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Introduction: The best candidate intravenous anesthetic agent for patients with liver
cirrhosis undergoing endoscopic variceal ligation (EVL) remains unclear. Remimazolam
tosilate (RT) is a new type of benzodiazepine with quick onset, rapid recovery, and no
accumulation. Here, we investigated the efficacy and safety of RT for general anesthesia in
cirrhotic patients undergoing EVL.

Methods: Patients undergoing EVL were randomly classified into the remimazolam tosilate
(group R) and the propofol group (group P). RT was administered as a slow bolus of 0.2 mg/
kg for induction and followed by 1.0-2.0 mg/kg/h for maintenance of general anesthesia.
Propofol was started at 2 mg/kg, followed by 4-10 mg/kg/h until the end of surgery.
Flumazenil was routinely administered to group R and the same volume of saline was
given to group P immediately after surgery. The efficacy and safety of RT for general
anesthesia during EVL were compared with propofol.

Results: All patients in the two groups had satisfactory anesthetic effects and the efficacy
rates were 100%. The time to loss of consciousness (LoC) was longer in group R than in
group P (P > 0.05). The return of consciousness (RoC) time, extubation time, and transfer
time in group R were significantly shorter than that in group P (P < 0.05). The incidence of
intraoperative hypotension and postoperative low SpO, in group R were lower than that in
the group P (P < 0.05). There were no significant differences between the two groups with
respect to the satisfaction degree of patients and operators (P > 0.05).

Conclusion: Remimazolam tosilate can provide satisfactory anesthetic effects for surgery.
Group R patients recovered faster and had a shorter PACU stay time than group P patients.
Moreover, RT decreased the incidence of hypotension and low SpO,. RT was a safer and more
effective alternative for general anesthesia in cirrhotic patients undergoing EVL than propofol.
Keywords: remimazolam tosilate, propofol, general anesthesia, endoscopic variceal ligation,
liver cirrhosis

Introduction
Esophageal and gastric varices bleeding (EGVB) is one of the common serious
complications in patients with cirrhosis and the mortality rate is up to 20%.'
Endoscopic variceal ligation (EVL) has become the favored treatment and prophy-
laxis for EGVB.? With the increase of outpatient EVL surgeries, how to ensure an
anesthetic effect and safety of these patients has become one of the clinical focuses.
Intravenous anesthesia can improve the tolerance and cooperation of patients
and provide a stable operating environment for endoscopists. The most popular
intravenous agents for cirrhotic patients are midazolam and propofol that are both
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equally acceptable by patients and operators.®
Nevertheless, liver cirrhosis can damage protein synthesis,
change drug metabolic pathways, and damage liver blood
flow, and all these factors affect the pharmacokinetics of
anesthetic agents.* Both midazolam and propofol that are
used for cirrhotic patients have advantages and disadvan-
tages. Midazolam has rapid action and anterograde amne-
sia properties and is widely used in gastroenterological
endoscopy.” However, midazolam eliminates half-life is
up to 1.8 to 6.4 h and the active metabolites can cause
delays in neuropsychiatric recovery, especially in patients
with renal or liver dysfunction or those receiving protease
inhibitors.®” One study showed that midazolam used for
patients with cirrhosis increased the risk of hepatic
encephalopathy.® Propofol is the most preferred anesthetic
agent owing to its quick effect, short half-life, and rapid
recovery properties. It also reported that propofol can be
safer and more effective than midazolam in cirrhosis
patients undergoing upper GI endoscopy.9 However, sub-
jects with hepatic impairment showed increased sensitivity
to cardiopulmonary inhibitory effects of propofol and sur-
gical stress.'®!" Furthermore, propofol has a narrow safety
range that may carry potential risks including hypoxemia,
hypotension, and bradycardia during endoscopic proce-
dures, especially in patients with cirrhosis.'? With respect
to safety, it requires fast induction and revival, perfect
depth of anesthesia, stable hemodynamics, and no obvious
residual effect. Therefore, reasonable choice and proper
application of anesthetic agents are essential for cirrhotic
patients.

Remimazolam tosilate (RT) (developed by Jiangsu
HengRui Medicine Co. Ltd., China) is a new type of
benzodiazepine that activates GABA, receptor produ-
cing a sedative effect. RT is hydrolyzed by tissue ester-
ase to inactive metabolites and can be rapidly
antagonized by flumazenil."> RT has been used for out-
patients in upper gastrointestinal endoscopy, which can
reach the same depth of anesthesia as propofol and show
faster recovery than propofol.'* To our knowledge, no
explicit recommendation has yet been made on the
safety of RT for EVL under general anesthesia for
patients with cirrhosis. Furthermore, it is unclear
whether RT can provide the same benefits for cirrhotic
patients. Therefore, this clinical trial was first under-
taken to evaluate the efficacy and safety of RT versus
propofol for general anesthesia in Chinese patients with

cirrhosis undergoing EVL.

Methods-Study Design

The present study was approved by the Ethics Committee
of the Liaocheng People’s Hospital in Shandong Province,
China. The study was carried out according to the guide-
lines of the Declaration of Helsinki and registered in the
Chinese Clinical Trial Registry on April 23, 2021
(ChiCTR2100045710; main researcher: Fu Shi). This
study was a prospective, single-center, randomized, single-
blind,
(AstraZeneca, USA) for parallel trials of general anesthe-

controlled trial comparing RT and propofol

sia in cirrhotic patients undergoing endoscopic variceal
ligation (EVL). All recruited patients signed the informed
consent form. This study was carried out between
April 26, 2021 and September 18, 2021. A total of 76
patients with American Society of Anesthesiologists
(ASA) physical status II or III, who were consecutively
scheduled undergoing EVL at the Endoscopy Examination
Center of the Liaocheng People’s Hospital were enrolled
in the trial. They were randomly divided into two groups
by using a computer to generate a random number list at
a 1:1 ratio (n = 38 patients in each group). We used
a single-blind design because of the difference of drug
color and dosage form. The random group sequence num-
ber was placed in an opaque envelope by a nurse. Another
anesthesiologist opened the envelope and was aware of the
treatment allocation of each patient. Neither the partici-
pants nor the outcome evaluators were aware of the treat-
ment allocation throughout the study.

The inclusion criteria were patients between 20 and 80
years of age; patients with a recent history of bleeding who
planned to receive surgery; and those who signed the
informed consent. The exclusion criteria were ASA 1V or
V; acute active variceal bleeding; alcohol consumption in
the past 2 weeks; hepatic encephalopathy; neurological
diseases such as Alzheimer’s or Parkinson’s disease; per-
ipheral hemorrhagic shock; allergy to benzodiazepine or
propofol; and refusal to sign the informed consent.

Operative Procedure

All operations were performed by experienced hepatolo-
gists with more than 5 years of EVL experience.
A standard endoscope (GIF-H260, outer diameter of
9.8 mm; Olympus Optical Co., Ltd., Tokyo, Japan) was
used for recording the gastric bottom varicose veins and
determining the parts to be ligated. Varicose veins were
fully attracted to “red” in the transparent cap, then circles
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were released using ligation device (Six Shooter; Cook
Medical, Winston-Salem, NC, USA) esophageal.

Anesthesia and Intervention

Induction of General Anesthesia

Before surgery, an anesthetist explained the anesthesia risk to
patients and obtained their written consent for anesthesia
induction. In the operating room, the patient was placed in
a lateral position, and a venous channel was established on
the right upper limb; no invasive upper pressure was detected
in the left upper limb. Monitoring vital signs included elec-
trocardiogram (ECG), heart rate (HR), mean arterial blood
pressure (MAP), pulse oxygen saturation (SpO,), end-tidal
CO, partial pressure (PetCO,) and bispectral index (BIS).
The depth of anesthesia was evaluated by the Modified
Observer’s Assessment of Alertness/Sedation (MOAA/S: 5
points, responsive to normal verbal stimuli sensitively; 4
points, responsive to normal verbal stimuli bluntly; 3 points,
responsive to loud or repeated verbal stimuli; 2 points,
responsive to a slight push and vibration; 1 point, responsive
only after painful trapezius squeeze; and 0, no response even
to painful trapezius squeeze).'”

In our study, we used the rapid sequence intubation that
can effectively prevent the risk of perioperative reflux aspira-
tion. Before induction of general anesthesia, 5 L/min oxygen
was given by a mask for 3 min. At the same time, 3 pg/kg
fentanyl citrate (Yichang Humanwell Pharmaceutical, China)
was intravenously infused. In the study group (group R),
general anesthesia induction for all patients was performed
via a bolus of 0.2 mg/kg RT. In the control group (group P),
a bolus of 2.0 mg/kg propofol was administered slowly. Loss
of consciousness (LoC) was defined as a MOAA/S score <1
in our study. After LoC was attained, endotracheal intubation
was performed after 2 mg/kg intravenous succinylcholine.

Maintenance of General Anesthesia

Remimazolam tosilate was administered at 1 mg/kg/h (max-
imum allowed infusion rate: 2 mg/kg/h) based on monitor-
ing of the vital signs of individual subjects and MOAA/S
scores during the surgery. Propofol was administered at 4—
10 mg/kg/h based on monitoring of the vital signs of indi-
vidual subjects and MOAA/S scores during the surgery.
Remifentanil (Yichang Humanwell Pharmaceutical, China)
was administered at an infusion rate 0.25 pg/kg/min. The
infusion rate of drugs was adjusted as appropriate based on
the MOAA/s score of each patient. The patients were suffi-
ciently anesthetized with MOAA/s=0 for surgical operation.

It is still unclear whether RT and bispectral index (BIS) have
a good correlation. The corresponding BIS indices that were
equal to MOAA/s scores in our study were also recorded.
The tidal volume was maintained at 6-8 mlL/kg, and the
respiratory frequency was maintained at 12 rates/min and
end-tidal CO, partial pressure was maintained at 3545
mmHg. Ephedrine (0.1 mg/kg, IV) was administered if
hypotension (systolic blood pressure descending 30% basal
value or MAP<65 mmHg) was detected. Intravenous atro-
pine (0.4 mg) was administered if bradycardia (HR<50 bpm)
occurred.

Recovery from General Anesthesia

All the drugs were discontinued at the end of surgery.
A Dbolus of 0.5 mg flumazenil (Nhwa Pharma.
Corporation, China) administered to group
R patients and the same volume of saline was given to

was

group P. Return of consciousness (RoC) was defined as
MOAA/S score>4 in our study. The times to RoC and
extubation were measured and recorded.

Recovery from PACU

After extubation, the patients were transferred to the post-
anesthesia care unit (PACU) for further observation. The
investigator assessed and recorded the following: (i)
adverse events, which included the prevalence of post-
operative low Sp0,<95%, and dizziness, nausea and
vomiting (PONV), and intraoperative awareness after sur-
gery; and (ii) transfer time (time taken from extubation to
leaving the PACU).

Clinical Outcomes

The primary endpoint was the success rate of the surgical
procedure. Successful criteria were defined as completion of
the endoscopy procedure and deep sedation with MOAA/
s=0. Secondary efficacy endpoints included the following:
(1) Time to LoC, time to RoC, time to extubation, and
transfer time. (ii) Vital signs of patients especially mean
arterial pressure (MAP) and heart rate (HR) during the
surgery. The designated time points were as follows: before
anesthesia induction (TO0), after induction (T1), after intuba-
tion (T2), when surgery began (T3), 5 min after surgery
(T4), 10 min after surgery (T5), 15 min after surgery (T6),
20 min after surgery (T7), end of surgery (T8), and 1 min
after extubation (T9). (iii) The BIS index corresponding to
MOAAY/S scores during general anesthesia. (iv) Incidence of
hypotension during surgery and adverse events after surgery.
(v) Patient and operator satisfaction, which were evaluated
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on a 0—10 point visual analog scale, where 1 point indicated
a very bad experience and 10 points indicated a perfect
experience.

Sample Size Calculation and

Statistical Analysis

Calculation of the sample size was undertaken by PASS
11.0 (NCSS, Kaysville, UT, USA). Based on the results of
a pilot study involving 20 patients, the number of hypo-
tension events during the surgery was 1.6£0.7 in group
P and 1.240.4 in group R. Further, 31 patients in each
group could achieve 80% power to detect a difference of
0.5 between the two groups. Considering a loss to follow-
up of 20%, 38 patients were required per group.

All experimental data were performed using SPSS soft-
ware (version 17, IBM Corporation, Armonk, NY, USA),
and P<0.05 was considered statistically significant. Data
are expressed as the meantstandard deviation (x£s) and
were compared using the Student’s #-test. Categorical vari-
ables are presented as percentage of numbers (%) and
were compared using a chi-square test. The GraphPad
Prism software version 5.0 (GraphPad Prism, Inc., San
Diego, CA, USA) was used for diagram drawing.

Results

A total of 88 patients were recruited for the study. Of
these, three patients were in hemorrhagic shock, two
patients had alcohol in the past 2 weeks, and five patients
refused to sign the informed consent. Finally, 78 patients
participated in the research. The data of two patients were
lost in the process of research. Seventy-six patients (n=38/
group) completed the surgery (Figure 1). The characteris-
tics of patients in the two groups are presented in Table 1.
There were no significant differences between the groups
in terms of age, sex, weight, height, and etiology of liver
cirrhosis, ASA, and the duration of surgery (P>0.05).

In both groups, all EVL surgeries were successfully per-
formed (success rate: 100%). As shown in Figure 2, the time
to LoC in group R was longer than that in group P (group R:
45.7£5.3 s; group R: 65.944.7 s, P>0.05). However, the time
to RoC in group R was significantly shorter than that in group
P (group P: 503.3+59.6 s; group R: 67.1+£9.6 s, P<0.05). The
time to extubation in group R was significantly shorter than
that in group P (group P: 524.7+57.8 s; group R: 115.7+12.5
s, P<0.05). The PACU stay time in group R was significantly
shorter than that in group P (group P: 859.6+62.2 s; group R:
370.2+24.1 s, P<0.05).

Assessed for eligibility(n=88)

Excluded(n=10)
.Not meeting inclusion criteria(n=5)
.Declined to participate(n=5)

Randomized(n=78)

v

Allocated to group P (n=39)
.Received allocated intervention (n=39)

l

Lost to follow-up (n=1)

'

Analyzed (n=38)
Excluded from analysis (n=0)

Figure | Study population flow diagram.

L

Allocated to group R (n=39)
.Received allocated intervention (n=39)

y

Lost to follow-up (n=1)

y

Analyzed (n=38)
Excluded from analysis (n=0)
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Table | Patient Characteristics

Variable Group Group P value
P (n=38) R (n=38)

Age (years) 51.61£5.48 52.74£4.93 0.347

Sex (Male/Female) 18/20 16/22 0818

Weight (kg) 68.26%5.11 66.00+£5.27 0.061

Height (cm) 164.30+5.71 163.40+5.60 | 0.493

ASA, n(%) 0.637

I 22(57.9) 25(65.8)

i 16(42.1) 13(34.2)

Etiology of liver cirrhosis, n(%) 0.754

HBV 31(81.6) 33(86.8)

Alcohol 7(18.4) 5(13.2)

Duration of surgery (min) 26.88+2.88 27.00£2.72 0.854

Notes: Data are presented as mean+SD or numbers (%). Group P, propofol group;
Group R, RT group. P<0.05 was considered to indicate statistical significance.

The MAP and HR of 10 time points are summarized in
the two groups, as shown in Figure 3. After anesthesia
induction, the MAP at T1-8 in group P were significantly
lower than that in group R (P<0.05). Compared with group
R, the HR at T1 and T4-8 in group P were all significantly
reduced (P<0.05), but all values at T1-8 were within the
clinically normal range. Compared to group P, group
R showed less fluctuation in the MAP and HR.

In this study, we maintained the MOAA/s=0 after
anesthesia induction (T1-T8) to ensure an adequately
anesthetized state for surgical operation. No patient in
group R required any other sedative drugs and could
meet all surgical needs. After surgery, the MOAA/s score
at T9 in group R was much higher than that in group
P (P<0.05). We also detected BIS during the operation.
As shown in Figure 4, the BIS scores at TI-T9 in group
P were lower than that in group R (P<0.05).

1000+
O Group P 1
8004 O Group R
© 600
Q
£
~ 4004 %
200+ .
* *
r= [ 1 |=|

LoC RoC  Extubation Transfer
Figure 2 Induction and recovery time between the two groups. Transfer, PACU
stay time. *P<0.05 was considered to indicate statistical significance.
Abbreviations: LoC, time to loss of consciousness; RoC, time to return of

consciousness.

We compared the adverse events between the two
groups (Figure 5). During anesthesia, the incidence of
hypotension in group P was higher than that in group
R (P<0.05). The incidence of post-operative low SpO, in
group R was significantly lower than that in group
P (P<0.05). The incidence of other post-operative adverse
events such as dizziness and PONV were similar in both
groups (P>0.05). Postoperative follow-up was performed
for all patients, and no intraoperative awareness event
occurred in the two groups.

The anesthesia satisfaction of patients and the condi-
tions of surgery were assessed by a 0-10 points visual
analog scale (VAS) (Figure 6). The satisfaction score of
patients and operator in group R were not significantly
different from that in group P (P>0.05).

Discussion

To our knowledge, this study is the first to compare the
efficacy and safety of RT versus propofol for general
anesthesia in cirrhotic patients undergoing EVL. Based
on our data, RT can provide satisfactory anesthetic effects
for EVL and combination with flumazenil can induce
quick recovery from anesthesia. Administration of fluma-
zenil in combination with RT was a better alternative than
propofol alone for general anesthesia during EVL.

In terms of cirrhotic patients undergoing EVL, the
choice of anesthetic methods and agents present a huge
challenge for the anesthesiologist. To the best of our
knowledge, there are no specific anesthesia guidelines
for EVL in cirrhotic patients. EVL in cirrhotic patients
is mainly performed without sedation, under conscious
or moderate sedation, and under general anesthesia.'®'®
Unal and Saruc pointed out that EVL need high patient
compliance and it may be technically more difficult
without sedation.!” Gastroscopic irritation of the throat
and esophagus can cause nausea, vomiting, choking, and
agitation and it is easy to induce venous rupture and
bleeding. The gastrointestinal bleeding may occur at any
time during surgery. A previous study has shown that
endotracheal intubation and general anesthesia are safe
and effective for patients undergoing EVL.'? And, the
airway can be ensured unobstructed with endotracheal
intubation. In our study, no patient experienced aspira-
tion during surgery, and no surgery was left incomplete
owing to inadequate depth of anesthesia. So, endotra-
cheal intubation under general anesthesia with RT or
propofol may be of benefit for patient safety and proce-
dural success.
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Figure 3 Intraoperative hemodynamic parameters in both groups (A and B). *P<0.05 was considered to indicate statistical significance.

Abbreviations: MAP, mean arterial pressure; HR, heart rate.
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Figure 4 Intraoperative MOAA/s and BIS index scores in both groups (A and B). *P<0.05 was considered to indicate statistical significance.

Benzodiazepines, opioids, and propofol were widely
used for endoscopic procedures.'” Nevertheless, the half-
life of midazolam was prolonged in cirrhotic patients, and
midazolam sedation increased the incidence of adverse
events especially for hepatic encephalopathy.'® Although
propofol is superior to midazolam for sedation during
endoscopic injection sclerotherapy,®® its pharmacological
character in cirrhotic patients is still not well known.
A basic study showed that rats with cirrhosis increased
the efficacy of propofol anesthesia, and animals need
longer recovery time, perhaps because of the reduced
plasma proteins, increased inhibitory neurotransmitters,
and decreased excitatory neurotransmitters.”’ RT has
a short elimination half-life without liver and kidney
metabolism.>> A recent study showed that the pharmaco-
kinetic properties of RT were not affected by hepatic
impairment without dose adjustments.”> Moreover, fluma-
zenil is a specific antagonist of RT.** Our study showed
that the mean times to RoC and extubation in group

R were shorter than that
P. Compared with propofol, RT significantly shortened
the PACU stay time. However, a multicenter phase III
trial found that the time to eye opening and extubation
were statistically longer in the RT than the propofol

significantly in group

group.”® In fact, we found that flumazenil was given to
only 9.3% patients when we read the entire manuscript.
The mean time to awakening in the RT group that received
flumazenil was 1.8 min. The reason for the difference may
be that flumazenil was given for every patient in our study
after surgery. In our study, the mean time to extubation
was 115.7 s, which was close to 1.8 min. These statisti-
cally significant differences in our study had a major
impact on the surgical procedures. Remimazolam tosilate
plus sequential flumazenil enhanced the speed of recovery
of cirrhotic patients and sped up the turnover of PACU
beds. RT has
a potential advantage over propofol and is also more

Regarding restoration of anesthesia,

controllable.
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Figure 5 Comparisons of adverse events in both groups (A-D). *P<0.05 was considered to indicate statistical significance.
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Figure 6 Satisfaction of patients and operator in the two groups after surgery.
Satisfaction was assessed on a 0—10 visual analog scale.

A recent clinical trial revealed that RT was equal to
propofol with respect to efficacy for induction and main-
tenance of general anesthesia.”> Our study also showed
that RT exhibited the same anesthetic performance with
propofol anesthesia during surgery. The patients can
achieve deep sedation with MOAA/s=0 under RT

general anesthesia. The rate of success in the two groups
was 100%, and all cirrhotic patients could obtain suffi-
cient anesthetic depth for surgery. BIS is the brain
function monitor and the values between 45 and 60
have been recommended for general anesthesia.’® In
our study, the mean BIS values under RT or propofol
anesthesia were both within the adequate ranges of 45—
60. Furthermore, BIS scores during anesthesia in group
R were significantly higher than those in group
P (P<0.05). To a certain extent, RT avoided the deep
anesthesia depth for patients. Compared with propofol
anesthesia, the surgical operation conditions were not
changed by using RT. The satisfaction scores of the
operator in group R were similar with that in group
P. There was also no significant difference between the
two groups regarding the satisfaction of patients. Indeed,
RT can provide not only a satisfactory operational state
of the operator but also a comfortable anesthesia experi-
ence for patients. Therefore, it was assumed that RT was
non-inferior to propofol in terms of its capacity as an
intravenous agent used for general anesthesia.
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In a recent study, patients undergoing hysteroscopy
were randomly divided into the RT group and propofol
group. The incidence of adverse events during surgery,
such as hypotension and bradycardia in group R was
lower than that in group P.>” Another study showed that
the frequency of hypotension, low SpO,, and respiratory
depression were lesser in group R than in group P in
patients undergoing colonoscopy.”® Our study was con-
ducted to investigate if cirrhotic patients undergoing
EVL can obtain the benefits of RT compared with propo-
fol. The RT group had a lower incidence of hypotension (2
[5.3%]) versus 9 [23.7%]) than the propofol group during
surgery (P<0.05). Post-operative low SpO, event was not
observed in group R (0 [0%]) compared to group P (6
[15.8%], P<0.05). Compared with group R, the HR at T1
and T4-8 in group P were all significantly reduced
(P<0.05), but all values at T1-8 were within the clinically
normal range. After anesthesia induction, the MAP at T1—
8 in group P were significantly lower than that in group
R (P<0.05). The fluctuation of MAP and HR in group
R was lesser than that in group P. Our results were con-
sistent with a previous study? that vital signs can remain
stable under RT sedation.

Our study has some limitations. First, since patients
were not categorized according to the Child—Pugh scale,
further studies are needed for evaluation. Second, this was
a single center study with a limited sample size, and multi-
center studies are required to further verify the conclusions
of our study. However, the current study indeed demon-
strated that patients undergoing EVL can benefit from RT
general anesthesia.

Conclusion

Remimazolam tosilate general anesthesia and sequential
flumazenil can provide satisfactory anesthetic effects and
rapid recovery for cirrhotic patients undergoing EVL.
Moreover, RT decreased the risk of adverse events, such
as hypotension and low SpO,. RT is an effective option for
general anesthesia, especially for cirrhotic patients.
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