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Abstract

Objective: To explore the anesthetic and analgesic effects of remimazolam and propofol in elderly patients undergo-
ing hip replacement and their effects on respiratory and circulatory systems, stress and cognitive function.

Methods: Sixty elderly patients undergoing elective hip replacement in the hospital were selected as the research
subjects, and they were divided into the remimazolam group and the propofol group according to the admission
sequence of patients. The remimazolam group was anesthetized with remimazolam, and the propofol group was
anesthetized with propofol. The anesthesia-related indicators, perioperative pain degree [Visual Analogue Scale (VAS)],
circulatory indicators [heart rate, mean arterial pressure (MAP)] before anesthesia (T,), immediately before laryngeal
mask insertion (T,), at 5 min after laryngeal mask insertion (T,), at 30 min after laryngeal mask insertion (T;) and at
5min after laryngeal mask removal (T,), stress response indicators (plasma epinephrine, norepinephrine, cortisol)
before anesthesia induction and at 24 h and 72 h after surgery, cognitive function [Mini-Mental State Examination
(MMSE)] and adverse reactions were compared between the two groups.

Results: Among the 60 enrolled patients, only 1 case was excluded due to withdrawal, thus 30 cases in the remi-
mazolam group and 29 cases in the propofol group were included. There were statistically significant differences in
the heart rate, MAP, plasma epinephrine, norepinephrine, cortisol and VAS score in the two groups from the aspects
of interaction effect and time-point effect (P <0.05). The heart rate and MAP at T,, T, and T; in the two groups were
significantly decreased compared with those at T, but the heart rate and MAP in the remimazolam group at T;, T,
and T; were significantly higher than those in the propofol group (P <0.05). There were no statistical differences in
the anesthesia time, awakening time and extubation time between the remimazolam group and the propofol group
(P>0.05). The levels of plasma epinephrine, norepinephrine and cortisol in the two groups were significantly higher
at 24h and 72 h after surgery than those before anesthesia induction, and the above levels were significantly lower
in the remimazolam group than those in the propofol group (P < 0.05). The VAS scores at each time point in the two
groups were significantly reduced compared to before surgery, but there was no statistically significant difference
between the two groups after surgery (P> 0.05). The MMSE scores of the two groups were significantly lower at 1 d
and 3 d after surgery compared with those before anesthesia induction, but the score in the remimazolam group
was significantly higher than that in the propofol group (P<0.05). In addition, the incidence rates of adverse reactions
were significantly lower in the remimazolam group compared to the propofol group (P<0.05).
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Conclusion: Compared with propofol, remimazolam can achieve equivalent anesthetic and analgesic effects in
elderly patients undergoing hip replacement. However, the latter one can significantly relieve respiratory and circula-
tory suppression, stress response and cognitive dysfunction, with good safety.

Trial registration: This single-center, prospective, RCT has completed the registration of the Chinese Clinical Trial
Center at 31/12/2021 with the registration number ChiCTR2100055039.

Keywords: Remimazolam, Propofol, Hip replacement, Elderly

Hip replacement can effectively relieve the joint pain,
correct the deformity and recover and improve the joint
motor function of patients, thus it is the most effective
surgical intervention for elderly patients with hip diseases
[1, 2]. According to statistics, the incidence rate of postop-
erative cognitive dysfunction in elderly surgical patients
is as high as 38% [3], posing a serious threat to the surgi-
cal effects and prognosis of patients. Elderly patients with
hip replacement, as a special group, have low body resist-
ance and are often complicated with multiple underlying
diseases, so they have high requirements for periopera-
tive anesthesia and most of them prefer general anesthesia
[4, 5]. Propofol has been widely used in general anesthe-
sia due to its rapid onset of action, short action time and
fast metabolism, but on the other hand it also has limita-
tions, such as a narrow therapeutic index and significant
inhibitory effects on circulation and respiration, which
may increase the surgical risk for elderly patients [6].
Remimazolam is a new type of benzodiazepine anesthetic
drug. Doi, M,, et al. demonstrated that remimazolam was
well tolerated and non-inferior to propofol with regard
to efficacy as a sedative hypnotic for general anesthesia
which is suitable for clinical application of general anes-
thesia [7]. Chen et al. [8] indicated that benzenesulfonic
remimazolam and propofol could have equivalent anes-
thetic effects in colonoscopy diagnosis and treatment,
but the former one was significantly safer than the latter
one. It can be seen that remimazolam and propofol have
been clinically studied in the induction and maintenance
of general anesthesia, but there is still no clear conclusion
about the application effects of the two drugs in elderly
patients undergoing hip replacement. This study adopts
remimazolam and propofol to maintain anesthesia of 60
elderly patients undergoing elective hip replacement, and
compares the differences in circulatory indicators, stress
indicators, anesthetic effects and perioperative pain degree
of the two so as to provide more reference for choosing a
safe and effective anesthesia regimen for elderly patients
undergoing hip replacement.

Data and methods

Research subjects

Sixty elderly patients who underwent elective hip
replacement in the hospital between April 2021 and

July 2021 were enrolled as the research subjects. (1)
Inclusion criteria included presence of hip destruc-
tion confirmed by X-ray or CT imaging; conforming to
indications for hip replacement determined by Chinese
Medical Association Orthopaedic Society (D ineffec-
tive conservative treatment of hip osteoarthritis, @
obviously limited joint function affecting life, 3 fem-
oral head collapse in femoral head necrosis due to a
variety of reasons, @ displaced femoral neck fractures
in the elderly and femoral neck fractures with failed
internal fixation); hip replacement for the first time;
ability to communicate independently; age > 60years
old. (2) Exclusion criteria involved heart, brain, kid-
ney and hematopoietic dysfunctions; previous history
of severe mental illness or delirium; history of Alzhei-
mer’ s disease or epilepsy; previous history of coronary
heart disease, hypertension or diabetes mellitus. (3)
Elimination criteria contained simultaneous partici-
pation in two clinical studies; required termination of
trial due to serious adverse reactions during the study.
Sixty elderly patients who underwent elective hip
replacement were divided into the remimazolam group
and the propofol group through the method of random
number table. There were no statistically significant
differences in the general data between the two groups
(P>0.05). This study was approved by the Clinical
trial ethics committee of the hospital (2021- scientific
research-032) and informed consent was signed by
patients or clients.

Anesthesia methods

Eight h of fasting for food and water was performed on
the study subjects before surgery, and venous access
was established after entering the room to detect the
heart rate, mean arterial pressure (MAP) and blood
oxygen saturation, and arterial pressure was measured
by puncturing radial artery. Under ultrasound position-
ing, iliac fascia block was implemented with 40ml of
0.25% ropivacaine. The block effect was monitored after
nerve block and the treatment would be terminated due
to poor anesthetic effects (such as failure of block, no
significant pain relief, complications of puncture, etc.).
0.4 pg/kg of sufentanil and 0.15 mg/kg of cis-atracurium
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were used for anesthesia induction, and the remi-
mazolam group was given intravenous injection of
0.2-0.4mg/kg of remimazolam during induction until
loss of consciousness, and the propofol group selected
1.5-2mg/kg of propofol for intravenous injection and
connected to a ventilator after tracheal intubation by
selecting constant volume mode of volume-controlled
ventilation (VCV), volume tidal (V}) of 6-8ml/kg,
inspiratory time/expiratory time (L:E) of 1:2, respiration
rate (RR) of 10-16 times/min and end expiratory car-
bon dioxide partial pressure (PCO,) of 35-45 mmHg.
During maintenance of anesthesia, the remimazolam
group was maintained by pumping remimazolam at
0.3-0.5mg/kg/h while the propofol group was main-
tained by pumping propofol at 4—8 mg/kg/h, and both
groups were treated with remifentanil at 0.1-0.25 pg/
kg/min for anesthesia maintenance. 0.5mg of metara-
minol or 6 mg of ephedrine were intravenously injected
when the intraoperative blood pressure was lower than
20% of the basal blood pressure. Intravenous injection
of 0.25mg of nicardipine was implemented when the
blood pressure was higher than 20% of the basal blood
pressure. 0.3 mg of atropine or 6 mg of ephedrine were
intravenously injected when heart rate was lower than
60 beats/min accompanied by hypotension or heart
rate was lower than 50 beats/min lasting more than
1min. Intravenous injection of 20mg of esmolol was
performed when heart rate was higher than 100 beats/
min. The dosages of intravenous drugs were reduced
by 20% at 5min before the end of the surgery, and
then the drugs were discontinued. Both remimazolam
and propofol group were given 0.3mg of flumazenil
for antagonism after the end of the surgery. When the
patients were completely awake, they were sent to the
anesthesia recovery room. After 30 min of observation
in the anesthesia recovery room, they were sent back
to the ward to record the occurrence of postoperative
adverse reactions.

Observation indicators

(1) Anesthetic effects were evaluated by means of com-
paring the anesthesia-related indicators such as anesthe-
sia time, awakening time and extubation time in the two
groups. (2) Analgesic effects of patients were assessed by
Visual Analogue Scale (VAS) score [9] during periopera-
tive period (before surgery and at 3 min, 30 min, 60 min
and 90min after surgery). The full score of VAS was 10
points, and the higher the score, the better the analgesic
effects. (3) Circulatory indicators such as heart rate and
MAP were recorded before anesthesia (T,), immediately
before laryngeal mask insertion (T;), at 5min after laryn-
geal mask insertion (T,), at 30 min after laryngeal mask
insertion (T;) and at 5min after laryngeal mask removal
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(T,). (4) The venous blood of elbow was collected from
patients before anesthesia induction and at 24h after
surgery and 72h after surgery to separate the plasma by
conventional centrifugation, and the levels of stress indi-
cators such as plasma epinephrine, norepinephrine and
cortisol were detected by radioimmunoassay. (5) Cogni-
tive function of patients was evaluated by Mini-Mental
State Examination (MMSE) [10] which consisted of ori-
entation, memory, attention and calculation, recall ability
and language ability, with a total score of 27—30 points as
normal cognitive function and score <27 points as cogni-
tive dysfunction. (6) Adverse reactions were recorded.

Statistical analysis

SPSS22.0 statistical software was used to process the
research data. Measurement data conforming to normal
distribution were represented by the mean=+standard
deviation (x +s), and measurement data between groups
were compared by independent sample ¢ test. Analysis of
variance of repeated measurement data was adopted to
compare the measurement data between groups at each
time point, and the pairwise comparison between groups
was performed by using LSD-t test. The enumeration
data were described by cases [n (%)] and the between-
group comparison was performed by x* test. P<0.05 was
considered that the difference was statistically significant.

Sample size calculation

It is estimated that the average value of MAP after anes-
thesia induction in propofol group is 65.2+4 6.8 mmHg,
and the average value of MAP in remimazolam group
increases by 6.0mmHg, which have similar variance.
Assuming an a value of 0.025, an a f value of 0.1, we cal-
culate 26 participants are required in each group. Con-
sidering potential dropout, we increase the sample size of
each group to 30 patients.

Results

Comparison of general data between the two groups

Sixty patients were enrolled in the study and only 1 case
was excluded due to withdrawal, thus 30 cases in the
remimazolam group and 29 cases in the propofol group
were finally included. There were no statistical differ-
ences in the general data such as gender, age, body mass
index (BMI) and ASA grading between the two groups of
patients (P>0.05), as shown in Table 1.

Anesthetic effects
There were no statistical differences in the anesthesia
time, awakening time and extubation time between the
remimazolam group and the propofol group (P> 0.05), as
shown in Table 2.
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Table 2 Comparison of anesthetic effects (x +s)
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Awakening time (min) Extubation time (min)

Groups Anesthesia time (min)
Remimazolam group (n=30) 130.164+43.01

Propofol group (n=29) 131.644+4563

t 0.128

P 0.898

181£1.10 471+£1.04
212£1.01 5.02£1.01
1.126 1123
0.265 0.266

Analgesic effects

There were statistically significant differences in the inter-
action effect and time-point effect of VAS score in the
two groups (P<0.05). The VAS scores of the two groups
were significantly decreased at each time point after sur-
gery compared with those before surgery (P<0.05), but
the difference in the score between the two groups was
not statistically significant after surgery (P>0.05), as
shown in Table 3.

Circulation indicators

There were statistically significant differences in the
interaction effect, between-group effect and time-point
effect of heart rate and MAP in the two groups (P<0.05).
The heart rate and MAP at T}, T, and T; were signifi-
cantly reduced in the two groups compared with those at
T, but the heart rate and MAP at T;, T, and T in the
remimazolam group were significantly higher than those
in the propofol group (P<0.05), as shown in Table 4.

Stress indicators

The differences in the interaction effect, between-group
effect and time-point effect of plasma epinephrine, nor-
epinephrine and cortisol were statistically significant
between the two groups (P<0.05). The levels of plasma
epinephrine, norepinephrine and cortisol at 24h after
surgery and at 72h after surgery were significantly
enhanced in the two groups compared with those before
anesthesia induction, but the levels in the remimazolam
group were significantly lower than those in the propofol
group (P<0.05), as shown in Table 5.

Table 3 Comparison of analgesic effects (x =s)

Cognitive function

There were statistically significant differences in the inter-
action effect, time-point effect and between-group effect
of MMSE score in the two groups (P<0.05). The MMSE
scores of the two groups were significantly lower at 1 d
and 3 d after surgery than those before anesthesia induc-
tion, but the scores in the remimazolam group at 1 d and
3 d after surgery were significantly higher than those in
the propofol group (P<0.05), as shown in Table 6.

Adverse reactions

The total incidence rate of adverse reactions in the remi-
mazolam group was significantly lower compared with
that in the propofol group (P<0.05), as shown in Table 7.

Discussion

The main pathological characteristics of elderly patients
undergoing hip replacement are degenerative changes
of tissues and organs, reduction or atrophy of body
cells, declines of body reserve function and compensa-
tory stress ability, and often accompanied by a variety of
underlying factors (such as hypertension, diabetes melli-
tus, coronary heart disease, etc.) and decreased tolerance
to anesthesia and surgery [11]. Studies have pointed out
that the central nervous system and peripheral recep-
tors in elderly patients are reduced and the drug con-
centration at the receptor site of each target organ is
correspondingly significantly increased, resulting in a
significantly enhanced drug effect, and the respiratory
and circulatory inhibitory effects of anesthetics in elderly
patients are significantly stronger than those of young
patients and the drug elimination half-life time is longer

Groups VAS score (points)

Before surgery 3 min after surgery 30min after surgery 60 min after surgery 90 min after surgery

Remimazolam group (n =30) 291 +0.23 1.544+0.16
Propofol group (n=29) 2894021 156 +0.15
Finteraction, P interaction 11.061, <0.001

F time-point, P time-point 9.310,<0.001

F between-group, P between-group  1.071,>0.05

149 £0.15
1.50+0.17

145 £0.14
146 £0.15

141 £0.16
144 £0.15
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Table 5 Comparison of stress indicators (x £5)

Groups Epinephrine (pg/mL) Norepinephrine (ug/mL) Cortisol (nmol/L)
Before 24h after 72 h after Before 24 after 72h after Before 24 h after 72h after
anesthesia surgery surgery anesthesia surgery surgery anesthesia surgery surgery
induction induction induction

Remima- 14714£163 21314206 1916 +£1.97° 6197 £606  71.644+901° 6804 +699° 49136 £4824 541.16+50.19° 521394 50.22°

zolam

group

(h=30)

Propofol 1432+149 31.3£3.05 2293 +236 62.07 £ 6.17 9197 +1099 81874803 49247 £4797 63081 +61.14 56138 £52.25

group

(n=29)

Finterac- 67.981, <0.001 31.617,<0.001 56.319,<0.001

tion, P

interaction

Ftime- 29.195, <0.001 17.311,<0.001 24.762,<0.001

point, P

time-point

Fbetween-  33.991,<0.001 29.696, <0.001 11.037, <0.001

group, P

between-

group

2 P<0.05 vs the propofol group

Table 6 Comparison of cognitive function (x +s, points)

Groups Before anesthesia 1 d after surgery 3 d after surgery 7 d after surgery

induction

Remimazolam group (n=30) 2731+£236 20.64 £ 1.99° 2264 +£231° 26.99 + 249

Propofol group (n=29) 2699 £ 241 16.74 £1.76 19.37 £2.08 2577 £251

F interaction, P interaction 17.079, <0.001

F time-point, P time-point 9.652,<0.001

F between-group, P between-group 11.163, <0.001

# P<0.05 vs the propofol group

Table 7 Comparison of adverse reactions [n (%)]

Groups n Nausea and Hypoxemia Respiratory Emergence Dizziness Total incidence

vomiting depression agitation

Remimazolam group 30 1(3.33) 0(0.00) (0.00) 1(3.33) 1(3.33) 3(10.00)

Propofol group 29 3(10.34) 1(3.45) (3.45) 3(10.34) 2 (6.90) 10 (34.48)

2 _ 5.145

P - 0.023

in elderly patients [12], therefore how to choose a reason-
able and effective anesthesia regimen for elderly patients
with hip replacement has become an urgent problem to
be solved in clinical application.

Remimazolam is a new type of ultra-short-acting ben-
zodiazepine, which has high affinity with y-aminobutyric
acid receptor and can quickly act on GABA receptor and
help the opening of the chloride ion channel, leading to
the influx of chloride ion and the hyperpolarization of

the nerve cell membrane and then generating obvious
anesthetic effects [13], and studies have shown that ben-
zodiazepines can significantly inhibit the inflammatory
response of mice and effectively inhibit the concentra-
tions of adrenocorticotropic hormone and cortisol dur-
ing stress [14]. Propofol, as a short-acting intravenous
anesthetic drug, plays a role in the induction and main-
tenance of general anesthesia, but has obvious inhibitory
effects on the respiratory system and circulatory system
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of patients [15]. Therefore, remimazolam has a better
effect in maintaining circulation stability than propo-
fol and it is more advantageous in anesthesia for elderly
patients undergoing hip replacement. What’s more,
remimazolam has short drug elimination half-life time.
Its metabolism is dependent on carboxylesterase 1, with
no role for enzymes of the cytochrome P450 superfam-
ily. Although the onset of action and drug interaction
of remimazolam is not much more rapid than that of
propofol, it has faster drug metabolism [16]. Although
propofol has high lipophilicity and can quickly cross the
blood-brain barrier to achieve a deep sedative effect in a
short period of time, it has been found that propofol can
induce a variety of cardiopulmonary complications (such
as hypoxia, hypotension, arrhythmia and respiratory
depression, etc.) while exerting sedative effects in clini-
cal application, therefore it has certain limitations in the
application for elderly patients [17].

Under the dual stimulation of anesthesia and surgery,
elderly patients undergoing hip replacement are often
in a state of tension and anxiety, with accelerated body
circulation, abnormal decreases in heart rate and MAP
compared to non-surgical patients, in a state of body’s
stress during perioperative period and abnormal expres-
sion levels of plasma epinephrine, norepinephrine and
cortisol [18]. In 2021, Tang et al. compared the influence
of remimazolam and propofol on a variety of inflam-
matory factors (TNF-a, IL-6, E, COR etc.) during car-
diac surgery. In this study, serum IL-6 and TNF-a did
not differ preoperatively or 2h postoperatively between
the remimazolam and propofol groups; In 2h after sur-
gery, the increase of E and COR were significantly lower
in the remimazolam group than in the propofol group.
Although Tang’s study is different from the operation
type, inflammatory index and time point of this study,
it still deserves good reference. Their study also claimed
that compared with propofol, remimazolam benefited
cardiac surgery patients under general anesthesia by
reducing hemodynamic fluctuations [19]. Our study
showed that there were statistical differences in the heart
rate, MAP, plasma epinephrine, norepinephrine and cor-
tisol in the two groups from the aspect of interaction
effect, and the heart rate and MAP at T}, T, and Tj in the
two groups were significantly decreased compared with
those at T, and the levels of plasma epinephrine, norepi-
nephrine and cortisol in the two groups were significantly
increased at 24h and 72h after surgery compared with
those before anesthesia induction but the levels were sig-
nificantly lower in the remimazolam group than those in
the propofol group, and the heart rate and MAP at T,
T, and T; in the remimazolam group were significantly
higher than those in the propofol group, indicating that
the influence of remimazolam on circulation is smaller
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than that of propofol during induction and remimazolam
can maintain a more stable heart rate and MAP after
induction and is more conducive to relieving the stress
response of elderly patients during anesthesia. In addi-
tion, this study displayed that the VAS scores of the two
groups at each time point after surgery were significantly
lower than those before anesthesia induction, and there
were no significant differences in VAS score, anesthesia
time, awakening time and extubation time between the
groups, but the awakening time and extubation time of
the remimazolam group were slightly shorter than those
of the propofol group and the MMSE scores at 1 d and 3
d after surgery were significantly higher than those of the
propofol group, preliminarily suggesting that the anal-
gesic effects of remimazolam and propofol are similar in
elderly patients with hip replacement but remimazolam
may have certain advantages in shortening the awaken-
ing time and extubation time and inhibiting the cognitive
dysfunction. Both remimazolam and propofol can satisfy
the perioperative analgesic effects and effective anesthe-
sia maintenance time of elderly patients, but during the
anesthesia process, remimazolam can avoid the excessive
and long-lasting sedation that occurs during propofol
anesthesia and can have smaller inhibitory effects on the
central nervous system of patients.

Currently there are many studies on remimazolam for
general anesthesia. For instance, Doi, M., et al. compare
the efficacy and safety of remimazolam with propofol
for general anesthesia [7]. They find that in terms of
recovery time, it is significantly shorter among patients
in the propofol group and using flumazenil in remima-
zolam may offer the opportunity to even surpass the
recovery speed of propofol. Overall, a larger percent-
age of propofol (61.3%) versus remimazolam (41.0%)
patients experienced adverse drug reactions, but nau-
sea (7%) and vomiting (6%) in the remimazolam groups
were more frequently than that in the propofol group
(5.3%) and (4.0%), respectively. Their research is basi-
cally consistent with our results, and the difference in
the incidence of nausea and vomiting may be caused
by the sample size of this experiment, which is much
smaller than that of Doi, M., et al’s research. Remima-
zolam has the advantages of rapid onset of action, fast
metabolism, mild influence on circulation, no disposi-
tion to accumulate in long-term application and plays
an important role in the induction and maintenance of
general anesthesia [20]. Of special note is the availabil-
ity of a specific antagonist for remimazolam, but not
for propofol. The present study revealed that the total
incidence rate of adverse reactions in the remimazolam
group was significantly lower than that in the propofol
group, which was generally consistent with the above-
mentioned reports by Doi, M. and others.
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In conclusion, remimazolam has similar anesthetic
effects as propofol on elderly patients undergoing hip
replacement, but the former one has smaller influence on
the circulation of body, milder stress response, quicker
awakening and higher safety. Generally speaking, general
anesthesia with remimazolam may have higher safety in
the surgery of elderly patients.

This study has several important limitations. The first is
its small sample size and single-center nature. To obtain
more reliable conclusions, future studies with larger sam-
ple sizes are needed. The second is that there may be a
deviation in comparing the anesthetic effects of the two
groups after using flumazenil. The last issue isthe experi-
menter was divided into the remimazolam group and the
propofol group through the method of random number
table. Anesthesiologists, researchers, and study partici-
pants were blinded to allocation. Although the anesthesi-
ologist is blinded to allocation, the appearance of the two
general anesthetics is quite different. So they can know
the grouping, which may affect the authenticity of the
data collected during the operation. But for the data col-
lected after operation, such as the MMSE scores, people
who performed the cognitive tests, were not aware of the
treatment group of the patient. In addition, MMSE is the
most widely used cognitive test, affected by significant
ceiling effects and has insufficient sensitivity for detect-
ing mild cognitive impairment and mild dementia, espe-
cially in individuals with higher education levels [21]. In
the present study, we pay little attention to the patents’
educational backgrounds. These may affect the accuracy
of the results.

Conclusion

We concluded that in elderly patients’ hip replacement,
propofol and remimazolam can achieve equivalent anes-
thetic and analgesic effects; However, remimazolam can
significantly relieve respiratory and circulatory suppres-
sion, stress response and cognitive dysfunction, more
safety.
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