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Abstract

Background: The identification of different factors affecting anesthesia and physiological changes during anesthesia can be effec-
tive in improving the quality of anesthesia. Midazolam is a benzodiazepine that has been used for many years for sedation under
anesthesia. Stress is also an important factor affecting memory and other physiological changes, such as blood pressure and heart
rate.
Objectives: his study aimed to investigate the effects of stress on retrograde and anterograde amnesia among patients undergoing
general anesthesia.
Methods: This multi-center, parallel, stratified, randomized controlled trial was performed on patients undergoing non-emergency
abdominal laparotomy. The patients were divided into high- and low-stress groups according to the Amsterdam Preoperative Anx-
iety and Information Scale. Then, both groups were randomly divided into three subgroups receiving 0, 0.02, or 0.04 mg/kg of mi-
dazolam. Recall cards were shown to patients at 4 minutes, 2 minutes, and immediately before injection to determine retrograde
amnesia and at 2 minutes, 4 minutes, and 6 minutes after injection to determine anterograde amnesia. Hemodynamic changes
were recorded during intubation. The chi-square and multiple regression tests were used to analyze the data.
Results: Midazolam injection was associated with the development of anterograde amnesia in all groups (P < 0.05); however, it had
no effect on the development of retrograde amnesia (P < 0.05). Midazolam could decrease the systolic and diastolic blood pressure
and heart rate during intubation (P < 0.05). Stress also caused retrograde amnesia in patients (P < 0.05); nevertheless, it had no
effect on anterograde amnesia (P > 0.05). Stress and midazolam injection could not affect the oxygen levels during intubation.
Conclusions: The results showed that midazolam injection could induce anterograde amnesia, hypotension, and heart rate;
nonetheless, it had no effect on retrograde amnesia. Stress was associated with retrograde amnesia and increased heart rate; how-
ever, it was not associated with anterograde amnesia.
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1. Background

Amnesia is one of the four basic components of bal-
anced anesthesia, introduced by Lundy in 1962 (1, 2). The
concept of amnesia was introduced in order to prevent psy-
chological stimuli caused by intraoperative events during
local anesthesia. Low doses of various anesthetic agents
are used for this purpose; however, there is not yet a defi-
nite quantitative scale (3). Since the main goal of adequate
depth of anesthesia is amnesia, it can be concluded that pa-
tients who are fully sedated should also have adequate am-
nesia around events during surgery.

Awareness is defined as the spontaneous recollection
of events and is also known as explicit memory (4). Aware-
ness under anesthesia occurs in 0.1 to 0.2% of patients,
and these patients are able to recall events during surgery.
This incident causes various problems, such as postop-
erative dissatisfaction and post-traumatic stress disorder
(PTSD). If the consciousness is not suppressed enough, a
clear memory of events might occur during general anes-
thesia (5, 6). An increasing body of evidence suggests that
the choice of anesthetic drug can greatly affect the quality
of anesthesia.

The body’s stress response to surgery was first noted
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in the 1920s when David Cuthbertson observed that oper-
ated patients had a large increase in postoperative metabo-
lites. Since then, studies have examined the details of the
stress response and its modification in favor of the patient.
Choices of anesthesia can also have far-reaching implica-
tions for cancer cell biology and its progression to metas-
tasis and invasion (7).

Since the introduction of midazolam (Versed) as an in-
travenous sedation drug, there have been numerous re-
ports of its ability to produce amnesia. Amnesia occurs
in two forms, including retrograde amnesia and antero-
grade amnesia. Anterograde amnesia is the failure to cre-
ate new memories after an amnesia-inducing event, and
retrograde amnesia refers to the loss of memory access
to events before drug injection. Anterograde amnesia is
an accepted pharmacological effect of several commonly
used intravenous sedatives, in particular benzodiazepines,
diazepam, and anticholinergic scopolamine (8).

Reports have shown that the duration of midazolam-
induced anterograde amnesia might be longer than the
duration induced by diazepam. This is usually considered
helpful because it can induce a feeling of anesthesia (i.e.,
inability to remember what happened during an opera-
tion) without the additional risks of general anesthesia.
The possibility of midazolam-induced retrograde amnesia
has also been suggested in case reports and animal studies
with possible mechanisms. This is usually considered help-
ful because it can induce a feeling of anesthesia (i.e., in-
ability to remember what happened during an operation)
without the additional risks of general anesthesia. How-
ever, limited studies of retrograde amnesia by midazolam
have been reported (9).

2. Objectives

This study aimed to investigate the effects of stress on
retrograde and anterograde amnesia among patients un-
dergoing general anesthesia.

3. Methods

3.1. Trial Design and Population

This multi-center, three-arm, parallel design, blinded,
stratified randomized controlled trial was conducted at
FIROOZGAR and RASOUL AKRAM university hospitals in
Tehran, Iran. Patients undergoing non-emergency abdom-
inal laparotomy who received general anesthesia were
screened for eligibility. The inclusion criteria included pa-
tients aged 20 - 60 years, American Society of Anesthe-
siologists classification I-II, and the expected duration of
the operation less than 3 hours. The exclusion criteria

were the presence of hepatic or renal impairment, visual
or auditory impairment, psychiatric or mental disorders,
prior use of benzodiazepines, receiving sedatives or an-
tipsychotics, pregnancy, and refusal or inability to give in-
formed consent. Psychiatric problems, severe learning dis-
orders, and mental problems were examined in the preop-
erative visit, and suspected cases were excluded from the
study.

3.2. Interventions

In this trial, the patients were stratified based on the re-
sults of the Amsterdam Preoperative Anxiety and Informa-
tion Scale (APAIS) into high-stress and low-stress groups.
The high-stress level was defined as preoperative APAIS
above 13. Each stratum was designed to enroll 60 partici-
pants for a total of 120 patients in the trial.

The high-stress and low-stress were separately random-
ized with a 1:1:1 ratio to receive 0.02 or 0.04 mg/kg of mi-
dazolam or not receive midazolam for general anesthesia
(i.e., the control group). The randomization sequence was
generated centrally by a computer in permuted block sizes
of three and six. All three study groups were injected with
premedication, including fentanyl (3µg/kg) and lidocaine
(0.5 mg/kg). The patients underwent routine monitoring,
including oxygen saturation (SpO2), blood pressure, elec-
trocardiogram, and pulse rate monitoring. from the be-
ginning of entry to the operation room. The study partic-
ipants, the physician injecting the medications, and the
outcome assessors were blinded to the randomized inter-
vention.

3.3. Evaluation of Outcomes

The primary outcomes of the study were retrograde
and anterograde amnesia. Three cards with photos of
three types of fruits were used to check retrograde am-
nesia before drug injection, and three cards with photos
of three types of animals were used to check anterograde
amnesia after drug injection. For the evaluation of retro-
grade amnesia, three simple photo cards were shown at
minutes of 0 (4 minutes before premedication injection), 2
(2 minutes before premedication injection), and 4 (imme-
diately before premedication injection) over 30 seconds.
At this stage, premedication was injected into three ran-
domized groups by the above-mentioned method. Again,
three more simple photo cards were shown to check an-
terograde amnesia in 6 (2 minutes after premedication in-
jection), 8 (4 minutes after premedication injection), and
10 (6 minutes after premedication injection) minutes each
time for 30 seconds. The patients were then injected with
propofol (5.1 mg) and atracurium (0.5 mg/kg) 6 minutes af-
ter the premedication injection. Four minutes after induc-
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tion, female and male patients were intubated with tubes
number 7 and 7.5, respectively.

Secondary outcomes were hemodynamic measure-
ments, including blood pressure, heart rate, and SpO2.
These variables were recorded 1, 2, and 5 minutes after intu-
bation. Intraoperative hemodynamic changes, intraoper-
ative hemorrhage, and the need for intraoperative blood
transfusion were recorded. All patients were explained
about the cards before entering the operating room and
remembering those 4 hours after leaving the recovery, and
the information was recorded 4 hours after leaving the re-
covery.

3.4. Data Analysis

Descriptive statistics were used to report the variables.
The chi-square test was used to evaluate the effect of stress
and midazolam dose on amnesia. The multiple regression
test was also used to evaluate the effect of stress and mida-
zolam dose on hemodynamic changes. The data were en-
tered into Excel and analyzed using Stata software (version
14.0).

3.5. Ethical Considerations and Trial Registration

Written consent was obtained from all participants.
The data were anonymized, and personal information was
kept confidential. This study was approved by the Research
Council of the Faculty of Medicine, Iran University of Sci-
ences and Medicine (ethics approval code: 98-3-4-16050)
and complied with the Declaration of Helsinki. The proto-
col of this clinical trial has been registered in the Iranian
Registry of Clinical Trials (IRCT20200213046484N1).

4. Results

Within August 2020 to December 2021, a total of 62
male and 58 female subjects were included in this study,
with mean age values of 48.19 and 48.37 years for males and
females, respectively. In this study population, the partici-
pants had heart diseases (18 males and 11 females), followed
by diabetes (7 males and 4 females) and other diseases (1
male and 2 females). Figure 1 illustrates the flow diagram
of screening, enrollment, and randomization.

4.1. Association of Preoperative Stress Level with Amnesia

According to the results of the chi-square test, stress
had a significant relationship with retrograde amnesia in
the first and second groups, and more stress indicated a
lower chance of recalling the cards. However, in the third
group, no significant relationship was observed. Table 1
shows the results of the chi-square test.

The data on recall cards after post-midazolam injection
were used to evaluate the effect of stress on anterograde
amnesia. According to the results of the chi-square test,
stress was not significantly associated with anterograde
amnesia in any group, which is shown in Table 2.

4.2. Effect of Midazolam on Amnesia

The data on different doses of midazolam were com-
pared to controls that did not receive any doses of mida-
zolam. According to the results of this test, no significant
relationship was observed between different doses of mi-
dazolam and retrograde amnesia in any of the groups. The
results of this comparison can be observed in Table 3. Al-
though no significant relationship was observed between
different doses of midazolam and retrograde amnesia, two
patients in the low-stress group could not remember the
cards before the midazolam injection. In the study of re-
call of preoperative events, this amnesia was also evident,
which is worth reporting on a case-by-case basis.

According to the results of the chi-square test, a signif-
icant relationship was observed between different doses
of midazolam and card recall in all groups, and midazo-
lam injection increased the likelihood of anterograde am-
nesia in these patients. Table 4 shows the results of the chi-
square test.

4.3. Secondary Outcomes

For the evaluation of the effect of stress on hemody-
namic changes, this study used data on changes in systolic
and diastolic blood pressure, heart rate, oxygen level, mi-
dazolam intake, and stress based on the APAIS score. Ac-
cording to the results of this test, changes in systolic blood
pressure were significantly associated with midazolam in-
jection (P = 0.0001); however, the changes were not signif-
icantly associated with stress. Each 0.01 unit increase in
midazolam intake decreased systolic blood pressure by 1.14
units.

Stress also increased systolic blood pressure by 0.5
units, which was not observed to be statistically signifi-
cant. The effect of stress and midazolam on diastolic blood
pressure was similar to systolic blood pressure, and the de-
crease in diastolic blood pressure was significantly associ-
ated with midazolam injection (P = 0.0001); however, no
significant difference was observed in terms of stress. Each
0.01 unit increase in midazolam intake decreased diastolic
blood pressure by 1.2 units. In addition, having stress in-
creased diastolic blood pressure by 0.9 units, with no sig-
nificant difference.

There was a significant relationship between stress and
increased heart rate. Being stressed increases heart rate by
2.51 units. There was a significant relationship between mi-
dazolam intake and heart rate decrease; accordingly, every
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Figure 1. CONSORT flow diagram of screening, enrollment, and randomization. Abbreviation: APAIS, the Amsterdam Preoperative Anxiety, and Information Scale

Table 1. Effect of Stress on Retrograde Amnesia

Card Recall Stress Group Yes No P-Value

4 minutes before injection
Stressed 53 7

0.006
Low stress 60 0

2 minutes before injection
Stressed 52 8

0.003
Low stress 60 0

Immediately before
injection

Stressed 53 7
0.083

Low stress 58 2

Table 2. Effect of Stress on Anterograde Amnesia

Card Recall Stress Group Yes No P-Value

2 minutes after injection
Stressed 19 0.699 41

Low stress 21 39

4 minutes after injection
Stressed 17 0.69 43

Low stress 19 41

6 minutes after injection
Stressed 17 0.69 43

Low stress 19 41

0.01 unit increase in midazolam intake caused a decrease
of 0.87 units in heart rate. Unlike other comparisons, no
significant relationship was observed between stress and
midazolam intake and changes in oxygen levels.

5. Discussion

In addition to trauma and stress-related disorders,
stressful experiences can cause a range of mental ill-

nesses known as dissociative disorders. These disorders are
thought to be related to disturbances in the normal func-
tioning of consciousness, such as memory, perception, and
identity awareness, through stressful experiences. These
disorders have a prevalence of about 10% of the total pop-
ulation (10).

In addition, the symptoms of dissociative disorders are
similar to most psychiatric disorders, including PTSD and
schizophrenia (11). These symptoms, which are often de-
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Table 3. Effect of Different Doses of Midazolam on Retrograde Amnesia

Dose of Midazolam Card Recall Groups Yes No P-Value

Dose 0.02 mg/kg

4 minutes before
injection

Control 38 2
1.0

Intervention 38 2

2 minutes before
injection

Control 37 3
1.0

Intervention 37 3

Immediately before
injection

Control 37 3
1.0

Intervention 37 3

Dose 0.04 mg/kg

4 minutes before
injection

Control 38 2
0.64

Intervention 37 3

2 minutes before
injection

Control 37 3
0.64

Intervention 38 2

Immediately before
injection

Control 37 3
1.0

Intervention 37 3

Table 4. Effect of Different Doses of Midazolam on Anterograde Amnesia

Dose of Midazolam Card Recall Groups Yes No P-Value

Dose 0.02 mg/kg

2 minutes after
injection

Control 37 3
0.0001

Intervention 3 37

4 minutes after
injection

Control 36 4
0.0001

Intervention 0 40

6 minutes after
injection

Control 36 4
0.0001

Intervention 0 40

Dose 0.04 mg/kg

2 minutes after
injection

Control 37 3
0.0001

Intervention 0 40

4 minutes after
injection

Control 36 4
0.0001

Intervention 0 40

6 minutes after
injection

Control 36 4
0.0001

Intervention 0 40

bilitating, include partial or complete forgetfulness, anx-
iety, depression, suicide, and severely compromised so-
cial functioning. At a fundamental level, dissociative am-
nesia is thought to be rooted in state-dependent learn-
ing, in which memories formed under a particular emo-
tional state, stress, or drugs are better recovered under
similar circumstances (12). Based on the data presented
in the present study, stress had a significant effect on ret-
rograde amnesia. Individuals in the high-stress group re-
membered fewer cards than those in the low-stress group.
However, stress did not have a significant effect on an-
terograde amnesia. Although stressed individuals recalled
fewer cards in all groups, this difference was not signifi-
cant according to the chi-square test.

The first theoretical reports of such memory impair-

ment show that stressful condition prevents the proper
integration of unpleasant and normal experiences and
causes a state of disruption. Importantly, amnesia was also
observed to reflect only the inability to recall memories,
not to encode memories (13).

Patients also recall these types of memories when
they are in a similar physiological or traumatic situation;
however, they have not been able to recall them before.
This phenomenon indicates a different mechanism that is
situation-dependent (14). Therefore, it can be concluded
that individuals who were not able to remember the cards
in this study due to high stress might be able to recall the
card memories if they are in this situation again, for exam-
ple, returning to the hospital for surgery. A literature re-
view shows that patients with retrograde amnesia, under
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the influence of high stress, lose access to memories of past
events. Patients with anterograde amnesia cannot recall
very emotional experiences.

If anterograde amnesia is experienced repeatedly in
daily life, something in everyday life becomes a trigger for
fear. Fear conditioning in amnesia is often related to mem-
ories of child abuse that are not recallable due to dissocia-
tive forgetfulness (15). Although there is ample evidence
for the effect of stress on anterograde amnesia, there are
no robust studies on preoperative stress and anterograde
amnesia. Most of the population studied in the studies
were mentally ill and highly stressed individuals; there-
fore, comparing the findings of those studies with the re-
sults of the present study is not logical.

The findings of the present study revealed that mida-
zolam injection had no association with retrograde amne-
sia in either group. However, midazolam injection caused
anterograde amnesia in the subjects of this study, and a
significant difference was observed between midazolam
injection and card recall in all groups. These results are
consistent with the results of other studies that have been
conducted on this subject. In a study by Yakubu 80 pa-
tients were scheduled for no major elective surgical pro-
cedures under general anesthesia and divided into four
groups, including 2, 5, and 7 mg midazolam or normal
saline. Patients receiving midazolam showed a significant
difference in card recall after injecting midazolam (antero-
grade amnesia), compared to the control group. No signifi-
cant relationship was observed between retrograde amne-
sia and midazolam injection in these patients (8).

Another study conducted by Gupta et al. in 2017 exam-
ined 80 patients who were candidates for face and neck
surgery. The patients were divided into two groups, in
which group 1 received 0.02 mg/kg and group 2 received
0.06 mg/kg midazolam intravenously as premedication.
Recall of events was significantly lower in group 2 than in
group 1 (anterograde amnesia), and no difference was ob-
served in the pre-injection recall of events (retrograde am-
nesia) (16).

In a clinical trial performed by Bulach et al. on 40 can-
didates undergoing surgery and general anesthesia, pa-
tients were divided into four groups, including midazolam
2, 5, and 10 mg or control. Recognition and recall rates
were observed to be similar between groups until the drug
administration, where no evidence of retrograde amnesia
was observed. However, the recall rates after injection in
all three groups receiving midazolam were significantly
observed to be lower than in the control group. Further-
more, patients who received higher doses of midazolam
had lower card recall rates (17), which is consistent with
the results of the present study. However, a study reported
the development of retrograde amnesia after midazolam

injection. This study was a case report and reported its oc-
currence only in two patients. Except in this case, the avail-
able evidence suggests that midazolam injection could not
induce retrograde amnesia (18).

According to the results of this study, midazolam in-
jection was significantly associated with a decrease in sys-
tolic and diastolic blood pressure and a decrease in heart
rate. Being stressed was only significantly associated with
increased heart rate. Oxygen levels (SpO2) were not signif-
icantly associated with midazolam injection and stress. In
a similar study, consistent with the results of this study, mi-
dazolam injection could reduce diastolic blood pressure
but had no effect on other variables, including oxygen lev-
els (16).

Another study showed that midazolam significantly
reduced heart rate and blood pressure (19). Two different
studies reported different effects of midazolam on oxygen
levels. Although one study reported a significant effect of
midazolam on oxygen depletion 10 minutes after injection
(20), another study did not report a significant difference,
similar to the results of this study, between the midazolam-
receiving group and the control group (21). Another study
demonstrated that patients who experienced more stress
before surgery had higher heart rates during surgery (22).
Another study on the effects of stress and anxiety on pa-
tients undergoing surgery showed that having a higher
stress score was associated with increased heart rate (23).

5.1. Conclusions

This trial showed that midazolam had a significant re-
lationship with anterograde amnesia; nevertheless, no sig-
nificant effect of midazolam injection was observed re-
garding retrograde amnesia. Midazolam injection was no-
ticed to be associated with lower blood pressure and heart
rate. Stress had a significant relationship with retrograde
amnesia; however, no significant association was observed
between stress and anterograde amnesia. Stress was also
associated with increased heart rate during intubation.
Moreover, stress and midazolam injection was not signif-
icantly associated with changes in oxygen levels during in-
tubation.
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