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Calcium management during continuous renal replacement therapy with

regional citrate anticoagulation in patients with sepsis

Summary Sepsis is one of the most common fatal diseases in intensive care unit (ICU). If left untreated,

sepsis may develop into severe sepsis, multiple organ dysfunction syndrome or even death. Continuous renal re-

placement therapy (CRRT) is an important method for the treatment of sepsis. Currently, regional citrate antico-

agulation (RCA) is the preferred anticoagulation method for CRRT. among which ionic calcium ([iCa]) plays a

key role. The disorder of calcium metabolism is associated with poor outcomes in patients with sepsis, so it is es-

sential to maintain the balance of ion calcium in the body.

This paper reviews the latest research results and clini-

cal practice of calcium management in patients with sepsis undergoing regional citrate anticoagulation continuous

renal replacement therapy (RCA-CRRT) ,in order to improve the level of understanding of blood purification ther-

apy in patients with sepsis.

Key words sepsis; calcium; continuous renal replacement therapy; regional citrate anticoagulation

E&ﬁﬁ%?‘ﬁmﬁiﬂfﬁmE’Jfﬁa‘zfiﬂjﬁ%i)ﬁ%ﬁ
(48 A A 2 B DI RE AR . CRRT A& ICU Hy
nﬁﬂf{mr%i%ﬁmﬁ@z—o B AT DA e R
FBE AR T D RE R 0 9 A T A L T PR R E A
JRAEEST A BT EE R RN BE O B R R CRRT
IR AT B 8 B 4y, 2012 4F B o ok 3 4 3K S
(KDIGO) Ilfe PR32 B F R 21, TE 16 [ 3 1 H I XU
A MRS nfr, RE S ERAMGREAER
E, MR S 4T CRRT HH (101 de P .

JHe B E FBROE RPN B B A IR R S R AR Rk R
HYIA KT, 4T RCA-CRRT (M FE0E B &% T &
AN FEEEF L NG i 22 o 2 A RE S S EUR KA I

REs R, FE, 45547 RCA-CRRT 14 i 55 9 H
HRNEBHRESECHEE, [0 HF T8 548 B
AR B — IR, SRR M A4, A

Xif Jie 5 9 FE 1T RCA-CRRT i 45 1) %5 B f52 8 #F
FERIING PR 52 e A7 2534 . LA 3 TH ik B F A28 3 1K
AT BINHK
1 SERSEMNXER

NAKPY I s 55 ([1Ca ) F 2 AL 6 B F 45
([iCa) HAZ G WY B G5, H,
LA BEAXS T R, 524000)
PUAEMXERERES —EREEEFA

e
BAZVEH AR SUP , E-mail : Shaoyiming@163. com

[iCa 760 JIE HL 3 3l | B 8 38 o3 B i 368 ot . > AL R
I -1 ILET 46 T af—rzﬁﬁkﬁiﬁi’ﬁﬁﬁmo

MeREE & AR H SR A A . TRES E
I RE 19 E A BT FH AR 55 i 2% 40 6 ) e 19 52 ) A
KT WG R B, MEEEE A ICU B B
4 fe 85 I X AT DR AP 4 T, L AT B IR A8 T XU
FUAR, Sty 1) 7 605 L DU 45 S BOR RS, AR
ABEH A ik 88 %0 1 Ik B A AR 3 45 Hh B 45 1l
i, 5 A0 T K B0 AN ) s E S AE B S
FE AR R AE S AR R IR L O T 4] 0E
B85 1L A2 17 55 R RE 23 375 A ol i R A R o 0 O
TNFE T A, H oA FE B T A R A AR OK ., BE T R
e MERERE BROE IO RS AT AR JE BT AN
E’fﬁtéﬂiﬂ@lﬂ\]%iﬁﬁ,})\Tﬁéﬂiﬂ@%ﬁ%%ﬂa@?
B R BT e E BB R A [Ca YR
SH KA K R K TR %5 V1R % dE R R Y8 ) AR
BEXEE,

RCA J& CRRT i —F i FPUEER , B AT H 1 X
o (A 1 S N N - e ) 17 3 2 S S G o I
ICU e FAE H 8 168 A B & 5 A I LA R i
Bf 8 1 8 RCA, a2 vk B i 45 it 1 . COVID-19
SR T ARSI A A e 7 L R AP AR
ol IR v 7 | BE I ) B R A B R 5 AR,
2 BEF4 7 RCA-CRRT iyl fiL

[iCa ] J2 ¥E Il 2% B¢ A% 5 22 1) B I 7 SRR



. 780 - Il K

&

A %22 %

T 1V E S5 AP EE I 12 B4 A3 .
MMk IR £ AT LA 45 25 4 [1Ca ] LA BH kb 40385 0% DA 2
o A R 2 R 2 I S T B O T 2 M T £
ST+ AT U6k /0 B ot PR 3 . L RCA 3 1]
A 51 56 H 45 (18 T 6 68 405 A S B9 AR 38 A2 31
i, DA T B i A5 Y A% i P, RCA-CRRT
PR S5 T A 5 A5 AT O XU

£ RCA-CRRT 2 #2 v, & 4[5l % v i [iCa ]
R4 R T LA o A AR A B e AR A i i S R i
Bl (4S5 R T RE 2l R P B9 [iCa e B [
i AT 5 80— R 5 7™ A IF &RE . A0 M R £h B
FRURIARG A5 0L RE 25 IG5 1M A T 51 36 4 4% L A 1f &
VAR O W RS R BE TS AR A A v o )
A AE 2 5 B A I RE A4 SV DR S . I
I 5 R 405 ) A5 A A1 R ) ) Ak 1R £ T 5k 0 1)
S N R 0 (N
3 FESARMTRERAEER

G5 b 7 T 2 T A A R TROR OB MR
Lt/ TRE YDA < e e K N 3 I N T s
b QDR 3 T A B N o = W7 NI [ B ES U S
SN TE TP R A LA LR B i N (80 3 By
W, W1,

F1 FEBRSWERRM(H)ERNRREIFTFRX

L L
Ko i 7 e WM RS SR
SRR G MAEW W RO
1 = B 2 2 7
2 E i 2 & RHE
3 = a 2 2 7
1 £ @ a R 5
5 R R # a a
3.1 AR 0 L5 S B A (0 AT

2y ok S i T 40 A% 1 M YL IO i e A VA T
Il DA 58 22 10 o o B 45 9 P — B 5 A S L (B
YIRS A MR . R L 00 P A 5 08 0 B3 1, —
FBESR i 0 R 3 A 8 5 T R [R5
— MR . AT R R M AE B H 1T RCA-
CKRT I 35 4% % 0% ml A7 M2 4 i, HRE %
WEE IR ok i T S ) R OR AR HL U AR 1 A A R
R TR e e A A R A 4R A
FEF BB PUBERBOR A SAS 8 14 EAE E | 6
A RE I R A TR R 1 5 2 B A2 M A
G RGBS B B A PR B IR AR SE I
3.2 AN MOAG TR AT IR AR () TR

2y ok g A1 C0) DK S A T A A% R B U L G
U SN NS . Prowle M BATE T 4E £ # 47 RCA-
CRRT W] T —Flbr Bk 1R S0 E8 22 v (9 25 55 &

Pl A G B R T B T A, I KR
JIE i AR AR T U /0 ok b T8 A B T R TR I SRR R
B ANANEE O — T 5 3 O e 7 AR T B
AU 55 [ B 3 1T RCA-CRRT &2 4 A7 34, ik 20>
TR AN B FR Y R AE A R A AR O
KA W R T U A A Y Bl 2 B
{140 37 250 5 45 7 A YR FN () B B T RE AT Ak b T R AN
Y 5 55 S 4, LG 2004 A AN ST B N S
ot BT 78 5 A6 6 RO AT M A TRk WA B ST B
BIZEVEZSHT LA 180 mL/h $4E 5 A MU IR £ 15 K
Ii) s 76 8 K A LA 20 mL/h $9 52 8 A M) Bk R 3 7
L 2 BT IR £ 19 R B 7 1 R % A B, B G
BN 7T I R N R
3.3 R EMIAKER A H L TCAS B RO (50 1B M TR
S ik st i ) A TR VS YRR R DK ity I S I R
T A WF R IR R T M BEAE B A5 b 8 A 9 4
RV B A W R AR AR e MOk T il T S R
SR W 1 o Y [iCa ] 7K P LR kb 45 R
U R RO () 38 BT RS R 2 A S T A
e ik it A 70 465 7] 190 B AIG S 0 RE 9 & A o R B,
HARHAE RCA-CRRT Hiz 8 2 (0 H AT if %
R T 5 W0 R AR T A T B R T
T = 2 T B 7 N F IR 7 3 vt = S 1 7 N -]
TG IR H B e R 2 AL 2N E .,
3.4 MR BT OGS B TR (B 5 M IR
TC A5 By Ik s Hiy 7 ¥ A% 2 s A 5 AN R VK g AR
BBV W . ) N A AL BN T A A TR ) TG A Y
WL IFFEIG IR L AT T 50 0E L 25 SR 26 0 HGE T IR
BEAE AR HLELA PUSE A E 40 DU SO
2 BT AT RHE K U8 AR AT A . B e R
A, TR Y B PR 2 A
U Y R I FH A 5% o A K AT R IX — 7 AR SRR &K .
3.5 O P MAS R Y B RN () B BT TR
TG0 By Jok vty i 1 ) A5 TR V% YA » TG 20 A A A A
Broman 2023 W FE M FEAE BB 4T RCA-CRRT
B 38 2 8 A8 S A A IS 0 S L M
T B o0 Y A3 T TR L BRIk N T R AN S H Y L L
AN T B R A VA R I R A R AR T AN R L
AT M TEAS . H H AT OC T I 2 E R M (80
BT T 5 6 IR FRE S of — 2 ¥ A fF
LR,
gi Lk, HarE WA ik b i RCA H#
W R Vi RN & P 8 R T . A L Ry il
FH RCA ¥ I 38 14 A6 B2 A9 I 2% L 15 45 %5 T DL X
— R T B RATIR IR R .
4 XEEFREN
4.1 [iCalfy s
4.1.1 T EAEF koG A AT A [iCa 5 H A
ARG N K, fE 4T RCA-CRRT B}, 24 fifk 8 4



LR

FRIGELT , 45 . W23 0 A8 35 AT R M A 9 0 46 R 5 15 AR AR 7 i 7 o 4 Y 4 < 781 -

A RS ] Y [iCa ] ¥k BE B % 0. 25~ 0. 35
mmol /L i, AT 3K 21 BE AR () Jey 358 40 B8 R0 R 5 45 4 72
FEA KA B 1697 B bR 2 42 B [1Ca | ¥k B 4k
e 1. 00~1. 35 mmol/LP** ¥ RCA-CRRT
BF, DL 2~4 /U 450 5 W A4 N A1 [iCa vk B 5
AT b, 1) 9 ) A T RIS D 78 AR 1 R R R, FR 2
HESE LG 2 U R IR R R E
e, HARBIFE S g B e i 2. Bk, i e &
M — B AR T W I [ Ca ] JBE 114 d5 A2 s ] ] B

AN TRV 9 P9 e 53 6E SR 3, [Ca ] A M 00 401 38 AN
A, AE“BThr O Bl b, B 5 AE fR IR T
FEAG )G 1 b Wi uE 2% 5 AL s [iCa W 4% 1 1K,
SRIGAE 6 h W 1 k™ . X FAEAE S8 T B T
RE NG TR E BLUm fa R e e B, I
T s ) ) R AT 4 4 & 1 ~2 hU?, gk XTI A
P AR R B O T B8 B Y R AT R
TEIRIT T IR 48 h N#E 6 h — IR AYAR R W, 48 h
JEREZE 1~2 & /d* . R A T fig e PR A2 )
T B0 L5 22 1 [n) 8L, A8 T 5% 3 I\ R AT LA
FHUE W [1Ca IR U8 2o /5 1l v v [iCa ] > Wl
RCA AR AT 680 . 5 H § il B4 78 e 350 2
AP T IR T
4.1.2  TCOUE NN I [iCa ] Wa i 7F ik 5
BH AT RCA-CRRT i F2 o i HI & 45 38 B i
(o0 4 R B W R 65 1 Al R, BB FE BT B 1Y)
L R A N T iz N D R (E N = I
A R AR Y S A AT VRORT (B0 R, BT DX
B g A ) o () [ B S AN AR T) . A BIF 5 0 A 4
PO AT I I A 6 /NI W — Yk [iCa | ¥ JiE B
AT Prowle [ B B — i b o Bk R & 3k 2%
PSS B, AERITHTS 1 h &M 1k
[iCa ] Hk B, SR J5 LA 3 h/ ¥R A9 400 232 W, e )2 22 &
AIATAET T, B N A T 9 B A S O M TR Y
fAifk RCA &2/ T 200 ] 8 3% WG IT AU TE 5
Branfa 1 h Wil [iCa J vk BE — Kk, BRIk 3] 1 B dé L
S W R & G

RSN BTN v (b i U (I U W I O
[1Ca | e Jo MW 00 B ] 1] B 68 v JC 8 — A o . W 3000 i)
e HsF () 17 8 3 AN S 5 R R 0 1 AR Ak, i
454 CRRT Ty WE4s F B 30 3 T AE ) I 8 5%
T
4.2 [tCalfy W

£ RCA-CRRT B, % T 50585 ok B A% W I 0 2
DAARTET A, IR b, [tCa] & T AT W 4 5 4 45
RUF BN A EZES s 2 — W H 5[iCal % & — ik
N . AR A 3 Ak, e BEAE R Y tCa/ iCa
FUAE =2, 4 7] Jz B A Py e ik iR 46 g R R LY — T3
I RIX 5 % B L tCa/iCa L fH /4T RCA-CRRT £
e BEAE BB E 28 d FE T (W A 7 W R R L X —

81 5 HIE R (B0 22 2% 5 D) g R 1A O, AT AE R i
IR B — A B AR T ST AR U
BLUTE W R A K SN, AR R W — kP
ATEOT RSB I R A H N AR B T R
AV A
5 WEBEEMIEE
5.1 ERIAHMEGER I E

H §i [ N 7617 RCA-CRRT W Kk £ JH 2 Tt
B 375 BT YRR (B0 B, O B AN AN . H
I R &% %) 8 Bk b 45 19 A 5 90 SAL S T
SV 10 Y0 S T S5 T L 10 U6 ) 4 B TR A T O TR
R

H AT OG- 45 (9 IR 30OR 3% 8 W KA % — bR
. IR b, — AR 4 2B B L LI B ) 2
AN ) i 7 A o YR T 25 A R ASORE A 11 RES R R 1
EAE 15~30 mL/h ZI[H] . Z 30506 45 i i 0 i
TR R E R 25 mL/hW 0 2 F NN 10 %04
255 M T S A AR 1 T R kg 4 0 M A TR B 5 1Y
6. 1909, HF5E & BRANES 3 R AU FE RCA-CRRT
19 300 5 A T i 1 TR R A R N ) R A TR VR
A G S 1 00 55 i A T B 1 R TG OG0 b
HBHBS B ICU H BA A9 F 58 0 360 F 17 3k — 25 51, [F]
A DA Ay 4 i T o R A e R A Y X
R W AE CRRT Ay 73 W 0 4 3 2% 2%, ) A L)
R e i R, AR B &y 7 —4
38 7 AR AT B8 R A Ak R Y v R R, R AR
SEHLAEFEFT RCA-CRRT M 4E B % 145 K F , R
T B AEVR YT 1 AR v 5 A1 R A R R 0T
5.2 RYT I AR A T R (1 T

£ RCA-CRRT v, — AR 95 4 B [iCa | ¥k &
R R ) i RO AR g NS O R B R
[iCa ¥k BEZEFFTE 1. 0~1. 2 mmol/L, HiZ B
ZoME 12 N TS G T G R R A e S —
WFFTIA A B e 300 590 et ] LA AR Ay 8 B G gy v 5
RNEESZRE W ERZ D b P70,
£ RCA-CRRT Hrogh 5 3 25 (%) I8 48 A7 78 “ W B B ”
PR, B — By BE . A 4 R T ARSI G TR
I FE R A T B B 1) B R AA S i 7 B T R T R
R 5 B B IR YT 2~3 h e A A T R R A
REAS S 75 A0 7 A A1 1L 380325 A v 4 3 B 14 465 1, [
TR R R 4k B EDY . kL 3697 T A
BEAFAERE e 2 05 /0 B R AT . BT LA R T I AT AR
P 33— R VR AN (1 R
6 BEMREE

X} F e T AE fB F Ok, CRRT 34 7 R R i
HEH FIR YT L RE U8 T I AU i R AE , [R5 )
I D) B T IR R E 5 2R B I RE R I L 2
FAREMFAE R, T RCA-CRRT K /4
SRR L E I PR B AR )92 2 O N T MR



< 782 i R 21 2k ik 522 %

IMLAE 3Gy 5 [8] Rattis B A C,Freitas A C, Oliveira J F,et al. Effect
A E NAMNIF Y T Lk o Bk M i of Verapamil,an L-Type Calcium Channel Inhibitor,

Mﬂ]%?@} E"]?j’f’hﬁ] J3 2 F {%a [;//%$%j ST G R on Caveolin-3 Expression in Septic Mouse Hearts

R DL AL CRRT 3 A2 o 4 B B b 45 11 31 55 [J]. Oxid Med Cell Longev,2021,2021:6667074.

TR S a7 VR i

%ﬁiﬁﬁ ) @5 A e A L BT LA ) [10] Steele T, Kolamunnage-Dona R, Downey C, et al.

TR . ST MG RAR 5G9 B S A6 T3 A Assessment and clinical course of hypocalcemia in

A B IR AL T T S A 2 0 B B s AT T 2 A critical illness[J]. Crit Care. 2013,17(3);R106.

IR KRB A I UE S T3 2 . [11] Zhang Z,Xu X,Ni H,et al. Predictive value of ionized
A WP 9T 3] 0 e ik T 045 3 1 48 1R calcium in critically ill patients:an analysis of a large

HE AP E R RE R #H RCA-CRRT %4 clinical database MIMIC I [J]. PLoS One, 2014, 9

HEATRONTBE B2 AR A BB L B 4 (195201,

RWiBFGE 57 % , RCA-CRRT () 45 45 35 i fiF f1 & [12] Liu Y,Chai Y,Rong Z,et al. Prognostic Value of Ion-

GG R M EE . (FL 077 2 4R K — 6 53 16 PR 1 e Celeum Levels in Roonaial Sepsis 1 A St

i A 1 51 {j% :@' AN 07 A B HY R [13] Ziiiz J’R, G’Oolcy I, Zagcr’ RA. et al. Hypocalce-

PR, A HATAT RCA-CRRT W (475 45 BB 52 17 mia: a pervasive metabolic abnormality in the criti-

BTN G R o3 3 L ICU o (9 St 1 32 40 i cally ill[J]. Am J Kidney Dis, 2001,37(4) : 689-698.

L DA T B E . BRI T R [14] Collage R D, Howell G M, Zhang X, et al. Calcium

HH A R AL, B T E LS M EAE N supplementation during sepsis exacerbates organ fail-

KrERERMIGZU ML, X T4 41T RCA- ure and mortality via calcium/calmodulin-dependent

CRRT BT MEIE R FZ P AT, M HAT X protein kinase kinase signaling[J]. Crit Care Med,

WA FLA 7 A T 1A T R R S I R Sk AR FOL ATCLD 3527360,

RN AR R AR HNERN — 4 & [15] Qiu X,Dong K,Sun R. STIM1 Regulates Endothelial

F Calcium Overload and Cytokine Upregulation During
. Sepsis[J].J Surg Res,2021,263(4) :236-244.

2% [16] He W, Huang L,Luo H,et al. Hypocalcemia in sep-

[1] Singer M, Deutschman CS, Seymour CW, et al. The sis:analysis of the subcellular distribution of Ca2 +
Third International Consensus Definitions for Sepsis in septic rats and LPS/TNF-alpha-treated HUVECs
and Septic Shock(Sepsis-3)[J]. Jama,2016,315(8); [7]. ] Infect Dev Ctries, 2020, 14(8) :908-017.
801-810. [17] Zhang W, Bai M, Yu Y, et al. Safety and efficacy of

(2] Liu C.Li M. Cao S.et al. Effects of HV-CRRT on regional citrate anticoagulation for continuous renal
PCT, TNF-alpha, IL-4, IL-6, IL-8 and IL-10 in pa- replacement therapy in liver failure patients: a sys-
tients with pancreatitis complicated by acute renal tematic review and meta-analysis [J]. Crit Care.
failure[J]. Exp Ther Med,2017,14(4):3093-3097. 2019,23(1) :22.

[3] Bellomo R,Kellum JA,Ronco C,et al. Acute kidney [18] Mariano F. Hollo’ Z, Depetris N, et al. Coupled-
injury in sepsis[J]. Intensive Care Med,2017,43(6): plasma filtration and adsorption for severe burn pa-
816-828. tients with septic shock and acute kidney injury trea-

[4] Yin F,Zhang F,Liu S,et al. The therapeutic effect of ted with renal replacement therapy[J]. Burns, 2020,
high-volume hemofiltration on sepsis: a systematic 46(1):190-198.
review and meta-analysis[J]. Ann Transl Med, 2020, [19] Klingele M, Baerens L. Impact of Renal Replace-
8(7).488. ment Therapy on Mortality in Critically Il Patients-

[5] ef, 4. 17 CRRT IfiJT B MK BEAE 2 Y G 2 The Nephrologist's View within an Interdisciplinary
WEAAGHEITLI] wRE 2 E, 2019,2008): Intensive Care Team[]]. J Clin Med, 2021,10(15):
649-652. 890-898.

[6] Stevens PE, Levin A. Evaluation and management [20] Giani M, Scaravilli V, Stefanini F, et al. Continuous
of chronic kidney disease: synopsis of the kidney dis- Renal Replacement Therapy in Venovenous Extra-
ease: improving global outcomes 2012 clinical prac- corporeal Membrane Oxygenation: A Retrospective
tice guideline[ J]. Ann Intern Med, 2013,158(11): Study on Regional Citrate Anticoagulation [ ] ].
825-830. ASAIO J, 2020,66(3):332-338.

[7] TFei M, Li P, Tao X, et al. Influence of hypocalce- [21] Arnold F, Westermann L, Rieg S, et al. Compari-

mia on the prognosis of septic patients[ J]. Zhonghua
Wei Zhong Bing Ji Jiu Yi Xue, 2019,31(4) :418-421.

son of different anticoagulation strategies for renal

replacement therapy in critically ill patients with CO-



H FRIGELT , 45 . W23 0 A8 35 AT R M A 9 0 46 R 5 15 AR AR 7 i 7 o 4 Y 4 .

783

(22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

VID-19: a cohort study[J]. BMC Nephrol, 2020,21
(1) :486.

M, PR, 526, S K NGAL 48 5
G e Bk B 40 0 16 B CRRT I HIL Y I PR BT 55
(1. KR AL 4, 2020,21(3) :212-217.
Sponholz C, Bayer O, Kabisch B, et al. Anticoagula-
tion strategies in venovenous hemodialysis in critical-
ly ill patients:a five-year evaluation in a surgical in-
tensive care unit [ J]. ScientificWorldJournal, 2014,
2014:808320.

Oudemans-Van Straaten H M, Ostermann M. Bench-
to-bedside review: Citrate for continuous renal re-
placement therapy,from science to practice[]]. Crit
Care,2012,16(6) :249.

Zheng Y, Xu Z,Zhu Q,et al. Citrate Pharmacokinet-
ics in Critically Ill Patients with Acute Kidney Injury
[J]. PLoS One,2013,8(6) :e65992.

Rhee H, Berenger B, Mehta RL, et al. Regional
Citrate Anticoagulation for Continuous Kidney Re-
placement Therapy With Calcium-Containing Solu-
tions: A Cohort Study[J]. Am ] Kidney Dis, 2021,
78(4) :550-559.

Shum H P,Chan K C,Yan W W. Regional citrate an-
ticoagulation in predilution continuous venovenous
hemofiltration using prismocitrate 10/2 solution[J].
Ther Apher Dial,2012,16(1) :81-86.

Klingele M, Stadler T, Fliser D,et al. Long-term con-
tinuous renal replacement therapy and anticoagula-
tion with citrate in critically ill patients with severe
liver dysfunction[J]. Crit Care,2017,21(1):294.
Jacobs R, Honore P M, Bagshaw S M, et al. Citrate
Formulation Determines Filter Lifespan during Con-
tinuous Veno-Venous Hemofiltration: A Prospective
Cohort Study[J]. Blood Purif,2015,40(3) :194-202.
Kirwan CJ, Hutchison R, Ghabina S, et al. Imple-
mentation of a Simplified Regional Citrate Anticoag-
ulation Protocol for Post-Dilution Continuous Hemo-
filtration Using a Bicarbonate Buffered., Calcium
Containing Replacement Solution[ J]. Blood Purif,
2016,42(4) :349-355.

Ong SC, Wille KM, Speer R, et al. A continuous
veno-venous hemofiltration protocol with anticoagu-
lant citrate dextrose formula A and a calcium-contai-
ning replacement fluid[J]. Int J Artif Organs, 2014,
37(6):499-502.

Broman M, Klarin B, Sandin K, et al. Simplified Cit-
rate Anticoagulation for CRRT Without Calcium Re-
placement[J]. ASAIO J,2015,61(4) :437-442.
Cointault O, Kamar N, Bories P, et al. Regional cit-
rate anticoagulation in continuous venovenous hae-
modiafiltration using commercial solutions[J]. Neph-
rol Dial Transplant.2004,19(1):171-178.

Gupta M, Wadhwa N K. Bukovsky R. Regional cit-

rate anticoagulation for continuous venovenous he-

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

modiafiltration using calcium-containing dialysate
[J]. Am ] Kidney Dis,2004,43(1):67-73.

R, K, 0k, A MR EE T B BT BETE 2 A5
AR e IR AR T P R B RCR [T iy
BERL K224, 2019,50(12) :1750-1754.

Sheng RM, Zhao WB, Huang LH, et al. A target-
oriented algorithm for maintaining serum calcium
stability automatically in regional citrate anticoagula-
tion[J]. Int J Artif Organs, 2021,44(8):551-559.
A, B, BER. F.ONBLE MG TCS B K
TE T B MR AR IR YT T IS BEROCR T, %
BEAE 2Rk, 2020,45(12) :1259-1264.

Zheng Y.Xu Z.Fan Q. et al. Calcium supplementa-
tion in CVVH using regional citrate anticoagulation
[1]. Hemodial Int,2019,23(1):33-41.

Jarvisalo MJ, Hellman T, Uusalo P. Mortality and
associated risk factors in patients with blood culture
positive sepsis and acute kidney injury requiring con-
tinuous renal replacement therapy-A retrospective
study[J]. PLoS One, 2021,16(4):e0249561.

Luo L,Fan M, Chen Q,et al. A simplified protocol
for individualized regional citrate anticoagulation for
hemodialysis: A single-center, randomized clinical
study [ J . Medicine ( Baltimore), 2021, 100 (8):
€24639.

Tolwani A ], Prendergast M B, Speer R R, et al. A
practical citrate anticoagulation continuous veno-
venous hemodiafiltration protocol for metabolic con-
trol and high solute clearance[[J]. Clin J] Am Soc
Nephrol,2006,1(1) :79-87.

Schultheiss C, Saugel B, Phillip V, et al. Continuous
venovenous hemodialysis with regional citrate antico-
agulation in patients with liver failure:a prospective
observational study[]]. Crit Care,2012,16(4) :R162.
Warnar C, Faber E.Katinakis P A, et al. Electrolyte
monitoring during regional citrate anticoagulation in
continuous renal replacement therapy [J]. J Clin
Monit Comput,2021.

Zhang Q. Zhuang F,Fan Q,et al. The possibility of
using effluent ionized calcium to assess regional cit-
rate anticoagulation in continuous renal replacement
therapy[J]. Int J Artif Organs,2020,43(6) :379-384.
Evenepoel P, Maes B, Vanwalleghem J,et al. Region-
al citrate anticoagulation for hemodialysis using a
conventional calcium-containing dialysate[ J]. Am J
Kidney Dis,2002,39(2) :315-323.

Boer W, van Tornout M, Solmi F, et al. Determi-
nants of Total/ionized Calcium in patients undergo-
ing citrate CVVH: A retrospective observational
study[J]. J Crit Care, 2020,59:16-22.

Link A, Klingele M, Speer T, et al. Total-to-ionized
calcium ratio predicts mortality in continuous renal
replacement therapy with citrate anticoagulation in

critically ill patients[]J]. Critical Care Medicine,2012,



. 784 - Il IR 2018 2=k 5% 22 4
16(3):R97. (1. R EBACEY R, 2020,14(22) :171-173.
[48] Fall P, Szerlip H M. Continuous renal replacement [52] Bi X, Zhang Q. Zhuang F, et al. Optimized calcium
therapy:cause and treatment of electrolyte complica- supplementation approach in post-dilution CVVHDF
tions[ J]. Semin Dial,2010,23(6) :581-585. using regional citrate anticoagulation[]J]. Int J Artif
[49] Tolwani A, Wille K M. Advances in continuous renal Organs,2021,44(3) :165-173.
replacement therapy: citrate anticoagulation update (53] W, AxaB. Ja) &8 K0 Mk R 4 B 8 X 7% 2 1 B E R AR
[J7J. Blood Purif,2012,34(2) :88-93. I EAMSEAR R[] AR R e B
[50] Liu D L,Huang L. F,Ma W L,et al. Determinants of 2016,22(2) :125-126.
Calcium Infusion Rate During Continuous Veno-ve- [54] Wu S,Xu T, Wu C,et al. Continuous renal replace-
nous Hemofiltration with Regional Citrate Anticoag- ment therapy in sepsis-associated acute kidney inju-
ulation in Critically Ill Patients with Acute Kidney ry: Effects on inflammatory mediators and coagula-
Injury[J]. Chin Med J(Engl),2016,129(14):1682- tion function [ J]. Asian ] Surg., 2021, S1015-9584
1687. (21):00098-1.
[51] #R3b. 78 CRRT iR Y7 Meaiz 4 21k B 1 45 b =) A% B #:2021-09-01)

MR PLBE 5 4 B T R AL BT BE AT RO L A

“ B 55 E T B 55 REL I = R AiE ST AN

rpr [ e LA T 7 S B BT 22 R AR D IR IR 202 44352020 AR5 7 IAIE X PIE . AR IR K
SIS GURAY 4 A2 (H) 28 5 DA AR L RE T IR VRS R A 202 B VR B R
2 R B E LR 40 RA TR ZUGTIRTE . SR N A58 St B AR 0 e U
LR IAYT M REAE 5 fE AR 3 04 HlE A 0 A L 2% AR R 6 338 2 R 114 B0 o ke LA P B AT L 7 R 0 R
I3 B B IRE AR SR 0 58 K B D RE AR 3P SR W S AN AR ZE H 9 1 i PR R B 7S 292 WA T A i,
Vo AEL I 2 A e B 7 v v B O Al A TR B R O i R 8 R R AL — A T 29T 2 % R IR R
TR Sy I A 4R FT AR A I T AR .

¥ T i A9 0T 577 5 EL T T A S A T T A DR A R B A A 5T N B A AL R 8% Oy, O i — P s 2E R
SE U o LA S 38 o AT ST S R 114 I R SEL T L I A R A Y e R R AE R, [ T R e B
LA S 202 AU &7 A HE O R IR IR £ 2% 38 ) FF R ik 5 5E 5 5 BHL T 5 RRAE S Bh . PR
A G TGE F R

— EEE (BFEERRTF)

LA . S0 B 1 1 2 5 DR IR YT

2 AL IR - 5 G i SRR A DG A E DR XU | B O 5 R A

3 IS AR A5 5 L S SRR A G PN R A TR 4 L A I IR T N R I ) B A A ™ R AR
AR S R W R T B

4 P BEZIRYT - MREEAE T B 2 N X

5. B DHE « 4 B T BB B T 5L I0 A W A% D e DR A R S

6 . JHe B A K e BE AR v 1912 B IR T I AH DG PR 5

— A

18 SO 2 W98 SC CRLAR I R A 58 RS2 3 0570

2 KkHE N Word HER 4% 20 %2 VEH 15 8% 2 ARG K 202 2% 35 ) 18 SCRER .

3T I R 212 24 35 ) W 3 8B o P AIE < hetp e www. whuhzzs, com , R Fi 1 11 B * i 2 4 791 Bjs 55 BH Wy
fIESC”,

4 SRR H 8. 2022 4F 6 H 30 H.

PEEFREBROARELS LT LKL
+



