A
SRR RE B T A R0 B RE R AR O i A
FE A, DT B I S B e A AR
A4S SRR, B X CAK % IL-1,1L-6 , TNF-¢ A
HERACGR E A, 5 iPTH Ml B.-MG 75 Bk 5% 3R —
B0, 2% BT e R R A AR TR

[ Koy F# R, AR X CAK ¥ F CRP
I PTX-3 WY BRI TC 22 5 %) L 4% Fh g 3R 0B AT
TR JEE L V9 T o 8 ARG A 3 T A 0 6 0 5 UK
AR e 46 1 R 53 HD 2 h 5 R BE AT SR 5 A% L 0
T OB AVE AR W] 52, [ B R A R R S 0
FE—E R L REAR T XM I BRAE 1 L T
il B 22 50 5 A O AIK L 32 4005 R S B RE ) R DA X
HARERR . CRP T W 4 HoAE x5 85 5 158 B
XA RTREEIE R K, WX PTX-3 1 & . 4% HP
TR T KR4 2 28 AH T I B aih KPRl
CER I ENTE ST

APPSR R AW X CAK WG YT i B b 45
PO R0 & AR O B 25 5, J5e vl R Y I A
S LI HL XS AN RS R A R 5 e O TG 22 0
B/NBI T RE S . E LI AL AR )R R A R 5 i
HEMNAEAP R P RBERI., FEATRE . &
6, AN EH B 3 A 1 S8 B RS VB AE O R AR X
A B AECIIR T RS T WA KB 3
() B A it N 2 R 7 3 R o R A A L L 2
RN KL FE AR IR B i SR RS i (0 A5 A KL 3
1 & AR e AE PR A T O 2 3 R K R A, DA T A
RIT A B xR R R kAR R 5 e 3R A R
Wl

g8 TR ATV FRERIERR R PR
T F U B H A AE RV R 5 Ry 48 b, % 72X
CAK HURHAT T IR A5 R R MAEH M 4 h HD 1)
55 3.4 /NIHE IS HEAT HP 3397 BE 5 4 M35 B b ok oy
THEMRIER T, A4 T HD #E HP B CAK %
RACR AR S, BRI R kAR, BA I
IRHET M AE . A1 E 3R AT 09 BF 58 IR AR AE — 8 AN 2 L
FEA LA XN AL T CAK I REAR AR 5
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