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[ Abstract] Objective To explore the value of combined ultrasound parameters, including the hepatorenal index
(HRI) and renal resistance index (RRI), with cystatin C (CysC) in monitoring early acute kidney injury (AKI) after liver
transplantation. Methods Perioperative data from 121 liver transplant recipients who received organs from donation after
brain death were collected. The HRI and RRI of the recipients were measured on postoperative days 1-7 and at 1 month,
and the CysC levels were measured on postoperative day 1. The recipients were divided into the AKI group (n=53) and the

non-AKI group (n=68) based on whether AKI occurred within 7 days after operation. The data of the two groups were
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compared, and the ultrasound parameters before and after recovery in the AKI group were analyzed. The value of
combined HRI, RRI and CysC in monitoring AKI was also analyzed. Results AKI occurred in 53 recipients, with an
incidence rate of 43.8%, including 30 cases of stage 1, 18 cases of stage 2, and 5 cases of stage 3. Among them, 49 cases
occurred on postoperative day 1, and 4 cases occurred on postoperative day 2. Of these, 43 cases recovered within 7 days
after surgery, 8 cases recovered within 2 months after surgery, 1 case was lost to follow-up, and 1 case received renal
replacement therapy. The body mass index and preoperative CysC levels were higher in the AKI group than in the non-
AKI group, and the operative time was longer in the AKI group than in the non-AKI group (all P < 0.05). The HRI on
postoperative day 1 was lower in the AKI group than in the non-AKI group, while the RRI and CysC levels were higher
(all P <0.05). When AKI occurred, the HRI was lower than the baseline level, and the RRI was higher than the baseline
level. As AKI recovered, the HRI gradually increased, and the RRI gradually decreased. The receiver operating
characteristic curve analysis showed that the sensitivity and specificity of HRT < 1.12 for predicting AKI were 0.623 and
0.878, respectively, with an area under the curve (AUC) of 0.801. The sensitivity and specificity of RRI = 0.65 for
predicting AKI were 0.878 and 0.676, respectively, with an AUC of 0.825. The sensitivity and specificity of CysC =
1.38 mg/L for predicting AKI were 0.736 and 0.882, respectively, with an AUC of 0.851 (all P<0.01). The combination of
HRI and CysC (AUC=0.897, P<0.01), RRI and CysC (AUC=0.910, P<0.01), and all three parameters combined
(AUC=0.934, P<0.01) were more effective than using each parameter alone. Conclusions HRI and RRI may be used to
monitor the occurrence and recovery of early AKI after liver transplantation. The combination of these two parameters
with CysC has a high application value in monitoring early AKI after liver transplantation.

[ Key words ] Liver transplantation; Acute kidney injury; Hepatorenal index; Renal resistance index; Cystatin C;

Bedside ultrasound; Color Doppler ultrasound; Serum creatinine
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Figure 1 Sagittal section image of hepato-right kidney

measure by ultrasound
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Figure 2 Color Doppler ultrasound measurement of RRI
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W ZHATREYS, Horh 8 ] F ARG 24~ HWIRE CysC & FiE AKT4H (#°8 P<0.05, #1) . HA®

VBT, 1 Bz B IAYT . BHEES, ZFHEGIEE L (328 P>0.05) .
2.2 AKIAE53E AKI BZEERILE 23 AKI B2EERIEEEISIRIEE
AKI 4 BMI, ARHJ CysC & TIF AKI 4, FAR ARJG 7 d WIRE ) AKL B S 1ebranE Hh s
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Table 1 Comparison of perioperative parameters between the AKI and non-AKI groups

e bR AKI4 (n=53) JEAKIA (n=68) GiiHA PfH

R (xxs, %) 509 4549 0.340 0.734
AR (%) ] 0.336 0.562

5 45 (85) 55 (81)

7 8 (15) 13 (19)
BMI ( Xs, kg/m’®) 26+4 2344 4.415 <0.010
BEPRIE L[ (%) ] 7(13) 4(6) 1.934 0.173
RS (%) ] 6 (11) 5(7) 0.567 0.908
BRI (%) ] 0.772

i 23 (43) 29 (43)

CHAYRFEPEIT R TR AL 24 (45) 23 (34)

ST EAL 4(8) 7(10)

REHIRFRME T 1(2) 4(6)

H SR rEIF R 1(2) 5(7)
MELDPFSMM ( Py, Pis) , 431 14 (10, 18) 11 (8, 18) -1.813 0.700
ARAEERWn (%) ] 30 (57) 33 (49) 0.778 0.379
ARHETCysC[M (P, P,;) , mg/L] 1.19 (0.99, 1.56) 1.10 (0.90, 1.33) -2.025 0.043
Ser ( X+s, pmol/L) 78+19 74+19 1.191 0.236
B /NER T 2 [+, mL/ (min-1.73 m*) ] 82424 89431 -1.321 0.196
HEH (x+s, gL) 3345 33+7 0.150 0.881
FARIA[ (%) ] 1.000

R 1(2) 1(1)

2 MRS A 52 (98) 67 (99)
AP gt (M (P, Pos) , U] 45 (2.0, 10.0) 6 (4.0, 8.5) ~0.360 0.719
FAREHK (s, h) 8.7+1.7 8.0+1.5 2.253 0.030
TR M ( Py, Py5) , min] 38 (33, 44) 35 (31, 40) -1.774 0.076
RIGHARWEAE[M ( Py, P,s) , mmol/L] 25(1.8, 3.6) 3.0 (19, 43) —1.184 0.236
ARJF1dHRI ( X5 ) 1.08+0.21 1.40+0.35 ~5.828 <0.010
ARJF1ARRI (F+s) 0.69+0.04 0.63+0.05 6.912 <0.010

ARJG1dCysCIM (P, Py;) , mg/L] 1.88 (1.33, 2.54) 1.03 (0.89, 1.23) ~6.615 <0.010
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Table 2 Comparison of HRI and RRI before and after recovery patients with AKI
€z n AKIURAEH AKIREF d AKIWKAZ 2 H AFEIAA
HRI 43 1.13£0.20 1.28+0.19° 1.37£0.27*° 1.38+0.23*°
RRI 43 0.69+0.04 0.63+0.04° 0.61£0.03*" 0.61::0.02*"

W SAKURAY H I, *P<0.05; SAKIKETRTL dHLEg, *P<0.05.

FILL K. B AKIPKE , HRIZHFF 5, RRIZ
WA (128 P<0.05) .
2.4 BESHEA CysC X AKI BB N E
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0.65. 1.38 mg/L, R 8 & 7 4K 0.623. 0.878,
0.736, 554510 0.878, 0.676. 0.882, AUC 43
54 0.801, 0.825, 0.851 (¥4 P<0.01) ., HRIEE
4 RRI ( AUC=0.890) . HRIHEE & CysC ( AUC=
0.897) . RRIEEA Cys C (AUC=0.910) . =FBL
( AUC=0.934) ¥y b i FH &g & (128
P<0.01, K3) .

HRIBX & RRIAY fit 9 28 =L ¢ logit ( P,) =
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A 2. logit ( P,) = 0.084—3.789xHRI+3.115%
CysC ( mg/L) , RRIEEA Cys Cy il I 2 5K -
logit (P, )=—18.047+21.143xRRI+2.773xCysC (mg/L ) ;
SHEBATI A logit (P,) =—13.514+22.436%
RRI-4.166xHRI+2.561xCysC (mg/L) .
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Figure 3 ROC curves of ultrasound parameters combined
with CysC for the diagnosis of AKI
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