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AN R R W By (ICU) B Y RCA-CRRT=24 h 1 AKI S EAVE RTINS . AR B e B L AR
LHLHTH P B s 1T (SOFA ), _EHLZE & A Mk & AR I ZLAR 3 (8 . SUIHET 3R Mok e =AY
SRR B KLU T (PaO, ) A4 . B4R SlBAT VR g/ N A -2 T o YR R L ISR | YA AR R
RCA-CRRT i 2 AP A R &5 A M & AR 5 Ol AR A (R4S / W B 45 LU DR 2R 3 A MR AR 35 A ( =2.5) At
MR ETRAL ( <2.5), WAL R S 7ot , R A B 3R 22 IR 2 Cox b3l XURSE 151 151 20 B 7 o M Ak i 5 A
SR R 25, T2l MAsk R 5 A SR RRURURS: i 42 3 B ANl 9 7 B = o 2 e ik - e Dk ML YR M (CVVHD) i 252
P K - TR K RGBT (CVVHDE) ) i s FUXS: . 2558 R A 192 fii] AKT #2347 RCA-CRRT &
IT 393 Bl , Hor 134 Bl (34.1% ) K AEFEIREE TR BLRIZE Cox FLM XU M1 43 s JARd i SUIRLT 3R |
IR R FLIRKE: | Pa0,., B FIE VAT FIEE I SOFA 143 il fiE 24T RCA-CRRT Y AKT 525 & A= Mt
FREF MR R (3 P<0.1), ZHE Cox FLBIRUE EIE44T B8 , CVVHD jA7 7 (XU L (HR) =2.329,
95% B AF X 8] (95%CI) k1 1.396 ~ 3.884 ), K HZT 2 T 55 (HR=1.004, 95%CI 4 1.002 ~1.006 ) ¥ 77 & 7
5 (HR=1.001, 95%CI 4 1.000 ~ 1.001), FLEZ Tk (HR=1.091, 95%CI *} 1.036 ~ 1.148) A5 2 & FLA G 16
HZ (3 P<0.05), PaO, Tt ML & FRAY R4 1 (HR=0.990, 95%CI 4 0.900 ~1.008, P<0.05). Hit4
TR & FURAFUXUES B 26 W, CVVHD BEU MR & BlUL A2 R B 25 & F CVVHDE #1320 (P=0.001). 451t &
NRZT 2% | MR 7 4 M LR B 5 . PaO, {5, RCA-CRRT FY MR 250 A KBk s 5 5 CVVHD B e,
CVVHDF 3 RCA-CRRT BYHTIETA 25 FRXUR A 5 .
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[Abstract] Objective To investigate the influencing factors of citrate accumulation in critically ill patients
with acute kidney injury (AKI) undergoing continuous renal replacement therapy with regional citrate anticoagulation
(RCA-CRRT). Methods A retrospective case-control study was conducted, enrolling AKI patients who received
RCA-CRRT for =24 hours in the intensive care unit (ICU) of Sichuan Provincial People's Hospital from January 2023
to December 2024 as research subjects. Clinical data were collected, including gender, age, Sequential Organ Failure
Assessment (SOFA) before RCA-CRRT initiation, mean blood lactic acid level, mean total bilirubin level from the start
of RCA-CRRT to the occurrence of citrate accumulation, mean infusion dose of sodium citrate, mean partial pressure of
arterial oxygen (Pa0,), mean hourly volume of replacement or dialysate fluid, treatment dose, blood flow rate, treatment
mode, and the occurrence of citrate accumulation during RCA-CRRT. Patients were divided into two groups based
on the total calcium/ionized calcium ratio: a citrate accumulation group (=2.5) and a non-citrate accumulation group
(<2.5). Baseline data were compared between the two groups. Univariate and multivariate Cox proportional hazards

regression analyses were used to screen the influencing factors of citrate accumulation. Cumulative risk curves of
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citrate accumulation were plotted to analyze the risk of citrate accumulation in different treatment modes [continuous
veno-venous hemodialysis (CVVHD) vs. continuous veno-venous hemodiafiltration (CVVHDF)]. Results A total of
192 AKI patients were enrolled, with 393 circuits of RCA-CRRT treatment, among which citrate accumulation occurred
in 134 circuits (34.1%). Univariate Cox proportional hazards analysis showed that treatment mode, total bilirubin
level, sodium citrate dose, blood lactic acid level, PaO,, replacement fluid dose, treatment dose and SOFA score were
potential influencing factors for citrate accumulation in AKI patients undergoing RCA-CRRT (all P<0.1). Multivariate
Cox proportional hazards regression analysis revealed that CVVHD treatment mode [hazard ratio (HR)=2.329, 95%
confidence interval (95%CI) was 1.396-3.884], elevated total bilirubin level (HR=1.004, 95%CI was 1.002-1.006),
higher citrate dose (HR=1.001, 95%CI was 1.000-1.001) and elevated blood lactic acid level (HR=1.091, 95%CI
was 1.036—1.148) were risk factors for citrate accumulation (all P<0.05), while elevated PaO, was a protective factor
(HR=0.990, 95%CI was 0.900-1.008, P<0.05). The cumulative risk curve of citrate accumulation indicated that
the incidence of citrate accumulation in the CVVHD mode was significantly higher than that in the CVVHDF mode
(P=0.001).
associated with an increased risk of citrate accumulation during RCA-CRRT. Compared with the CVVHD mode, the

Conclusions Higher total bilirubin, higher sodium citrate dose, higher lactate, and lower PaO, are
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CVVHDF mode confers a lower risk of citrate accumulation in patients undergoing RCA-CRRT.

[Key words] Continuous renal replacement therapy; Regional citrate anticoagulation; Citrate accumulation;

Influencing factor

Fund program: Sichuan Provincial Cadre Health Research Project (2024-230)

DOI: 10.3760/cma.j.cn121430-20250623-00347

Mk R 25 B 48 78 R W AR A% R T 5E (regional
citrate anticoagulation, RCA ) 9 % 2% M B IE & X i
J7 (continuous renal replacement therapy, CRRT) i
TR, MUK IR Eh HE A S 38 IR N 15 R e LA A AR
PTRE T & BRI MR 35 BUR RCA-
CRRT # WL A AE , n] 5 BUR H N PR 5T TR 58P
W ZE L, 18 R B SR N RS T RCA
1t CRRT "Ry Z B .l WL, Mt & BB A i
PR 2R PR TR 14 [ L, A T 5 i DR 2R i o ) et
fRTEE. FRT, RCA-CRRT #F5¢ 7 o] = 2 AL fE T
TEOR FR A A Rt A B A B e A
Jr i, Her bk 5 kg T IFEEE B AT
RCA-CRRT J& % A Mk 2 B 2 i [ 3%, Thiout
RCA-CRRT 697 W] )4 18 2% 5 41403 (acute kidney
injury, AKI) H5E 8 3 2B MR 25 FRAG AT 20
PRI, ARBFSE LAFT RCA-CRRT Y AKI FAE 8 3 A i
FEXFGE, TRV HIRRIR 2 TR 52 R 22, B A R ety
IR & TR B AL A
1 #RETE
L1 WEFERER < SR Il P s 5] %o BR A0 5 O 1%
e 2023 4F 1 7 2 2024 4F 12 A U1 N REEBE
HORE W5 57195 J7 (intensive care unit, ICU) YA B4 T
RCA-CRRT #J AKI B FAE N HFTEXT L
111 49 A 45U : RCA-CRRT 4 J7 i 1] =24 h H.
167 1A 32 S i K - DK LR BT (continuous
veno-venous hemodialysis, CVVHD ) sl 2 ME Rk - Fik
M ERTIET (continuous veno-venous hemodiafiltration,
CVVHDF ),

1.1.2  HERRFRUE : RCA-CRRT JA 771 75 b BE i i
Fi a8 RCA-CRRT G T8 A 5e 3

113 ABF%: . RAFRATG AR A=A, T &
ABEEE - 2z D1 2 WAz e (S £ 2022-97),
I RS RS I X5 R A 3 A8 5 S ) R R A
1.2 RCA-CRRT 5% : CRRT #LA Jy 24 7% 3 5008
S DX-10, 38245 A5 4 AVI000S, B 40 h 7
LLy 7R SR 7% S0 A0 R, AR R 1 4% R R — 4
VW, 55 50 Sk i A B R 4%, 16 97 B CVVHD 3§
CVVHDF ., RCA JGYT I 48 : ML 120 ~ 150 ml/min,
MR N A) HAF 9 180 mI/h, 4TRSS 22 A K
WILGFIEA 5 mLh, HARIER S E5 5 TR 0.2 ~
0.4 mmol/L, B4 B 455 TR E N 1.0 ~ 1.2 mmol/L,
MR 2 b A il <o Hr, 5 R 4 h A i<y
BT, AR 8 A5 505 5 e R 4 B 0 B8 VR Bl A
PRI A SRR R, B H 6:00 174 5
Ui B AR, 7 26 A0S / ViR A LU =2.5 2Kk
HpgmE AL

1.3 GORPISCEE Ko O BB AR ARG L
MLET B 7 5L B 23 PF 4 (Sequential Organ Failure
Assessment, SOFA ), [ #HL £ & A= M) iR & LAY I
FLIRSAIME . ST IE | M IR A A 2457
i | Bk 45 R (arterial partial pressure of oxygen,
Pa0,) ¥J{H | B #IRSGETR BN R AR R
PR I IR TR M RCA-CRRT it i rp
TR & FRAG R ARG O AR A AR5 / Ui B9 45 LU AE
PR A AR IR B AR ( =2.5) FITCHk R 25 R
H(<25).,
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1.4 G205k« i 4] SPSS 27.0 5 R 4.5.0 # A4k
TG Hr . FF A IR 0 S B LI 8L +
PRifE2E (3 +5) Fmm R TBCXT ¢ K556 5 RFFEIER
A1 i S AT B (UM B0 M (Q,, Q) )3
7N, K Wilcoxon FRAIKGES . 4328748 DA A
IR xRS, BRI ER Cox FL B XU [0 15 43
rop P<0.1 AR A Z I Cox HLAI XU 17119
I3HT 5 22 RCA-CRRT A RIVAIT L R Mg i &
T BB #h 4k, 4347417 CVVHD 5 CVVHDF fy
FAE B H IR B TR A KR . KK o fH
Hosi 0.05.

2 F R

2.1 REIAREN LA 192 ] AKT B, Hop
TP 130 4], 2Pk 62 f41] ; 4F 1% (54.74 +15.26) %
il 19 ~87 % ; T RCA-CRRT & J7 393 {4 Uk, Hoep
R HAEIRE TN 134 (1R (34.1%), K & A ME IR E
FH259 R (65.9% ). W2 [R]85 B A fw ART AR
MR | FLER A PaO, 22 534976 Giit2i s X (1
P<005;% 1),

22 IR E TN E Cox 44T (R 2) : BRI
Cox 7 M 7R, IR YT SR L RUIRELER | Mg i ) i
FLER /K-, PaO, . B #5677 & M SOFA 7
43 A BE 21T RCA-CRRT 1) AKI £ # & AE MMk iR &5
PRI E R (3 P<0.1),

23 MR E BN Z R Cox 0 HT (£ 3) : Z1H
£ Cox /M1 7%, CVVHD Bz | BAHLE K T+ )
R IR 37 1 s L LR FE 5 2 1T RCA-CRRT A AKI
BERAEMGRE R AERINER, Pa0, & 21T
RCA-CRRT 9 AKI i & AR R & B £ 9 [
% (¥ P<0.05),

%2 4T RCA-CRRT [{j AKI 2E % &M ERE

B FZE Cox ELBIXUEE O] I3 4547

At B s x’fH df P HRMH  95%CI

B 1,150 0305 14.222 1 <0.001 3.159 1.738 ~5.744
JatiliEanS 0.005 0.001 19.770 1 <0.001 1.005 1.003 ~1.007
Mg 0.001 0.000 3.845 1 0.050 1.001 1.000~ 1.001
Az 0.094 0.028 11.301 1  0.001 1.099 1.040~1.161
Pa0, 0.003 0.002 3581 1  0.051 0.993 0.908 ~1.007
BRI 0.001 0001 3.613 1 0.057 1.001 1.000~1.001
BITHIE -0.056 0.032 3.102 1 0.078 0.945 0.888 ~1.006
L 2 0.011 0.008 1.774 1  0.183 1.011 0.995~1.028
1

SOFA 4> -0.046 0.027 2.875 0.090 0.955 0.905 ~ 1.007
T« BB I S R K - KL BT (CVVHD) 535
A K - K L A U8 5 (CVVHDF) 5 RCA i Jsy i Myl e i
%k, CRRT MM B IERIAYY , AKT 2t i, Pao, hyshiik
MASYE, SOFA J9)5 BEas B #8380y, df A, HR AL,
95%CI *H 95% ‘{5 X ]

% 3 4T RCA-CRRT i AKI BE % £ GRS

% [AFZE Cox LbBIXUEE B3 437
At B s x’MH df P{E HRMH  95%CI

WA ® 0.845 0261 10492 1 0.001 2.329 1.396 ~ 3.884
HARZrE 0.004 0.001 16727 1 <0.001 1.004 1.002 ~ 1.006
Mg 0.001 0.000 4.718 1  0.030 1.001 1.000~1.001
B 0.087 0.026 10984 1  0.001 1.091 1.036~1.148
Pa0, 0.004 0.002 6431 1  0.011 0.990 0.900~ 1.008
BRI 0.001 0.000. 4022 1 0.055 1.001 1.000~1.001
BIFRE <0.061 0.032 3641 1 0.056 0.941 0.884~1.002
SOFA P43 -0.049 0.027 3300 1  0.069 0.952 0.902 ~ 1.004

T IR R SR K - Tk RGBT (CVVHD) 53
SEME K - 5 K 0L BT U85S (CVVHDFE) 5 RCA S 5 # M i bt
#E, CRRT AL P ERARIAYT , AKT 2tk B0, Pao, Jshbk
M4 E, SOFA N FF B AT S8 MIESY, df o FL M, HR AR I,
95%CI 3 95% A5 IX ]

24 CVVHD 5 CVVHDF (7 #4515 25 FH 2R XU
Mk (& 1) : 47 CVVHDF 88 BRI 25 R L A4 &
i F CVVHD MR & R R A% (P=0.001),

*1 BALHMBEEETEFETT RCA-CRRT B AKI 2EHE & Z R EL B

ARt ToHIAK IR & FRA (259 141]) MR RRZ R (134 1) Geit (e P1{E
R T (h, M(Q,, Q3)]) 41.50(28.75, 58.00) 19.25(14.00, 37.00) 7=-2314 0.012
IR B (%)) X 2=12.660 <0.001

CVVHD 183(70.7) 117(87.3)

CVVHDF 76(29.3) 17(12.7)
BHLT 2 (umol/L, M(Q,, Q5)) 22.60(12.15, 45.50) 26.45(15.03,61.07) Z=-1982 0.064
Mg A (ml/h, M(Q,, 05)) 197.67(186.67,215.92) 226.40(220.41, 235.19) Z=-2.765 <0.001
FLI2 (mmol/L, x +5) 2.74+0.84 3.78+1.05 t=-3.082 0.002
Pa0, (mmHg, x %) 117.05+30.37 130.66 + 53.75 1=-2.720 0.007
BRI E (ml/h, xts) 1 676.83 +452.65 1 666.42 +395.26 1=0.240 0.814
BIFRIE (mL kg - h™', v +s) 29.60+4.92 29.00+4.19 1=1.270 0.206
I (mL/min, x +s) 122.04+10.14 122.39+11.93 t=-0.290 0.772
SOFA P4 (43, v +s) 12.01+3.78 12.31+3.90 1=-0.720 0.474

1 RCA H R MR LEE , CRRT St BN IAYT . AKL @bk B 405, CVVHD Sk ek - $Ik %S M. CVVHDF b4
LEPERPK - KR BT IE I, PaO, AEHKINAE MK, SOFA AJF BLAY B #5E) 5 1 mmHg=0.133 kPa
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Y RCA RS HIMRATLEE . CRRT W S B IR IR T,
AKI 2 PE 347, CVVHD S 2 f bk - ko igaE o
CVVHDF hyiZ et ik - sk i s A gk
1 A RCA-CRRT 3B P 4 AKI (R
R AR R BRI 2%

RIS

ARG IR TGRS e H R 25 P A
SR, B Hh 25387 7, 4T CVVHDF &35
B MR IR B R A2 R AIKTF CVVHD MR & FR A A=
K, HIEF A CVVHD 23t =k, 9 i 228
I ok A 2R AR N A B 2% LATR Y 7 2CSE B
CVVHDF J& i B 5 U8 b A5 =X, 4 ot A ¥ 3 o vp 23
2 A RN Sk B 22 5 R O 25 LIRS X i
A5 5 55 CVVHD A, CVVHDF Kt Y
CRRT 1 rh2s 21 AE N S o S8 BBEn 1 %t 28 e
T2, TGN T AR R 250 vk e i it 0
CVVHDF A5 i) i i b U8 A 1 = 1 R R+
FIBGR  , 3X A P e BOMIR IR ER Y 25 R R e
T (SRR A R i 32E A R8P 1 7] s el A, A i
ERUR ARG, B, X F Rk iR & R = AU
AB3, 4T CRRT {RY7 B, Al 6T A X LLRRAIR
il ivEy Ay da sk

ARHFEIE B, MR B A B e Ak R
B P EE Z M R 2R, MO IR A 0] 1 K, MO IR &5
FRUR A IRV 78 57 o A IR M — i N B o,
3 F 3N NayCHsO,, S 550814, BEEE & 2 5Lk
ISR M AR AR A B (UPR BRI 7 IV) . 18
CRRT & B 5| il Be R AMEIR B, il MR o S
MR A5 B A CRRT B 45 B 1 1 5 4 il
16 0.2 ~ 0.4 moml/L ", T SZHH CRRT 45 % 1) Joy &
Pt ARG IR B R v AR , 25 TR oA i 3
B 1.5 ~ 1.7 A%, I 3 SR8 RO, AR TR B %) 2 AR
FHREIE A2 2021 4, T BEP BA 58 e [ s A
FER I, DERSE G B TR <0.45 mmol/L 4 | 0.45 ~
0.55 mmol/L £ } =0.55 mmol/L #1 ) RCA-CRRT 7§

IR 2R IGFTE 52023 4F, Assefi A
T 3o AR PR X BB ST UE S, B A 5 B ARV A
(0.25 ~ 0.35 mmol/L) 5 ¥k £ 2H.(0.35 ~ 0.50 mmol/L)
) RCA-CRRT A A an 25 7 LA 122 B X5 2024 4F
TS MR P BN a3 g [ R B, DA IS
B B I e 40 (0.25 ~ 0.35 mmol/L) 5 i vk i 4
(0.35 ~ 0.50 mmol/L) ¥} RCA-CRRT 4§ & #2270
SeiteF o T UL, R PR b T 38 2k 35 2 S U AR
Je BARES 5 7 H AR BN FRL, LAV DM R B o
R, 7 RCA-CRRT H, X PRI M i ik FH ik
SEMIRER E R, W] LA i PRI CRRT 45 #AY 1M
L R RS 5 S TR H AR L LA
REAICAAK R B B, T (IS IR B R R A R

ARWFGE R, BN 2 S MR & R IE A G,
Pa0, 5 IR & FUR A OC, Mok ih 76 AR
2 BT A A | LD R B Y =R R OGRS, T
CIRPRIEHR e — A A AR R RS A R
Sk b i) A #e —3 . FIt, RCA-CRRT i
Firp, B G T B PaO, K B ZT 2 H AY A 1k I K
B3, J DA R B U & . AR bR R S
MR & TR IEASE, 5 E MG 3 I oe 4 5 —
B AR R MR S B R KR R,
TR g s O f5as 1 17 1 T L R (B 1 , X4 P R
G2 55 ARG & A B, BB FLRR (A & T, I
W R 485 N 3R 0 i A Qg e i B il A e i 4§
P @ YFLERE T, AR Y AR
i, PR R, 24 ) — SR R IR X HA R A 1
T SRR R 25 XU 3 7 R, LR B9 Bh
A AE A AT [0 42 S e — FR BRI B B AR O, M T
TR IR 25 B

Zi EFRAR , 7E RCA-CRRT H, 5 CVVHD B
Ft, CVVHDF f5XF B & BUR A 801K 5 #y
PRIR GNP HL R | PaO, BRI, EUIBLL R A S LR (A
TR, MOMARIR 3 AR LR 3R . DRI X TR IR 75
TR e XU A, e A BRI T AR U I B2 YA
7 i AR N S A TEAL B Y PaO,  FLIR K BIHAT
{8, — B A MR & R, PP R A, 4 4 i
DAL 2 AR PR, AN 1 H RSO IR B
BEAR , A ST by S e [l B B 5T, A AR S
TR B 4% HAUA CVVHD 5 CVVHDF,
RN FHAWA S, A AETRT PRI OR 2 R e , LA
ARG L CVVH 830 RCA-CRRT 20, Hi
T B ZHTHEE O T IR T i — S
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REEEEMIZIANEZEAREAN : TARGET EHBEHLIGERIXIE

TEFAE WS D, B 5 SR s BB I R A, SR 2 D6 2 A Ak, 1R BRIl DA S B i A I FAE BB 3z 7
HEHMBAR, B H 24 1.2 g kg™ - d s SR, SEPRIGOLR , 92 5B IO BR TR AU HERE LY 50% ~ 60% . K45
HWF5T R, #NE H S A T BEA B IR 2 48 T 55 , (HBUA I REALIG RS (RCT) 25 S A1 7R , 3N A S AT
e B GE R B e I IR sl A7 i 3T ST SRR S R G 4 2 2 LRl A T T — I 2 H s RCT, B ZEBEH iz P 2
JHAE AR BE A o A AR AR A R BRI PR o XTI RERAAIL . 32 S TR 56 7R IR RIS A8 PG 22 11 8 /> B A W47
953 57 (ICU)FEAT , 55 T 2022 4F 5 J1 23 H 2 2023 4F 8 1 23 HiEZ N EFRIGERE . MEWRENL A ELEZ S 811 (100 ¢/L)
AU 1 (63 o/L) MR I N FRB0T L 4% TCU 7E 3 12 S A OBIFSE ih 238 el s m R C 5, B de 3 N . gy
Jri R 5 90 RS AAIE HLICTH AT Bt B2 Be i R BK 5 UK B8 Jay A B8 A3 R I AR B KA A5 6 A7 B AU ) L LCU A B
IFiE] ST R B ARIAT T I & A R A SRR IR« SEANA 3397 il (R A4EIE 61 %, 64% NBEME)., AL
WA TR 90 RIS AEWE ELICHAEBE o 7 RECM 91 62 d. 64 d, JEHE S5 B2 ] 822 5ok —1.97 d (95% 45 X [E]
(95%CI) 2} =7.24 ~3.30, P=0.46 ), PILILESS 90 RAAETE FARML [ mEE 4l 72.6% , F ML 1418 74.0% (XU Ll 0.99,
95%CI H7 0.95 ~ 1.03) ), YREZ Sy 7 1T, WS AEAFI0 FR A A e RE2E 530 0.01 d(95%C1 2 —1.94 ~ 1.96); A Bl S i) ) 22 5+
6.8 h(95%CI A —3.0 ~ 16.5); ICU A% 5 i i) A 43 2 JR LKW FE (F 16 25 1 TCU WA T] K5 TCU HR BB T A 52 4 KUK ) 4 0.93
(95%CI > 0.88 ~ 1.00), T A= Bie i) 1] () AR T R XUS: L (i 306 7 1 o AR [0, 45 2 B v A PE T 1K 56 4 JRUBS: ) 4 0.96 (959%CT
J90.90 ~ 1.02) 3 SASYITTFAR KA RS LR 1.15 (95%CT 2y 0.66 ~ 2.01) 3 B ERARIATT &AL Z KUK L K 0.97 (95%CT N
0.81 ~ 1.16) ; 2R LG #3E Lo WL BE 2 mAR L, 5T A G HE A M 4518 « 7efa i B, B0 P9 28 (A S AT
KUGES 90 KREFAFIG HICTH B REL . CEHE A S R5 7 A5 F 503 01 [a) 5 R T s o9 28 P4 B

FAELE . 24T, %% 8 (JAMA), 2025, 334 (4) : 319-328



