
Citation: Lee, B.; Kim, M.H.; Kong,

H.J.; Shin, H.J.; Yang, S.; Kim, N.Y.;

Chae, D. Effects of Remimazolam vs.

Sevoflurane Anesthesia on

Intraoperative Hemodynamics in

Patients with Gastric Cancer

Undergoing Robotic Gastrectomy: A

Propensity Score-Matched Analysis.

J. Clin. Med. 2022, 11, 2643. https://

doi.org/10.3390/jcm11092643

Academic Editor: Keira P. Mason

Received: 31 March 2022

Accepted: 6 May 2022

Published: 8 May 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Effects of Remimazolam vs. Sevoflurane Anesthesia on
Intraoperative Hemodynamics in Patients with Gastric
Cancer Undergoing Robotic Gastrectomy: A Propensity
Score-Matched Analysis
Bahn Lee 1, Myoung Hwa Kim 2 , Hee Jung Kong 1, Hye Jung Shin 3, Sunmo Yang 1, Na Young Kim 1,*
and Dongwoo Chae 4,*

1 Department of Anaesthesiology and Pain Medicine, Anaesthesia and Pain Research Institute, Yonsei
University College of Medicine, 50-1 Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea; bahnlee@yuhs.ac (B.L.);
sarajo8768@yuhs.ac (H.J.K.); sunmong@yuhs.ac (S.Y.)

2 Department of Anaesthesiology and Pain Medicine, Anaesthesia and Pain Research Institute, Yonsei
University College of Medicine, Gangnam Severance Hospital, 211 Eonju-ro, Gangnam-gu,
Seoul 06273, Korea; kmh2050@yuhs.ac

3 Biostatistics Collaboration Unit, Yonsei University College of Medicine, 50-1 Yonsei-ro, Seodaemun-gu,
Seoul 03722, Korea; hjshin105@yuhs.ac

4 Department of Pharmacology, Yonsei University College of Medicine, 50-1 Yonsei-ro, Seodaemun-gu,
Seoul 03722, Korea

* Correspondence: knnyyy@yuhs.ac (N.Y.K.); dongy@yuhs.ac (D.C.); Tel.: +82-2-2228-4435 (N.Y.K.);
+82-2-2228-1741 (D.C.); Fax: +82-2-312-7185 (N.Y.K.); +82-2-313-1894 (D.C.)

Abstract: Remimazolam has been suggested to improve the maintenance of hemodynamic stability
when compared with other agents used for general anesthesia. This study aimed to compare the
effects of remimazolam and sevoflurane anesthesia on hemodynamic stability in patients undergoing
robotic gastrectomy. We retrospectively reviewed the electronic medical records of 199 patients
who underwent robotic gastrectomy with sevoflurane (n = 135) or remimazolam (n = 64) anesthe-
sia from January to November 2021. Propensity scores were used for 1:1 matching between the
groups. The primary outcome was the difference in use of intraoperative vasopressors between
groups. Secondary outcomes included differences in incidence and dose of vasopressors, as well as
intraoperative hemodynamic variables, between groups. Remimazolam anesthesia was associated
with a significantly less frequent use of ephedrine (odds ratio (OR): 0.13; 95% confidence interval
(CI): 0.05–0.38, p < 0.001), phenylephrine (OR: 0.12; 95% CI: 0.04–0.40, p < 0.001), and any vasopres-
sor (OR: 0.06; 95% CI: 0.02–0.25, p < 0.001) compared with sevoflurane anesthesia. Remimazolam
anesthesia enables better maintenance of hemodynamic stability than sevoflurane anesthesia. Thus,
remimazolam anesthesia may be beneficial for patients who are expected to experience hypotension
due to the combined effects of CO2 pneumoperitoneum and the head-up position utilized during
robotic gastrectomy.

Keywords: hemodynamic stability; remimazolam anesthesia; robotic gastrectomy; sevoflurane
anesthesia

1. Introduction

Robotic gastrectomy has recently attracted attention for its potential to decrease the
postoperative complication rates, shorten the duration of postoperative hospitalization, and
enhance recovery when compared with conventional open gastrectomy. Several studies
have also demonstrated that robotic gastrectomy exhibits a morbidity and mortality profile
comparable to that of laparoscopic gastrectomy for patients with gastric cancer undergoing
lymph node dissection [1–3]. However, some studies have suggested that the procedure is
associated with significant hemodynamic instability, mainly due to the combined effects
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of abdominal insufflation with carbon dioxide (CO2) and the need for a prolonged, steep,
upward positioning of the head. These essential components of robotic gastrectomy can
lead to a decrease in the preload, increase in the systemic vascular resistance, and decrease
in the cardiac output [4,5].

Remimazolam, an ultrashort-acting benzodiazepine analogue with a favorable phar-
macokinetic profile, has recently been approved for the induction and maintenance of
general anesthesia [6–9]. Remimazolam is unique in that it is rapidly metabolized by
liver-bound carboxylesterase and has a context-sensitive half-time of 7.5 min, making it
feasible for use in the maintenance of general anesthesia [10]. Among its many advantages,
hemodynamic stability has been proposed as the main benefit [6,11].

Although previous studies have reported greater hemodynamic stability in patients
receiving remimazolam anesthesia than in those receiving propofol anesthesia [6,11], none
have provided evidence regarding remimazolam effects in relation to sevoflurane anesthe-
sia in the context of robotic gastrectomy. In this study, we aimed to compare the effects
of remimazolam and sevoflurane anesthesia on intraoperative hemodynamics in patients
with gastric cancer undergoing robotic gastrectomy.

2. Materials and Methods
2.1. Patients

This single-institution retrospective study was approved by the Institutional Review
Board and Hospital Research Ethics Committee of Severance Hospital (Yonsei Univer-
sity Health System, Seoul, Korea [protocol number: 4-2021-1611]). The requirement for
informed consent was waived given the retrospective study design.

We assessed the electronic medical records of 219 consecutive patients who under-
went robotic gastrectomy performed by four surgeons with sevoflurane or remimazolam
anesthesia from January to November 2021. Of the 219 eligible patients, those who un-
derwent robotic gastrectomy in combination with other procedures (n = 3) or immediate
emergent reoperation (n = 1), those admitted to the intensive care unit (ICU) following
surgery (n = 10), and those with incomplete data (n = 6) were excluded. The remaining
199 patients were then stratified into two groups according to the anesthetic agent used.
Propensity score matching (PSM) was performed to match patients in the sevoflurane and
remimazolam groups at a ratio of 1:1, using the following eight covariates: age, history of
hypertension, history of diabetes mellitus (DM), American Society of Anesthesiologists
(ASA) physical status, anesthesia time, colloid intake, type of gastrectomy, and extent of
lymph node dissection (Figure 1).

2.2. Anesthetic Management

The type of anesthetic agent used was selected at the discretion of the attending
anesthesiologist. In the sevoflurane group, anesthesia was induced via a bolus dose of
propofol (1.0–2.0 mg·kg−1) and remifentanil infusion (0.05–0.1 ug·kg−1·min−1), followed
by maintenance with sevoflurane (age-adjusted minimal end-tidal alveolar concentration:
0.8–1.0) combined with remifentanil infusion. In the remimazolam group, remimazolam
(Byfavo injection Hana Pharm. Co., Ltd., Seoul, Korea) was administered via continuous
infusion at rates of 6 mg·kg−1·h−1 and 1–2 mg·kg−1·h−1 for anesthesia induction and
maintenance, respectively, and remifentanil was infused at doses similar to those described
in a previous study [12].

In the operating room, the required devices for monitoring electrocardiographic param-
eters, pulse oximetry, and noninvasive blood pressure were applied, along with a SedLine®

electroencephalography sensor (Masimo Corp., Irvine, CA, USA) for monitoring the Pa-
tient State Index (PSI) and a peripheral nerve stimulator for monitoring neuromuscular
blockade. An esophageal Doppler probe was inserted into the distal third of the esophagus,
and it was connected to the esophageal Doppler monitor (CardioQ-ODM; Deltex Medical
Ltd., Chichester, UK) to identify optimal blood flow from the descending aorta in order to
measure cardiac output and cardiac index (CI). After 0.1 mg of glycopyrrolate was adminis-
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tered as premedication, anesthesia was induced and maintained as described above. After
loss of consciousness was confirmed, 0.6–1.0 mg·kg−1 rocuronium was infused prior to
endotracheal intubation to maintain neuromuscular relaxation during pneumoperitoneum,
with a target train-of-four of 0–2 [13,14]. The attending anesthesiologist adjusted the doses
of anesthetic agents to maintain PSI values of 40–60. In accordance with our institution’s
protocol [15,16], the mean blood pressure (MBP) and heart rate (HR) were maintained
within 20% of baseline values, and hypotension (20% reduction from baseline value or
MBP < 60 mmHg) was managed using ephedrine (4–6 mg increments) or phenylephrine
(20 µg increments or continuous infusion), as well as norepinephrine when necessary.
Nicardipine was used to manage hypertension. At the end of the operation, neuromuscular
blockade was reversed using sugammadex (1.0–2.0 mg·kg−1). During the emergence phase,
sevoflurane vaporizers were turned off, and remimazolam infusion was discontinued with
simultaneous administration of 0.2–0.3 mg of flumazenil (Flunil® Bukwang Pharm Co.,
Ltd., Seoul, Korea). Additional doses of flumazenil were administered in 0.1 mg increments
when the patient was not fully awake or unable to follow instructions, with the total dose
not exceeding 0.5 mg. Spontaneous eye opening and the ability to follow instructions were
confirmed before removal of the endotracheal tube. After the stability of vital signs and
spontaneous respiration was confirmed, the patient was sent to the recovery room (RR).
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2.3. Data Collection and Outcomes

Baseline characteristics including age, sex, body mass index (BMI), ASA physical
status, and comorbidities were recorded for each patient. Surgical records were reviewed
to obtain data regarding the type of gastrectomy, type of reconstruction, extent of lymph
node dissection, and tumor–node–metastasis (TNM) stage. The following intraoperative
variables were also recorded: operation time and anesthesia time, input and output in-
formation during the procedure (e.g., total fluid volume, colloid intake, blood loss, and



J. Clin. Med. 2022, 11, 2643 4 of 12

urine output), anesthetic intake (e.g., total amount of remifentanil infused, total amount
of remimazolam used, and the average concentration of sevoflurane during anesthesia),
amount of sufentanil used for rescue analgesia, doses of flumazenil administered, and extu-
bation time (time from anesthetic discontinuation to the time of extubation). Intraoperative
hemodynamic variables such as MBP, HR, cardiac index (CI), and pulse-pressure varia-
tion (PPV) were assessed. Lastly, administered amounts, incidence, and use of ephedrine,
phenylephrine, and norepinephrine during surgery were investigated. Postoperative re-
covery was evaluated on the basis of pain levels as assessed using a numeric rating scale,
rescue analgesics administered, and the incidence of postoperative nausea and vomiting
(PONV), postoperative shivering, delirium, re-sedation, and anxiety in the RR. We also
analyzed Aldrete scores obtained 10 min after RR admission and before discharge from the
RR, as well as the duration of postoperative hospitalization.

The primary outcome was the difference in use of intraoperative vasopressors be-
tween the groups. Secondary outcomes comprised group differences in the incidence of
vasopressor use, intraoperative administered amounts of vasopressors, and intraoperative
hemodynamic variables including MBP, HR, CI, and PPV.

2.4. Statistical Analysis

Continuous variables are presented as medians (first quartile, third quartile), while
categorical variables are presented as numbers (percentage). The Mann–Whitney U-test,
chi-square test, and Fisher’s exact test were used to compare data between the two groups.
Logistic regression analysis was performed to evaluate the association between anesthesia
type and outcomes. Variables with p-values < 0.05 in the univariable analysis were included
in the multivariable model.

PSM was performed to reach a balanced distribution of patient characteristics between
the two groups, and then to mimic a randomized patient composition. The propensity score
was calculated using a logistic regression model including group as the dependent variable
and the following potential confounding factors as independent variables: age, anesthesia
time, hypertension, DM, ASA class, colloid intake, type of gastrectomy, and extent of lymph
node dissection. PSM was performed using the nearest-neighbor method with a caliper of
0.05 and a 1:1 ratio of treated units to control units. The variables in the matched dataset
were considered balanced between the groups when the standardized mean difference
(SMD) was below 0.1. A conditional logistic regression model was employed to estimate
odd ratios (ORs) for the remimazolam group for several outcomes in the matched dataset.

A linear mixed-model analysis (LMM) was conducted to assess the effects of group,
time, and the group-by-time interaction for repeated-measures data, in which the com-
pound symmetry covariance structure was imposed to address the within-subject effect.
LMM analyses were adjusted for age, anesthesia time, hypertension, DM, ASA class, colloid
intake, type of gastrectomy, and extent of lymph node dissection. The statistical analysis
was conducted using SAS version 9.4 (SAS Institute, Cary, NC, USA), and p-values less
than 0.05 were considered significant.

3. Results
3.1. Patient Characteristics

Prior to PSM, the sevoflurane and remimazolam groups included 135 and 64 patients,
respectively. Older age, ASA class III, DM, and D2 lymph node dissection were more
frequent in the sevoflurane group than in the remimazolam group. Other variables were
comparable between the groups. After PSM, each group included 52 patients, and no sig-
nificant differences in baseline characteristics were observed between the groups (Table 1).
Figure 2 shows the distributions of propensity scores in both groups, which were similar
after matching.
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Table 1. Patient characteristics before and after propensity score matching.

Before Propensity Score Matching After Propensity Score Matching

Group S
(n = 135)

Group R
(n = 64) p-Value SMD Group S

(n = 52)
Group R
(n = 52) p-Value SMD

Age (years) 60 (52, 66) 55 (46, 62.5) 0.035 0.298 57.5 (47, 66) 57 (46, 64) 0.643 0.046
Male sex 76 (56%) 38 (59%) 0.681 0.062 47 (90%) 48 (92%) 0.201 0.234
BMI (kg·m−2) 22 (20, 25) 23 (21, 24) 0.386 0.035 22 (20, 24) 23 (22, 24) 0.132 0.197
ASA physical status 0.006 0.437 0.739 0.050

II 89 (66%) 54 (84%) 43 (83%) 42 (81%)
III 46 (34%) 10 (16%) 9 (17%) 10 (19%)

Comorbidities
Hypertension 46 (34%) 17 (27%) 0.287 0.164 37 (71%) 36 (69%) 0.818 0.042
Diabetes mellitus 24 (18%) 4 (6%) 0.029 0.360 5 (10%) 4 (8%) 0.317
Carotid artery stenosis 7 (5%) 3 (5%) >0.999 0.023 3 (6%) 3 (6%) >0.999 <0.001
Old CVA 3 (2%) 0 (0%) 0.552 0.213 0 (0%) 0 (0%) - <0.001
COPD 6 (4%) 4 (6%) 0.729 0.080 2 (4%) 3 (6%) 0.654 0.090
Angina 3 (2%) 0 (0%) 0.552 0.213 0 (0%) 0 (0%) - <0.001
Atrial fibrillation 6 (4%) 1 (2%) 0.432 0.169 1 (2%) 1 (2%) >0.999 <0.001
CAD 4 (3%) 3 (5%) 0.683 0.090 0 (0%) 3 (6%) 0.083 0.350

Type of gastrectomy 0.618 0.147 0.921 0.139
Subtotal 106 (79%) 50 (78%) 42 (81%) 41 (79%)
Proximal subtotal 10 (7%) 7 (11%) 4 (8%) 6 (12%)
Total 19 (14%) 7 (11%) 6 (11%) 5 (9%)

Type of reconstruction 0.302 0.296 0.731 0.161
Billroth I 60 (44%) 35 (55%) 25 (48%) 28 (53%)
Billroth II 39 (29%) 12 (19%) 15 (29%) 12 (23%)
Double-tract 10 (7%) 7 (11%) 5 (10%) 6 (12%)
Roux-en-Y 26 (19%) 10 (15%) 7 (13%) 6 (12%)

Extent of LN dissection 0.004 0.464 >0.999 <0.001
D1 82 (61%) 52 (81%) 40 (77%) 40 (77%)
D2 28 (21%) 12 (19%) 12 (23%) 12 (23%)

TNM stage 0.105 0.406 0.543 0.189
I 82 (61%) 49 (77%) 39 (75%) 39 (75%)
II 28 (21%) 11 (17%) 7 (13%) 9 (17%)
III 9 (7%) 2 (3%) 2 (%) 2 (4%)
IV 15 (11%) 2 (3%) 4 (8%) 2 (4%)

Values are presented as the median (first quartile, third quartile) or number of patients (%). SMD: standardized
mean difference, BMI: body mass index, ASA: American Society of Anesthesiologists, CVA: cerebrovascular
accident, COPD: chronic obstructive pulmonary disease, CAD: coronary artery disease, LN: lymph node, TNM:
tumor–node–metastasis.

3.2. Perioperative Variables

Intraoperative and postoperative recovery variables are shown in Table 2. Total
remifentanil administration and fluid intake were significantly greater, while time to
extubation was significantly shorter in the remimazolam group than in the sevoflurane
group. All patients in the remimazolam group received flumazenil for reversal at a median
dose of 0.3 (0.3, 0.3) mg. The analysis of recovery variables demonstrated a longer RR stay,
greater frequency of postoperative shivering and anxiety, and higher number of patients
with Aldrete scores of 10 at 10 min after RR admission in the remimazolam group than
in the sevoflurane group. However, Aldrete scores before discharge from the RR were
lower in the remimazolam group than in the sevoflurane group. After PSM, there were no
differences in the incidence of PONV, re-sedation, delirium, or anxiety between the groups;
however, the incidence of postoperative shivering remained higher in the remimazolam
group. The length of postoperative hospital stay was similar in the remimazolam and
sevoflurane groups both before (5 [4, 5] vs. 5 [4, 5] days, p = 0.198) and after (5 [4, 5] vs.
5 [4, 5] days, p = 0.836) PSM.
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Table 2. Intraoperative and recovery room variables before and after propensity score matching.

Before Propensity Score Matching After Propensity Score Matching

Group S
(n = 135)

Group R
(n = 64) p-Value SMD Group S

(n = 52)
Group R
(n = 52) p-Value SMD

Intraoperative variables
Operation time (min) 187 (150, 238) 171 (140, 217) 0.078 0.273 173 (144, 208) 173 (136, 218) 0.913 0.030
Anesthesia time (min) 215 (180, 270) 204 (175, 247) 0.122 0.270 202 (170, 232) 212 (172, 250) 0.757 0.063

Fluid intake (mL) 1500 (1200,
1900)

1850 (1550,
2300) <0.001 0.534 1425 (1150,

1650)
1900 (1575,

2400) <0.001 0.883

Colloid intake (mL) 0 (0, 500) 500 (0, 500) 0.060 0.265 500 (0, 500) 500 (0, 500) >0.999 <0.001
Transfusion 0 (0%) 0 (0%) - <0.001 0 (0%) 0 (0%) - <0.001
Blood loss (mL) 35 (20, 90) 40 (12, 90) 0.656 0.080 29 (20, 50) 45 (16, 90) 0.176 0.260
Urine output (mL) 180 (120, 290) 180 (135, 312) 0.711 0.070 187 (125, 285) 180 (132, 307) 0.736 0.090
Sevoflurane (%) 1.7 (1.6, 1.8) - - - 1.7 (1.6, 1.8) - - -
Remimazolam (mg) - 316 (244, 368) - - - 322 (244, 391) - -

Remifentanil (µg) 800 (600,
1000)

1445 (987,
2030) <0.001 1.260 700 (600, 900) 1405 (1023,

1990) <0.001 1.280

Sufentanil rescue (µg) 6 (6, 7) 6 (6, 7) 0.413 0.142 6 (5, 7) 6 (6, 7) 0.767 0.040
Fumazenil (mg) 0.3 (0.3, 0.3) 0.3 (0.3, 0.3)
Extubation time (sec) 420 (300, 600) 115 (69, 172) <0.001 2.055 360 (300, 540) 115 (75, 180) <0.001 1.883

Recovery room variables
Time in RR (min) 37 (30, 45) 40 (35, 50) <0.001 0.480 35 (30, 40) 40 (35, 50) 0.005 0.689
Numeric rating scale 3 (3, 3) 3 (2, 5) 0.338 0.178 3 (3, 3) 3 (2, 5) 0.259 0.218
Rescue analgesics (µg) 25 (0, 50) 45 (0, 50) 0.118 0.244 35 (0, 50) 50 (0, 50) 0.176 0.307
PONV 6 (4%) 1 (2%) 0.433 0.169 5 (10%) 1 (2%) 0.103 0.334
Shivering 4 (3%) 12 (19%) <0.001 0.525 1 (2%) 10 (19%) 0.007 0.586
Delirium 0 (0%) 0 (0%) - <0.001 0 (0%) 0 (0%) <0.001
Re-sedation 0 (0%) 2 (3%) 0.102 0.254 0 (0%) 1 (2%) 0.317 0.198
Anxiety 0 (0%) 3 (5%) 0.032 0.314 0 (0%) 3 (6%) 0.083 0.350
Aldrete score 10 min 9 (9, 9) 9 (9, 10) 0.022 0.313 9 (9, 9) 9 (9, 10) 0.002 0.710
Before discharge 10 (10, 10) 10 (9, 10) <0.001 <0.001 10 (10, 10) 10 (9, 10) <0.001 0.892

Values are presented as the median (first quartile, third quartile) or number of patients (%). SMD: standardized
mean difference, RR: recovery room, PONV: postoperative nausea and vomiting.
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3.3. Vasopressor Use

Remimazolam anesthesia was associated with a significantly less frequent use of
ephedrine (OR: 0.13, 95% CI: 0.05–0.38, p < 0.001), phenylephrine (OR: 0.12, 95% CI: 0.04–0.40,
p < 0.001), and vasopressors in general (OR: 0.06, 95% CI: 0.02–0.25, p < 0.001) (Figure 3).
In addition, the incidence of ephedrine, phenylephrine, and any vasopressor use was
significantly lower in the remimazolam group than in the sevoflurane group both before
and after PSM (all p < 0.001, Figure 3). The median doses of ephedrine and phenylephrine
administered were significantly lower in the remimazolam group (0 [0, 0]) mg and 0 [0, 0]
µg) than in the sevoflurane group (4 [0, 8] mg and 250 [0, 2100] µg) (all p < 0.001).

J. Clin. Med. 2022, 11, x FOR PEER REVIEW 9 of 14 
 

 

 
Figure 3. Forest plot and bar graph depicting the association of (A) ephedrine use, (B) phenylephrine 
use, and (C) any vasopressor use with remimazolam anesthesia vs. sevoflurane anesthesia. OR, odds 
ratio; 95% CI, 95% confidence interval; PSM, propensity score matching. * p < 0.05 vs. sevoflurane 
group. 

3.4. Intraoperative Hemodynamics 
Figure 4 shows the intraoperative changes in MBP, HR, CI, and PPV in both groups. 

Intraoperative MBP was significantly higher in the remimazolam group than in the 
sevoflurane group immediately after CO2 insufflation, 60 and 90 min after CO2 
insufflation, and at the end of the operation (Bonferroni-corrected p: <0.001, 0.008, 0.003, 
and <0.001, respectively). From 30 min after CO2 insufflation until the end of the operation, 
HR was significantly higher in the remimazolam group than in the sevoflurane group 
(Bonferroni-corrected p: 0.015, 0.006, <0.001, and <0.001, respectively). Before adjustment, 
the CI was significantly higher in the remimazolam group than in the sevoflurane group 
at 30 min, 60 min, and 90 min after CO2 insufflation and at the end of the operation 
(Bonferroni-corrected p: 0.002, 0.004, 0.003, and 0.014, respectively). However, in the post-
adjustment LMM analysis, the CI remained significantly higher in the remimazolam 
group only at 30 min after insufflation (3.6 vs. 3.2 L·min−1·m−2, Bonferroni-corrected p = 
0.048) and was comparable between the groups at all other timepoints. Although the 
LMM analysis revealed a pattern indicating a significant difference in PPV between the 
groups (p group × time = 0.007), a post hoc analysis with Bonferroni correction revealed 
no significant differences in PPV between the groups at any timepoint. 

Figure 3. Forest plot and bar graph depicting the association of (A) ephedrine use, (B) phenylephrine
use, and (C) any vasopressor use with remimazolam anesthesia vs. sevoflurane anesthesia. OR, odds
ratio; 95% CI, 95% confidence interval; PSM, propensity score matching. * p < 0.05 vs. sevoflurane
group.

3.4. Intraoperative Hemodynamics

Figure 4 shows the intraoperative changes in MBP, HR, CI, and PPV in both groups.
Intraoperative MBP was significantly higher in the remimazolam group than in the sevoflu-
rane group immediately after CO2 insufflation, 60 and 90 min after CO2 insufflation, and
at the end of the operation (Bonferroni-corrected p: <0.001, 0.008, 0.003, and <0.001, re-
spectively). From 30 min after CO2 insufflation until the end of the operation, HR was
significantly higher in the remimazolam group than in the sevoflurane group (Bonferroni-
corrected p: 0.015, 0.006, <0.001, and <0.001, respectively). Before adjustment, the CI was sig-
nificantly higher in the remimazolam group than in the sevoflurane group at 30 min, 60 min,
and 90 min after CO2 insufflation and at the end of the operation (Bonferroni-corrected p:
0.002, 0.004, 0.003, and 0.014, respectively). However, in the post-adjustment LMM analy-
sis, the CI remained significantly higher in the remimazolam group only at 30 min after
insufflation (3.6 vs. 3.2 L·min−1·m−2, Bonferroni-corrected p = 0.048) and was comparable
between the groups at all other timepoints. Although the LMM analysis revealed a pattern
indicating a significant difference in PPV between the groups (p group × time = 0.007), a
post hoc analysis with Bonferroni correction revealed no significant differences in PPV
between the groups at any timepoint.
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esthesia with remimazolam may attenuate the effects of pneumoperitoneum, hypercarbia, 
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Figure 4. Intraoperative hemodynamic changes in the (A) mean blood pressure (MBP), (B) heart rate
(HR), (C) cardiac index (CI), and (D) pulse-pressure variation (PPV). Values represent the estimated
means from linear mixed models with standard error. PRE, pre-induction; Intu 10 min, 10 min after
intubation; CO2 ON, initiation of CO2 pneumoperitoneum combined with head-up positioning;
CO2 30min, 30 min after initiation of CO2 pneumoperitoneum; CO2 60min, 60 min after initiation of
CO2 pneumoperitoneum; CO2 90min, 90 min after initiation of CO2 pneumoperitoneum; OP end, end
of operation. * Bonferroni-corrected p < 0.05 vs. sevoflurane group.

4. Discussion

The present study represents the first case-matched retrospective comparison of in-
traoperative hemodynamics between patients receiving remimazolam and sevoflurane
anesthesia during robotic gastrectomy for gastric cancer. Remimazolam anesthesia was
associated with a significantly less frequent use of vasopressors than sevoflurane anesthesia.
In addition, a significantly lower incidence of vasopressor use, as well as significantly lower
administered doses of vasopressors, was observed with remimazolam anesthesia compared
to sevoflurane anesthesia. Furthermore, MBP was maintained at significantly higher levels
during CO2 pneumoperitoneum in the remimazolam group than in the sevoflurane group
despite relatively lower doses of vasopressor administration in the former.

According to our results, the anesthetic agent used for robotic gastrectomy exerts a
profound effect on hemodynamic stability and the requirement for vasopressors. Previous
studies have suggested that CO2 pneumoperitoneum and the head-up reverse Trende-
lenburg position work in tandem to lower the cardiac output [4]. In this context, general
anesthesia with remimazolam may attenuate the effects of pneumoperitoneum, hypercar-
bia, and the reverse Trendelenburg position when compared with sevoflurane anesthesia,
allowing for better maintenance of hemodynamic stability. Alternatively, sevoflurane may
accentuate the hemodynamic effects of CO2 insufflation and positioning, thereby lower-
ing MBP during pneumoperitoneum when compared with remimazolam. However, it is
unlikely that remimazolam would lessen the actual mechanical compression due to CO2
insufflation or attenuate the hypercarbia and decrease in preload due to head-up posi-
tioning. Another, more likely hypothesis is that remimazolam enables better maintenance



J. Clin. Med. 2022, 11, 2643 9 of 12

of hemodynamic stability without exerting any direct influence on the intraabdominal
pressure or the effects of head-up positioning. To reiterate, a hypothesis could be made that,
aside from surgical components such as positioning and pneumoperitonum, the choice of
anesthetics could have a significant effect on hemodynamic stability during robotic gastrec-
tomy, perhaps more so than previously thought. This hypothesis can be further supported
by the fact that the study comparing remimazolam and propofol, which included various
surgical procedures without pneumoperitoneum or reverse Trendelenburg positioning, was
also able to demonstrate that vasopressor requirements were lower in patients receiving
remimazolam [12]. Ultimately, further prospective studies will be needed to examine the
mechanism via which remimazolam better maintains hemodynamic stability.

The current results support our hypothesis that MBP is better maintained with remi-
mazolam anesthesia than with sevoflurane anesthesia. This significant difference in MBP
between groups was maintained throughout most of the surgery except at 30 min into
pneumoperitoneum, and this difference in MBP between groups occurred despite more
frequent use and higher doses of vasopressors administered in the sevoflurane group. In
a study examining the hemodynamics during laparascopic cholecystectomy, the authors
reported a partial return of hemodynamics at 30 min into pneumoperitoneum, in which
they concluded was due to the vasodilating properties of the anesthetics or the natural
history of the hemodynamic changes [17]. This could explain why, in our results, the
difference in MBP was not significant at the 30 min timepoint, although between-group
differences in MBP persisted throughout most of the procedure. Examining the hemody-
namic mechanism is beyond the scope of this study, and a well-designed, prospective study
in the future might provide better insights. After PSM, the CI was significantly higher in
the remimazolam group than in the sevoflurane group at 30 min into pneumoperitoneum,
although the difference was not significant thereafter. Notably, significantly more patients
in the sevoflurane group received vasopressors, which may have led to an increase in the
CI. Although CI values at 60 min into pneumoperitoneum and beyond were comparable
between the groups, one can argue that remimazolam anesthesia better maintains both
MBP and CI, considering the lower doses of vasopressors administered in the remimazolam
group. Moreover, the differences in MBP and HR persisted after desufflation, following
which the return of hemodynamic stability is thought to be immediate in healthy individ-
uals. Further prospective studies are required to determine how long these differences
persist and whether they are associated with any clinical benefits.

The amount of remifentanil administered was significantly higher in the remimazolam
group than in the sevoflurane group, which is consistent with previous results [12,18]. We
do not believe that this difference in remifentanil dose confounded our results. Firstly,
as an opioid, remifentanil is more likely to decrease HR than sevoflurane, and the HR
observed in the remimazolam group was significantly higher than that observed in the
sevoflurane group, suggesting that opioid/analgesic effects did not substantially influence
hemodynamic results in our study. This increase in HR is consistent with that observed in
a previous study in which remimazolam alone was administered to healthy volunteers [10].
Secondly, if equal amounts of remifentanil were to be administered in the sevoflurane group,
it is reasonable to assume that vasopressor requirements during sevoflurane anesthesia
would have been considerably higher than those observed in our study. Additionally,
the use of remimazolam as the hypnotic component is what allows for higher doses of
remifentanil administration, and it would be difficult and impractical to separate the effects
of remimazolam and remifentanil or to assume that one component per se is responsible
for the difference in hemodynamics.

Fluid intake was also significantly greater in the remimazolam group than in the
sevoflurane group. It is important to note that remimazolam preparations for infusion were
at a concentration of 1 or 2 mg·mL−1. Previous reports have indicated that precipitation
can occur at lower infusion rates [19], and it is most likely that a minimum infusion rate
was maintained to prevent this scenario. However, the difference in fluid intake is unlikely
to explain our results, as there was no significant difference in the PPV between the groups
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at any point during anesthesia, suggesting that volumes were equal and adequate in the
remimazolam and sevoflurane groups.

Regarding postoperative delirium, there were no documented case of delirium in any
of the patients included in this study. Further prospective studies, designed to actively
screen for delirium and more accurately assess incidence in the postoperative period would
be needed to make any definite conclusions. While none of our patients experienced
seizures or extreme anxiety, a significant number of patients in the remimazolam group
experienced postoperative shivering compared to that in the sevoflurane group. Results
of a systematic meta-analyses revealed that flumazenil use was associated with increased
shivering and chills [20]; therefore, flumazenil could be the most likely explanation for the
increased shivering seen in our results. All patients who experienced shivering were treated
with an intravenous dose of pethidine, and all patients experienced resolution of symptoms
before discharge from the RR. We believe that further prospective studies are required to
investigate the reason for this increase in postoperative shivering. Remimazolam is also
the only hypnotic used for general anesthesia that has an antagonizing agent [6]. Of note,
all patients in the remimazolam group received flumazenil for reversal during emergence.
Although this was not the primary outcome of our study and further studies will be needed,
these results could support the argument for the use of flumazenil for reversal in patients
receiving remimazolam for general anesthesia [20].

This study had some limitations. First of all, this study was a retrospective study.
Exploration of the mechanisms in which remimazolam maintains better hemodynamic
stability and examination of the association between remimazolam and postoperative
shivering or anxiety were beyond the scope of this study; hence, further prospective
studies will be needed. However, our study groups were well matched on the basis of
propensity scores, and we believe that our results regarding the hemodynamic benefits of
remimazolam as the main hypnotic during general anesthesia are compelling. Secondly,
this study was conducted at a single institution, and differences in case volume and surgical
experience were likely to influence factors such as the duration of surgery, which may
limit the generalizability of our results. Thirdly, because it would have required for a
prospective design with a standardized protocol, we could not control for the degree of
deep neuromuscular blockade, which is known to affect the quality and ease of laparascopic
surgery [21]. Lastly, most patients included in our study had an ASA physical status of II or
III, and the results may be different for different populations. For example, no patients in
our study had significant liver disease or end-stage renal failure, both of which are known
to affect the pharmacokinetic profile of remimazolam [22].

5. Conclusions

In conclusion, our findings suggest that remimazolam enables better maintenance of
hemodynamic stability than sevoflurane when used for general anesthesia. Thus, remima-
zolam anesthesia may be beneficial for patients who are expected to experience hypotension
due to the combined effects of CO2 pneumoperitoneum and the head-up position utilized
during robotic gastrectomy.

Author Contributions: Conceptualization, B.L., M.H.K., N.Y.K. and D.C.; data curation, B.L., H.J.K.,
S.Y., N.Y.K. and D.C.; formal analysis, B.L., H.J.S., N.Y.K. and D.C.; investigation, B.L., H.J.K., S.Y.,
N.Y.K. and D.C.; methodology, B.L., H.J.K., S.Y., N.Y.K. and D.C.; supervision, N.Y.K. and D.C.;
writing—original draft, B.L., M.H.K., H.J.S., N.Y.K. and D.C.; writing—review and editing, N.Y.K.
and D.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This single-institution retrospective study was approved
by the Institutional Review Board and Hospital Research Ethics Committee of Severance Hospital
(Yonsei University Health System, Seoul, Korea [protocol number: 4-2021-1611], 17 January 2022).
The requirement for informed consent was waived given the retrospective study design.



J. Clin. Med. 2022, 11, 2643 11 of 12

Informed Consent Statement: The requirement for informed consent was waived given the retro-
spective study design.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Seo, W.J.; Son, T. Robotic Gastrectomy for Gastric Cancer: Current Evidence and Perspectives. Ann. Robot. Innov. Surg. 2020, 1,

5–14. [CrossRef]
2. Lee, S.; Son, T.; Kim, H.-I.; Hyung, W.J. Status and Prospects of Robotic Gastrectomy for Gastric Cancer: Our Experience and a

Review of the Literature. Gastroenterol. Res. Pract. 2017, 2017, 7197652. [CrossRef] [PubMed]
3. Choi, S.; Song, J.H.; Lee, S.; Cho, M.; Kim, Y.M.; Hyung, W.J.; Kim, H.-I. Surgical Merits of Open, Laparoscopic, and Robotic

Gastrectomy Techniques with D2 Lymphadenectomy in Obese Patients with Gastric Cancer. Ann. Surg. Oncol. 2021, 28, 7051–7060.
[CrossRef] [PubMed]

4. Atkinson, T.M.; Giraud, G.D.; Togioka, B.M.; Jones, D.B.; Cigarroa, J.E. Cardiovascular and Ventilatory Consequences of
Laparoscopic Surgery. Circulation 2017, 135, 700–710. [CrossRef] [PubMed]

5. Gannedahl, P.; Odeberg, S.; Brodin, L.; Sollevi, A. Effects of posture and pneumoperitoneum during anaesthesia on the indices of
left ventricular filling. Acta Anaesthesiol. Scand. 1996, 40, 160–166. [CrossRef]

6. Sneyd, J.R.; Gambus, P.L.; Rigby-Jones, A.E. Current status of perioperative hypnotics, role of benzodiazepines, and the case for
remimazolam: A narrative review. Br. J. Anaesth. 2021, 127, 41–55. [CrossRef]

7. Kilpatrick, G.J. Remimazolam: Non-Clinical and Clinical Profile of a New Sedative/Anesthetic Agent. Front. Pharmacol. 2021, 12.
[CrossRef]

8. Kim, K.M. Remimazolam: Pharmacological characteristics and clinical applications in anesthesiology. Anesth. Pain Med. 2022, 17,
1–11. [CrossRef]

9. Goudra, B.; Mason, K. Emerging Approaches in Intravenous Moderate and Deep Sedation. J. Clin. Med. 2021, 10, 1735. [CrossRef]
10. Schüttler, J.; Eisenried, A.; Lerch, M.; Fechner, J.; Jeleazcov, C.; Ihmsen, H. Pharmacokinetics and pharmacodynamics of remima-

zolam (cns 7056) after continuous infusion in healthy male volunteers: Part i. Pharmacokinetics and clinical pharmacodynamics.
Anesthesiology 2020, 132, 636–651. [CrossRef]

11. Liu, T.; Lai, T.; Chen, J.; Lu, Y.; He, F.; Chen, Y.; Xie, Y. Effect of remimazolam induction on hemodynamics in patients undergoing
valve replacement surgery: A randomized, double-blind, controlled trial. Pharmacol. Res. Perspect. 2021, 9, e00851. [CrossRef]
[PubMed]

12. Doi, M.; Morita, K.; Takeda, J.; Sakamoto, A.; Yamakage, M.; Suzuki, T. Efficacy and safety of remimazolam versus propofol
for general anesthesia: A multicenter, single-blind, randomized, parallel-group, phase IIb/III trial. J. Anesth. 2020, 34, 543–553.
[CrossRef] [PubMed]

13. Koh, J.C.; Kong, H.J.; Kim, M.H.; Hong, J.H.; Seong, H.; Kim, N.Y.; Bai, S.J. Comparison of Analgesic and Adverse Effects of
Oxycodone- and Fentanyl-Based Patient-Controlled Analgesia in Patients Undergoing Robot-Assisted Laparoscopic Gastrectomy
Using a 55:1 Potency Ratio of Oxycodone to Fentanyl: A Retrospective Study. J. Pain Res. 2020, 13, 2197–2204. [CrossRef]
[PubMed]

14. Kim, M.H.; Kim, N.Y.; Yoo, Y.C.; Kong, H.J.; Lee, H.S.; Jo, A.; Bai, S.J. Influence of Deep Neuromuscular Blockade on Perioperative
Stress Response in Patients Undergoing Robot-Assisted Gastrectomy: A Prospective Double-Blinded Randomized-Controlled
Trial. J. Pers. Med. 2021, 11, 1308. [CrossRef]

15. Kim, N.Y.; Kweon, T.D.; Bai, S.J.; Noh, S.H.; Hong, J.H.; Lee, H.; Lee, K.-Y. Effects of dexmedetomidine in combination
with fentanyl-based intravenous patient-controlled analgesia on pain attenuation after open gastrectomy in comparison with
conventional thoracic epidural and fentanyl-based intravenous patient-controlled analgesia. Int. J. Med. Sci. 2017, 14, 951–960.
[CrossRef]

16. Kim, N.Y.; Kim, K.J.; Lee, K.-Y.; Shin, H.J.; Cho, J.; Nam, D.J.; Kim, S.Y. Effect of volatile and total intravenous anesthesia on
syndecan-1 shedding after minimally invasive gastrectomy: A randomized trial. Sci. Rep. 2021, 11, 1511. [CrossRef]

17. Joris, J.L.; Noirot, D.P.; Legrand, M.J.; Jacquet, N.J.; Lamy, M.L. Hemodynamic Changes During Laparoscopic Cholecystectomy.
Anesth. Analg. 1993, 76, 1067–1071. [CrossRef]

18. Doi, M.; Hirata, N.; Suzuki, T.; Morisaki, H.; Morimatsu, H.; Sakamoto, A. Safety and efficacy of remimazolam in induction
and maintenance of general anesthesia in high-risk surgical patients (ASA Class III): Results of a multicenter, randomized,
double-blind, parallel-group comparative trial. J. Anesth. 2020, 34, 491–501. [CrossRef]

19. Sasaki, H.; Hoshijima, H.; Mizuta, K. Ringer’s acetate solution-induced precipitation of remimazolam. Br. J. Anaesth. 2021, 126,
e87–e89. [CrossRef]

20. I Penninga, E.; Graudal, N.; Ladekarl, M.B.; Jürgens, G. Adverse Events Associated with Flumazenil Treatment for the Manage-
ment of Suspected Benzodiazepine Intoxication—A Systematic Review with Meta-Analyses of Randomised Trials. Basic Clin.
Pharmacol. Toxicol. 2016, 118, 37–44. [CrossRef]

http://doi.org/10.37007/aris.2020.1.1.5
http://doi.org/10.1155/2017/7197652
http://www.ncbi.nlm.nih.gov/pubmed/28626474
http://doi.org/10.1245/s10434-021-09952-6
http://www.ncbi.nlm.nih.gov/pubmed/33834323
http://doi.org/10.1161/CIRCULATIONAHA.116.023262
http://www.ncbi.nlm.nih.gov/pubmed/28193800
http://doi.org/10.1111/j.1399-6576.1996.tb04414.x
http://doi.org/10.1016/j.bja.2021.03.028
http://doi.org/10.3389/fphar.2021.690875
http://doi.org/10.17085/apm.21115
http://doi.org/10.3390/jcm10081735
http://doi.org/10.1097/ALN.0000000000003103
http://doi.org/10.1002/prp2.851
http://www.ncbi.nlm.nih.gov/pubmed/34390228
http://doi.org/10.1007/s00540-020-02788-6
http://www.ncbi.nlm.nih.gov/pubmed/32417976
http://doi.org/10.2147/JPR.S264764
http://www.ncbi.nlm.nih.gov/pubmed/32943912
http://doi.org/10.3390/jpm11121308
http://doi.org/10.7150/ijms.20347
http://doi.org/10.1038/s41598-021-81012-1
http://doi.org/10.1213/00000539-199305000-00027
http://doi.org/10.1007/s00540-020-02776-w
http://doi.org/10.1016/j.bja.2020.11.021
http://doi.org/10.1111/bcpt.12434


J. Clin. Med. 2022, 11, 2643 12 of 12

21. Park, S.-H.; Huh, H.; Choi, S.I.; Kim, J.-H.; Jang, Y.-J.; Park, J.-M.; Kwon, O.K.; Jung, M.R.; Jeong, O.; Lee, C.M.; et al. Impact of the
Deep Neuromuscular Block on Oncologic Quality of Laparoscopic Surgery in Obese Gastric Cancer Patients: A Randomized
Clinical Trial. J. Am. Coll. Surg. 2022, 234, 326–339. [CrossRef] [PubMed]

22. Stöhr, T.; Colin, P.J.; Ossig, J.; Pesic, M.; Borkett, K.; Winkle, P.; Struys, M.M.; Schippers, F. Pharmacokinetic properties of
remimazolam in subjects with hepatic or renal impairment. Br. J. Anaesth. 2021, 127, 415–423. [CrossRef] [PubMed]

http://doi.org/10.1097/XCS.0000000000000061
http://www.ncbi.nlm.nih.gov/pubmed/35213496
http://doi.org/10.1016/j.bja.2021.05.027
http://www.ncbi.nlm.nih.gov/pubmed/34246461

	Introduction 
	Materials and Methods 
	Patients 
	Anesthetic Management 
	Data Collection and Outcomes 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Perioperative Variables 
	Vasopressor Use 
	Intraoperative Hemodynamics 

	Discussion 
	Conclusions 
	References

