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Abstract

Objective: To investigate the efficacy of combined hemodialysis and hemoperfusion (HP) therapy in
maintaining mineral and bone metabolism disorders in patients undergoing maintenance dialysis.
Methods: Sixty patients receiving maintenance hemodialysis were randomly assigned in a 1:2 ratio
to a treatment group (receiving HP once monthly in addition to standard hemodialysis) or a control
group (standard hemodialysis only). The therapeutic effects were compared between groups. Results:
No significant baseline differences were observed between groups. The treatment group showed sta-
tistically significant improvement in pruritus index (3.1 + 1.2 vs. 4.7 + 2.7, P = 0.022), while the con-
trol group showed no significant change (P = 0.956). The difference in pruritus index between
groups before and after treatment was statistically significant (P = 0.002). Similarly, blood calcium
levels showed statistically significant differences between groups before and after treatment (P =
0.002). The repeated measures ANOVA revealed that the combined hemodialysis and hemoperfu-
sion treatment significantly influenced both the pruritus index and serum phosphorus levels (F =
4.219, P = 0.045; F = 8.615, P = 0.005, respectively). Conclusion: This combined therapy effectively
addresses mineral and calcium metabolism disorders in maintenance hemodialysis patients, en-
hances treatment efficacy, improves phosphorus levels, and alleviates pruritus symptoms, demon-
strating promising clinical applications.
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1. 518

BEE R E N D2 WAL A AR TS 7 k28, 8 15 % (chronic kidney disease, CKD) C j /™ B 5 1) J&
AR 2 —, BRI K ] 1 5 35 (end-stage renal disease, ESRD)4% 5% & Iif £ 4 ¥4 77 (renal replacement
treatment, RRT) & & Puid E7t. A E Mg pilE B8 id R iar, Bk 2022 K, REZERE M
Y% M (maintenance hemodialysis, MHD) & 100 /5 A .

ARFTJE SR, 22 B I YGZE AT (hemodialysis, HD) 7 58 BT 73 B R IR 1], JGv2: 56 AT bR IR B R
7T % BRmIEE HD BULEE HD SoRth 7> TRRIERR, B8 F B In RS R SeE I AT AE .
8 1 B W J5 A0 A S (chronic kidney disease-mineral and bone disorder, CKD-MBD){F 5 MHD
BHEE NI RIEZ —, RIS, B BRI EREEAE R D RRE, IFSBOLRRE. M.
HHr BRI AU R SRR, 380 O M 1 R R R RGBT [1] [2]. Rk, #0897 CKD-
MBD & 41 i3 MHD S8 & AR iE &, $ s S 105 A 7T 4o

I #E i (hemoperfusion, HP) LARK Bty = BN, BE8 v IRIE 7 B BRI R IR YE, G aRiERR A N & =
AR =4, 7K HD b Ko i BR A S AR 2 [3]. B IGRIT 7T Es, HD BkE HP Al 3% MHD &
R S5 IR R AR TR K T, PR B RS B DTAR, oG8 I R . B G BR . BEIR &
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SRR, PEE MHD B35 A3 i A I TS [4]-[6]. HIFEE LB -2 Sk R H 4 [E HAL130 £ H.0y RCT
WH9T(2018 4F), WERH 1 — i — X B LRI 16T B 35 FRAOE AT A58 B2 Tk a1 A R 55 I = K
1 DA K S R R AR I ROR [ 7]

BT, AR AL T IS AT IR A IR E X A R L B0E AT SR R S AR R I IR T
B, RACBAIRITEE MBOE T Y5 5 & AU S T i SERR BN, IR R SEE IR 5% .

2. RFE
2.1. WA

RIS R AT 52
22. RMER

HESERTHETEYAE 2023 4E 6 A 1 H & 2024 4 12 A 31 HM KR XIEZE S —E i 172 MHD B# 1k
IRZERL. GIAbrdE: © F6 18~75 %, HAHIAIR: @ #ie NigH'E s G5, MHD £/ 6 MH: G
[F] 3% HD + HP [RAIT 7 & HEsbnitE: © A4 M /MRBEK. BEThRERErS, ™ & I ) A3 sh v
M: @ IEBFENSERY. AT 03 SIS B/, @ PEL. il I #E RSG50 &
WM @ MWILRRERSE LB E: © KAEZE. TATRCARBEZASF AR, BF
i 2B R &

2.3. IRSAS TG

SRF BN R YT AR R . NG PR AR AR L M) AR WLBE. IR B, M4,
HURSZ RS Z . BT @A R BRI R RS LSt 2 5. I B E B2 B ae)T . MRATHE
MARIZENT 3k, WK 4 hy BITHLERE 3 ] HD B2l F, B P& 1/MH 1R HP, JLREvi6 MH. &
TG VR IT IR — MR IR A SR IRE BT 28 210, 2647 HD + HPRYT 2 h J&, HUR#ER S, SILRIT
4h.

1) M. A B AT B AR K A K I T 5 D I B

2) EMTFES . BHTHL Fresenius Medical Care 4008 B; % KT %% S AR 25 00 £ 4E3E A1 2% (1 25 BT i 5
FRAR]): A 1.6 m? @IERE: 45 m/h/mmHg: & AEBEE: 500 mmHg.

3) MRHET RS . — UCHEfd My v 2% HAL30 (eI E M RHE S I G BR A 7).

4) JBENTREM o BT A LT, B IRARH(T MR A, A5 KC200401).

5) BB . Pkt E AT RIS 0.4 ml: 4100 AXa IU; ZHEIERIZOA R A ), FE:
60~80 AXa IU/KG; [ijfis: 200~230 ml/min; EHTIAE: 500 ml/min.

2.4. MMFEHR

AP A T A IS (GEZRET AT 6 A B IULET . JREE JRER. M5, i, HUR S5 IR AR e 4L
AL

1) SEEOEME: REBFHSIREIKIMIG, e SR X 2 5 — R B S RHE AT AL I, P9 048 I
M. HDiGe. BIhAE. HER. MEITER. MR, BEMIIEE. FIHUIRSE IR

2) JERFEFRH MUBEREINE MV (VAS). 38 VASINRS J7 7250 B s AR B AT IR R T, WRE Ty
BN BERFE: 0<VASINRS <4; HEIXFE: 4<VAS/INRS<7; HJFJEJ¥E: 7<VAS/INRS<9;
FHEEREFE: VAS/INRS > 9,
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25 GER*

] SPSS26.0 Fiit i, AHICHHE B UL Excel # R TE. EEZEEERAGIE. BME. bruEZ. dhr
B HMES BOKAA S U BT RER ;. RIEEE AR RIS s A S Eus 16 it AT e i . 4
BT B2 RER A B o L AT HEIA s R R 7R S8 8k Fisher A HAMER LT AL A LRI . A4
BT R B R 35 B 2 IR 35 4464 Logistic [F1UH32:. LA P < 0.05 #A 9 Frke 6 ) 22 i) B 427 7 3, Al X )]
R 95% ] {F X 0], P*EFRIHEIT 455 IRALAYT G e bRt AT MO FEA t A5G (IES ) B dES
K98 (AFIEAS 2 A0) .
3. &R
3.1. HENAHARR

FESEATE TR 2023 £ 6 H 1 HA 2024 4 12 H 31 HEg i X i 2 55— E R 172 MHD B3 15
PR BERHEN AR RN HERR AR E[R] 1) o I AR BE LA 2 20(1:2), VRITALaNN 20 & 3, STHRAIgIN 40 4
B, 26 NABBEY, WRITAPIERER 2 A, SEAFIRIEH 3 N, EFEVTER, JLgINIRITA 18

N, SR 37 A Hr. AR AIETTE <10%, KA &Fh R FEE B HERR Bt st it-Ril, st H
RIS HTCRE 1),

FlEMEDEE
N=50
MNITEE:
OFR18-75%, HERIARR;
i hiES=IEGSH, 4HFtMmmEReBLAL;
HEBRATORE:
OBIMRIHE, BRIIEERES, s SahiEbmE;
QiFHISERER, T OHTE, SIERmMESINE,
@;;E'If.‘. g, BF. Wﬁ%‘g’iﬁmﬂ*@%:
HNBE ATl
N=40
FENSAE (1:1)
v v
sara iR
N=20 N=20
higiR igiE,
N=3 N=2
sarra SBE4R
N—17 N=18

Figure 1. Screening flow chart

B 1. fFHEREE

32. BEHE
S 55 HEE(FR L), RTd 18 A, XA 37 Ao VT NG IR AL 6y 49.2 + 16.1 %
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Table 1. Comparison of baseline data between the treatment group and the control group
= 1. JRTreAMXT BB B L KRR

ZE YBITH(N = 18) SHHRZ(N = 37) P&
R (X) 492 +16.1 58.7 + 14.0 0.301
SIS 15 (83.3) 24 (64.9) 0.157
ENTE(H) 35.1£205 304£219 0.766
I R 97
5 1ML (n, %) 13 (72.2) 26 (70.3) 0.881
PE R (N, %) 6 (33.3) 8 (21.6) 0.349
LIIREAA(n, %) 9 (50.0) 16 (43.2) 0.637
FEFEFRHL 4727 45+24 0.465
UG A A
M 215 FI(g/L) 110.6 +19.2 107.3+20.7 0.574
A A(g/L) 426+4.6 402 +4.2 0.064
JIH [ % (mmol/L) 44+13 43+11 0.812
H i =E(mmol/L) 1.9+1.8 1.6+0.8 0.402
JULEF (umol/L) 1007.5 + 426.8 973.3 +468.7 0.795
JRZE A (mmol/L) 244+54 21.7+6.0 0.108
SR (umol/L) 408.7 +91.3 361.1+1345 0.181
1145 (mmol/L) 2.3+0.2 2.3+02 0.534
1% (mmol/L) 23+05 26+05 0.065
IfiL4F (mmol/L) 49+1.0 48+0.8 0.806
PR 55 BRI (po/mL) 11259 +1214.3 734.9 +613.4 0.117

158.7+14.0 % (P=0.301); iayrdd, BHEEEAH 15 N(83.3%), XL H 24 N\(64.9%), P=0.157;
WBIT LB TR 35.1 £ 205 H, R4 N 30.4 £21.9 H, P=0.766; fElGAKLIRTH, G744 T
B3 LEEERILE, S 72.2%; A 26 LEFEAmIME, S 70.3%; BITHE 6 LEEA
BEPRIA . (b LG 33.3%; XTHRALHA 8 4 BEARERM, L 21.6%; [FI, RITHBH 9 4 BFHLIREA
4x, 5 50.0%, XREA A 16 ZEE A OIEEA A, L 43.2%; JR T A PR R SN 4.7 £ 2.7,
SRR PR R HC 45 £2.4, P=0.465; {ESLIGEM AT, BTAHR ML E A 110.6+19.2
g/L; XHEZHN 107.3+£20.79/L, P=0.574; 5T EEE N 426469/, XHEZN 40.2+4.29/L,
P=0.064; JAITHMIPEEEKE A 4.4+ 1.3 mmol/L, XFHEZH N 43+ 1.1 mmol/L, P =0.812; J&AI74RH
M =M5/KFR 1.9 + 1.8 mmol/L, XJHEZH%5 1.6 £ 0.8 mmol/L, P =0.402; JAJ7 4L IMULETF A 1007.5 + 426.8
umol/L, XFHEZH A 973.3£468.7 umol/L, P=0.795; BITHMIMIREEN 24.4+5.4mmol/L, XFHEZH N 21.7
£6.0mmol/L, P=0.795; J&J74LIKKER N 408.7 +91.3 umol/L, *FFFZHA 361.1+134.5 umol/L, P=0.181;
TEIT RIS A 2.3+0.2 mmol/L, XFFEZLA 2.3+0.2mmol/L, P=0.534; 157 21 A 2.3+0.5 mmol/L,
XTHEZH N 2.6 £ 0.5 mmol/L, P =0.065; J5J7ZHIMAT N 4.9 £ 1.0 mmol/L, *FHiZH 7y 4.8 +0.8 mmol/L, P =
0.806; &7 AL HAR S IR E A 1125.9 + 1214.3 pg/mL, *FHEZH Ny 734.9 + 613.4 pg/mL, P =0.117.
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3.3. THAESMRERTRIER

1) BFEAREC VRITHIRIT R (3.1 £ 1.2) SHI(4.7 £ 2.7) IR TR UK T Siit 24 2 7 (P = 0.022), *iE
HLIGTT 5 SI0IT I R T B e it 2 2 5 (P = 0.956), 1677 415 W B 4L s 1 Bua )7 i s O 228 S it
S#R((P =0.002) (F#£ 2).

2) B IIREIKT: IRITAIRIT RIS MULET . SR BRI K ToGi 2% 22 7:(P > 0.05); XfHRALIAIT 5
MAUEF . JRZEERREE K TEG i 2 5 (P > 0.05); 87 450 B ML SR R EARIR/KFIRIT T
JE Z BTG %57 (P > 0.05).

3) HURFZ MM 1Ry ARYT Al S HUIR S IR IR K B4t 22 5:(P > 0.05); X HRALIEYT 5 H
WA LG22 7 (P > 0.05); JAIT 415 % IR AL HUIR IR 55 IR B R KB )7 B G ZE ST %
(P > 0.05).

4) MBEAMES . Va7 4R IT RIS MK o4t it % 2 7(P > 0.05); Xf HRALIAYT 5 A% K F LGt 2
Z 5 (P > 0.05); YAYT A 55X IRALMAT /K TR 7 1T 5 2 E L 4uih % 25 5 (P > 0.05). Va7 4L 1 J5 MLk /K
PG EZE (P > 0.05); X HRALVA YT 5 MUBE KPS iH 22 (P > 0.05); 1697 415 X M4 45 /K ~Fif
TR E EEA G2 5 (P = 0.002).

Table 2. Comparison of indicators between the treatment group and the control group
= 2. RITA ST RRARIGRIIERRELE

YRIT4H pupicEh

ZE P

YRYT HI BITIE PE WHITHD wWITIE P{E
FEFETEHL 4727 3112 0.022 4524 45+17 0.956  0.002
1fi4% (mmol/L) 2.3+02 2203 0.209 2.3+0.2 2202 0.120 0.934
I (mmol/L) 23+05 2.1+04 0.172 26+05 25+05 0.406  0.002
FRSS IR (pg/mL) 11259 £1214.3 718.7+£590.9 0.209  734.9+6134 7768+517.8 0.751 0.710
JULEF (umol/L) 1007.5+426.8 926.1+312.8 0.336  973.3+4687 8885+356.1 0.384 0.704
FRE A (mmol/L) 244+54 244+6.9  0.126 21.7+6.0 231483 0401 0.560
SRR (umol/L) 4087+91.3 39441079 0.923 361.1+1345 366.9+929 0829 0.333

PRI A5 0 IR AR YT 5 I Fa bR EL

34. EEMEBSFEFHELSR

N 3 AT H S R AT EE W ST 2 a8, LLRIT RTRIAYT S5 AR RIS, 16T AR A
RN ERIN . BRI T AT s R, VAT o O A . HUIRSEAR R . ALK, JREE. JRIRKT
PR C G TH 2 RN (P > 0.05) . VG Y7 ZH (L IBE Bt D6 LV VRE JAL ) A 926 5 18 8ORH il 838 7K~ 2 il P 22 (F =
4.219, P=0.045, F=8.615, P=0.005, 43l) (F# 3).

Table 3. Repeated ANOVA calculations for the treatment group and the control group
=3 AMASHRAESNERENTEER

HE F P-value
JRPETRAN 4.219 0.045
1% (mmol/L) 0.098 0.756
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1L (mmol/L) 8.615 0.005
FFUIR 55 iR (pg/mL) 0.895 0.349
AILEF (umol/L) 0.118 0.732
JREZ (mmol/L) 1.786 0.187
FREZ (umol/L) 2.537 0.117
4. ¥1ig

HP DA By 3= ZEHLH, GLE a6 A ]y AMIE YRR A5 B, TEIRIR R V2 o BAE LA BN 24
Vs EE ) R R ARG I B R I S BUR I 1) B S PUE R KGR T KRS A, A
FrRIBE DG 98 B X AR Z AR TR (3 B, AT VA 97 DRI Th A 3 o it B NE £ 35 T v 51 A 1) 2
PEs BN N R INERR, AT 2 AR R BT I P B R RE s B 2 G BREE A AR 196
IR, BT AR S e MR A5 5 . RIS CE MR AL U, HP BEWE S IR SRR I R PR, 38 iy
RPN EEZRAARE=4), 4N HD XK Tl BR g 71 A 2 [8] -

IR b, BEURAS PR & Fh R AR B A A, m DU A R B A 2 B S A, T BR
W8 I BOE AT AN REIS BRI ANRE M BN R EE 2 B RS KR T BRI,k B i AL
FIETT B . BT EE A2 BN LR & F 2021 e & SR Iy it 70 4 e 1 e i o b
I R B BB 5 40R) , $R KB B BT (LFHD). i &% Hr (HFHD) R i & A g it (HDF) 32 253
I RBOR R R 7 G R ER R, HXE AL G RHR MR K TH RIS RREEIAFR[9]. HP @ W AE H
ERER, NEALEFRMP RS TRRIEREEIMT LFHD. HFHD #1 HDF. H12 I R 7 s,
HP T35 MHD 538 ™ 5 SR BRI AR O 10 e . BRAR RS . 5 BBl AP A8 . i@ M i by B AR v 1k v
MRS, $& m B I A0 i 2 A AR A 2R [10] .t R 56 Bt A2 Sk Rk 1 42 [l HAL30 £ 0 RCT #F %2(2018
), BHAEEREE, K HP (HAL130)4#A HD ¥R 77 7] 2 2 FEIK MHD &3 g2 k& B A PTH K, 22
FRPERIR[7] . 3 HAL30 LAY R DAYS /D PR PR F0E 25 253 B 5 S I ACRE  [FIHA,  phos 58 an 2
AR B HAL130 2t RCT BFFT(2019) H XIUESE T HP BXA HD PRI MHD 38 O il F 4
AFBET AL ME ST [11] . DPAEZ (AR ERLRE ) (2021 FR) BLEHAR$E S B —Ik HA W5
MR AR5 MBGE T 8% B BIEYT 2 h, W R E e M e R0 % B M35 PTH A1 A2 TR E A ISR R,
R R

AT LA T R, — ARV OIT, MM ARG . GINPREARERVN, B
VI TR = AHIE T LRI & ILBOE AT AR A 1) 22 O ST AR A —HE, S EPRPEZS R
HARATEE—E: . AR TAEHBRT T AREENT R SRR R, Mg B —E T4k,

gr b, WTAEREVE MOE BT B A R SR LA AT B A R R e T AR R, AT DL
RS BB 00 o A R IR, B iRy T AR, AT — 24 RN A

=
VL RHE G THRI I E (2024B01269) .
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