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Remimazolam stabilizes hemodynamics during anesthesia induction but fails to reduce
renal injury risk following laparoscopic partial nephrectomy: a propensity score-matched
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Abstract: Objective To investigate the effects of remimazolam administered during anesthesia induction on hemodynamics
and postoperative renal function in patients undergoing laparoscopic partial nephrectomy (LPN). Methods Clinical data of 265
renal tumor patients undergoing LPN between January, 2022 and December, 2024 were collected. The patients were divided
into control group and remimazolam group (0.2 mg/kg for induction), and after propensity score matching (PSM), 65 patients
in each group were included. Mean arterial pressure (MAP) and heart rate (HR) were recorded before induction (T),
immediately after induction (T,), immediately after intubation (T,), and 10 min after intubation (T,). Renal function indicators
at 24 h postoperatively and incidences of acute kidney injury (AKI) were recorded. Estimated glomerular filtration rates
(eGFRsCr, eGFRCys-C, and eGFRdiff) were calculated using serum creatinine (sCr) and cystatin C (Cys-C). From 36 patients in
control group and 41 patients in remimazolam group followed up for 3-12 months, eGFRsCr data were collected to evaluate
the incidence of chronic kidney disease (CKD) and analyze its correlation with AKI. Results After PSM and covariate
adjustment, remimazolam group showed significantly smaller changes than control group in AMAP at T3 (-20.11+11.65 wvs
-13.54+12.75 mmHg, P<0.05), AHR at T2 (-3.78+11.18 vs 2.82+10.79 min™, P<0.05), and AHR at T3 (-10.85+15.54 vs -3.35+11.67 min™,
P<0.05). The remimazolam group showed significantly higher postoperative Cys-C level than the control group [0.96 (0.96,
1.03) vs 0.91 (0.77, 1.01), P<0.05] but lower eGFRCys-C at 24 h (83.65+9.84 vs 94.83+20.92, P<0.05). eGFRdiff showed a significant
negative shift in remimazolam group (18.55+17.06 vs 8.52+15.85, P<0.05). Other indicators did not differ significantly between
the two groups. AKI showed a significant correlation with CKD following LPN (P<0.05). Conclusion Compared with propofol,
remimazolam induction improves hemodynamic stability during anesthesia induction but does not reduce the incidences of
postoperative AKI or CKD after LPN.

Keywords: remimazolam; partial nephrectomy; hemodynamics; Cystatin C; acute kidney injury; chronic kidney disease;
propensity score matching
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Tab.1 Comparison of baseline characteristics between the two groups before and after propensity score matching (PSM)

Before PSM After PSM

variaole Control group (n=184) li;;;‘;?nzigalr? tx’/z P Control group (n=65) Rgi:z;;;j;[;l tx’/z P
Age (year, Mean+SD) 52+14 54+12 -1.148 0.252 53+15 54+11 -0.448 0.655
Male/Female (1) 122/62 53/28 0.019  0.890 46/19 46/19 0.000 1.000
BMI (kg/m’, Mean+SD) 25.42+12.37 25.58+11.47 -0.348 0.728 25.61+4.15 25.83+3.22 -0.335 0.738
ASA [n (%)] 1.208 0.751 1.592  0.661

1 40 (21.7) 14 (17.3) 11 (16.9) 12 (18.5)

I 133 (72.3) 63 (77.8) 48 (73.8) 49 (75.4)

| 11 (6.0) 4(4.9) 6(9.2) 4(6.2)
Combined disease [n (%)]

Diabetes 25 (13.6) 12 (14.8) 0.071  0.79 9(13.8) 11 (16.9) 0.236 0.627

Hypertension 70 (38.0) 25(30.9) 1.260 0.262 25(38.5) 24 (36.9) 0.033  0.856

Cardiovascular disease 23 (12.5) 12 (14.8) 0.263  0.608 11 (16.9) 12 (18.5) 0.053 0.818
Operation time [min, M (P, P,J)] 126.50 (105.50, 148.00) 130.00 (110.00, 170.00) 1.975 0.048 135.0(110.0, 157.5) 130.0(110.0, 162.50) -0.021 0.983

Renal artery occlusion time

. 23.00 (16.25, 28.00 21.00(17.00,27.00)  -0.602 0.547 22.0(15.0,28.0 23.0(17.50, 27.0 0.545 0.585
i (P P ( ) ( ) ( ) ( )

Preoperative sCr [umol/L, M (P,., P,.)] 67.0 (56.0, 77.0) 68.0(55.0,77.5)  -0.064 0.949 69.00 (60.50,76.50)  69.00 (55.50,76.50) -0.431 0.667
Preoperative B,-MG [mg/L, M (P,, P.)] 1.61(1.38,1.92) 2.03(1.85,229) 6896 <0.01  2.03(1.69,2.37) 2.01(1.86,223)  0.123 0.902
Preoperative Cys-C [mg/L, M (P, P )] 0.77 (0.68, 0.88) 0.84 (0.84,0.90)  4.926 <0.01  0.84(0.80,0.97) 0.84(0.84,0.90)  -0.060 0.956
Preoperative CRP [mg/L, M (P,, P. )] 1.49 (0.66, 4.56) 150 (0.72,5.80) 0474 0635  1.48(0.52,5.93) 1.62(0.69,5.30)  -0.228 0.820

Preoperative eGFRsCr
[mL/(min-1.73 m*), Mean+SD)

Preoperative eGFRCys-C
[mL/(min-1.73 m%), M (P,,, P,)]

Preoperative eGFRdiff
[mL/(min-1.73 m*), Mean+SD]

91.47+16.60 91.00+16.44 0.216 0.829 89.69+18.48 91.59+16.76 -0.614 0.540

109.25 (96.58, 119.25) 103.16 (90.79, 109.56) -3.957 <0.01 101.93 (82.65, 112.99) 103.99 (91.63, 108.24) 0.102 0.918

14.51£16.98 7.59+16.62 3.075  0.002 6.94+15.46 7.81+13.71 -0.339 0.735

BMI:Body mass index; ASA: American Society of Anesthesiologists physical status classification; Preoperative sCr: Preoperative serum creatinine;
Preoperative B,-MG:Preoperative B.-Microglobulin; Preoperative Cys-C: Preoperative Cystatin-C; Preoperative CRP: Preoperative C-reactive protein;
Preoperative eGFRsCr: Preoperative estimated glomerular filtration rate based on serum creatinine; Preoperative eGFRCys-C: Preoperative
estimated glomerular filtration rate based on Cystatin-C; Preoperative eGFRdiff: Preoperative eGFRCys-C-Preoperative eGFRsCr.

32 PSMEI/E SMD{ER A8 T2 E
Tab.2 SMD and intergroup balance status before and after PSM

Variable SMD before PSM SMD after PSM Balance status (After PSM)
Age 0.144 0.079 Good (<0.1)
Male/Female 0.018 0 Good (<0.1)
BMI 0.046 0.059 Good (<0.1)
ASA 0.07 0.093 Good (<0.1)

Combined disease

Diabetes 0.035 0.085 Good (<0.1)
Hypertension 0.15 0.032 Good (<0.1)
Cardiovascular disease 0.068 0.04 Good (<0.1)
Operation time 0.363 0.03 Good (<0.1)
Renal artery occlusion time 0.084 0.014 Good (<0.1)
Preoperative sCr 0.062 0.187 Acceptable (0.1~0.2)
Preoperative 3,-MG 0.817 0.082 Good (<0.1)
Preoperative Cys-C 0.458 0.202 Acceptable (0.1~0.2)

Preoperative CRP 0.098 0.114 Acceptable (0.1~0.2)
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Tab.3 Comparison of changes in MAP and HR among the two groups at different time points (1=65, Mean+SD)

AMAP (mmHg) AHR (beat/min)

Group

AMAP, AMAP, AMAP, AHR AHR, AHR,
Control -4.62+8.75 -9.38+12.97 -20.11+11.65 -2.09+9.50 -3.78+11.18 -10.85+15.54
Remimazolam -2.71+6.72 -7.15+12.07 -13.54+12.75 0.63+6.00 2.82+10.79 -3.35+11.67
t -1.395 -1.015 -3.067 -1.954 -3.426 -3.108
P 0.165 0.312 0.003 0.053 0.001 0.002
Corrected P-value 0.990 1.000 0.018 0.318 0.006 0.012
MAP: Mean arterial pressure; HR: Heart rate.
R4 PSM EFABEBARPEIRLE
Tab.4 Comparison of perioperative characteristics between the two groups after PSM (n=65)
Variable Control group Remimazolam group P
Renal artery occlusion time [min, M (P, P_,)] 22.0 (15.0, 28.0) 23.0(17.5, 27.0) 0.585
Operation time [min, M (P,;, P.,)] 135 (110, 158) 130 (110, 163) 0.983
Blood loss [mL, M (P,,, P,J)] 100 (50, 100) 100 (100, 100) 0.565
Urine output [mL, M (P, P_)] 100 (100, 250) 100 (100, 200) 0.082
Crystalloid fluid intake[mL, M (P,, P. )] 1500 (1000, 1500) 1000 (1000, 1500) 0.065
Colloid fluid intake [mL, M (P, P_J)] 0 (0, 500) 0 (0, 500) 0.482
Postoperative sCr [umol/L, M (P, P_J)] 85.0 (70.0, 101.5) 84.0 (70.5, 103.5) 0.927
Postoperative p2-MG [mg/L, M (P, P_J)] 1.94 (1.62, 2.25) 2.07 (2.03,2.17) 0.467
Postoperative Cys-C [mg/L, M (P, P_J)] 0.91 (0.77, 1.01) 0.96 (0.96, 1.03) 0.001
postoperative eGFRsCr [mL/(min-1.73 m®), Mean+SD)] 76.29+19.49 75.13+18.96 0.734
postoperative eGFRCys-C [mL/(min-1.73 m®), Mean+SD)] 94.83+20.92 83.6549.84 <0.01
postoperative eGFRdiff [mL/(min-1.73 m?), Mean+SD] 18.55+17.06 8.52+15.85 0.001
Postoperative CRP [mg/L, M (P,,, P.J)] 27.40 (13.03, 41.44) 31.58 (16.97, 51.70) 0.397
Postoperative AKI [n (%)] 17 (26.2) 20 (30.8) 0.560

Postoperative sCr: Postoperative serum creatinine; Postoperative ,-MG: Postoperative [ .-Microglobulin; Postoperative Cys-C:

Postoperative Cystatin-C; Postoperative eGFRsCr: Postoperative estimated glomerular filtration rate based on serum creatinine;

Postoperative eGFRCys-C: Postoperative estimated glomerular filtration rate based on Cystatin-C; Postoperative eGFRdiff:

Postoperative eGFRCys-C-Postoperative eGFRsCr; Postoperative CRP: Postoperative C-reactive protein; Postoperative AKI:

Postoperative acute kidney injury.

x5 PSMGHAAEE S FERE AKIZTRENLE

Tab.5 Comparison of AKI incidence among different age groups between the two groups after PSM (1=65)

Control group

Remimazolam group(n=65)

Age (year) P
n AKI [n (%)] n AKI [n (%)]

18-44 21 3(14.29) 14 3(21.43) 0.583

45-64 25 6 (24.00) 39 14 (35.90) 0.316

=65 19 8 (42.11) 12 3 (25.00) 0.332

AKI: Acute kidney injury.
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Tab.6 Comparison of perioperative indicators between followed-up patients and patients lost to follow-up

Variable Follow-up group group (n=77)  Lost to follow-up group group (n=53) tx/z P
Age (year, Mean+SD) 55+13 52+13 -1.192  0.235
Male/Female (n) 60/17 32/21 4.671 0.031
BMI (kg/m*, Mean=SD) 25.99+3.51 25.33+3.97 -1.001 0.319
ASA [n (%)] 4216 0.239

I 11(14.28) 12 (22.64)

I 58 (75.32) 39 (73.58)

I 8(10.39) 2(3.8)
Combined disease [ (%)]

Diabetes 10 (12.99) 10 0.834 0.361

Hypertension 33 (42.86) 16 (30.19) 2.145 0.143

Cardiovascular disease 16 (20.78) 7(13.21) 1.236 0.266
Operation time [min, M (P, P_J)] 125 (105, 155) 140 (120, 175) -2.777 0.005
Renal artery occlusion time [min, M (P,;, P_J)] 22.0 (15.5,27.0) 23.0 (17.0, 29.5) -0.837 0.402
Preoperative sCr [umol/L, M (P,,, P, )] 72.0 (65.0, 78.5) 66.0 (54.0, 71.0) 3.477 0.001
Preoperative B,-MG [mg/L, M (P,,, P.,)] 2.04 (1.78, 2.38) 2.01 (1.70, 2.20) 1.144 0.253
Preoperative Cys-C [mg/L, M (P,,, P_))] 0.84 (0.84, 1.02) 0.84 (0.82, 0.89) 2.037 0.042
Preoperative CRP [mg/L, M (P,,, P.,)] 1.48 (0.58, 5.36) 1.62 (0.61, 6.04) -0.190  0.850
Preoperative eGFRsCr [mL/(min-1.73 m?), Mean+SD] 95.50+16.90 102.69+10.51 2.984 0.003

BMI:Body mass index; ASA: American Society of Anesthesiologists physical status classification; Preoperative sCr:Preoperative serum creatinine;

Preoperative 3,-MG:Preoperative f.-Microglobulin;Preoperative Cys-C:Preoperative Cystatin-C;Preoperative CRP:Preoperative C-reactive protein;

Preoperative eGFRsCr:Preoperative estimated glomerular filtration rate based on serum creatinine.
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Tab.7 Comparison of perioperative characteristics and postoperative AKI and CKD among 77 patients
Variable C"I?;igg;;’“p if;ﬁ;n?;ji“; P
Age (year, Mean+SD) 55£16 55+11 0.767
Male/Female (n) 28/8 32/9 0.977
BMI (kg/m’, Mean=SD) 25.49+3.93 26.43+3.07 0.241
Operation time [min, M (P, P_J)] 123 (105, 145) 125 (105, 158) 0.556
Renal artery occlusion time [min, M (P,,, P.,)] 19 (15, 25) 25 (20, 28) 0.035
Crystalloid fluid intake [mL, M (P,,, P.J)] 1500 (1000, 1500) 1000 (1000, 1500)  0.083
Colloid fluid intake [mL, M (P, P.))] 0 (0, 500) 0 (0, 500) 0.193
Preoperative sCr [umol/L, M (P, P_J)] 72.00 (64.25, 83.50)  72.00 (65.50, 78.00)  0.728
Preoperative p2-MG [mg/L, M (P, P_J)] 2.05 (1.70, 2.50) 2.04 (1.87,2.35) 0.955
Preoperative Cys-C [mg/L, M (P,,, P.,)] 0.85(0.79, 1.07) 0.84 (0.84, 0.95) 0.627
Preoperative eGFRsCr [mL/(min-1.73 m®), M (P,, P,.)] 89.59 (76.40, 101.61)  95.85(78.20, 107.50) 0.300
Preoperative eGFRCys-C [mL/(min-1.73 m®), M (P,, P,))] 100.7 (71.50, 114.30) 103.16 (88.22, 107.81) 0.818
Preoperative eGFRdiff [mL/(min-1.73 m*), M (P, Po)] 4.77 (-5.60, 16.60) 2.85(-4.69, 12.39)  0.642
Preoperative CRP [mg/L, M (P,, P.J)] 1.53 (0.49, 4.66) 1.31 (0.69, 6.04) 0.890
Postoperative sCr [umol/L, M (P, P,,)] 96.50 (72.75, 113.25)  90.00 (81.50, 116.50) 0.732
Postoperative f2-MG [mg/L, M (P, P.,))] 2.07 (1.52,2.55) 2.07 (2.07, 2.33) 0.148
Postoperative Cys-C [mg/L, M (P, P,))] 0.955 (0.763, 1.068)  0.960 (0.960, 1.065)  0.008
Postoperative eGFRsCr[mL/ (min-1.73 m?), M (P,5, P_;)] (3 months to 1 year postoperatively)  81.40 (54.93,106.13) 84.20 (59.25, 100.00) 0.992
Postoperative eGFRsCr[mL/ (min-1.73 m?), M (P,5, P_)] (24 hours postoperatively) 71.75 (56.70, 81.29)  72.29 (53.73,86.02) 0.951
Postoperative eGFRCys-C [mL/(min-1.73 m?), M (P,5, P_)] (24 hours postoperatively) 94.84 (72.70, 112.27)  83.81 (75.51,89.29) 0.013
Postoperative eGFRdiff [mL/(min-1.73 m*), M (P,5, P_5)] (24 hours postoperatively) 20.61 (10.30, 34.96) 6.95 (-3.80,21.55)  0.020
Postoperative CRP [mg/L, M (P,,, P.,)] 25.05(14.24,39.34)  30.89 (15.77,52.58) 0.491
Postoperative AKI [n (% )] 14 (38.89) 17 (41.46) 0.818
CKD [7n (% )] 14 (38.89) 11 (26.83) 0.259

AKI: Postoperative acute kidney injury; CKD: Chronic kidney disease.
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Tab.8 Comparison of changes in mean arterial pressure (MAP) and heart rate (HR) among the two groups at different time points

(Mean+SD)
AMAP (mmHg) AHR (beat/min)

Group

AMAP, AMAP, AMAP, AHR, AHR, AHR,
Control group (n=36) -5.11£7.82 -11.64+12.33 -20.56+12.00 -2.75+7.17 -2.81£11.76 -10.28+16.45
Remimazolam group (n=41) -3.37+7.19 -8.49+13.29 -15.12+13.74 0.78+6.98 2.61+11.01 -4.24+11.36
t -1.020 -1.073 -1.836 -2.187 -2.086 -1.892
P 0.340 0.163 0.453 0.785 0.815 0.061
Corrected P-value 1.000 0.978 1.000 1.000 1.000 0.366

MAP:Mean arterial pressure;HR:Heart rate .

%9 BEAREAKIS CKD KKBLM
Tab.9 Correlation between AKI and CKD in 77 patients[n (%)]

CKD
Postoperative AKI b r P
No Yes
No 39 (75.0)0 7(28.0)
15.506  0.449 <0.01
Yes 13(25.0) 18(72.0)
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