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ABSTRACT

Background: The effects of anesthetics on memory have not yet been completely
clear, and there have been some discrepancies on this issue in the literature. This
study aimed to compare the effect of two sedatives, Propofol and Midazolam, on the
incidence of cognitive dysfunction in elderly patients undergoing spinal anesthesia.
Methods: This double-blind clinical trial was conducted on 136 elderly patients who
underwent spinal anesthesia in Besat Hospital, Hamadan, Iran, during 2020-21. The
patients were randomly assigned into two groups of Propofol (0.2 mg/kg) and
Midazolam (0.02 mg/kg). The Wechsler Memory Scale-111 (WMS-111) were utilized
to assess the cognitive dysfunction and memory coefficient in the two groups.
Results: There was no significant difference between the two groups in terms of short
and long-term memory, as well as cognitive dysfunction before and after spinal
anesthesia (P>0.05). The time of onset of sedation (Z=-11.11; P<0.005) and recovery
from sedation (Z=-10.56; P<0.005) were longer in the Midazolam group, compared
to the Propofol group. There were no significant differences between the two groups
before and after operation regarding the WMS-III categories (P>0.05). The
comparison of the two groups in terms of memory coefficient after operation showed
no significant differences between them in this regard (Z=-0.63; P=0.52).
Conclusion: Midazolam and Propofol showed no differences regarding the effects
on the postoperative memory coefficient or cognitive dysfunction.

sensory and motor block, faster onset of action, and less

serious problem in elderly patients undergoing
major surgeries, which can last 1-12 months or
longer [1]; accordingly, its incidence has been reported to
be prevalent in 7%-75% of the patients [2]. The
pathogenesis of POCD is not clear. Intravenous and
inhaled anesthetics, opioids, benzodiazepines, and
anticholinergics are the suspected risk factors for POCD
[3].
Today, the use of regional anesthesia techniques, is
preferred to general anesthesia,especially in lower
extremity surgeries due to simple technique, complete

P ostoperative cognitive dysfunction (POCD) is a
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postoperative side effects [3-4]. In recent years, concerns
have been raised over the effects of general anesthesia
and spinal anesthesia on long-term memory impairment,
especially in elderly patients [5].

One of the relatively common surgeries in elderly
individual is lower extremity fracture surgery, which is
usually performed under spinal anesthesia. Although the
spinal anesthesia technique reduces the need for
consuming many medications, it increases the use of
sedation, especially in elderly patients to withstand the
surgery duration [6-7].
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There are different medications to provide sedation in
spinal anesthesia, the most common of which are
Midazolam and Propofol. Midazolam is a short-acting
benzodiazepine that has various hypnotic, sedative,
amnestic, anticonvulsant, and anti-anxiety effects [8].
The main benefits of Propofol include the rapid onset of
action, lack of active metabolites, and rapid liver
metabolism [9-10]. The effects of anesthetics on memory
have not yet been completely clear, and there are some
disagreements on the issue in the literature [9]. Therefore,
this study aimed to compare the effects of two sedatives,
namelyPropofol and Midazolam, wused in spinal
anesthesia on the incidence or progression of cognitive
dysfunction in elderly patients undergoing orthopedic
surgeries.

Methods

This prospective randomized double blind, controlled
clinical trial study was conducted in Besat hospital in
Hamadan, Iran, between 2020 and 2021.The protocol
study was approved by the Research Ethics Committee of
Hamadan University of Medical Sciences, Hamadan, Iran
(IR.UMSHA.REC.1397.966). This study Registered at
Iranian Registry of Clinical Trials
(IRCT20120915010841N19). The study was conducted
in accordance with the Declaration of Helsinki and
subsequent. Before the study, sufficient information was
given to the patients; moreover, they were assured in
terms of data confidentiality. Written informed consent
were obtained from all patients, and they were assured
that they could leave the study at any time.

Patients older than 65 years, candidate for lower limb
surgery under spinal anesthesia, and physical
status(ASA) class | and 11, were enrolled in this study.
Any patients not willing to participate or continue the
study, and those who had an allergy to anesthetics and
sedatives, as well as a history of alcohol and drug
consumption (sedatives and anticonvulsants) and
presence of any contraindication for spinal anesthesia
including with spinal deformities, inability to maintain
the required body position during needle puncture,
elevated intracranial pressure, localized infection at the
site of needle insertion, low platelet count and
hypovolemia, were excluded from the study. Patients
with failure of spinal anaesthesia who were under general
anesthesia were removed from the study.

The sample size of this study was calculated based on
previous studies was conducted by Yaraghi et al. [11], the
error coefficient of 0.05 and power of 80%. The sample
size was calculated at 136 cases (68 cases in each group).

Patients older than 65 years with the ASAclass of | and
Il who were candidates for lower limb surgery under
spinal anesthesia were randomly assigned to the Group
A(Propofol) or B(Midazolam). After spinal anesthesia
with hyperbaric 0.5% bupivacaine patients received in
Group A, 0.2 mg/kg Propofol (10mgml,20mIAmp,
B.Braun Co.Germany) and in Group B, 0.02 mg/kg
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Midazolam (5mgiml Amp, Aburaihan Co.lran)
intravenously. The medications were prepared into
syringes with similar sizes and shapes and labeled as A
and B by an anesthesia nurse who was unaware about
study protocol.

At first, demographic characteristics of patients,
including age, gender, education level, marital status, and
type of surgery were recorded in a researcher-made
checklist. Before the spinal procedure, patients received
7 ml/kg ringer serum. Then,10 mg of bupivacaine 0.5%
and 2.5 pg Sufentanil were injected into the subarachnoid
space for all patients in a sitting position and the patients
were turned to the supine position. After spinal anesthesia
and before surgery, 0.2 mg/kg Propofol and 0.02 mg/kg
Midazolam, that prepared into similar syringes and
labeled as A and B were intravenously administered to
groups A and B, respectively. The anesthesiologists and
nurses who completed the data collection forms were
blinded to the group allocated of patients.

The patients were monitored using
electrocardiography, pulse oximetry, and a non-invasive
blood pressure Monitoring (Saadat Model:162, Iran).
Before and after anesthesia, the clinical variables
including systolic and diastolic blood pressure, mean
arterial pressure, heart rate, respiratory rate, and oxygen
saturation in various times were measured and recorded
every 3 min to 20 min and then every 10 min until the end
of the operation.

In case of hypotension (systolic blood pressure less
than 90 mmHg) and bradycardia (heart rate less than 50
beats per min), 10 mg of ephedrine and 0.5 mg of atropine
were administered intravenously. The incidence of
nausea and vomiting during the operation, sedation score,
onset time of sedation and recovery from sedation,
anesthesia and surgery duration were evaluated by the
anesthesia assistant and recorded in a form.

Wechsler Memory Scale-111 (WMS-I11) was utilized to
assess the cognitive dysfunction in the cases receiving
surgical operation. The WMS-III is a composite test that
is performed individually and designed to better
understand different parts of a patient's memory. This
scale provides the full range of memory functions and has
been carefully designed based on the latest existing
memory theories. The scale was completed for all
patients before and after anesthesia.

The obtained data were recorded and analyzed in SPSS
software (version 23). Furthermore, quantitative and
qualitative data were described using frequency
(percentage) and mean (£SD), respectively. The
normality of the data was assessed using the
Kolmogorov-Smirnov test. In addition, the t-test and its
nonparametric equivalent (Mann-Whitney U test) were
used to compare the data between the two groups. Paired
t-test and its nonparametric equivalent were employed to
compare the data before and after the operation. The
homogeneity of the stratified data between the two
groups was determined using the Chi-square test.
Moreover, a correlation coefficient was employed to
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assessthe relationship between the variables. A p-value
less than 0.05 was considered statistically significant.

Results

In total, 136 patients were included in this study (Figure
1) with the mean age of 69.65+5.4 years; moreover, the
majority (60.3%) of the cases were male.In addition, the
mean ages of the patients in the Midazolam and Propofol
groups were estimated at 69.91+5.81 and 69.4+5 years,
respectively. The comparison between the two groups in
terms of age showed no significant difference between
them (Z=-0.22; P=0.82). It should be noted that all
patients were married. (Table 1) tabulates the comparison
between the two groups in terms of other demographic
characteristics and some clinical findings.

The two groups were also compared in terms of
duration of cognitive dysfunction, short-term memory
pre and post spinal anesthesia, long-term memory pre and
post spinal anesthesia, as well as preoperative and POCD
(Table 2). Based on the obtained results, there was no
significant difference between the two groups in terms of
short- and long-term memory before spinal anesthesia
(P>0.05). Moreover, the score of cognitive dysfunction
was not significantly different between the two groups
(Z=-0.05; P=0.95). However, the duration of cognitive
dysfunction was longer in patients in the Propofol group,
compared to that in the Midazolam group.

The comparison of short-term memory before and after
spinal anesthesia showed a significant difference between
them (Z=-4.704; P<0.005); however, there was no
significant difference pre and post spinal anesthesia
regarding long-term memory (Z=-1.084; P=0.08). On the
other hand, a significant difference was reported between
preoperative and POCD (Z=-5.86; P<0.005). The
comparison between the two groups separately showed a
significant difference between preoperative and POCD in
the Propofol group (Z=-1.99; P=0.04), not in the
Midazolam group (Z=-0.41; P=0.67).

(Figure 2) presents the change process of systolic and
diastolic blood pressure(SBP&DBP), mean arterial
pressure(MAP), heart rate(HR), respiratory rate(RR), and
oxygen saturation(SPO2) at various times. The two
groups were compared at different times in terms of the
afore mentioned variables. Based on the obtained results,
there was no significant difference between the two
groups regarding systolic blood pressure, diastolic blood
pressure, heart rate, respiratory rate, and oxygen
saturation before anesthesia and at different times after
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anesthesia  (P>0.005). Moreover, no significant
difference was found between the two groups in terms of
mean arterial blood pressure at different times, except for
immediately after injection of propofol (Z=-1.96;
P=0.03). The sedation score was significantly different
between the two groups before anesthesia and at different
times after anesthesia (P<0.05).

The mean onset and recovery time of sedation,
anesthesia duration, and surgery duration is shown in
(Table 3). According to the results, the two groups are not
different in terms of anesthesia duration (Z=-0.78;
P=0.97) and surgery duration (Z=-0.03; P=0.43).
However, the time of onset (Z=-11.11; P<0.005) and
recovery from sedation (Z=-10.56; P<0.005) were longer
in the Midazolam group, compared to the Propofol group.

(Table 4) presents the comparison of Midazolam with
Propofol pre and post operation regarding WMS-III
categories, which showed no significant differences
between the two groups in this regard (P>0.05). In
general, the mean values of pre- and post-operative
memory coefficients were determined at 73.04+13.11
and 76.48+12.35, respectively. Before the operation, the
mean memory coefficients in the Midazolam and
Propofol groups were 72.71+14.104and 73.36+12.13,
respectively. Furthermore, the mean of post-operative
memory coefficient in the Midazolam and Propofol
groups were obtained at 75.61+12.22 and 77.35+12.502,
respectively. There was no significant difference between
the two groups in terms of pre-operation memory
coefficient (Z=-0.078; P=0.93).

The comparison of the two groups in terms of memory
coefficient after operation showed no significant
difference between the two groups (Z=-0.63; P=0.52).
Moreover, there was no correlation between the time of
anesthesia and memory coefficient before (r=-0.04;
P=0.58) and after the operation (r=-0.002; P=0.98).

Additionally, there was no difference between the two
surgery duration lengths (higher and lower than 90 min)
in terms of memory coefficient score before (Z=-0.55;
P=0.57) and after the operation (Z=-0.84; P=0.39). There
was also no difference between males and females in
terms of memory coefficient before (Z=-1.25; P=0.21)
and after the operation (Z=-1.23; P=0.21). A correlation
was noted between age and memory coefficient before
(r=-0.21; P=0.01) and after operation (r=-0.28; P=0.001),
memory coefficient before (Z=-3.42; P=0.001) and after
the operation (Z=-4.24; P<0.005) was higher among
patients younger than 70 years of age, compared to those
who were older than 70 years.
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Enroliment Assessed for eligibility (n=136)
Excluded (n=0)
I e Not meeting inclusion criteria(n=0)
e Declined to participate(n=0)
e  Other reasons(n=0)
Randomized (n=136)
[ Allocation ]
\ 4 A 4
Allocated to intervention (n=68) Allocated to intervention (n=68)
e Received allocated intervention(n=68) e Received allocated intervention(n=68)
¢ Did not receive allocated ¢ Did not receive allocated
intervention(n=0) intervention(n=0)
[ Follow - Up ]
\ 4 A 4
Lost to follow- up (n=0) Lost to follow-up (n=0)
Midazolam Propofol
[ Analysis ]
\ 4 A 4
Analysed (n=68) Analysed (n=68)
e Excluded from analysis (n=0) e Excluded from analysis (n=0)
Figure 1- Flowchart of the trial (Consort Chart)
Table 1- Comparison of demographic characteristics and clinical findings in two groups
Variables Midazolam Propofol Total 12 P value
Mean SD Mean SD Mean SD
Gender Male 37 54.4 45 66.2 82 60.3
Female 31 45.6 23 33.8 54 39.7 1.96 0.16 NS
Education Iliterate 38 55.9 35 51.5 73 53.7
level Primary school 21 30.9 18 26.5 39 28.7 1.89 0.59 NS
Secondary school 4 5.9 6 8.8 10 7.4
Diploma 5 7.4 9 13.2 14 10.3
Type of Plaque 3 4.4 4 5.9 7 5.2
surgery Leg Reconstructive 1 15 1 15 2 1.5
Surgery 1211  0.43NS
Dynamic Hip 8 11.8 16 235 24 17.8
Screw
Total Knee 6 8.8 6 8.8 12 8.9
Arthroplasty
Orthopedic 43 63.2 38 55.9 81 60.0
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Total Hip 2 2.9 0 0 2 1.5
Replacement
Others 5 5.8 3 4.4 8 4.4
Vomiting Yes 4 59 4 59 8 5.9 >0.99 >0.99
No 64 94.1 64 94.1 128 94.1 NS
Hypotension  Yes 8 11.8 9 13.2 17 12.5 0.06 0.79 NS
No 60 88.2 59 86.8 119 87.5
Transfusion Yes 1 15 4 5.9 5 3.7 1.86 0.17 NS
No 67 98.5 64 94.1 131 96.3
NS: Not significant
Table 2- Cognitive dysfunction features before and after anesthesia and surgery
Variables Midazolam Propofol Total Statistical P value
Mean SD Mean SD Mean SD test
Duration of cognitive dysfunction 1.14 035 1606 085 137 069 -3.52 *<0.005
(days)
Short-term memory before SA 3.69 1.341 3.63 142  3.66 137  -0.25 0.79
Long-term memory before SA 3.61 298 3.63 296  3.62 296 -0.21 0.82
Preoperative cognitive dysfunction 73.08 1248 7321 1218 7315 122 -0.05 0.95
Short-term memory after SA 3.92 149 413 146 4.02 1.48 -0.65 0.51
Long-term memory after SA 3.75 2.88 4.25 312 4 3.00 -0.88 0.37
Postoperative cognitive dysfunction ~ 75.61 12,22 7734 12.67 76.48 1243 0.607 0.54
SA: spinal anesthesia *: significant
150
—_—— SBP and DBD_ —
100
50
0
¢ &S &S S S S &S & S S S
< © o o o N o N
F 6@6\ » N v 4 & A S
&
A = SBP-Midazolam e SBP-Propofol DBP-Midazolam DBP-Propofol
Mean arterial pressure&HR Respiratory Rate
100 13
0 ————— -_— 125 N\ ﬁ
80 12
70 : 11.5 :
5 S £ £ £ £S5 £ £ £ 5 S £ £ £ <SS ££ £ €
< E EEEEEEEEE E E S E EEEEEEEE E E E
om M O OO N 1D 60 O O O O O O [aa] Mm O OO N 1N 0 O O O O O O
- = = N < N O N~ 0 = = N N O~

= MAP-Midazolam === MAP-Propofol

HR-Midazolam

HR-Propofol

Respiratory rate -Midazolam

Respiratory rate -Propofol



Archives of Anesthesiology and Critical Care (Spring 2023); 9(2): 138-146.

oxygen saturation

128
11
100 e — /\ -
90
80
5 £ £ g cc £ £ &
© E E E E E E E E E E E E
[aa] m O OO N 1N 0 O O O O O O
= = M < N O N~ ©

= SOP2-Midazolam SOP2-Propofol

143

SedatioScore

& £E £ £ £ £ £ £ £ £ £ £ £
& € E E E E E E E E E £ E
< m O o N 1N ® O O O © © O
i — — m < n o M~ [ee]

= Midazolam Propofol

Figure 2- SBP, DBP, MAP, HR, RR, SPO2 and sedation Changes in different times

Table 3- Mean onset and recovery time of sedation, and anesthesia &surgery duration

Variables Midazolam Propofol Total Statistical test P value
(Min) Mean SD Mean  SD Mean  SD

Onset time of sedation 5 0 1.13 0.69 3.08 2 -11.11 <0.005*
recovery of sedation 39.19 341 29.46 3.54 34.43 5.98 -10.56 <0.005*
Anesthesia duration 91.57 29.16  86.39 20.54  88.98 2526  -0.78 0.97
Surgery duration 74.92 28.07 73.22 19.81  74.07 24.22  -0.03 0.433

*: significant

Table 4- Comparison of Midazolam and Propofol before and after operation regarding WMS-I11 categories

Before operation

After operation

Midazolam Propofol P Midazolam Propofol P
Mean SD Mean SD Z value Mean SD Mean SD z value
Spatial addition 3.72 136 3.61 138 0.22 0.63 4801 737 414 144 - 0.58
NS 0.55 NS
Navigation 402 131 425 085 093 0.76 4206 127 445 088 - 0.44
NS 0.76 NS
Mental control 294 231 341 223 125 026 344 237 407 224 - 0.12
NS 153 NS
Logical memory 294 213 249 221 223 0.13 344 203 3404 238 - 0.606
NS 051 NS
Repetition 361 298 359 299 006 0803 2548 1226 26.58 1855 - 0.37
NS 0.88 NS
Visual 236 279 2806 2.908 0.75 0.38 375 288 425 312 - 0.4
reproduction NS 0.84 NS
Verbal paired 566 349 509 38 104 0307 2603 287 316 321 - 0.55
associates NS 0.58 NS
Total 25.48 1226 26.58 1855 0.04 0.83 6.301 357 6.09 393 - 0.47
NS 0.71 NS
NS: Not significant
Discussion between memory coefficient and age; however, memory
coefficient was not correlated with gender and anesthesia
In. summary, our results showedno significant duration.

difference between the Midazolam and Propofol groups
in terms of memory coefficients and cognitive
dysfunction before and after spinal anesthesia. However,
the sedative score was lower in the Midazolam group,
compared to the Propofol group before anesthesia and at
different times after anesthesia. Furthermore, the time of
the onset of sedation and time of recovery from sedation
were longer in the Midazolam group, compared to the
Propofol group. A negative correlation was found

The possible effects of anesthesia medications on the
short and long-term memory system arethe main concern
of health professionals, especially among elderly
patients. The reported incidence of POCD after major
surgeries is different based on the sample size
characteristics and conditions, such as the definition of
POCD and the timing of the testing. The incidence of
POCD three months after surgery was reported to be
between 8%and 17% in the previous studies [12-14]. The
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POCD is associated with poor functional recovery,
increased length of hospital stay, and increased costs
[15].

Based on some animal studies, anesthesia with
Propofol does not affect the cognitive dysfunction in rats
[16-17]. On the other hand, another animal study showed
that the use of sedation with Propofol and Midazolam
was associated with learning and cognitive dysfunction
on the first day, compared to the control group, which
was decreased in the Propofol group in the following
days; however, it was not observed in the Midazolam
group [18]. Limited human studies have assessed the
incidence of cognitive decline before and after anesthesia
with Midazolam or Propofol agents. The incidence of
delirium and POCD due to the use of Midazolam,
especially in elderly patients is reported in some studies
[19-20], while there is evidence on the decreasing
delirium in elderly patients undergoing hip fracture repair
under spinal anesthesia with Propofol sedation [19]. Shao
indicates that anesthetic Propofol could improve
cognitive function in elderly and Alzheimer's disease
patients [21]. A higher quality of sedation in terms of
neuropsychometric recovery and patient tolerance for
Propofol, compared to Midazolam, has been reported
byClark et al. [22]. On the other hand, another study
reported the same degree of memory impairment due to
the use of Propofol at equal sedation as Midazolam [23].

Similar to our study, the effects of Propofol,
Dexmedetomidine, and Midazolam on POCD in elderly
patients were assessed in one study by Li et al. The least
impact on cognitive function one week after the operation
was observed in the Propofol group, while Midazolam
tended to impair cognitive function. They suggested
Propofol as viable sedation in patients with
concentration, attention, and executive dysfunction
problems. Furthermore, information processing problem,
language impairment, and executive dysfunction were
reported in patients who underwent Midazolam spinal
anesthesia, compared to those received Propofol [24].
Wilson et al. assessed the effects of Propofol and
Midazolam on patients undergoing orthopedic surgery
under spinal anesthesia. They reported a higher mental
function restoration following Propofol administration,
compared to Midazolam; in addition, amnesia was
greater immediately after the operation in the Midazolam
group [25]. However, no difference was found between
Propofol and Midazolam in any categories of cognitive
dysfunction and memory coefficient. The discrepancies
may be due to differences in the timing of the testing, and
the instruments used to assesscognitive and memory
problems. Although Li et al. found a difference in terms
of cognitive dysfunction after the operation, they found
no difference regarding cognitive dysfunction in elderly
patients receiving Midazolam and Propofol one year after
operation [24]. Another study showed that Midazolam
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administration led to increasing the risk of POCD in
elderly patients [26].

Another similar study performed by Bhosale et al.
investigated 60 patients under spinal anesthesia in two
groups of sedation with Propofol (0.5 mg/kg) and
Midazolam (0.02 mg/kg). The results showed that the
mean duration lengths of sedation for Midazolam and
Propofol were 10 and 9 min, respectively. Moreover, the
mean recovery times from sedation for Midazolam and
Propofol were 18.17 and10.40 min, respectively. They
concluded that Propofol should be preferred during spinal
anesthesia due to its rapid onset of action, better recovery,
and fewer side effects [27]. Similarly, our findings
showed that the time of onset of sedation and time of
recovery from sedation were lower in the Propofol
groups, compared to the Midazolam groups.

Based on Sieber et al., studies limiting the level of
sedation can be effective in reducing postoperative
delirium incidence by up to 50% [6, 28]. Konishi et al.
compared the elderly patients who received Sevoflurane
or Propofol following the administration of a spinal
anesthetic regarding the incidence of POCD. The results
showed that the incidence of POCD was not influenced
by the type of anesthesia [29]. Similar to our study,
Sarasiet al. showed that there was no significant
difference between Propofol and Midazolam in terms of
cognitive dysfunction.They indicated that the agents
produced equivalent impairments [30]. According to a
study conducted by Padmanabhan et al., the addition of
Midazolam 2 mg (0.5-10) to Propofol sedation did not
lead to more cognitive dysfunction, compared to the use
of Propofol alone [31]. Based on other studies, there was
no statistically significant difference between Propofol
and Midazolam in terms of patient satisfaction, duration
of recovery, injection pain, and other complications [32-
33].

In general, there are conflicting data regarding the
effects of Midazolam and Propofol on cognitive
problems in elderly people undergoing spinal anesthesia.
Cognition status is evaluated within the first week after
surgery in some studies, while the assessment of patients
at this time interval is complicated because of residual
anesthetic agents and the stress of operation. On the other
hand, the cognitive change associated with anesthesia and
surgery should not be classified as neurocognitive
dysfunction in the stage. However, it should be labeled as
delayed neurocognitive recovery, which emphasizes the
transient of the changes [34]. Based on the
aforementioned data, further studies are recommended to
be conducted in this regard to check our findings and
achieve reliable data.

Limitations

This study did not assess the effect of pain and anxiety
on the level of memory and cognitive function before and
after anesthesia, which was one of the most important
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limitations of our study that might have affected the
results. Moreover, the memory condition and cognitive
function of the patients were not evaluated at the follow-
up. Therefore, it is suggested that future studies assess the
long-term effect of spinal anesthesia on memory and
cognitive functions.

Conclusion

In summary, no difference was found between the
Midazolam and Propofol groups in terms of memory
function and cognitive dysfunction before and after
spinal anesthesia, which revealed that these agents did
not affect the memory coefficient or cognitive
dysfunction. However, the sedative score was lower in
the Midazolam group, compared to the Propofol group.
Moreover, the onset time of sedation and time of recovery
were longer in the Midazolam group, compared to the
Propofol group.

Acknowledgements

This research derived from a thesis that was supported
by the Hamadan university of medical sciences,
Hamadan, Iran.

References

[1] Mason SE, Noel-Storr A, Ritchie CW. The impact
of general and regional anesthesia on the incidence
of post-operative cognitive dysfunction and post-
operative delirium: a systematic review with meta-
analysis. J Alzheimers Dis. 2010; 22 Suppl 3:67-79.

[2] Strem C, Rasmussen L, Sieber F. Should general
anaesthesia be avoided in the elderly? Anaesthesia.
2014; 69: 35-44.

[31 Kim JE. Kim NY, Lee HS, Kil HK. Effects of
intrathecal ~ dexmedetomidine  on  low-dose
bupivacaine spinal anesthesia in elderly patients
undergoing transurethral prostatectomy. Biol Pharm
Bull. 2013; 36(6): 959-965.

[4] Khalili G, Janghorbani M, Sajedi P, Ahmadi G.
Effects of adjunct intrathecal magnesium sulfate to
bupivacaine for spinal anesthesia: a randomized,
double-blind trial in patients undergoing lower
extremity surgery. J Anesth. 2011;25(6): 892-7.

[5] FodaleV, Santamaria LB, Schifiliti D, Mandal PK.
Anaesthetics  and  postoperative  cognitive
dysfunction: a pathological mechanism mimicking
Alzheimer’s disease. Anaesthesia. 2010; 65(4): 388-
395.

[6] Sieber FE, Zakriya KJ, Gottschalk A, Blute MR, Lee
HB, Rosenberg PB. Sedation depth during spinal
anaethesia and the development of postoperative
delirium in elderly patients undergoing Hip fracture
repair. Mayo Clin Proc. 2010; 85(1):18-26.

[71 Rasmussen LS, Moller JT. Central nervous system

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

145

dysfunction after anesthesia in the geriatric patient.
Anesthesiol Clin North Am. 2000; 18(1):59-70
Grunebaum MF, Ellis SP, Keilp JG, Moitra VK,
Cooper TB, Marver JE, et al. Ketamine versus
midazolam in bipolar depression with suicidal
thoughts: A pilot midazolam-controlled randomized
clinical trial. Bipolar Disord. 2017; 19(3):176-183.
Qiu Q, Choi SW, Wong SS, Irwin MG, Cheung CW.
Effects of intra-operative maintenance of general
anaesthesia with propofol on postoperative pain
outcomes—a systematic review and meta-analysis.
Surv Anesthesiol. 2017 ;61(1):9-10.

Kushwaha R, Choudhary S. A comparative study
between propofol and thiopentone for hemodynamic
parameters during induction of general anesthesia in
surgical patients. J med pharm allied sci. 2017; 7(1):
9.

Yaraghi A, Sajedi P, Beygi A. Comparison of
sedative effect of midazolam and propofol in
patients with renal failure. Shahrekord University of
Medical Sciences Journal. 2008; 9(4):13-19.

Monk TG, Weldon BC, Garvan CW, Dede DE,
Vander Aa MT, Heilman KM, et al. Predictors of
cognitive dysfunction after major noncardiac
surgery. Anesthesiology. 2008;108(1):18-30.
Evered L. Scott DA, Silbert B, Maruff P.
Postoperative cognitive dysfunction is independent
of type of surgery and anesthetic. Anesthesia &
Analgesia.2011;112(5):1179-85.

Krenk L, Kehlet H, Baek Hansen T, Solgaard S,
Soballe K, Rasmussen LS. Cognitive dysfunction
after fast-track hip and knee replacement.
Anesthesia & Analgesia. 2014; 118(5): 1034-1040.
Wang W, Wang Y, Wu H, Lei L, Xu S, Shen X, et
al. Postoperative cognitive dysfunction: current
developments in mechanism and prevention. Med
Sci Monit. 2014; 20: 1908-12.

Mardini F, Arroliga M, Tang J, Eckenhoff R,
Eckenhooff MF. Propofol anesthesia reduces long-
term cognitive impairment due to surgery in the
3XTgAD murine model of Alzheimer's disease.
Alzheimer's & Dementia. 2012; 8(4): 196-197.

Lee IH, Culley DJ, Baxter MG, Xie Z, Tanzi RE,
Croshy G. Spatial memory is intact in aged rats after
propofol anesthesia. Anesthesia & Analgesia. 2008.
107(4): 1211-1215.

Wang J, Niu M, Bai S. Effects of long-term infusion
of sedatives on the cognitive function and expression
level of RAGE in hippocampus of rats. J Anesth.
2016; 30(4): 691-695.

Maldonado JR, Wysong A, Van der Starre PJ, Block
T, Miller C, Reitz BA. Dexmedetomidine and the
reduction of postoperative deliriumafter cardiac
surgery. Psychosomatics. 2009; 50(3): 206-217.
Riker RR, Shehabi Y, Bokesch PM, Ceraso D,
Wismandle W, Koura F, et al. Dexmedetomidine vs
midazolam for sedation of critically ill patients: a
randomized trial. JAMA. 2009; 301(5): 489-499.
Shao H, Zhang Y, Dong Y, Yu B, Xia W, Xie Z, et



146

[22]

[23]

[24]

[25]

[26]

[27]

[28]

al. Chronic treatment with anesthetic propofol
improves cognitive function and attenuates caspase
activation in both aged and Alzheimer's disease
transgenic mice. J Alzheimer's Dis. 2014; 41(2):
499-513.

Clark G, Licker M, Younossian MB, Soccal PM,
Frey JG, Rochat T, et al. Titrated sedation with
propofol or midazolam for flexible bronchoscopy: a
randomised trial. Eur Res J. 2009; 34(6): 1277-1283.
Veselis RA, Reinsel RA, Feshchenko VA, Wronski
M. The comparative amnestic effects of midazolam,
propofol, thiopental, and fentanyl at equisedative
concentrations. Anesthesiology. 1997; 87(4):749-
64.

Li WX, Luo RY, Chen C, Li X, Ao JS, Liu Y, et al.
Effects of propofol, dexmedetomidine, and
midazolam on postoperative cognitive dysfunction
in elderly patients: a randomized controlled
preliminary trial. Chin Med J. 2019; 132(4): 437-
445,

Wilson E, David A, Mackenzie N, Grant IS.
Sedation during spinal anaesthesia: comparison of
propofol and midazolam. Br J Anaesth. 1990; 64(1):
48-52.

Zaal 1J, Devlin JW, Hazelbag M, Klein
Klouwenberg PM, van der Kooi AW, Ong DS, et al.
Benzodiazepine-associated delirium in critically ill
adults. Intensive Care Med. 2015 Dec;41(12):2130-
7.

Bhosale JP, Trumboo ON, Aphale S. Comparison of
Propofol and Midazolam infusion for conscious
sedation during spinal anaesthesia. J Med Dent Sci
Res. 2015; 2(1): 19-24.

Sieber FE, Neufeld KJ, Gottschalk A, Bigelow GE,
Oh ES, Rosenberg PB. Effect of depth of sedation in

[29]

[30]

[31]

[32]

[33]

[34]

Manouchehrian et al.: Comparison of Propofol and Midazolam

older patients undergoing hip fracture repair on
postoperative delirium: The stride Randomized
Clinical Trial. JAMA surgery. 2018. 153(11): 987-
995.

Konishi Y, Evered LA, Silbert BS. Postoperative
cognitive dysfunction after sevoflurane or propofol
general anaesthesia in combination with spinal
anaesthesia for hip arthroplasty. Anaesth Intensive
Care. 2018; 46(6): 596-600.

Sarasin D, Ghoneim M, Block R. Effects of sedation
with midazolam or propofol on cognition and
psychomotor functions. J Oral Maxillofac Surg.
1996; 54(10): 1187-1193.

Padmanabhan U, Leslie K, Singyi Eer A, Maruff P,
Silbert BS. Early cognitive impairment after
sedation for colonoscopy: the effect of adding
midazolam and/or fentanyl to propofol. Anesthesia
& Analgesia.2009; 109(5): 1448-1455.

AmiriHR, Maghsoodloo M. Comparison of
Bispecteral index relation with amnesia during
Midazolam and Midazolam-Propofol sedation in
107 regional/local anesthesia. J Iranian Society
Anesthesiology and Intensive Care. 2005;
27(52):15-21.

Mohammadalizadeh A, Farhanchi A, Falah M,
Seyed TZ, safari F. Comparative evaluation of
conscious sedation effect of propofol versus
midazolam in endoscopic and colonoscopic
procedures. J Zanjan University of Medical Sciences
and Health Services. 2002; 10(40):29-34.

Evered L, Silbert B, Knopman DS, Scott DA,
Dekosky ST, Rasmussen LS, et al
Recommendations for the nomenclature of cognitive
change associated with anaesthesia and surgery—
2018. Anesthesiology. 2018; 129(5): 872-879.



