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Effect of remimazolam besylate on the median effective dose of
esketamine during the induction period of general anesthesia in
patients undergoing endoscopic retrograde
cholangiopancreatography*
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Abstract: Objective To investigate the effect of remimazolam besylate on esketamine median effective dose
(ED50) during the induction period of endoscopic retrograde cholangiopancreatography (ERCP) under general

anesthesia. Methods 102 patients who underwent ERCP under general anesthesia in our hospital from March 2024

Il’lﬁEH HA: 2025-03-07
EWH: Rl X PAEREZ R SWH (SHXHZDXK202324)
[ Uﬂﬁfﬁ:% | WF, E-mail: 3326357@qq.com



[ N B

o532 %

to January 2025 were selected for the study. Through stratified random grouping, the patients were divided into R1
group, R2 group and R3 group, with 34 patients in each group. The stress responses, serum pain mediators,
hemodynamic indicators before anesthesia induction (T,), during endoscopic insertion (T,), when the duodenal
papilla is incised (T,), at the end of the surgery (T,), and 10 min after the operation (T,) in three groups were
compared; The anesthesia-related indicators, the ED50 of esketamine and 95% confidence interval (95%CI), and the
occurrence of adverse reactions were compared. And draw the sequential diagram of esketamine. The relationship
between different doses of remizazolam besylate and the ED50 of esketamine during the induction period of general
anesthesia for ERCP was analyzed. Results At time points T, T,, T,, and T,, as the dose of remimazolam besylate
increased, the levels of angiotensin II (Ang II), norepinephrine (NE), cortisol (Cor), prostaglandin E2 (PGE2),
substance P (SP), and neuropeptide Y (NPY) in the three groups of patients gradually decreased, but were
significantly higher than those at the T, time point, and the differences were statistically significant (P < 0.05). At
time points T,, T, and T,, as the dose of remimazolam besylate increased, the mean arterial pressure (MAP), heart
rate (HR), respiratory rate (RR) and percutaneous arterial oxygen saturation (SpO,) levels of the three groups of
patients gradually rose, but were significantly lower than those at the T, time point (P <0.05). As the dose of
remimazolam besylate increased, the awakening time and the time to leave the room for the patients in all three
groups gradually shortened (P <0.05). The ED50 of esketamine in group R1 was 0.539 mg/kg (95%CI:
0.295 ~ 0.704), in group R2 it was 0.509 mg/kg (95%CI: 0.267 ~ 0.695), and in group R3 it was 0.443 mg/kg
(95%CI: 0.236 ~ 0.529). Compared with the R1 group, the anesthesia induction ED50 and 95% drug effective dose
(ED95) for ERCP using esketamine in the R2 and R3 groups were significantly lower, and the R3 group was
significantly lower than the R2 group. The differences were statistically significant (P < 0.05). Conclusion When
using compound remimazolam besylate 0.300 mg/kg, the ED50 of esketamine for inducing ERCP under general
anesthesia was 0.443 mg/kg.

Keywords: esketamine; remimazolam besylate; anesthesia; endoscopic retrograde cholangiopancreatography;
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Table 1

Comparison of general data among the three groups

S (%)
25| ARSI %

ASA M4 15 (%)

BMI/(kg/m*)

5 s I % % [| 22
R14(n=34) 22(64.71) 12(35.29) 42.15+5.81 23.75+0.56 14(41.18) 9(26.47) 11(32.35)
R241(n=34) 16(47.06) 18(52.94) 42.47+5.74 24.03+0.49 9(26.47) 14(41.18) 11(32.35)
R34 (n=34) 19(55.88) 15(44.12) 41.74+5.65 23.96+0.52 13(38.24) 12(35.29) 9(26.47)
F/ZI A 2.15" 0.14% 2.65” 2.51%
Pl 0.342 0.869 0.076 0.643
I RZHr %1(%)
5 -
JilERsEEes JEE 7 [T HoAlh
R14(n=34) 18(52.94) 6(17.65) 4(11.76) 6(17.65)
R241(n =34) 15(44.12) 8(23.53) 7(20.59) 4(11.76)
R34 (n=34) 16(47.06) 9(26.47) 5(14.71) 4(11.76)
F/ZI*H 2.34Y
P 0.886

Fe D) HYME;2) MFE;3) NZ1E.
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SpOz) FIE43 k& (mean arterial pressure, MAP) .
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i SR AR R B S A 0.300 mg/kgo FITAT IS HRATELY
TE60 s NoER, FEJSLL1 mg/ (kg-h) B3R G T 0K
T P T Eh e o AR SR SR, 1 S 2 R bk T 3
RV (A=) 5K Va5 B 25 e A FRA A
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50mg) , 30 s P58 RLIE ST . T e ROE AR T4
(modified observer's assessment of alertness/sedation
scale, MOAA/S) N0 7rBFE AL, LL0.300 me/ke
SR AR R IG R  . ARRZh O HME, R
HHIA B ERRIE ST, R L8 3R] SR
FIIR L — R A RSB EIE S, e
RBIE, SRS —AEREE, A AHSIR R R Y LAy
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K% > 20% i, &k 5 S meg BRECHH . HR < 50 ¥X/min
F, #kE T 0.3 mg BFEA, . ARJE A H BUE.O K
SRR, kIS 10 mg FIFLFI B,
1.3 WZIEHR
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HE R BRI S mL, HA Z TR Z R P EE, LA
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IR A SR G el I A E B AR PR
AR A I A B 5K &R [T (angiotensin 11, Ang
). ZHE FARE (norepinephrine, NE) . 57
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0.500 mg/kg B, REMSAERFA R RIRS SO, ik
AL SR SRR EDSO R 10%, 15 K I s RE h
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] A 5 22 50 Mr . i — 25 P EL 3R FH SNK—¢
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BEAY 43 HT AR R 1R B Eh e 3R 1 5 4> BRI ERCP
Wi S W A R EDSO 1Y 6 & . K 5 K
a=0.05,

2 HR

2.1 SHEBELRFE RHRH R R HEFRILE

T,WFAS, 341 Ang I . NEFlCor lL#2, 257
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BE & AR R B e O R BB N, 3B E
Ang Il . NE il Cor /K V- 3B W FEA% , {HH] 2 & T T, I
M, ERBMASIE L (P<0.05) ., WL#k2
1,
22 BHBEMBFEBENRILE

T, B, 34HHE PGE2, SPFINPY [bi, %57
BG4 E L (P>0.05); T,. T,. T,HfIT,H &,
e 2 2 TR iy s ) B A, 3 AR Y PGE2.
SP FINPY /KB kA, B & F TR, Z5
WAL (P<0.05), W3 A2,
2.3 SHEBELRREM MRS ZEREIRIEE

T, MT, I, 34083 MAP, HR., RRl1Sp0,7/K
IR, RIS FEX (P>0.05); T, T,
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HR. MAP. SpO,FIRR/KF-Z#iFtm, HERALTT,
B, ZREAESIFEE L (P<005) ., k4
A 3,
2.4 3EBEMREHEIIERILE

3L BH T ARR R AL T ] LhA, 22 R4t
AR (P>0.05); B AR T w470 & 4
I, 3 2H FR B A I (R) R R N (B i i e, 25 e
BEHFESL (P<0.05), WS,
2.5 3HBEXTSKILINEDS0 K H 95%ClHLE

K Probit VAN E , 45H 7, R1ZH 3] SR
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Table 2 Comparison of stress responses index at different time points among the three groups (x + s)

205 T, T, T, T, T,
Ang [I/(ng/L)
R141(n=34) 32.16+6.82 48.69+7.15" 43.57+6.33" 42.83+6.64" 41.25+6.63"
R24(n=34) 31.79+6.76 43.45+6.93"? 39.42+6.86" 38.42+6.58"% 37.82+6.11"%
R34 (n=34) 30.33+6.73 39.64+6.75"2% 35.72+6.31"%% 34.15+6.47"%% 33.79+6.43"%%
FiH 0.70 14.55 12.39 14.87 11.60
PAE 0.502 0.000 0.000 0.000 0.000
NE/(ng/L)
R141(n=34) 278.65+18.43 356.79+27.63" 361.44+27.85" 343.26+26.31" 332.49+24.37"
R2#4(n=34) 275.14+17.82 337.24+26.87"% 341.19+26.74"% 312.64+25.49V% 301.86+22.75"%
R34 (n=34) 272.33+17.49 316.824+26.37VY 320.16+24.57"%% 295.73+23.11V7% 290.324+21.84V%
FAG 1.06 18.68 20.75 31.56 30.50
PAE 0.350 0.000 0.000 0.000 0.000
Cor/(nmol/L)
R14(n=34) 219.75+18.82 281.64+23.27" 282.15+22.46" 270.39+22.18" 261.67+21.16"
R2#4(n=34) 218.49+18.79 267.69+22.08"% 259.324+21.77"% 253.26+21.33V% 249.31+20.06"%
R34 (n=34) 216.33+18.76 240.82+21.63"%% 246.72+20.96"%% 237.64+20.18"7% 225.82+19.77V7%
Fi& 0.29 29.33 23.21 20.21 27.26
PAE 0.750 0.000 0.000 0.000 0.000

e D) ST AHRE, 2RAGIFEX (P<0.05); 2) SRIFLE, 2RA%FEL (P<0.05); 3) SR24IMEK, 25645

eEE Y (P<0.05),
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Line graphs of comparison of stress response indicators at different time points among the three groups
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Table 3 Comparison of serum pain mediators at different time points among the three groups (x + s)
205 T, T, T, T, T,
PGE2/(nmol/L.)
R141(n=34) 3.54+0.88 5.13x0.77" 4.72+0.74" 4.6220.75" 4.49+0.86"
R24(n=34) 3.27+0.83 4.67+0.74"% 4.26+0.83" 4.1920.76"% 4.050.75"%
R34 (n=34) 3.15+0.76 4.27+0.75"%% 3.85+0.61"%% 3.73+0.71V% 3.61£0.72VY
FIH 1.99 11.09 12.01 12.29 10.85
PAE 0.142 0.000 0.000 0.000 0.000
SP/(pmol/L)
R141(n=34) 445.32+35.17 504.17+36.43" 502.29+36.27" 499.15+35.82" 497.86+35.21"
R2#4(n=34) 442.91+35.03 495.36+36.27" 491.82+36.03" 488.63+35.49"% 477.14£35.17"%
R34 (n=34) 440.15+34.69 479.41+36.08"%% 468.75+35.82"2 464324351127 459.33+35.06"2
FiE 0.19 4.07 7.71 8.62 10.24
PAE 0.830 0.020 0.001 0.000 0.000
NPY/(pg/mL)
R141(n=34) 132.96+22.15 166.324+24.11" 189.64+25.07" 173.37£23.67" 168.63+22.41"
R2#4(n=34) 131.52422.74 154.08+23.64"% 172.43£25.09"% 160.44+23.17"% 155.33+21.84"%
R34 (n=34) 130.47+21.03 142.15+23.31"2% 156.33+24.17"2% 148.79+23.26"%% 142.75+21.26"2%
FiE 0.11 8.85 15.36 9.41 11.94
PAE 0.896 0.000 0.000 0.000 0.000

e D) ST AHRE, 2RAGITFEX (P<0.05); 2) SRIFE, Z2RA%FEL (P<0.05); 3) SR24IMEK, 25645
PR (P<0.05),

6 5207 250

31 I 2007 200+

+

— 480 —~ 1 T
) ——= - I~ - .
3 : L3460 : . | £1501 : '
£ 3 £ B i
= > _ =
5 440y 100+
§ 21 —R14l 7 4r0] —R141 Z  |—r14

11 =R24 400 —R24 504 =—=R2 41

R34 R32H R34
O T T T T 380 T T T T O T T T 1
T, T, T, T, T T, T, T, T T T, T T, T, T,
Fisf ] Hif ] Fisf ]
A B C
A: PGE2; B: SP; C: NPY,
2 B3HEBEFEMAMEFERENRIEENTEZE
Fig 2. Line graph of comparison of serum pain mediators at different time points among the three groups
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Table 4 Comparison of hemodynamic indicators at different time points among the three groups (x = s)

bl T, T, T, T, T,
HR/(¥X/min)
R14(n=34) 81.42+6.82 70.26+7.94" 70.89+7.91" 72.26+7.01" 83.26+8.63
R24H (n=34) 84.26+8.75 74.15+7.75"? 75.4427.61"7 76.82+7.85"? 84.53+8.41
R34 (n=34) 84.95+8.62 78.26+7.72%% 79.72+7.64"% 80.69+7.91"2% 85.32+8.46
FIH 1.81 8.94 11.12 10.48 0.51
Pia 0.169 0.000 0.000 0.000 0.603
MAP/(mmHg)
RI14H(n=34) 94.53+8.15 76.32+7.75" 77.64+8.72" 78.85+8.82" 90.36+8.03
R24(n=34) 94.69+8.27 82.637.15"? 83.59+8.62"% 84.01£9.95"? 91.17+9.32
R34 (n=34) 96.82+9.49 86.71+8.79"2% 87.77+8.36"%% 89.09+10.82"%% 93.639.14
Fid 0.74 14.83 12.00 9.10 1.26
P1E 0.479 0.000 0.000 0.000 0.288
Sp0,/%
R141(n=34) 98.57+1.15 95.43+1.04" 95.92+1.27" 96.19+1.46" 98.18+1.16
R24H (n=34) 98.66+1.26 96.41+1.19"? 96.82+1.28"? 97.28+1.29"? 98.26x1.25
R34 (n=34) 98.71+1.23 97.39+1.22"2% 97.73+1.23"2% 97.94+1.27"2% 98.32+1.27
FIH 0.12 24.58 17.54 14.73 0.11
P 0.891 0.000 0.000 0.000 0.895
RR/(¥K/min)
R14(n=34) 17.462.33 13.59+2.31" 13.86+2.34" 14.33+2.37" 17.29+2.26
R24(n=34) 17.58+2.43 15.19+2.48"? 15.53+2.36"% 15.82+2.43"? 17.32+2.47
R34 (n=34) 18.49+2.47 16.82+2.46"2% 16.96+2.48"2% 17.17+2.49"2% 18.41+2.45
Fi& 1.86 15.17 14.28 11.62 241
PH 0.162 0.000 0.000 0.000 0.095

H: 1) 5T AR, Z2RA5HTFEL (P<0.05); 2) SRIANE, Z2RE51FEX (P<0.05); 3) SR2UWK, ZFA%

eFE L (P<0.05),

3w & B ED50 A 0.509 mg/kg (95%CI: 0.267 ~
0.695) , R3 £ 3w % W& Bl ED50 24 0.443 mg/kg
(95%CI: 0.236~0.529), W6,
2.6 SHBEUFASEWFRE

3 20 FR A SR e DR LR 4.
27 AEAXBEBHIMCTESLERET ERCP
HiF SHI3 7 SUEZER ED50 B X &

A MM IIE TR Y = 823.6 x X-192.7,
ERBR2 70983, HRIAMLEL, R24F R34

Jn] A LT ERCP B JBR¥I%5 5 EDSO H195% 256
FNE (95% effective dose, ED95) HHIR AL, HR3
HAUIRALT R24, ZRWASIE L (P<0.05),
3 4 B I R SR A T ERCP [ RIS S 10 771 -
AR 2 P LR 5
2.8 JHEBETFREMNEEERILER

JBHF LG . FFANE] . SpO, T MK L
FERAERE, ZR¥LHEIFFEL (P>0.05),
WK,
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Fig.3 Line graphs of comparison of hemodynamic indicators at different time points among the three groups

®5 BHEBERBHEXIERER (vx5)
Table 5 Comparison of anesthesia-related indicators among the three groups (x + s)

205 AR ] /min TR [E]/min FREEHT [E]/min 5 2 I [i1] /min
R14(n=34) 1.85+0.56 45.62+1.92 6.68+2.08 30.62+6.44
R2#4H(n=34) 1.65+0.54 45.32+1.84 4.62+1.58" 25.79+5.97"
R341(n=34) 1.59+0.61 45.18+1.87 3.50+1.26"% 21.56+5.65"
F{H 2.02 0.49 31.44 19.23
P{H 0.139 0.616 0.000 0.000

W 1) H5RIMLE, ZRERITFEX (P<0.05); 2) SR24AIME, Z2RESH¥EL (P<0.05),

*®6 3HEBEILFSENEDS0 K H 95%CILLE
Table 6 Comparison of ED50 and 95%CI of esketamine among the three groups

205 ED50/(mg/kg) 95%CI

R141 0.539 0.295~0.704
R241 0.509 0.267~0.695
R34 0.443 0.236~0.529
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Fig.4 Sequential chart of esketamine administration among the three groups
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Table 7 Comparison of the incidence of adverse reactions among the three groups n (%)
205 Lg% Rt SpO, T PR 41
R141(n=34) 6(17.65) 5(14.71) 6(17.65) 3(8.82)
R2#(n =34) 3(8.82) 2(5.88) 5(14.71) 1(2.94)
R34 (n=34) 2(5.88) 1(2.94) 3(8.82) 0(0.00)
P! 2.65 3.53 1.16
PIA 0.266 0.171 0.560 0.320

e 24 Fisher M3k
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3.1 ERCP % SHARZ5 it %
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