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Abstract
Aim: To determine the effectiveness of the Bispectral Index (BIS) measurement as an objective criterion for measuring the depth of sedation in the emergency 
department (ED) by comparing it with the Modified Ramsey Sedation Scale (MRSS), which is a clinical scale for measuring sedation depth.
Methods: In this study, the compatibility of BIS values and MRSS values at the moment when the patients reached clinically appropriate sedation depth for 
intervention in those requiring sedation-analgesia in the ED due to extremity trauma were compared.
Results: No statistically significant correlation was found between patients’ initial MRSS scores at the time of intervention and either their initial or minimum 
BIS values (p>0.05). A moderate negative correlation (r=-0.432, p=0.022) was observed between the MRSS values and the minimum BIS readings. No 
statistically significant difference was observed in minimum BIS values based on the sedative agent administered (p>0.05).
Conclusion: In this study, a moderate correlation was found between the lowest BIS values and the MRSS scores corresponding to those BIS values. Although 
further comprehensive and detailed studies are necessary to establish the limitations and optimal use of BIS monitoring during procedural sedation-analgesia 
in the ED—especially considering both existing literature and the limitations of this study—BIS appears to be a promising alternative to clinical sedation 
scales for monitoring sedation depth.
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Introduction
Procedural sedation and analgesia (PSA) is a fundamental 
practice frequently used in emergency departments (EDs) and 
improves comfort for both patients and physicians. Reducing 
pain and anxiety shortens the time required for diagnostic 
and therapeutic interventions and increases the success rate.1 
While over-sedation carries risks such as excessive sedation, 
respiratory depression, decreased protective airway reflexes, 
vomiting, and aspiration, under-sedation may lead to inadequate 
pain and anxiety control during procedures.2,3 Therefore, PSA 
monitoring is important for a safe, effective, and comfortable 
intervention.4,5 Subjective scales such as the Modified Ramsey 
Sedation Scale (MRSS) are still commonly used in monitoring 
the depth of sedation.6

Bispectral Index (BIS) monitoring allows objective measurement 
of sedation depth with numerical data obtained through 
electroencephalographic measurements of the frontal lobe 
using noninvasive electrodes placed on the patient’s forehead.7 
It has long been used in operating rooms as an objective tool 
for assessing sedation depth. There are studies in the literature 
showing that it correlates well with clinical sedation scores.8,9 
However, limited data are available regarding the use of BIS 
for PSA in the ED.
PSA is a routine practice in EDs that improves comfort for both 
patients and physicians. Reducing pain and anxiety shortens the 
duration of diagnostic and therapeutic procedures and increases 
success rates. However, over-sedation carries risks such as 
respiratory depression, decreased airway reflexes, vomiting, 
and aspiration, while under-sedation may result in inadequate 
analgesia and anxiety control. Therefore, appropriate PSA 
monitoring is essential for safe and effective interventions.
This study aimed to compare the MRSS, a more commonly used 
but subjective method for monitoring sedation depth in the ED, 
with BIS monitoring, which provides an objective assessment 
based on numerical data.

Materials and Methods
Our study was designed as a prospective observational study. It 
was conducted in the Department of Emergency Medicine, Kartal 
Dr. Lutfi Kirdar City Hospital, Istanbul, between 01.01.2017 and 
01.01.2019. Adults aged 18 years and older who underwent PSA 
for traction and reduction due to limb fracture or dislocation 
were included, and BIS values and MRSS scores were evaluated. 
MRSS was preferred as it is the most commonly used scale 
to monitor sedation depth in our ED. Patients with conditions 
that could affect consciousness—such as intellectual disability, 
dementia, cranial tumors, cerebrovascular disease, or head 
trauma; patients with a baseline Glasgow Coma Score <15; 
patients under the influence of drugs; those incompatible with 
BIS electrodes; those who declined  participation; and pregnant 
patients—were excluded from the study. 

Study Protocol and Measurements
The pulse, blood pressure, and oxygen saturation of all patients 
were continuously monitored before and during PSA. During PSA, 
the interventional procedure was performed by an orthopedic 
surgeon, while an emergency medicine physician administered 
sedoanalgesia and monitored the patient. Physicians and other 

healthcare professionals involved in the procedure were blinded 
to BIS monitoring. The choice of sedative and analgesic drugs 
was left to the discretion of the ED physician, in accordance 
with clinical protocols. During the study, practitioners used 
midazolam, propofol, and ketamine as sedatives, and tramadol 
and fentanyl as analgesics. The researcher did not interfere 
with treatment and was responsible for video recording the 
procedure and documenting the data on a pre-prepared form. 
BIS values were monitored by the researchers. MRSS and BIS 
values were recorded during the intervention. The time when 
adequate sedation was achieved at the start of PSA, and 
the lowest MRSS and BIS values observed throughout the 
procedure were noted. MRSS and BIS values were compared 
based on the American Society of Anesthesiologists’ sedation 
depth definitions.7 Procedure-related complications (e.g., 
vomiting, aspiration, use of a bag-valve mask, or intubation 
due to respiratory depression) were also recorded. Patients 
were monitored until they were clinically awake and BIS values 
returned to baseline. Vital signs were measured using Nihon 
Kohden Life Scope VS BSM-3000 series bedside monitors, and 
BIS values were measured with BIS VISTATM Monitor Systems.

Ethical Approval
This study was approved by the Ethics Committee of 
Kartal Dr. Lütfi Kırdar City Hospital (Date: 2016-07-29, No: 
2016/514/88/10). It was conducted in accordance with the 
principles of the Declaration of Helsinki, and informed consent 
was obtained from all participants.

Statistical Analysis
The NCSS (Number Cruncher Statistical System) 2007 (Kaysville, 
Utah, USA) program was used for statistical analysis. Descriptive 
statistical methods (mean, standard deviation, median, first 
quartile, third quartile, frequency, percentage, minimum, 
maximum) were applied to evaluate the data. The conformity 
of quantitative data to normal distribution was tested using the 
Shapiro–Wilk test and graphical analysis. The Kruskal–Wallis test 
and Dunn–Bonferroni post-hoc test were used to compare BIS 
values across sedative agents. Pearson correlation analysis was 
used to assess relationships between quantitative variables. A 
p<0.05 was considered statistically significant. To determine the 
sample size, power analysis was performed using the G*Power 
(v3.1.9.2) program. Based on the study by Gill et al., which found 
a correlation of -0.690 between RSS and BIS, it was calculated 
that at least 14 subjects would be required to detect a correlation 
at this level with 80% power at α=0.05. A total of 28 cases were 
included in the study.

Reporting Guidelines
This prospective observational study is reported in accordance 
with the STROBE (Strengthening the Reporting of Observational 
Studies in Epidemiology) statement.

Results
A total of 28 patients were included in the study, of whom 
15 (53.6%) were women and 13 (46.4%) were men. The ages 
of the patients ranged from 18 to 89 years, with a mean 
age of 47.07 ± 22.78 years. The demographic and clinical 
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characteristics of the patients evaluated for the use of BIS in 
monitoring sedation depth during PSA in the ED are as follows: 
53.6% (n=15) of the patients had fractures, 28.6% (n=8) had 
dislocations, 3.6% (n=1) had a combination of fracture and 
dislocation, and 14.2% (n=4) underwent fixation-traction using 
a Steinmann pin.
Regarding the sedative agents used, the most common 
combination was ketamine and propofol, administered to 
67.9% (n=19) of the patients. Midazolam was used in 14.2% 
(n=4), ketamine alone in 10.8% (n=3), and propofol alone in 
7.1% (n=2) of the cases.
The BIS and MRSS values recorded during the PSA procedure 
are presented in Table 1.
In terms of the relationship between MRSS and BIS values, no 
statistically significant correlation was observed between the 
initial MRSS scores and both the initial and minimum BIS values 
(p>0.05). Similarly, no significant correlation was found between 
the MRSS scores at minimum BIS and the initial BIS values 
of the intervention (p>0.05). However, a moderate negative 

correlation was identified between the MRSS scores at minimum 
BIS and the minimum BIS values (r=-0.432, p=0.022) (Table 2). 
A statistically significant difference was found in the initial BIS 
values across the different agents (p=0.027). According to the 
Dunn–Bonferroni post-hoc test, the initial BIS values in patients 
who received midazolam were significantly lower than those 
who received ketamine (p=0.037). No statistically significant 
differences were observed between the remaining agents 
(p>0.05). Additionally, no significant difference was found in 
the minimum BIS values based on the sedative agent used 
(p>0.05) (Table 3). During the PSA procedure, one patient who 
was administered midazolam had respiratory depression and 
recovered with the bag valve mask support. Nausea occurred in 
2 patients who received ketamine, and no other complications 
were observed.

Discussion
In this study, we investigated the relationship between BIS and 
MRSS scores to assess sedation depth in patients undergoing 
PSA. Our findings revealed a moderate negative correlation 
between MRSS and minimum BIS values, while no statistically 
significant associations were observed among other parameters. 
In comparisons based on sedative agents, initial BIS values 
were lower in patients who received midazolam compared to 
those who received ketamine. No major complications occurred 
during PSA; only mild and transient side effects were observed. 
These results suggest that the combined use of BIS and MRSS 
may contribute to safer and more effective sedation monitoring.
Subjective clinical tools such as MRSS, the Richmond   
Agitation-Sedation Scale, and the Observer’s Assessment 
of Alertness/Sedation Scale are commonly used to assess 
sedation depth during PSA.10 BIS, by contrast, enables objective 
evaluation through electroencephalographic measurements 
obtained noninvasively via electrodes placed on the patient’s 
forehead.11,12 Although BIS has been widely studied in operating 
rooms and intensive care units,13 data on its use in ED-based 
PSA remains limited. A small number of studies suggest that 
BIS may serve as a useful objective tool in this context.14,15

In our country, 1000–2000 patients are admitted to EDs daily, often 
under limited staffing conditions. This high workload highlights the 
need for objective tools. Early detection and timely intervention of 
complications are possible with simple monitoring techniques.16 
We believe that in crowded EDs, BIS-derived numerical data may 
facilitate clinical decision-making and prevent complications 
associated with excessive sedation. With this study, we aimed 
to demonstrate the compatibility of BIS with clinical scoring 
systems. We observed a moderate correlation between BIS 
values and MRSS.
Numerous studies in the literature have compared BIS with 
clinical sedation scales in ICU and OR settings.17,18 We found 
no significant difference in minimum BIS values across 
sedative agents used in the ED. Abouelela et al. evaluated 
BIS in mechanically ventilated ICU patients, and Zheng et al. 
explored its correlation with the Richmond Scale during flexible 
bronchoscopy; both studies reported significant associations.8,19 
Shetty et al., in a systematic review, concluded that there is not 
yet enough evidence to establish the superiority of BIS over 
clinical scales in critically ill patients on mechanical ventilation.13

Table 2. The relationship between bispectral index monitoring 
and Modified Ramsey Sedation Scale values

Table 3. Comparison of bispectral index monitoring values 
according to sedative agent

Table 1. Bispectral index monitoring and Modified Ramsey 
Sedation Scale values of the patients

Min-Max Mean ± SD

Base BIS 91-98 97.11 ± 1.52

Initial intervention MRSS 4.6 5.04 ± 0.58

Initial intervention BIS 74-98 84.71 ± 6.59

Min BIS 47-94 76.96 ± 8.81

MRSS at Min BIS 5.7 5.93 ± 0.66

Final BIS 92-98 95.61 ± 1.75

BIS: Bispectral Index Monitoring; MRSS: Modified Ramsey Sedation 
Scale

Initial intervention 
MRSS

MRSS at Min 
BIS

Initial intervention BIS
r -0.046 -0.208

p 0.816 0.287

Min BIS
r -0.262 -0.432

p 0.177 0.022*

Pearson Correlation analysis *p<0.05
BIS: Bispectral Index Monitoring; MRSS: Modified Ramsey Sedation Scale

Initial intervention 
BIS Min BIS

Median (Q1, Q3) Median (Q1, Q3)

Sedative agent

Ketamine+propofol 84 (82, 92) 79 (74, 82)

Propofol 79.5 (74, 85) 72.5 (69, 76)

Midazolam 79.5 (77, 80) 76 (73, 77)

Ketamine 85 (85, 98) 81 (73, 84)

p 0.027* 0.422

BIS: Bispectral Index Monitoring; MRSS: Modified Ramsey Sedation Scale
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Few studies have been conducted specifically in EDs. Gill et al. 
compared MRSS and BIS during PSA and reported a correlation 
between the two methods.20 They excluded patients given 
ketamine due to previously reported inconsistencies in BIS 
readings with dissociative agents. In contrast, we included 
patients who received ketamine, as it is a frequently used PSA 
agent and does not cause hypotension. While initial BIS values 
differed by agent (lower in midazolam recipients), minimum BIS 
values showed no significant difference. In a study by Agrawal 
et al., BIS and MRSS were compared in 20 pediatric ED patients 
undergoing PSA, and a strong correlation was found.21 Avcı et 
al. also reported a high correlation between RSS and BIS in   
ED-based PSA patients.9

Although most BIS-related studies focus on ICU settings, 
ED studies indicate that BIS may support early recognition 
of complications during PSA, especially in resource-limited 
environments.11 In addition, recent research by Çınaroğlu et al. 
(2024) demonstrated that near-infrared spectroscopy (NIRS), 
a non-invasive spectrophotometric method, can effectively aid 
in the early diagnosis of intracranial hemorrhage in emergency 
department settings. This supports the potential of integrating 
NIRS and BIS as complementary technologies for objective 
patient monitoring in the ED.22

In our study, the lowest BIS value recorded was 47, and the 
patient in question required bag-valve mask ventilation due to 
shallow breathing. Nevertheless, our findings are not sufficient 
to confirm the superiority of BIS over clinical assessment tools.
Previous studies generally involved non-dissociative sedatives. 
Our study is distinct in that it included patients receiving 
ketamine+propofol and ketamine alone. Unfortunately, the 
number of patients who received only ketamine, a dissociative 
agent, was limited, preventing us from drawing definitive 
conclusions. Larger studies are needed to evaluate the reliability 
of BIS monitoring in ketamine sedation.
In our study, sedative drug selection was left to the discretion 
of the treating physician, and no standardization was imposed. 
Patients who received only midazolam had lower BIS values 
than those given ketamine, but no significant differences were 
observed for other agents. Future studies should explore sedation 
depth differences between dissociative and non-dissociative 
drugs by forming standardized treatment groups.

Limitations
PSA practitioners in this study did not follow a standardized 
protocol for sedation and analgesia agents. Additionally, 
although clinical evaluation tools are based on structured scoring 
systems, they are inherently subjective and open to individual 
interpretation. This study aimed to propose a more objective 
assessment method; however, the subjectivity of clinical scales 
may have limited the clarity of the findings. The study was 
conducted in a crowded ED, where a dedicated procedural area 
was not available. As a result, external environmental stimuli 
may have influenced BIS measurements.

Conclusion
A moderate correlation was found between MRSS and BIS 
values in patients undergoing sedation and analgesia in the 
ED. BIS monitoring appears to be a valuable tool for assessing 

sedation depth during PSA in the ED. However, randomized 
controlled trials are necessary to establish stronger evidence, 
particularly regarding the use of different sedative agents.
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