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laparoscopic partial hepatectomy:

a randomized controlled trial
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Abstract

Background Laparoscopic partial hepatectomy inevitably decrease patient immune function. Propofol has been
shown to have immunomodulatory effects but is associated with hemodynamic side effects. Despite studies showing
a negligible impact of remimazolam tosylate on hemodynamics, it has not been reported for partial hepatectomy
patients. Its influence on immune function also remains unexplored. This study sought to investigate the differences
in immune function and intraoperative hemodynamics between patients who underwent laparoscopic partial
hepatectomy with remimazolam tosylate and those who underwent laparoscopic partial hepatectomy with propofol.

Methods This was a single-center, randomized controlled trial involving 70 patients, who underwent elective
laparoscopic partial hepatectomy. The patients were randomly divided into two groups: the remimazolam group
(group R) and the propofol group (group P). In this study, the primary outcomes assessed included the patient’s
immune function and hemodynamic parameters, and the secondary outcomes encompassed the patient’s liver
function and adverse events.

Results Data from 64 patients (group R, n=31; group P, n=33) were analyzed. The differences in the percentages of
CD3*,CD4%, CD8", and NK cells and the CD4*/CD8" ratio between the two groups were not statistically significant

at 1 day or 3 days after surgery. Compared with those in group P, the MAP and HR at T2 and the MAP at T1 in group R
were significantly increased(P < 0.05). The differences in HR and MAP at TO, T3, T4, T5, T6, and T7 and HR at T1 between
the two groups were not statistically significant. There were no differences in liver function or adverse effects between
the two groups, suggesting that remimazolam tosylate is a safe sedative drug(P>0.05).

Conclusion The effects of remimazolam tosylate on the immune function of patients after partial hepatectomy
are comparable to those of propofol. Additionally, its minimal effect on hemodynamics significantly decreases the
incidence of hypotension during anesthesia induction, thereby enhancing overall perioperative safety.
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Trial registration The trial was registered on May 9, 2022 in the Chinese Clinical Trial Registry, registration number

ChiCTR2200059715 (09/05/2022).
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Introduction

Liver tumors include both malignant (cancerous) and
benign (non-cancerous) types, with hepatocellular car-
cinoma being the most common in the former, account-
ing for approximately 80% of cases [1], and hemangiomas
and focal nodular hyperplasia being the most common
in the latter [2]. Partial hepatectomy is the treatment of
choice for liver tumors [3]. Laparoscopic hepatectomy
has become an increasingly popular option for surgeons
over the past decade due to advances in hepatectomy
safety and laparoscopic equipment [4]. The liver plays a
crucial role in the differentiation of immune cells. Par-
tial hepatectomy, while essential for tumor treatment,
results in a reduction in the body’s immune function.
This decrease may lead to delayed incision healing and
an increased risk of postoperative infections, sepsis, and
other complications [5, 6]. Changes in immune function
after partial hepatectomy seriously affect patient progno-
sis. Therefore, selecting anesthetic drugs that have mini-
mal impact on immune function while ensuring safety is
imperative. As a traditional intravenous anesthetic, pro-
pofol is characterized by its fast onset and short dura-
tion. However, it is associated with adverse reactions,
including post-waking dizziness, respiratory and circula-
tory depression, injection pain, accumulation with pro-
longed infusion, and metabolic acidosis [7, 8]. Patients
with liver tumors often have varying degrees of cirrhosis,
and structural changes in the liver significantly reduce
blood flow, which in turn affects propofol metabolism,
thereby increasing the risk of hypotension [9]. In com-
parison, remimazolam tosylate offers advantages such
as minimal circulatory system inhibition, mild injection
pain, absence of drug accumulation in the body, effec-
tive reversal by the benzodiazepine antagonist flumaze-
nil, and the ability to shorten the patient’s recovery room
stay [10]. However, the effects of remimazolam tosylate
for partial hepatectomy on immune function and circula-
tory stability are unclear. Therefore, this study aimed to
compare the effects of remimazolam tosylate and propo-
fol on postoperative immune function as well as intra-
operative hemodynamics in patients who underwent
partial hepatectomy, providing valuable insights for clini-
cal application.

Materials and methods

This prospective randomized controlled trial was
approved by the Ethics Committee of the First Affili-
ated Hospital of Nanjing Medical University on March
15, 2022 (approval number: 2022-SR-035) and registered

at the Chinese Clinical Trial Registry (registration num-
ber: ChiCTR2200059715). All patients signed written
informed consent. A total of 70 patients with liver-occu-
pying lesions scheduled for laparoscopic partial hepatec-
tomy from May 2022 to May 2023 were enrolled.

Inclusion criteria

Age 1870 years; BMI 18.5-27.9 kg/m? American Soci-
ety of Anesthesiologists (ASA) I or II; preoperative
transaminase levels less than 2.5 times normal; cirrhotic
patients with Child-Pugh classification A.

Exclusion criteria

Histories of chemotherapy, radiotherapy, interventional
therapy, immune-assisted therapy; thrombosis, bile duct
obstruction, portal vein or hepatic artery thrombosis;
cardiac, pulmonary, renal and other vital organ insuf-
ficiency; autoimmune disease or adrenocortical insuf-
ficiency; prolonged use of sedative and analgesic drugs;
allergy to the drugs used in this study; psychiatric disor-
ders; long-term alcoholism or a history of heavy alcohol
consumption in the recent past.

Termination criteria

Intermediate open surgery; intraoperative hemorrhage or
air embolism; postoperative complications such as fever
and infection; serious electrolyte disorders in blood gas
analysis (e.g., serum K*<2.5 mmol/L or serum K*>5.3
mmol/L; serum Na*<130 mmol/L or serum Na*>150
mmol/L) or other serious acid-base balance disorders
(pH<7.25 or pH>7.55).

Study design

In this randomized controlled study, eligible patients
were randomly divided into two groups according to
the allocation sequence generated by the computer pro-
gram: the remimazolam group (group R) and the pro-
pofol group (group P), with 35 patients in each group.
Remimazolam tosylate (0.2 mg/kg) was injected intrave-
nously in group R and propofol (2 mg/kg) was injected
intravenously in group P to induce anesthesia. Dur-
ing the maintenance of anesthesia, patients in group R
were infused with remimazolam tosylate (0.4-1.2 mg/
kg/h), while patients in group P were infused with pro-
pofol (4—10 mg/kg/h). The patient, the surgeon, and the
researcher who recorded the data and conducted the
postoperative follow-up were unaware of the anesthesia
regimen.
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Laparoscopic partial hepatectomy

The surgeries were completed by the same group of ter-
tiary physicians from the Hepatobiliary Center of the
First Affiliated Hospital of Nanjing Medical University.
Regular hepatic segmental resection was performed lapa-
roscopically according to the anatomical characteristics
of intrahepatic blood vessels and bile ducts. Symptom-
atic supportive treatment and care, including hepato-
protection, anti-infection, acid-suppression and gastric
protection, and nutritional enhancement, were uniformly
provided.

Anesthesia procedures

Patients in both groups routinely fasted for 8 h before
surgery. After the patients were admitted to the oper-
ating room, they were given oxygen via a mask (with
a partial pressure of 100% oxygen, and an oxygen flow
rate of 6 L/min), intravenous access was established, and
electrocardiogram (ECQ), heart rate (HR), pulse oxygen
saturation (SPO,) and the bispectral index (BIS) were
routinely monitored. The left radial artery was punc-
tured, the right internal jugular vein was punctured and
cannulated, and the mean arterial pressure (MAP) and
central venous pressure (CVP) were monitored. Anesthe-
sia induction involved intravenous injection of remima-
zolam tosylate (0.2 mg/kg) for Group R and propofol
(2 mg/kg) for Group P. When the BIS value decreased to
60, both groups received intravenous sufentanil (0.3 pg/
kg) and cisatracurium (0.2 mg/kg). Additional doses of
remimazolam tosylate(0.05 mg/kg) for Group R and pro-
pofol (0.5 mg/kg) for Group P could be administered,
which were repeated up to three times until the BIS
value was less than 60. Subsequently, tracheal intuba-
tion was performed under visual laryngoscopy, followed
by connection to the anesthesia machine and a switch
to volume-controlled ventilation mode with air-oxygen
mixing (1 L/min each). The parameters were set as fol-
lows: tidal volume (VT) 6—8 ml/kg, respiratory rate (RR)
10-16 times/min, inspiration-to-expiration ratio (I: E)
1:2, and end-tidal carbon dioxide (P;CO,) maintained
at 35—-45 mmHg. Anesthesia maintenance: Group R was
intravenously injected with remimazolam tosylate (0.4—
1.2 mg/kg/h), and group P was intravenously injected
with propofol (4—10 mg/kg/h). Patients in both groups
were administered remifentanil (0.1-0.2 pg/kg/min) and
cisatracurium (0.1-0.2 mg/kg/h). Additional sufentanil
was added to 0.6 to 0.8 pg/kg before the start of surgery.
Intraoperatively, the BIS value of 40—-60 was maintained
by adjusting the pumping rate of the remimazolam tosyl-
ate and propofol, and the CVP was maintained at 0-5
c¢cmH,O before liver resection. Oxycodone (5 mg) was
added to the specimen at the time of specimen retrieval
in both groups, and 1-5 mg of oxycodone was added
intraoperatively at the discretion of the patients. If the
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intraoperative MAP was less than 65 mmHg or MAP was
less than 70% of the basal value, phenylephrine (0.1 mg)
or ephedrine (6 mg) was intermittently injected, depend-
ing on whether the HR was less than 60 beats/min. If
the number of vasoactive drugs used was greater than 3
times in 30 min, norepinephrine was administered via the
central vein. Approximately 30 min before the end of the
surgery, the pumping of muscarinic drugs was stopped,
and the rest of the drugs were stopped immediately after
the surgery. The patients were transferred to the Post-
Anesthesia Care Unit (PACU), and when the patient’s
spontaneous respiration was restored, group R received
intravenous flumazenil (0.5 mg). When the patient met
the indications for extubation, this procedure was per-
formed by a dedicated nurse anesthetist in the PACU.

Data collection

The primary endpoints consisted of cellular immune
function and hemodynamic indices. Peripheral venous
blood samples (2 ml) were collected from patients before
surgery, 1d after surgery, and 3d after surgery, respec-
tively. The levels of CD3*, CD4*, CD8*, CD4*/CD8", and
NK cells were detected by flow cytometry at the labora-
tory of the Department of Oncology of the First Affili-
ated Hospital of Nanjing Medical University. MAP and
HR were recorded at each time point as follows: before
induction of anesthesia (T0), at a BIS value of 60 (T1), at
the time of tracheal intubation (T2), at the time of skin
incision (T3), at the beginning of hepatic portal block
(T4), 10 min after the first hepatic portal block (T5), at
the end of hepatic portal block (T6), and at the time of
extubation (T7).

The secondary outcomes were liver function mark-
ers and incidence of adverse effects. Peripheral venous
blood samples (2 ml) were collected from the patients
before the operation, 1d after the operation, and 3d after
the operation to test alanine aminotransferase (ALT),
aspartate aminotransferase (AST) and lactic dehydroge-
nase (LDH) levels via the rate method in the biochemis-
try laboratory of the First Affiliated Hospital of Nanjing
Medical University. Additionally, the incidence of post-
operative nausea, vomiting, hypoxemia, and hypotension
was recorded.

Statistical analysis

The sample size was calculated by PASS15.0 software.
The predefined main index of this study was the CD4*/
CDS8* ratio at 1 d postoperatively, which was 1.76+0.43
in the group R and 1.41%+0.19 in the group P according
to the results of the pre-experiment (10 patients in each
group). With a=0.05 and 1-$=0.9, a required sample size
of 28 cases for each group was determined, accounting
for an expected 20% loss-to-follow-up rate. Therefore,
the final sample included 35 patients in each group.



Xing et al. BMC Anesthesiology (2024) 24:205

Page 4 of 10

[ Eovlimen

Assessed for eligibility (n=112) |

| Excluded(n=42)

—* Not meeting inclusion criteria(n=31)

l Declined to participate(n=11)

Randomized(n=70)

i i }
Allocated to remimazolam group R(n=35)l } Allocated to propofol group P(n=35)
l Follow up i 1
Discontinued intervention (n=4) Discontinued intervention (n=2)
turned to open surgery(n=3) turned to open surgery(n=1)
| postoperative fever and infection(n=1) excused halfway through(n=1)
Analysed(n=31) Analysed(n=33)
Fig. 1 Flowchart of the patients
Results

Table 1 Basic characteristics and surgical information of the

patients
Group R(n=31) Group P(n=33) P-
value
Sex (male/female) 17/14 19/14 0.825
Age (years) 548+11.0 539+11.7 0.746
BMI (kg/m?) 235428 246428 0.108
ASA status (/) 6/25 7/26 0.854
intraoperative input(ml) 1471.0+550.0 1653.9+4543 0.151
blood loss(ml) 267.7+1739 315241856 0.297
hepatic portal block 41.1+£26.7 53.7+26.7 0.064
time(min)
operation time(min) 148.6+634 177.0+52.6 0.055
Malignancy 11(35.5%) 18(54.5%) 0.126

IBM SPSS Statistics 26.0 software was used for data
analysis. Continuous measurement data was expressed
as the meanztstandard deviation, and statistical analy-
ses were performed by independent sample t-test and
repeated measures ANOVA; count data were expressed
as numbers (percentages), and statistical analyses were
performed by the chi-square test and Fisher’s exact prob-
ability method. P<0.05 was considered to indicate a sta-
tistically significant difference.

A total of 70 patients were initially included in this study.
Three patients in group R were excluded for intraop-
erative conversion to open surgery, and one patient was
excluded for postoperative fever and infection. One
patient in group P was excluded for intraoperative con-
version to open surgery, and one patient requested to
be excused halfway through. Overall, 64 patients were
recruited, with 31 in group R and 33 in group P. The flow-
chart of the patients is shown in Figure (Fig. 1).

There was no statistical difference between the two
groups in terms of sex, age, BMI, ASA classification,
intraoperative input, blood loss, hepatic portal block
time, operation time or pathological type (P>0.05)
(Table 1).

Immune function

The intra-group comparisons of CD3*, CD4", CDS8,
and NK cell levels and CD4"/CD8* ratios in group R
and group P showed substantial differences in cell levels
at each time point (P<0.05), although there was no sta-
tistical difference between groups (P>0.05). Compared
with the preoperative period, CD3% and CD4" cell lev-
els, as well as the CD4*/CD8* ratio, were significantly
lower, and NK cell levels were significantly higher in both
groups at 1d postoperatively; CD8" cell levels were sig-
nificantly lower, while the CD4*/CD8" ratio was signifi-
cantly higher in group R at 3d postoperatively, and NK
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cell levels were significantly lower in both groups at 3d
postoperatively, with statistically significant differences
(P<0.05). Compared with 1d postoperatively, CD3* and
CD4* cell levels and the CD4"/CD8" ratio were signifi-
cantly higher, and NK cell levels were significantly lower
in both groups at 3d postoperatively (P<0.05) (Table 2).

Hemodynamics

Compared with group P, the MAP at T1 and T2 and the
HR at T2 were significantly higher in group R, and the
difference was statistically significant (P<0.05), while the
differences in HR, MAP at TO, T3, T4, T5, T6 and T7,
and HR at T1 were not statistically significant (P>0.05).
Compared with TO, the MAP at T1, T2, and T6 and the
HR at T1 were significantly lower, while the HR at T5 and
T6 were significantly higher in group R; the MAP at T1,
T2, T3, andT6 and the HR at T1, T2, andT3 were signifi-
cantly lower, while the HR at T5 and T6 were significantly
higher in group P, and the difference was statistically sig-
nificant (P<0.05) (Fig. 2).

Liver function

Compared with group P, there were no statistically signif-
icant differences in the ALT, AST, or LDH levels in group

Table 2 Indicators of cellular immunity at different time points

Indicators Preoperative 1d 3d post-
postoperative  operative
CD3*(%) Group R 69.8+9.6 604+9.7° 69.1+9.8°
(n=31)
Group P 705+80 615+103° 706+8.2°
(n=33)
p-value 0.744 0.647 0.528
CD4*(%) GroupR 41.7+90 325+6.7° 430+85P
(n=31)
Group P 42.1+7.2 323+87° 426+8.1°
(n=33)
p-value 0.834 0916 0.824
CD8*(%) GroupR 239+74 228+7.1 21.8+6.8°
(n=31)
Group P 242+54 249+76 239+59
(n=33)
p-value 0.829 0.255 0.196
CD4*/CD8* GroupR 2.0+09 16+0.8° 22+1.1%
(n=31)
Group P 1.8+06 15+0.6° 19+0.7°
(n=33)
p-value 0.395 0.341 0.187
NK cell(%) GroupR 142+7.8 19.2+9.1° 10.6+5.9%
(n=31)
Group P 15784 203+95° 122+68%
(n=33)
p-value 0.469 0.643 0.320

P < 0.05 compared with preoperative in each group; °P < 0.05 compared with
1d postoperative in each group
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R during the preoperative period, 1d postoperatively, or
3d postoperatively(P>0.05) (Table 3).

Side effects

Compared with group P, the incidence of adverse reac-
tions such as nausea, vomiting, hypoxemia, and hypo-
tension tended to decrease among patients in group R

postoperatively, but there was no statistical difference
(P>0.05) (Table 4).

Discussion

In this study, the impact of laparoscopic partial hepatec-
tomy under propofol and remimazolam tosylate anes-
thesia on patients’ immune function and hemodynamics
was explored. Both demonstrated comparable effects on
cellular immune function, while remimazolam tosylate
exhibited enhanced hemodynamic stability.

Currently, laparoscopic partial hepatectomy is the first-
line treatment for liver tumors, but surgical interven-
tion and anesthetic process inevitably cause a decrease
in immune function. Therefore, reasonable selection
of anesthetic drugs in the perioperative period to mini-
mize adverse effects on immune function is conducive
to improving patient prognosis. Immunosuppression is
recognized as an important factor affecting recovery and
survival after partial hepatectomy. The immune changes
occurring in the perioperative period include the activa-
tion of the hypothalamic-pituitary-adrenal (HPA) axis by
surgical trauma and the generation of a series of neuro-
endocrine responses, which induce the release of corti-
sol and suppress the host immune response; on the other
hand, after the activation of the sympathetic nervous
system (SNS), the release of catecholamines and prosta-
glandin E2 (PGE2) acts as an immune-suppressing factor
[11]. The magnitude of surgical trauma, i.e., the intensity
of the stress response, determines to some extent the
degree of immunosuppression [11].

As central players in the immune system, T-lympho-
cyte subsets play important role in cellular immunity. T
cells are classified into helper T-lymphocytes (THs) and
cytotoxic T-lymphocytes (CTLs) based on their function
and main surface markers (CD4" and CD8%). CD3 is a
surface molecule present on all T cells and responds to
the overall level of cellular immunity [12]. CD4* T cells
can proliferate to activate other types of immune cells,
generating a direct immune response or providing a sec-
ondary helper for other lymphocytes; CD8* T cells, also
known as killer T cells, carry out the immune response
mainly by recognizing and killing target cells of infectious
pathogens and are one of the key components of the cell-
mediated immune response [13, 14]. The CD4*/CD8*
ratio can be used as an important indicator to assess the
state of the body’s immune function and is important for
guiding clinical treatment and prognosis judgment. A
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Table 3 Liver function indicators at different time points

Indicators Preoperative 1d postop- 3d
erative postoperative

ALT(U/L) Group 264+186 304.2+344.1% 183.1+182.7%

R

(n=31)

Group 228+12.7 3029+202.37 192.6+1400%

p

(n=33)

p-value 0.357 0.985 0.815
AST(U/L) Group 26.0+9.8 289.0+323.1% 76.1+66.3%°

R

(n=31)

Group 22.2+55 2909+200.5° 785+644%°

p

(n=33)

p-value 0.061 0977 0.880
LDH(U/L) Group 186.1+£42.0 418742933 2174+414%

R

(n=31)

Group 1786+33.5 3939+163.1% 231.0+61.1%

p

(n=33)

p-value 0432 0.676 0.305

2P < 0.05 compared with preoperative in each group; bP < 0.05 compared with
1d postoperative in each group

Table 4 Incidence of postoperative adverse reactions

Group R Group P p-value
nausea 7 (22.6%) 9(27.3%) 0.665
vomiting 5(16.1%) 6 (18.2%) 0.828
hypoxemia (1 2.9%) 6 (18.2%) 0.734
hypotension (3.2%) 3(9.1%) 0614

decrease in the CD4*/CD8" ratio may indicate that the
immune system’s ability to respond to disease or infec-
tion is weakened, which increases the risk of disease pro-
gression and poor prognosis [15]. NK cells are part of the
innate immune system and destroy pathogen-infected
and tumor cells by releasing cytotoxic particles that pro-
mote protein hydrolytic cleavage of harmful cells, leading
to apoptosis [16]. NK cells are innate cytotoxic lympho-
cytes with adaptive immune characteristics and are con-
sidered to bridge the gap between innate and adaptive
immunity. There is close cooperation between NK cells
and CD8 T cells, which play important roles in immune
function and disease pathogenesis.

Propofol is a short-acting intravenous anesthetic that
produces a sedative-hypnotic effect by acting on cen-
tral gamma-aminobutyric acid (GABA) receptors and
is characterized by a controllable degree of anesthesia,
rapid induction, quick recovery, and few adverse effects.
Recent studies have shown that propofol also regulates
immune function. Propofol anesthesia was chosen for
surgeries such as radical hysterectomy, radical nephrec-
tomy, partial hepatectomy, and radical gastrectomy for
gastric cancer, with fewer effects on cellular immune
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function than sevoflurane, which may be related to the
reduction in serum catecholamine and cortisol concen-
trations [17-20]. Liu et al. demonstrated that propofol is
superior to isoflurane and enflurane in inhibiting serum
IL-8 secretion and increasing IL-10 secretion and can
be considered a better anesthetic for suppressing the
inflammatory response to trauma [21]. Unlike volatile
anesthetics, propofol stimulates NK cell activity, reduces
pro-inflammatory cytokine levels, and inhibits COX-2
and PGE2 function [11, 22]. In addition, propofol does
not affect the ratio of Thl to Th2 cells, thereby attenuat-
ing surgery-induced immunosuppression [23]. Thus, pro-
pofol, the most commonly used intravenous anesthetic in
clinical practice, has significant advantages over inhaled
anesthetics in terms of immunomodulation. The effects
of remimazolam tosylate, the latest approved intravenous
anesthetic for the induction and maintenance of general
anesthesia, on immune function have not yet been stud-
ied. Remimazolam tosylate is a new ultrashort-acting
benzodiazepine (BDZ). The action of BDZ depends on
the activation of binding sites, such as the central benzo-
diazepine binding site (CBBS) and the peripheral trans-
locator protein (TSPO). The CBBS is found in several
regions of the central nervous system and is a component
of the GABA, receptor. Binding to this site enhances
GABAergic neurotransmission and affects the neuroen-
docrine response by counteracting stress-induced over-
activation of the HPA axis and inhibiting the secretion of
corticotropin-releasing hormone (CRH) [24, 25]. TSPO
is present in lymphocytes, macrophages, monocytes, and
other immune cells, and BDZ bound to TSPO can affect
cellular immune function by inhibiting cytokine secre-
tion [26-28], modifying cell proliferation, and affecting
immune cell migration [29] and cellular phagocytic activ-
ity [30]. Therefore, similar to propofol, remimazolam
tosylate may also have an immunomodulatory function.
The results of this study showed that in the postopera-
tive period from 1 to 3d, the levels of CD3* and CD4*
lymphocytes and the CD4* /CD8* ratio in both groups
tended to decrease and then increase, and the postop-
erative level was close to the preoperative level in the
postoperative period of 3d. The relative counts of T-lym-
phocyte subsets in the patients in the remimazolam
group were no less than those in the propofol group.
Propofol attenuates ischemia-reperfusion injury in a
partially hepatectomized liver and has a protective effect
on liver function. On the one hand, the chemical struc-
ture of propofol contains a phenolic hydroxyl group,
which can effectively produce anti-oxidative stress,
probably related to its ability to reduce the production
of reactive oxygen species (ROS), scavenge oxygen radi-
cals, regulate the permeability of mitochondrial mem-
branes, and inhibit lipid peroxidation [31]; on the other
hand, propofol can inhibit the secretion of inflammatory
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cytokines through direct dilation of visceral blood ves-
sels, alleviation of hypoxia and inadequate blood perfu-
sion [32]. The results of this study showed that the ALT,
AST, and LDH levels of patients in the remimazolam
group were not higher than those in the propofol group
at 1d and 3d postoperatively, and it was hypothesized
that remimazolam tosylate also had a protective effect on
liver function. The specific chemical structure of remima-
zolam tosylate causes its metabolism to be nonspecific, as
it is degraded by a wide range of nonspecific tissue car-
boxylesterases (CES) and then excreted via the kidneys,
independent of the cytochrome-dependent hepatic path-
way [33]. In addition, primary human hepatocytes were
cultured in a dynamic 3-D bioreactor system with con-
tinuous exposure to clinically relevant concentrations of
remimazolam, and it was found that hepatocyte integrity
and metabolic activity were not affected. Additionally,
the expression of the CES1 gene, which is responsible for
the metabolic inactivation of remimazolam, remained
unaffected [34]. The effects of remimazolam tosylate on
liver function at the overall and cellular levels are not
fully understood and additional preclinical experiments
will be required for further confirmation in the future.
Hypotension occurs from time to time during the
induction period of anesthesia and is usually thought to
be related to factors such as hypovolemia due to preop-
erative fasting as well as the vasodilatory effects of cer-
tain induction agents [35]. The patients in this study
underwent laparoscopic partial hepatectomy. To reduce
intraoperative bleeding, fluid intake needs to be con-
trolled to maintain low central venous pressure. Conse-
quently, the incidence of hypotension increases, making
it crucial to carefully choose the appropriate anesthetic
drugs. Blood pressure fluctuates greatly when propofol
is used, and a drop in blood pressure, even if it lasts for
5 min, increases the risk of organ damage, especially in
some elderly patients [36]. In contrast, the incidence of
hypotension is low when remimazolam is used for the
induction of anesthesia. Previous studies have shown
stable arterial blood pressure and heart rate in patients
sedated with remimazolam for examinations such as gas-
troenteroscopy and bronchoscopy [37]. Dong et al [38]
showed that the incidence of hypotension during ERCP
procedures was lower in patients sedated with remima-
zolam than in those sedated with propofol. ANTONIK et
al [39] studied when 54 volunteers received a single dose
of remimazolam up to 0.35 mg/kg no hypotension was
reported. Yokose et al [36] studied 90 patients not less
than 80 years of age scheduled for elective noncardiovas-
cular surgery under general anesthesia and showed that
the use of remimazolam contributed to hemodynamic
stability during the induction of general anesthesia in
elderly patients compared to the use of propofol. In the
present study, we found that the suppressive effects of

Page 8 of 10

HR and MAP after the induction of anesthesia were also
significantly milder in patients treated with remimazolam
tosylate than in patients treated with propofol, suggest-
ing that remimazolam tosylate has a greater safety profile
during the induction of anesthesia, especially in elderly
patients.

The following limitations of this study remain. First,
the use of opioids were used in the anesthesia process,
and opioids can have an effect on patient immune func-
tion and hemodynamics. Second, the patient’s age span
is wide, and it is difficult to determine whether the dos-
ages of propofol and remimazolam tosylate used for gen-
eral anesthesia are equivalent or not, and the ratio of the
sedative efficacy of propofol and remimazolam tosylate
in general anesthesia of all ages is still not clear. Third,
the present study is a single-center study, which includes
only patients with Child-Pugh classification A, with a
relatively small sample size, and a multicenter, large-sam-
ple-size, randomized, and double-blind trial needs to be
conducted in the follow-up for the further validation of
the findings of the present study.

Conclusion

The effect of remimazolam tosylate on patients’ immune
function after laparoscopic partial hepatectomy is not
inferior to that of propofol, yet with a milder hemo-
dynamic effect. Compared to propofol, Remimazolam
tosylate significantly reduces the incidence of hypoten-
sion during the induction period of anesthesia, thereby
exhibiting a greater safety profile.
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