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Abstract

Objective: To observe the improvement of continuous renal replacement therapy (CRRT) on en-
dothelial permeability in septic acute kidney injury patients. Methods: We included patients with
septic AKI defined by the Kidney Disease: Improving Global Outcomes (KDIGO) criteria for AKI and
sepsis and by the absence of other clear and established, non-sepsis-related (e.g. radiocontrast,
other nephrotoxins) causes of AKI when admitted to the intensive care unit (ICU) from December
2015 to December 2016, totally 29 cases. All patients were randomly divided into control group
and treatment group. The Control group was provided with the sepsis bundle therapy and contin-
ue renal replacement therapy (CRRT) was initiated in the treatment group on the basis of the sep-
sis bundle therapy. Enzyme-linked immunosorbent assay (ELISA) was used to detect the levels of
Ang-1 and SDC-1 in plasma of patients with AKI. The effect of CRRT on the improvement of per-
meability was observed in combination with the changes of clinical parameters. Results: Patients
were similar in critical condition. Compared with the control group, the concentrations of Ang-1 of
treatment group at the time of 4th h and 12th h are statistically significant (P values are respec-
tively 0.003 and 0.019). Compared with the control group, the concentration of SDC-1 of the treat-
ment group at the time of 0 h, 4th h and 12th h are not statistically significant. P values are respec-
tively 0.715, 0.531 and 0.377, but the concentrations of SDC-1 at the time of 4th h and 12th h are
downtrend. Accumulated fluid intake during 12 h per weight are statistically significant (P = 0.023)
between control and treatment group. Conclusion: CRRT can improve the permeability of endo-
thelial cells and optimize fluid management in septic AKI.
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HI: i ZELM M #4L (Continuous Renal Replacement Therapy, CRRT)X}RREAE & 1% & 45
(acute Kidney injury, AKI) N Fz ZH BB M0 . FEE: AFFRHAN T 20156125 ~20164E12 5 A fE
R HHSWOARRERAE & HFAKIUEE L1296 . FTA Nt BEREN X AMSERH. MEHASTF
R BRE R RAIRTT, IR B MR AR AR SRAL IR IT IRl B 457 CRRTIRYT « L P R S 158 TR P
SE (ELISA)ROAR, Ryl EnE AKIK) B2 I 3% 11 45 42 i -1 (Angiopoietin-1, Ang-1) I Z AR EM L
B/ ZEME-1 (Syndecan-1, SDC-1)IREKF, & BENIERBIFNZOKT, WECRRTX SEKRFRE
AKIA SR 4@ B e « 558 STRASRIEAKAPACHE IBES . SOFAWEASAEE ZiHER X (P>
0.05); S5XRAM, BT/ AAng-1IRE SRR HAM L LS THEER (P = 0.121), 4/h6f K& 12
/NEFREMIAng- IR B B & B T X 4, BAESITHFEER(P < 0.05); RIS SDC-LIRELEO/NET L 4788

12/ AREF G 2R, B, SXHRAME, RBH4/MT. 12/ KISDC-1KIRE 2 T &5,

ot FR AL RAR TR 2 FRR T 12/ I BBAL A B BUE N B A F it % B X (P < 0.05). 45i: CRRTX T RRFEAE
AKI A A REBE A BB IR, R R CRRTV] DML B8 MR A B E.

ES A
e, ST, EEMIMBIFIL, Angiopoietin-1, Syndecan-1
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1. 518

PR R 2 B H47 (Acute Kidney Injury AKN)FFET- R —BEEEA T, EEFENFEIL, K&4FH
40%~75%[1] AKI FHRRERAE S| 2[1]. B R b5t BREERE Sk B 3 I e SCEFE: 1) 756 oGE AR B
TG 2H 2 (KDIGO)/E 2012 4 AKI i R 5 B A R o4 HE 9 1) AKI RN 23 ibnifE s 2) FFEIRkERAER 2
WiksiEs 3) B oMH A AR ERREAH IS Sk B B 495 (s 57 B LA B B3 1 25 AR DG ME v B i4%) [2] [3]-
FREIE SV B R 4, WA M IENLS], R BRI S5 5 R IR IR R R
(R4, #RAT LA BUREAH SR L. ARSI RE,  DAPA B2 40 0 2 11 1) 22 0 B4 32 45 O ARR IO GG B4 1)
R LA ) B BRI [4] . PN R 4T M 22 W PR VAR T s B AT L A R IZ 3l . P R A X B )
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BoprE &

MBI 3y w1 B 1) P g 40 2 T J2 P ok R R 4 S B ) . TESOE R PR, fERE 2
R0, A0 P JBE A8 1ML R B R SR g — 2D I, P R 4 M R PR B I, A i A >, A
HAGURREE[4].

B TR M A B ZR-1 (Angiopoietin-1, Ang-1)F] AR M fZ4HMIfE 1) RE 7], Kasprzak B 7L 2
7~ Ang-1 J2& Y B4R AR () — D BRI &K, Ang-1 1922 al Rk A 9 A2 [5]. %34k Wen-Chih Chiang
MR FE S~ Ang-1 (3G Im3d et R0 Py 7 200 B ) A P A SRR B B i, R Bk B B JE Ik .
ANng-1 kb a] DL B B A S B S S 082 (6] [RITAT Ang-1 SRy T S L 14 B 153 405 1 — Tk 77 25

Z IR ENE-1 (Syndecan-1, SDC-1)—E LLRH N F i Z QU AR AR B4, FHOO L A Rz 1 R
PHYER WA EZ I, Thejaswi (IR F8 R 7s1E P R 40 SZ HINEERR A% LA RAL T REBCIRAS I, HLdsdE it
BRAF R BER A SDC-1, BE M in 1 Bt 25 76 1 5 B i afn 5 1f A& X1~ (von Willebrand factor, VWF) ()
B, MR VWF KFFHE,  BRRE B4t RS . [RfG P S2 40 5 SDC-1 A 3 fIAH <%, SDC-1 1
2] DL 3 B IR A8 P B A 4% SR 1) S IR AR 2R [ 7]

CRRT AMEWLIERR RAEN T, T B T Mimish /)t A EEEH . Aaiat, EREER
PR, R RIATT, AT CARRIR A 90 KMFET-2R, el i3 1A v 14 2447 7 P 1 7)o e o
FRFSEI (R [8] [9]-

Z LR ENE-1 (SDC-1)4& 2 Wi A0 4 2 B e VR R AR E A o T LA AR BRER -1 (Ang-1) 7K RS A
F MM B R BE 1[10]. ARSI AR CRRT 12 A ik #50iE AKI () SDC-1 F1 Ang-1 I 32 ik,
5L 22 WA 1R B V& R FEE B P e 4 M PR ME R AR AY, R CRRT JF R I AL 3R Ak

2. AREHZ*
2.1. fAEHR

K F B RO AT RE M RE LG R 98 777, AN T 2015 4F 12 A~2016 4F 12  NMETLE R} 224 DU %
B¢ BERE 22 2R 2 Wi AKI IR o ASHIE ST AU S R} K 24 58 DY = Be A B 2% 51 4w A% L i

2.1.1. MNFRHE
BEA MBS WIbRAE, A 454 KDIGO R At S 1. 2 IS WibsitE .

2.1.2. HERR#RME

TAERD T EREE S e < 18 25 BT URiRi B 1205 38 BhRw; SR #ifi £ KDIGO
3 WAFIAE (UL KHKE > 6.5 mmol/L); ™ HELACKIERR 8 (PH < 7.25); AW RELIE TLEDS
o ImZRE: ICUERE HINT 3 K.

2.1.3. I 5r4A
FE 78 3 AEA 83 K 0 135 R 0 it b, R N e S AL 20 Dy xR L (i 2 R R AL Y 77 ) A B 4
(WREIEEARAIATT + CRRT).

22. MIRF*

221 WHRIE

P N 838 NME ICU Ja 2B R 0, 230 A B B 1 T A K BN oLl ik 8, M i
FOR MR FOEIKE . PSR BT

MR 2012 4 (PRBUKEFIEIZZ): 2012 P E IR ERAE M IREAER e B AR 1) - 0 TR ERAE AR oo 22
PR AEATHARE IR, xRS TRIERIER AR YT o« WIS IR FRAE SR R I T AOEERE 25T CRRT
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1597 . CRRT IR 228 CVVH B, AR 90%, VaI7 7 E: 35 mi/kg/h, TRARSENS: 8% T,
AEL0hy 12 h %5 TR FAF R4 EF 4100 iu B2 I yES .
2.22. BIERE

S HIUEEIRIT O hy 4hy 12 h BIIGIREEE, 55 MFALEZ(Lac), HoCf bk i A (SevO,),
M+ E(WBC), FEF5RJE(PCT), C MK F(CRP), 4ARL(BNP), WiANE. JRE. WL THE.

XA AAI AL ) T AR O hy 4hy 12 h SREESMEFFIKIN 2 ml, >R FH B I S 72 R B 36 (ELISA)
J7 iR E M3 4 Ang-1. SDC-1 [HIKE
2.2.3. BuESh

J%i FH SPSS 21.0 fizA(IBM Corp., Armonk, NY, USA)ET Gt it 200 iHE BRI & IES 046, L
o+ FRUEZE (X £ SD)RIR, BLXTAEACSR FECST t K347 2045 AEIES S B A B (U 7 BRI BR) R
KBNS BEAT 73 M. K spearman SV I 43 AN [F) DR 3R 2 IB) AR SGE, IR A RAE & #EAT rI AL .
P <0.05 WAHEAS 2R L

3. &R
3.1 BEMNERERHAER

BTN 40 BEHBEAT T Rik. Hrb 2 GIfEEDURAE S, 2 BIfFAEre tE 'S ThaetiE, 3 BIfF/Emk
PRIv HEE R AN, 2 GIAFAE R A AE , 1 BIFAERmER IS, 1 BIA7AE™ S AR IR 2, B TUf
I 29 IR . 29 BN ICU BIFAE IR ERAE SVE B 00 (0 b, EIEE R R AR &)a, 3
H 15 BB F NI, 14 4 BF N A

3.2. M ERAFIA LA K —MRIGARBIRAT LI

X W ZH SR I 41 APACHE 11 $F53 73 51 9 18.43 + 4.42 71 20.53 + 6.90, ZEHIABA G245 (P =
0.110). X} & 2H 55641 ¥ SOFA 473 %4 6.00 (3.00)F1 7.00 (1.00), Z=5H| A BA Gt (P = 0.576)
(W72 1)o IR ZH AN S50 40 % I R %R (Lac, ScvO,, BNP, WBC, PCT, CRP) A B A St it %2 7 (4% 2).

Table 1. General clinicopathological data of patients with AKI
= 1 AKI BEH—RIGKFRIE SR

A X4 (n = 14) R (n = 15) P
B (%) 429 66.7 0.897
R (YY) 73.00 (18.75) 72.00 (20.00) 0.600
E(cm) 173.07 £ 8.23 171.27 £ 6.98 0.529
1A 5 (kg) 67.36 £9.49 69.67 £12.10 0.574
APACHE Il 14y 18.43+4.42 20.53 £6.90 0.110
SOFA 14y 6.00 (3.00) 7.00 (1.00) 0.576

Data=[X *S,M(QR)], "P<0.05.

3.3. XERE NI LE R I RAF SR B Y EL IR

0 /INEFL 4 /NBFL 12 /N X HEZE. Ang-1 3 B (pg/mil) 4353l 283.90 + 144.90. 352.26 + 110.01 £ 523.60
+141.63, RIGALHI Ang-1 3K (pg/ml) 553l 4y 300.79 + 226.27. 430.22 + 266.88 1 531.30 + 246.98, 5%t
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HRZHAHLEL, W504H 0 /NNFY Ang-1 (P = 0.121) 6% 57, ARA G FEE L, 4 /N (P =0.003). 12 /(P =

0.019)) Ang-1 IKEH 257, BAGITH#R L. 0 /N 4 /8N 12 /N5t R4 SDC-1 ¥ (pg/mi) 73 51 N

5031.02 + 2863.84. 5416.85 + 3332.89 Fll 5521.67 + 3086.21, iXI4l SDC-1 % (pg/ml) 735l )y 4667.14 +

2506.71.4634.45 + 2700.60 F11 4764.96 + 2498.37 . 5%} FRAHLAH LL, {5020 0 /N (P = 0.715) 4 /M (P = 0.531).
12 /MBF(P = 0.377)1) SDC-1 Wk E TR, ARAG IR (W% 3, K 1).

3.4. FEIFERAT Ang-1 iRE Z B X4

A G 23 BT 27, Ang-17E O h IR FE 5 4 h (3R B B AT 2 2 IR AH DG 14 (Cor = 0.842, P = 8.201e-05),
FAk, Ang-1 7E 4 h [F3REE S 12 h (IR B [RIRE AT 235 (1 AH % 1% (Cor = 0.953, P = 3.99e-08) (LI 2).
3.5. REIMERAET Ang-1 iRESHMIEKE R ERHEXYE

Ang-1 7£ 4 h [FIFE 5 Lac (Cor = 0.37, P = 1.749e-01), ScvO, (Cor = 0.81, P = 2.537e-04), BNP (Cor =
0.199, P = 4.958e-01), PCT (Cor = 0.352, P = 1.978e-01), CRP (Cor = 0.274, P = 3.238-01), SDC-1 (Cor =
0.278, P = 3.162e—01) (U AHZ< M B A it L (L 3(a))-

Table 2. Clinical characteristics of the control group and the experimental group

= 2. JTERLAAIKIGE A RET =

A YR (n = 14) R (n = 15) P A

0 h Lac (mmol/L) 2.25(1.28) 2.40 (1.80) 0.419
12 h Lac (mmol/L) 210+1.21 1.87+1.18 0.643
0 h ScvO; (%) 65.78 +9.00 57.58 +8.55 0.940
12 h ScvO; (%) 68.96 + 7.00 63.50 + 7.54 0.833
0 h BNP (pg/mL) 119.00 (221.15) 157.20 (196.21) 0.854
12 h BNP (pg/mL) 147.50 (300.44) 198.95 (348.00) 0.713
0 h WBC (x109) 1259 +5.98 15.04 £7.13 0.442
12 h WBC (x109) 14.25 (9.43) 11.69 (6.61) 0.326
0 h PCT (ng/mL) 5.79 (11.42) 6.58 (13.50) 0.727
12 h PCT (ng/mL) 4.03 (10.79) 5.43 (8.15) 0.678
0 h CRP (mg/L) 181.11 + 86.88 188.41 +55.87 0.149
12 h CRP (mg/L) 168.50 (77.75) 165.00 (57.00) 0.793

Data=[X *S,M(QR)], "P<0.05.

Table 3. Ang-1 and SDC-1 concentrations in the control group and the experimental group
= 3. XTERLAFMRIGLARY Ang-1 F1 SDC-1 HOFKE

Ang-1 (pg/ml) SDC-1 (pg/ml)
2 51
Oh 4h 12h Oh 4h 12h
oy 283.90 + 352.26 + 523.60 + 5031.02 + 5416.85 + 5521.67 +
(n=14) 144.90 110.01 141.63 2863.84 3332.89 3086.21
R 300.79 + 430.22 + 531.30 + 4667.14 + 4634.45 + 4764.96 +
(n=15) 226.27 266.88 246.98 2506.71 2700.60 2498.37
p 0.121 0.003" 0.019" 0.715 0.531 0.377

Data=[X *S,M(QR)], "P<0.05.
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Figure 1. Comparison of Ang-1 and SDC-1 concentrations between the control group and the experimental group at 0 h, 4 h
and 12 h

1.0 /Bty 4 EFy 12 /B BRZAFNSEES4R Ang-1 F0 SDC-1 SRERVEE R

Cor =0.842 (P-value = 8.201e—05)

Cor = 0.953 (P-value = 3.99e—08)

Gene2 AngOh
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T T T T T T T
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Genel Ang4h

Genel Ang4h

Figure 2. Correlation between Ang-1 concentrations at different time states

2. NEIREMRA T Ang-1 5K E Z EAYME XM

Ang-17E 12 h 159 55 Lac (Cor = 0.431, P = 1.087e-01), ScvO, (Cor = 0.747, P = 1.368e-03), BNP (Cor
= 0.176, P = 5.484e-01), PCT (Cor = 0.532, P = 4.125¢-02), CRP (Cor = 0.186, P = 5.071e-01), SDC~1 (Cor
=0.125, P = 6.581e—01) I AH R M BA Gi vt 5 L (LA 3(D))-

3.6. MIAFX AR B ENERILLE

o R AR BG4 1) 4 /NS F BT 44 B 34 N B (mil/kg) 23 391 A 29.61 (11.30) A1 26.95 (6.75), ANE A4

TR (P = 0.089). 12 /Ny S 4 S A N ik (mil/kg) 4359 Ay 43.99 (14.95) 1 37.23 (11.80), A A 4iit
SR (P =0.023, W# 4),
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Figure 3. Correlation between Ang-1 concentration and other clinical factors at different time states

3. FRIFFIENAZS T Ang-1 7K E 5 E Atk Ilm/R H = 5AR < [B A9 X%
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Table 4. Liquid intake (ml/kg) at 4 h and 12 h in the control group and the experimental group
= 4. TERLAFRIGLATLE 4 h A0 12 h BGRAR N 2 (ml/kg) FI1E R

A X E 2 (n = 14) R4 (n = 15) P i
4 h AR = (ml/kg) 29.61 (11.30) 26.95 (6.75) 0.089"
12 h Witk A& (mlikg) 43.99 (14.95) 37.23 (11.80) 0.023"

Data=[X *S, M(QR)], "P<0.05.

4. ¥Wig

WHERM, AKI R A JORE RSN B 20 D) e fig A 55 [10] [11]. FEZAE RS, Ang-1 Refig [
ML SR S S FE R, MBS AR, Ang-1 5 Tie2 454 SER R MBERR L, MIm4ER: me
SEREPE . BB T AE OB SRR, PHIE PISK/AKL 3l 5] fL R 40T A2 [12] . JT4ER,
TFFE 0T P R 4 i 22 B C gt PR T OB TR N o 2 W0 Ml 2 78 B A LA PN R A R T — 2 454, 4%
DRy B A DX BRI 240 B A X3, At ARG P DX 3 2 e i 1 SROBRATORE B X B A5 R (i
ByJ5i 2, Hyaluronic acid)sZ Z37E— ST B AR G544, 4 i s 41 [X 45k 32 B4R 1 42 2 Bl A4 20 (Syndecan,
SDC) [13]. SDC &% it 4k M B AL R 4, R4S SDC 454 HIB R 22 AR IR 1 B 2 A~ 7] )
SN IX IR oy 4 AW H[14]. Hrp, SDC-1 42 U3 22 B ALl e v& A4 S b 6 [ 15] [16]. fEAEH %%
PET, 2RO E AL 15 B v B Zh AT A5 [13], BFFE R s 78 RO S B 11 20 B B Al v K i v
I, FERAERIH, 250 E D NAREE 2 8 QSRR R A% FE P B2 e = WA 0 PR B 5 o i e R R
VIS, AR BB, ot B [17] [18]. Qureshi 258 80 ] LLIE 22 W60 1 2 5 /E 9 Tl AKI
(1 R HARR E[19]. AL ANk, Marechal [20]%5 @ ik 4 57 i LPS MRERAEBLALIESE, 2 WALk 1 Re Al 2 AR A
TR GLAEAR T P B A0 B T REREAS R S WM B, A8 I A mT DU B8 =i B2 1) SDC-1. iR 2% (heparan
sulfate, HS) 17 i 22 3L % 5 b (glycosaminoglycans, GAGs). M4k, H 5T EontE JLRHOIESNEIAR G 1 #UL
Hi, 2% SDC-1 M5 AKI IR AEZE VIS, HtEATAT LA, SDC-1 5 i & AKI 11
FOR[21], TEARFFLH, @M SDC-1 A Ang-1 M MR, o] U I s W 25 AKI A8 2 I35 B 17
FE K M @EE S, 8 CRRT fENTTF-B, At ARSHEEMERANTF, K CRRT {EAkKERAE
AKI BFE RSB L, PRE CRRT MSEbRIEIRINE, NIGKIFE CRRT 2t A 1% . SDC-1
A ANg-1 1R K FH%, CRRT Xf H &R AL /1 R .

FE 4t Starling JEEEIAA L P 25 55 I 20 FNA0 B R 3 W i, B 4L VA i i A bR e, 20 b
B E A IR R A R B 1 I P A B LR [RIBR R 43, YRR B 4 I A P B 4 L E S P R A B K
JEZERMARE ~ (85 RAARIS I e 22 DL [22] - R 22 W E0 e e A R $ Y, A 2538 %) Starling JRERHEAT T121T,
B R e 28 1M BE ARV S U 1R 2 bR VB i 9 5 2 B A0 R O ER 1 B IR X R 0 22, T AS A2 I/ BE 1 P b
PR 22 o AEAEBR RN, L P9 R 22 B 2 AR BT 76 1 2% B 2EL 2R B0 AN (] W DU SR A £ B R T A2 4E
TR /NERBA IS N 2 52— ARSI [23]. MR ELRAS T — B2 F a0 se B i 20k aR,
(1 BE B Dh e BRI R %, B8 22 00U RI B 1 R I OB IR S B OB, 5 R e JE SR [24] [25] - 7
Awtgid, WIS REL CRRT WA EMAT T, WA NEIIFF TR IG )G 4 /N X A AR
IR 4 /NI AR A7 A B Y3 AR N 4331 29.61 (11.30) mil/kg 1 26.95 (6.75) mi/kg, Z5IASEA Giit &
X (P = 0.089), {H&5XHRAALL, RIGLH 0 BN R BEAR N ERUD o 12 /N SR A B I AR N &0l
4 43.99 (14.95) mi/kg #1 37.23 (11.80) mi/kg, ZEm BA G125 = (P = 0.023). X1t ik 4R 2H Ang-1 ()i
FEREhN, B T S EAUINGR T R se B, AR T A N AR, R RS S PRI S Bt
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AN 22 B SR TN B R EEOATI SR AT RN, T 5 B (SR, A T R A [26] . AR
B4 Starling 3, KB &2 bR HRRIEEITH Starling J5 2, — HL LA P 57 R 58 BRI &
2K, BRI A AR o o o A PR AR 0L A P, EC S BT PO P A 4 i B 80 N 21 43 )t v i ZH 4K
e 6T RRERRE 2 R R R T, R E SRR, HR, BRI A 7 S B
5 FIVEAIK (ANP) 2638 0, 22 B G045 A P2 55 2 S R A IR [27] [28] 7™ H 1Y) 25 WA 2 (VO Bl A8 1L 5857 1 2
(S P N [29] . Wi g . SEE IR S A R TS = E MK R T % VI[30]. SR s i
Y VAR IE P17 [R5 A AT 38 1 1) B Th R A A 2 [31] o ASHIE FL 45 A B, BARTE RIS A% A7 il 1 CRRT
BETHAE L, (HERINTE T454 KDIGO 151/ AKI ) 1. 2 Wi S5 T 7 CRRT 16797, 48RRI
PEBE MR ARG RIECE, CRRT  AeFEARIR Bk St B 45040 1) B BB N B, [N XoF P R 4 i i
PEESGEER . ABEFRIE 75 ANP A AU R R SRR ML (BNP) () IR RFE, 45 5 R L5 45
XTHEZE 0 /ML 12 /NI BNP KA R Geit2 2 (P B 7379009 0.854, 0.713). X752t — b Siie
5% ANP 5 BNP filfs AU

AT T PSR A IR, R R T s, PR R, C RMEEH, ScvO,, i
I FLBRAE S} 8] A 22 BN LA 424 (P > 0.05) . 5 58 JE RN AT 7T HIF 7T 18] DA 12 /e, SR 3k4T
B AT [B] AL 50 B

g LR, BSRBEAERR7E 2N CRRT W LIERR 2E K, (AR E3) CRRT HAT 02, &
ATV Ik o R B RE S v B AR 1 SR R LR AR B MR, SR B R R CRRT AT ARRICH B4 2
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