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Abstract
Background and objectives: Sedation monitoring is crucial in neurosurgical intensive care units to ensure optimal patient 
comfort and safety. However, sedation practices vary significantly. This study aimed to evaluate and summarize the evidence 
related to sedation monitoring in neurocritical care patients, with a focus on identifying best practices for improving monitor-
ing accuracy and patient outcomes.

Methods: This study was conducted as an evidence summary, following the evidence summary reporting standards of the 
Fudan University Evidence-based Nursing Center. The evidence on sedation monitoring management in neurocritical care pa-
tients was systematically retrieved using the 6S evidence model, including clinical decisions, best practices, guidelines, expert 
consensus, evidence summaries, systematic reviews, and more. Searches of domestic and international databases covered all 
records from the databases’ inception to June 2024. Two researchers independently selected literature that met the inclusion 
criteria and conducted quality assessment, evidence-level evaluation, and evidence synthesis.

Results: Ten high-quality studies were ultimately included. From these, twenty pieces of best evidence were extracted, covering 
four categories: monitoring personnel, monitoring targets, monitoring tools, and monitoring timing and content. Among these, 
fifteen pieces of evidence were classified as strong recommendations, while five were classified as weak recommendations.

Conclusions: This study summarized the best evidence on sedation monitoring for neurocritical care patients, providing guid-
ance for clinical staff to improve sedation monitoring accuracy and patient outcomes in neurosurgical intensive care units.
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Introduction
The neurosurgical intensive care units (ICUs) mainly treat patients 
with severe traumatic brain injury, acute cerebrovascular disease, 
intracranial tumors, status epilepticus, etc.1 Patients are exposed to 
various stimuli, including the disease itself, surgical trauma, me-

chanical ventilation, and environmental noise, often accompanied 
by stress reactions such as pain, agitation, and delirium. These re-
actions can cause fluctuations in blood pressure and intracranial 
pressure, increasing the risk of brain edema, rebleeding, accidental 
injury, and death.2 Sedation is an important component of neu-
rocritical care treatment. Appropriate sedation not only prevents 
episodes of intracranial hypertension and reduces the incidence 
of delirium but also has neuroprotective and brain-protective ef-
fects.3–6 It can improve patient tolerance to invasive tubes and 
increase overall comfort. Conversely, inappropriate sedation may 
lead to prolonged mechanical ventilation, increased risk of pulmo-
nary infection, and higher incidence of delirium.7 Because seda-
tion can affect a patient’s neurological status and the evaluation 
of treatment outcomes, effective monitoring of sedation depth and 
related complications is essential to provide accurate feedback for 
sedation management. The depth of sedation directly impacts the 
assessment of neurological function and the judgment of treatment 
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outcomes; therefore, accurate monitoring of sedation and com-
plications is a key aspect of sedation management. This requires 
balancing the need for dynamic neurological assessment with the 
goals of patient comfort and long-term prognosis.8

Wang et al.9 reported that the overall knowledge, attitudes, and 
clinical practices regarding sedation among neurosurgical critical 
care staff in China are suboptimal, highlighting the urgent need for 
specific monitoring plans to guide clinical sedation practices. Cur-
rently, various clinical guidelines and expert consensus statements 
focus on overall sedation and analgesia management in ICU pa-
tients, such as the guidelines issued by the Society of Critical Care 
Medicine and the Chinese Expert Consensus on the Treatment of 
Neurological Critical Illness Patients with Analgesia and Sedation 
(2023).10–12 Although these documents provide comprehensive 
guidance, they are often lengthy, lack focus, and are less specific 
to sedation monitoring in neurocritical care patients.

Evidence summaries, developed by the Joanna Briggs Insti-
tute (JBI), provide a systematic method to synthesize evidence 
for a specific topic or research question and effectively integrate 
high-quality evidence.13 It is recommended to prioritize evidence 
sources that have undergone rigorous quality assessment, such as 
authoritative guidelines, systematic reviews, and expert consensus. 
Relevant evidence can also be extracted from existing evidence-
based summaries and authoritative resources, such as JBI and the 
Cochrane Library, according to specific research questions. This 
approach ensures that the evidence used is both high-quality and 
closely aligned with the research question, offering targeted and 
practical guidance for sedation management in neurocritical care 
patients.14

As noted, existing guidelines and expert consensus primarily 
address overall sedation and analgesia management in ICU pa-
tients. Literature specifically addressing sedation management in 
neurocritical care patients is mostly review-based, with variable 
evidence quality and, in some cases, conflicting conclusions. 
There is a lack of unified standards for the content, timing, and 
tools of sedation monitoring. This study aimed to identify the 
best evidence for sedation monitoring in neurocritical care pa-
tients through evidence-based methods, providing a reference 
for standardizing sedation monitoring practices in neurosurgical 
ICUs.

Materials and methods

Question identification
The Fudan University Evidence-based Nursing Center proposed 
the PIPOST model to standardize the process of establishing evi-
dence summary questions.15 In this study, the PIPOST model was 
employed to analyze the evidence-based question: P (population): 
neurocritical care patients aged ≥18 years; I (intervention): seda-
tion assessment, management, and pharmacological and non-phar-
macological interventions; P (professional): clinical medical staff; 
O (outcome): respiratory depression, incidence of delirium, medi-
cal staff knowledge regarding sedation management in neurocriti-
cal care patients, and complication incidence (e.g., unplanned extu-
bation, prolonged mechanical ventilation, extended hospital stay); 
S (setting): units admitting neurocritical care patients; T (type of 
evidence): clinical decisions, best practices, guidelines, systematic 
reviews, expert consensus, evidence summaries, and randomized 
controlled trials. This evidence summary was reported in accord-
ance with the standards of the Fudan University Evidence-Based 
Nursing Center (registration number ES20244303).

Inclusion and exclusion criteria of evidence
Inclusion criteria for this study were: (1) subjects were neurocriti-
cal care patients aged ≥18 years; (2) literature focused on seda-
tion assessment, monitoring, and nursing interventions; (3) litera-
ture published in Chinese or English; (4) evidence types included 
clinical decisions, best practices, guidelines, expert consensus, 
evidence summaries, systematic reviews, meta-analyses, and ran-
domized controlled trials.

Exclusion criteria were as follows: (1) literature for which the 
full text was unavailable or that represented duplicate publications; 
(2) conference proceedings, outdated guidelines, or guideline in-
terpretations; (3) low-quality literature.

Search strategy
Using the 6S evidence pyramid model for top-down retrieval,16 the 
following databases were searched: UpToDate, National Guideline 
Clearinghouse, JBI Evidence-Based Healthcare Center, National In-
stitute for Health and Care Excellence, UK Intensive Care Society, 
British Neurosurgical Society, American Association of Neurologi-
cal Surgeons, and the Society for Neuroscience. Additional searches 
were conducted in MedPulse and the Chinese Nursing Society web-
site using the Chinese terms “sedation” and “management/monitor-
ing”. Searches were also conducted in Embase, CINAHL, Web of 
Science, PubMed, CNKI, VIP, Wanfang, the Chinese Biomedical 
Literature Database, and the Chinese Medical Journal Full-Text Da-
tabase. For example, the PubMed search strategy was: ((((((((guide-
lines) OR (systematic review)) OR (Meta analysis)) OR (evidence*)) 
OR (recommendation*)) OR (best practice*)) OR (consensus)) OR 
(criteria*)) OR (standard*)) AND (((neurological) OR (severe neu-
rosis)) OR (NICU)) OR (NSICU)) OR (traumatic brain injury)) OR 
(Stroke)) OR (traumatic brain injury)) OR (cerebral hemorrhage))) 
AND (((monitoring) OR (evaluation)) OR (screening))) AND (seda-
tion) NOT (((Child*) OR (Neonatal) OR (Pediatrics)). For CNKI, 
the search strategy was: (Subject: Neurosurgical Critical Illness) OR 
(Subject: NICU) AND (Subject: Sedation). References of included 
literature were manually retrieved. The search period covered all re-
cords up to June 13, 2024.

Literature quality evaluation
Three researchers (Xueqin Guo, Na Huang, and Shuoyi Liu) with 
professional backgrounds in critical care nursing, neurosurgical 
nursing, and evidence-based nursing independently evaluated the 
quality of the guidelines. Other types of evidence were indepen-
dently evaluated by two researchers (Xueqin Guo and Shuoyi Liu). 
In cases of disagreement, a third researcher (Na Huang) was con-
sulted to facilitate discussion and achieve consensus. The intraclass 
correlation coefficient (ICC) was used to assess inter-rater consist-
ency, with an ICC > 0.75 indicating high consistency.17 Evaluation 
criteria were as follows: (1) Clinical decisions were traced back 
to the original literature and evaluated according to the original 
study type; (2) Guidelines were evaluated using the Appraisal of 
Guidelines for Research and Evaluation Instrument II (hereinafter 
referred to as AGREE II)18; (3) Expert consensus was evaluated 
according to the JBI Evidence-Based Healthcare Center criteria for 
expert opinions and professional consensus articles (2022).19

Evidence extraction and summary
Two researchers (Na Huang and Yali Wan) independently read 
each article and extracted evidence related to sedation monitor-
ing in neurocritical care patients. Extracted information included 
basic literature attributes (title, type, publication date, source, sub-
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ject, and key points). For ICU sedation and analgesia management 
literature, recommendations relevant to sedation in neurosurgical 
ICU patients were extracted. For neurocritical care literature, rec-
ommendations specifically related to sedation monitoring were 
extracted. Evidence inconsistent with the clinical context in China 
or routine neurosurgical nursing practices was excluded. Evidence 
was integrated based on clinical applicability. Consistent evidence 
was presented concisely and logically without omission or bias. 
Complementary evidence was merged according to linguistic log-
ic, while independent evidence was retained in its original form. 
In cases of conflicting evidence, priority was given to evidence of 
higher level, higher quality, or more recent publication. Original 
studies were appraised using the JBI Evidence Pre-grading System 
(2014 edition).20 Evidence was classified into five levels accord-
ing to study design, with Level 1 representing the highest quality 
and Level 5 the lowest. Subsequently, a panel discussion compre-
hensively evaluated evidence based on JBI criteria of feasibility, 
appropriateness, meaningfulness, and effectiveness. Using the JBI 
recommendation framework, the strength of each recommendation 
was graded as either a strong recommendation (Grade A) or a weak 
recommendation (Grade B).

Results

General characteristics of the included literature
Initially, 2,945 articles were retrieved. After importing the re-
cords into ENDNOTE 20 for deduplication and screening titles 
and abstracts, 188 articles remained. Following full-text review, 
ten articles were included, comprising two clinical decisions, four 
guidelines, and four expert consensus statements. The literature 
screening process is shown in Figure 1, and the general charac-
teristics of the included articles are presented in Table 1.1,10,12,21–27

Quality evaluation of the included literature

Quality evaluation of guidelines
A total of four guidelines were included. The results of the quality 
assessment using AGREE II are presented in Table 2.10,23–25 The 
ICC among the three investigators was 0.883.

Quality evaluation of consensus statements
Four expert consensus statements were included and evaluated 
according to JBI evidence-based criteria.1,12,26,27 In the consensus 
by Ni et al.,27 the response to item 6, “Is there any inconsistency 
between the proposed views and previous literature?” was “No”, 
while all other items were rated “Yes”. The other three consensus 
statements received “Yes” for all items.1,11,26 The quality of these 
three expert consensus statements is relatively high, and they were 
approved for inclusion.

Quality evaluation of clinical decision-making literature
Two clinical decision-making articles were identified,21,22 both 
sourced directly from UpToDate, and were included.

Evidence aggregation and generation
Through systematic retrieval, evaluation, synthesis, and analysis, 
the study extracted the best evidence, ultimately forming twenty 
key evidence items for sedation monitoring in neurocritical care 
patients. Among these, fifteen pieces of evidence were classified 
as strong recommendations, while five were classified as weak 
recommendations. Additionally, seven pieces of evidence were 

rated as Level 1, and one piece of evidence was rated as Level 2, 
as shown in Table 3.1,10,12,21–27

Discussion
Through literature analysis and evidence extraction, this study 
identified twenty best evidence items for sedation monitoring, 
categorized into four aspects: monitoring personnel, monitoring 
targets, monitoring tools, and timing and content of monitoring 
(Table 3).

Goal-directed sedation and scientific sedation monitoring
Evidence items 4 to 7 summarize the indications and target values 
for sedation in neurocritical care patients. Currently, both overse-
dation and undersedation are common issues in clinical practice.28 
Implementing a goal-directed sedation strategy can effectively pre-
vent these problems, reduce total hospital stay and ICU length of 
stay24, and enhance cerebral oxygen metabolism.29 For neurocriti-
cal care patients with stable organ function who are in the recovery 
phase, a light sedation strategy can be adopted to ensure patient 
wakefulness and comfort, reduce adverse stress responses, and 
thereby shorten mechanical ventilation time and hospital stay.30 
For patients with unstable organ function in the acute stress phase, 
a deep sedation target may be appropriate to control intracranial 
pressure, maintain cerebral perfusion, inhibit sympathetic excita-
tion, control epileptic seizures, and prevent or mitigate secondary 
brain injury, contributing to neurological protection.31 Once organ 
function stabilizes, gradually transitioning from deep sedation to 
light sedation or no sedation facilitates neurological assessment 
and ventilator weaning.12 However, only 57.2% of nurses reported 
formulating individualized sedation goals based on patient condi-
tion, and insufficient sedation knowledge affects the standardiza-
tion of sedation nursing practice.32 Therefore, it is necessary to 
strengthen nurse training on sedation target setting, help nurses 
recognize sedation indications, and improve the scientific imple-
mentation of sedation strategies.

Selection of appropriate sedation monitoring tools
Evidence items 8 to 11 summarize tools and techniques for moni-
toring sedation in neurocritical care patients. Among subjective 
sedation assessment tools, the Richmond Agitation-Sedation Scale 
and the Sedation-Agitation Scale are most widely used. However, 
relying solely on the Richmond Agitation-Sedation Scale to ad-
just sedative medications may be insufficient; these tools cannot 
provide real-time monitoring and are susceptible to subjective 
bias.10,33 Objective assessment tools, such as the Bispectral Index 
(BIS), can be complementary for patients receiving neuromuscu-
lar blocking agents, those in persistent coma, or those with severe 
consciousness impairment.

The BIS score ranges from 0 to 100, with higher scores indi-
cating closer states to wakefulness. The target BIS range for light 
sedation is 60–80.34 BIS monitoring has low variability, more reli-
ably maintains sedation levels, reduces intracranial pressure, and 
improves the quality of care.35,36 BIS-guided sedation can also re-
duce the use of sedatives and antihypertensive drugs, shorten the 
duration of delirium and coma, and ensure higher cerebral tissue 
oxygenation.37,38 However, BIS values become more variable as 
sedation depth increases.39

Multimodal brain function monitoring (MMM) integrates im-
aging, electroencephalography, and cerebral hemodynamics to 
provide multidimensional, real-time data. This approach facilitates 
accurate diagnosis, individualized treatment planning, and early 
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detection of neurological deterioration.40 Sedation monitoring in 
neurocritical care patients can be optimized by combining tools 
such as BIS, Narcotrend Index, Cerebral State Index, Auditory 
Evoked Potentials, Muscle Activity Score, and Entropy Index.41 
In France, over 60% of sedated patients undergo cerebral function 
monitoring, highlighting the importance of MMM.42 However, ad-
vanced monitoring technologies such as BIS and MMM require 
significant initial investment, and training personnel in core moni-

toring skills is essential.43 Furthermore, more clinical practice and 
multicenter cohort studies are needed to determine whether MMM 
improves long-term patient prognosis.44

Determining the timing of sedation monitoring and clarifying 
the specific monitoring content
Evidence items 12 to 20 summarize the timing and specific content 
of sedation monitoring in neurocritical care patients. While seda-

Fig. 1. Flow chart of literature screening. 
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tion therapy can reduce stress and protect organ function, it may 
also suppress important physiological functions in certain organs. 
Assessing the patient’s organ function and reserve capacity is cru-
cial to ensure the safety, effectiveness, and appropriateness of se-
dation therapy. After initiating sedation, assessment and documen-
tation should be conducted hourly. Compared with pulse oximetry, 
capnography can detect hypoventilation and apnea more rapidly, 
particularly when the patient is receiving supplemental oxygen.45 

Evidence items 18 to 20 address daily sedation interruption (DSI) 
and the neurological wake-up test (NWT) after sedation, clearly 
outlining relevant contraindications and precautions. DSI aims to 
limit excessive sedative use in deeply sedated patients and reduce 
sedative accumulation in the body.24 NWT is considered the “gold 
standard” for assessing neurological function by temporarily inter-
rupting sedation therapy. However, its implementation and timing 
in neurocritical care patients must be carefully balanced against 

Table 2.  Quality evaluation results of guidelines (n = 4)

Guideline

Standardized scores in various domains (%)

≥60% ≥30%
Quality 
evalu-
ation

Scope and 
purpose

Stake-
holder in-
volvement

Rigour of 
develop-
ment

Clarity of 
presen-
tation

Appli-
cability

Editorial 
independ-
ence

Arbour R23 76.19 50.79 52.38 79.37 63.10 40.48 3 6 B

Chinese Medical Association 
Critical Care Medicine Branch24

85.71 87.30 85.12 84.13 60.71 83.33 6 6 A

Devlin et al10 90.48 76.19 79.17 71.43 73.81 83.33 6 6 A

Baron et al25 100 80.95 83.93 77.78 78.57 88.10 6 6 A

Table 1.  General characteristics of the included literature (n = 10)

Included literature Year of publica-
tion (year)

Literature 
reference

Type of 
literature The literature theme

Frank RL21 2023 UpToDate Clinical 
decision

Procedural sedation in adults in the emergency 
department: General considerations, prepara-
tion, monitoring, and mitigating complications

Fuchs et al22 2022 UpToDate Clinical 
decision

Sedative-analgesia in ventilated adults: Management 
strategies, agent selection, monitoring, and withdrawal

Arbour R23 2022 Critical Care 
Nurse

Guideline Nursing Guidelines for Sedation Titration or Paus-
ing to Facilitate Neurological Assessment

Chinese Medical As-
sociation Critical Care 
Medicine Branch24

2018 Chinese Medi-
cal Journal 
Database

Guideline Chinese Guidelines for Analgesia and Se-
dation in Adult ICU Patients

Devlin et al10 2018 National 
Guideline 
Clearinghouse

Guideline Clinical Practice Guidelines for the Preven-
tion and Management of Pain, Agitation/
Sedation, Delirium, Immobility, and Sleep 
Disruption in Adult Patients in the ICU

Baron et al25 2015 PubMed Guideline Evidence and consensus based guideline for the 
management of delirium, analgesia, and seda-
tion in intensive care medicine. Revision 2015

Prabhakar et al26 2021 PubMed Expert 
consensus

Consensus Statement on Analgo-sedation in 
Neurocritical Care and Review of Literature

National Nervous Sys-
tem Disease Medical 
Quality Control Center 
Neurocritical Care Profes-
sional Working Group12

2023 CNKI Expert 
consensus

Chinese expert consensus on analgesia and se-
dation therapy in neurocritical care patients

Chinese Medical Associa-
tion Neurosurgery Branch1

2020 CNKI Expert 
consensus

Chinese expert consensus on neurosurgical critical care

Ni et al27 2018 Wanfang Expert 
consensus

Chinese expert consensus on neurosur-
gical critical care rehabilitation

CNKI, China National Knowledge Infrastructure databases; ICU, intensive care unit.
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potential risks and benefits.12 Relevant studies indicate that only 
76.9% of nurses routinely assess sedation depth, 60.3% dynami-
cally adjust sedation depth, and 28.0% perform hourly sedation 
assessments.32 Nurses need to increase the frequency of sedation 
assessments, selectively implement DSI or NWT based on patient 
condition and assessment results, and dynamically adjust sedation 
depth accordingly.

Establishment of a multidisciplinary team for sedation monitor-
ing in neurocritical patients
Evidence items 1 to 3 summarize the composition of the sedation 
monitoring team for neurocritical care patients and clarify the re-
sponsibilities and requirements of team members. Team members 
should be involved throughout the process of setting sedation 
goals, assessing sedation depth, and implementing sedation plans 
to achieve dynamic management of sedation. Guidelines empha-
size the importance of multidisciplinary collaboration in sedation 
monitoring for neurocritical patients.23 Compliance with bundled 
sedation strategies is related to the configuration of the multidisci-
plinary team and members’ knowledge levels.46 Each professional 
must improve their knowledge of analgesia and sedation and their 
ability to collaborate effectively to ensure rational sedation. As pri-
mary executors of sedation strategies, main observers of patient 
conditions, and key communicators between the team and patients, 
nurses play a critical role in implementing sedation plans, dynami-
cally monitoring sedation status, and providing feedback. A sys-
tematic review and meta-analysis showed that nurse-led sedation 
protocols significantly reduced the duration of mechanical venti-
lation (standardized mean difference = −1.765; 95% confidence 
interval [CI] = −2.461, −1.068; P < 0.001; I2 = 97.7%), ICU length 
of stay (standardized mean difference = −1.463; 95% CI = −2.181, 
−0.745; P < 0.001; I2 = 97.3%), ICU mortality (relative risk = 
0.854; 95% CI = 0.747, 0.983; P = 0.027; I2 = 0%), and incidence 
of adverse events such as ventilator-associated pneumonia (rela-
tive risk = 0.438; 95% CI = 0.292, 0.657; P < 0.001; I2 = 41.4%).47 
It is recommended that nurse-led, protocolized sedation strategies 
be encouraged in clinical practice to fully leverage nurses’ profes-
sional expertise, ensure rational sedation, and reduce the incidence 
of adverse events.

Limitations
Although this study provides a comprehensive summary of evi-
dence on sedation monitoring in neurocritical care patients, differ-
ences in regional, ethnic, and cultural backgrounds may affect the 
findings. In addition, the literature search was limited to English 
and Chinese databases, excluding studies in other languages. Most 
included studies were guidelines and expert consensus statements, 
with few randomized controlled trials, which may have affected 
the comprehensiveness of the evidence. Future studies should con-
tinuously update and supplement the available evidence to ensure 
its accuracy and currency. Additionally, this study did not provide 
a detailed description of the specific operational mechanisms of 
nurse-led multidisciplinary sedation teams.

Conclusions
This study systematically summarized the evidence on seda-
tion monitoring in neurocritical care patients and may provide 
an evidence-based foundation for developing and implementing 
best practices and standards to improve monitoring accuracy and 
patient outcomes. It highlights the importance of establishing and 
operating a dedicated sedation monitoring team in neurosurgical 

ICUs. However, as the evidence is derived from different coun-
tries, it is essential to consider contextual factors, such as the local 
clinical environment, before applying it. Future research should 
focus on developing stratified monitoring frameworks for subjec-
tive and objective tools tailored to specific neurological states, cre-
ating risk prediction models, and designing more targeted sedation 
monitoring decision-support systems.
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