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Abstract 

Introduction Dreaming reported after anesthesia remains a poorly understood phenomenon. At present, there is 
a hypothesis that dreaming occurs intraoperatively and is related to light or inadequate anesthesia; thus, in order to 
further verify the hypothesis, we choose elective surgery under general anesthesia to observe whether the generation 
of dreams is related to the dose of general anesthetics maintenance.

Methods and analysis This randomized, double-blind controlled trial to observe whether the generation of dreams 
is related to the dose of general anesthetics maintenance in the elective surgery under general anesthesia. A total of 
124 participants will be randomly allocated to a low bispectral index or high bispectral index group at a ratio of 1:1. 
The Hospital Anxiety and Depression Scale (HADS) is used to assess the anxiety and depression status of participants 
during the perioperative period. Ramsay score is used to assess patients’ sedation level after surgery in the PACU. 
Modified Brice questionnaire and awareness classification are used to assess whether patients experienced dreaming 
during the surgery.

Ethics and dissemination This randomized, double-blind controlled trial received prospective ethics committee 
approval at the Human Research Ethical Committee of Shengjing Hospital, Shenyang, Liaoning Province, China (Insti-
tutional Review Board registration number 2021PS664K), and was compliant with the Declaration of Helsinki. Written 
informed consent was obtained from all subjects participating in the trial.
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Introduction
Dreaming is a familiar and mysterious mode of cognitive 
function, and we involuntarily return to this mode every 
night. Dreaming during sleep is defined as “any type of 
cognitive activity that occurs during sleep” and is “a sub-
jective experience that can only be obtained through the 
dreamer’s memories after waking up.” Despite more than 
a century of scientific exploration, dreams continue to 
arouse the interest of sleep scientists, but they are still 
not fully understood [1, 2]. Moreover, its rigorous sci-
entific exploration is a recent development, dating back 
to the discovery of rapid eye movement (REM) sleep in 
the 1950s. When this stage of sleep was first described 
in humans, researchers quickly noticed that people who 
awakened from REM sleep often reported dreaming 
(in 74% of cases, only 17% of non-REM [NREM] sleep). 
Therefore, dreaming is equivalent to rapid eye movement 
sleep, and this concept seems to be consistent with the 
electrophysiological characteristics of this sleep stage: 
closing the eyeballs under the eyelids, as if the sleeper is 
watching an animated scene [3, 4]. General anesthesia 
causes a drug-induced state of unconsciousness and is a 
non-physiological process that is similar to natural sleep. 
Its purpose is to create a state of sensory deprivation 
wherein patients are unresponsive to stimuli and thus 
leads to explicit amnesia [5]. Dreaming is also a com-
mon, long-lasting, and fascinating part of the anesthe-
sia experience, but its cause and timing are still elusive. 
Patients usually report that they dreamed during anes-
thesia, but the actual time of dreaming during anesthesia 
is unknown. Dreaming during anesthesia can be defined 
as “any experience (excluding awareness) that a patient 
is able to recall and which he or she thinks occurred 
between induction of anaesthesia and the first moment 
of consciousness after anaesthesia” [6]. Patients receiv-
ing propofol for general anesthesia often report a higher 
incidence of dreaming compared with patients main-
tained with volatile anesthetics [7]. One explanation is 
that propofol and volatile anesthetics have different phar-
macological effects in the central nervous system [8, 9]. 
Another explanation is that propofol can wake up from 
anesthesia faster than the volatile anesthetics, allowing 
patients to report their dreams before they are forgotten 
[10]. Why is the investigation of dreams during anesthe-
sia important? Dreaming is one of the most common side 
effects of anesthesia, but it is still puzzling and requires 
explanation [7, 11]. Dreaming can sometimes make 
patients feel distressed and may reduce satisfaction with 
care [12]. Some patients who report dreaming worry that 
their anesthetic is insufficient; their experience is actu-
ally consciousness. At present, there is a hypothesis that 
dreaming occurs intraoperatively and is related to light 
or inadequate anesthesia; thus, in order to further verify 

the hypothesis, we choose elective surgery under general 
anesthesia to observe whether the generation of dreams 
is related to the dose of general anesthetics maintenance.

Methods
Participants and recruitment {10, 15}
With written informed consent, patients, aged 
18–60  years and of American Society of Anesthesiolo-
gists’ physical status I–II, presenting for elective surgery 
during relaxant general anesthesia, were recruited. Exclu-
sion criteria included (1) inadequate Chinese compre-
hension due to a language barrier, cognitive deficit, or 
intellectual disability; (2) diagnosis of a psychotic disor-
der, major affective disorder, or major drug dependence 
disorder; and (3) planned postoperative ventilation or 
anticipation of unavailability for postoperative inter-
views. A diagram of the trial design is provided in Fig. 1.

Randomization, study intervention, and blinding {16c, 17a}
All patients were randomly divided into either the low 
bispectral index (LBIS) group (n = 62) or the high bispec-
tral index (HBIS) group (n = 62). Randomization was 
conducted using a random-permuted block randomiza-
tion algorithm. The randomization sequence was kept 
in sealed envelopes. On the day of surgery, the investi-
gator opened the envelope and prepared the study drug 
according to the allocated group and delivered it to the 
operating room wrapped with opaque paper. The result 
of the group allocation was not opened until the time of 
data analysis. In all cases, anesthesia was conducted by 
the same anesthesiologist and outcome assessments were 
carried out by another anesthesiologist, and both were 
blinded to the group allocation. In the LBIS group, BIS 
was maintained between 40 and 50 during the operation, 
and in the HBIS group, BIS was maintained between 50 
and 60 for maintenance. The patients, attending anesthe-
siologists, surgeons, and data collectors were all blinded 
to patient group assignment.

Standardized anesthesia
All patients were instructed not to eat for 8  h or to 
drink for 4  h prior to procedures, and no preoperative 
drugs were administered. Routine monitoring devices 
were set up to monitor electrocardiogram, heart rate 
(HR), noninvasive blood pressure (BP), oxygen satura-
tion  (SpO2), respiratory rate (RR), and partial pressure 
of end-tidal carbon dioxide  (PetCO2).  O2 at 2 L/min 
was applied through a nasal catheter, and intravenous 
access was opened. General anesthesia was induced with 
propofol (2  mg/kg), sufentanil (0.2  μg/kg), and cisatra-
curium (0.15 mg/kg). After adequate jaw relaxation was 
attained, tracheal intubation was performed, and each 
patient was mechanically ventilated with a tidal volume 
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and ventilation rate adjusted to maintain the pressure 
of end-tidal carbon dioxide (ETCO2) at 35–45  mmHg. 
The anesthesiologist adjusted the intravenous speed of 
remifentanil and propofol according to hemodynamic 
parameters and BIS (BIS monitor; Aspect Medical Sys-
tem, Newton, MA). In the LBIS group, BIS was main-
tained between 40 and 50 during the operation, and in 
the HBIS group, BIS was maintained between 50 and 60 
for maintenance. Both groups received 0.15–0.2  μg/kg/
min for remifentanil and together with inhaled 50% air 
and 50% oxygen  (O2) at a fresh gas flow rate of 2 L/min. 
Cisatracurium (0.05  mg/kg) was intermittently used for 
muscle relaxation. Ten minutes before the end of the sur-
gery, stop all anesthetic infusions, and after extubating, 
the patients were transferred to the PACU for continuous 
monitoring.

Observation indicators {12}
General data
The following patient data were collected from the anes-
thetic records: age, gender, height, weight, body mass 
index (BMI), American Society of Anesthesiologists 
physical status (ASA), duration of falling asleep, dura-
tion of surgery, duration of anesthesia, duration of recov-
ery to consciousness (time between withdrawal of drugs 
and orientation of patients to time, place, and person), 
and drugs used for anesthetic management. The Hospi-
tal Anxiety and Depression Scale (HADS) is a self-report 
questionnaire used to assess the anxiety and depression 
status of participants during the perioperative period 
(Fig.  2). We used the Japanese version of HADS in this 
study. HADS consists of two subscales: anxiety (HADS-
A) and depression (HADS-D). Each score consists of 
7 questions, ranging from 0 to 3 (each score is 0–21), 
depending on the probability of the psychological prob-
lem described. Patients with a score of 11 or higher can 
be classified as possibly significant [13, 14]. We evaluated 
HADS score of patients the day before surgery.

Intraoperative data
Mean arterial pressure (MAP) and HR of each patient 
were recorded at 5 min after entering the operation room 
(T0), after anesthesia induces to fall asleep (T1), at the 
end of the operation (T2), recovery from anesthesia (T3), 
and exiting from the operation room (T4). Record the 
total amount of propofol used during surgery.

Postoperative data
Record the Ramsay score during orientation recovery 
(Ramsay sedation scale: 1 = patient anxious, agitated 
or restless or both; 2 = patient cooperative, oriented, 
tranquil, and alert; 3 = patient responds to commands; 
4 = asleep, but with brisk response to light glabellar tap 

Fig. 1 Study flowchart
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or loud auditory stimulus; 5 = asleep, sluggish response 
to light glabellar tap or loud auditory stimulus; 
6 = asleep, shows no response to light glabellar tap or 
loud auditory stimulus) [15]. Record the patients’ sat-
isfaction level in the PACU: fairly dissatisfied, medium 
satisfied, most satisfied, very satisfied.

Time and method of dreaming investigation
After emergence from sedation and orientation recov-
ery, a modified Brice questionnaire was immediately 
used to evaluate the incidence of dreaming. Patients 
who reported dreaming were required to complete an 
awareness classification regarding the awareness level 
of their dreams.

Modified Brice questionnaire [16]

1) What was the last thing you remember before going 
to sleep?

2) What was the first thing you remember from when 
you woke up?

3) Can you recall anything between?
4) Did you have any dreams while under anesthesia?
5) How did you feel about your dream: pleasant, indif-

ferent, or unpleasant?

Awareness classification [17] 

1. No awareness: no reported awareness or a vague 
description, or what had been reported had a high 
probability of occurring in the immediate pre- or 
postoperative period; i.e., music, people talking, 
dressing application

2. Dreaming, possibly associated with awareness
3. Possible awareness: patient unable to recall any event 

definitely indicative of awareness
4. Awareness: recalled event was confirmed by attend-

ing personnel, or the investigators were convinced 
that the memory was real, but no confirmation could 
be obtained

Strategies to improve adherence to interventions {11c}
The investigators will explain the treatment intervention 
in detail and supervise the compliance of the intervention 
throughout the entire procedure (during maintenance of 
anesthesia). Periodic monitoring will be conducted by a 
blinded investigators, for the recording of postoperative 
parameters and to ensure adherence to interventions.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
Usual induction of anesthesia is permitted for both 
intervention and control groups. Adverse effects such 

Fig. 2 Patient inclusion and exclusion algorithm
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as hypotension, bradycardia, nausea and vomiting, and 
hypoxemia were also treated accordingly. Participation in 
additional research trials is prohibited during the trial.

Safety assessment {22}
The anesthesiologist adjusted the intravenous speed of 
remifentanil and propofol according to hemodynamic 
parameters and BIS (BIS monitor; Aspect Medical Sys-
tem, Newton, MA). The BIS was maintained between 40 
and 60 during the operation, which avoids the incidence 
of intraoperative awareness in patients in both groups.

During the study period, the adverse event record form 
is completed to record the duration, occurrence time, 
severity, measures, and outcome of the adverse event. 
The researchers will report it to the person in charge 
of the trial, the sponsoring unit, and the medical ethics 
committee in time. The ethics committee have the right 
to make the final decision if termination is needed.

Provisions for post‑trial care {30}
There is no anticipated harm and compensation for trial 
participation.

Procedure for unblinding if needed {17b}
At the end of the study, the original data and results will 
be submitted to the scientific research management com-
mittee, and they will be disclosed to the public after the 
results are published.

Plans to promote participant retention and complete 
follow‑up {18b}
Full communication before surgery, in order to dispel the 
patient’s fear; explanation of the specific situation to estab-
lish trust between doctors and patients; and obtaining of 
informed consent were performed. A verbal explanation 
of the written consent will be provided by the research 
member, and any questions regarding the study will be 
answered. Each participant will have sufficient time to 
decide whether to participate in this study. If patients are 
willing to participate, written consent will be obtained.

Data management {19, 27}
All personal information about the participants will be 
collected and stored in a secure cabinet by the lead inves-
tigators, throughout the duration of the study, to guar-
antee confidentiality. Only the lead investigator will have 
access to the files corresponding to the personal data of 
the participants.

Protocol amendments {25}
The study plan of this project has been registered with 
approval number 2021PS664K. If any changes to the 

protocol are required, we will first notify the sponsor and 
funder; then, the principal investigator (PI) will notify the 
center, and a copy of the revised protocol will be sent to 
the PI for addition to the investigator site file. Any devia-
tion from the agreement will be fully documented using 
the violation reporting form. The PI for this study will 
update the protocol in the Clinical Trials Registry.

Statistical analysis
Sample size
In this trial, according to the previous study [18], the total 
dose of propofol in the dream group was 337 ± 161  mg 
and by 259 ± 145  mg in the no dream group. Using a t 
test of two independent samples in PASS for calculation, 
the withdrawal rate is 20% to ensure that the results are 
statistically different (α = 0.05, 1-β = 0.8); therefore, each 
group requires 56 subjects. To improve the reliability of 
the trial, we will recruit a total of 124 patients, with 62 in 
each group.

The SPSS 20.0 statistical software (SPSS, Inc., Chicago, 
IL, USA) and GraphPad Prism 6.0 software were used for 
data analysis. Continuous data were tested for normal-
ity. Normally distributed data were summarized using 
mean and standard deviation and were compared using 
unpaired two-tailed t-tests. Skewed data were summa-
rized using.median and range and were compared using 
Wilcoxon rank-sum tests. Categorical data were sum-
marized using number (%) and were compared using Χ2 
test or Fisher’sexact tests. Logistic regression was used to 
determine predictors of dreaming and correlation with 
dream quality. Categorical variables were created from 
continuous variables in applicable cases. A P value of less 
than 0.05 was considered statistically significant.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
All researchers will be trained referring to the same 
training protocol. Missing intraoperative data, if any, 
will be obtained from the electronic hospital files. Post-
operative evaluation at specified time points is man-
datory, and missing postoperative data are not to be 
anticipated. Analyses of all outcomes will be performed 
according to the intention-to-treat principle, and once 
enrolled, all participants will be analyzed, regardless of 
the findings.

Discussion
Dreams are a remarkable experiment in psychology and 
neuroscience, conducted every night in every sleeping 
person. They show that the human brain, disconnected 
from the environment, can generate an entire world 
of conscious experiences by itself. The occurrence of 
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dreams is also one of the common phenomena of anes-
thesia and sedation. The occurrence of dreams during 
general anesthesia has been reported in the literature. 
The dream after anesthesia refers to the patient’s experi-
ence after the induction of anesthesia to the beginning 
of the waking phase. Domestic scholars have conducted 
research on the effects of short-town intravenous anes-
thesia and specific anesthetics on dreams of adult receiv-
ing surgery, which found that the incidence of adult 
dreams is about 18% ~ 49.7% [19, 20]. Among them, dif-
ferent anesthesia drugs, operation site, operation time, 
and so on are all the influential factors leading to the 
occurrence of dreams. Previous hypothesis also thought 
that dreaming occurs intraoperatively and is related to 
light or inadequate anesthesia [21, 22]. In order to ver-
ify this previous hypothesis, we designed a randomized, 
observer- and patient-blinded, controlled clinical trial, 
which compared the effects of different maintenance 
doses of propofol on patients’ dreams and analyzed 
the related factors affecting dreams. A recent study has 
shown that depression and anxiety assessed by Beck 
anxiety/depression inventory can predict a negative 
dream during natural sleep [23]. Similarly, we assessed 
preoperative anxiety level to see if patients with differ-
ent preoperative anxiety states were associated with dif-
ferent dreams generated during anesthesia. In our trial, 
the subjective outcomes including HADS, Ramsay scale, 
modified Brice questionnaire, and awareness classifica-
tion will be assessed. In this way, the effect of different 
dose of propofol maintained during the surgery on the 
incidence of dreaming of patients will be evaluated from 
multiple perspectives.

Our study has some limitations. First, since all the 
patients were hospitalized, we only scored the preopera-
tive anxiety during the perioperative period but did not 
evaluate the daily long-term psychological base state and 
the degree of dreaming under natural sleep. Second, the 
study was part of a single-center survey, multicenter sur-
vey still need to be studied.

Conclusion
In conclusion, the results of our trial are expected to 
demonstrate the proportion of patients in the HBIS 
group who had dreams during the surgery vs that of 
patients in the LBIS group and whether there are patient-
reported awareness during anesthesia. Through all the 
patients who reported dreaming during the surgery, 
we are aimed to explore the proportion of those who 
reported having pleasant dreams in the LBIS group vs 
that of patients in the HBIS group, to further compare 
whether there is a difference in the dosage of propofol 

between the two groups, and to analyze the factors asso-
ciated with different postoperative dream generation. In 
summary, according to the study results, we hope to pro-
vide a basis for good perioperative experience and better 
postoperative recovery of patients in clinical practice.

Trial status
The participant recruitment was finished and data collec-
tion are in progress. Protocol version number is 1.0 and 
date: 2021.11; the date recruitment began on November 
30, 2021, and an estimate of the date would be April 30, 
2022, when recruitment will be completed.
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