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Background: The incidence of hyperactive brain syndrome in patients in the intensive care unit (ICU) 
is very high. Compared with other sedative drugs, existing research shows that dexmedetomidine can 
significantly reduce the incidence of hyperactive brain syndrome. This study systematically analyzed 
the clinical efficacy of a dexmedetomidine intravenous injection in ICU patients with hyperactive brain 
syndrome.
Methods: The databases PubMed, Web of Science, Embase, and the Cochrane Library were searched from 
January 2000 to December 2020 to identify papers that studied the clinical efficacy of dexmedetomidine 
intravenous injection in ICU patients with hyperactive brain syndrome. The basic information and 
evaluation indexes in the literature were screened and extracted. Revman5.3 software was used for quality 
assessment and meta-analysis of the included studies, and forest maps were drawn.
Results: A total of 255 patients were included in 5 studies. The results of the meta-analysis showed that 
intravenous infusion of dexmedetomidine could reduce the incidence of restless delirium in patients [odds 
ratio (OR) =0.14; 95% confidence interval (CI): 0.07 to 0.29; (Z test) Z=5.39, P<0.00001], total delirium 
after medication duration [mean difference (MD) =−15.50; 95% CI: −25.70 to −5.29; Z=2.98; P=0.003], and 
ICU hospitalization time (MD =−1.93; 95% CI: −3.57 to −0.29; Z=2.31; P=0.02). However, there was no 
significant difference in the incidence of adverse reactions (bradycardia and hypotension) in patients who 
were given an intravenous infusion of dexmedetomidine (OR =2.85; 95% CI: 0.21 to 38.74; Z=0.79; P=0.43). 
Discussion: The incidence of restlessness delirium, the duration of total delirium after medication, and the 
length of ICU stay in patients treated with a dexmedetomidine intravenous injection were significantly lower 
than those in patients treated with haloperidol, indicating that a dexmedetomidine intravenous injection had 
clinical efficacy in ICU patients with hyperactive brain syndrome.
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Introduction

Hyperactive brain syndrome is a consciousness disorder 
characterized by acute onset and repeated fluctuation of 
attention loss, accompanied by changes in cognitive level 
or perceptual impairment that result in an impaired ability 
of patients to receive, process, store, and recall information 
(1,2). The disease may be caused by factors such as 
neurophysiology and minor brain damage. Hyperactive 
brain syndrome is one of the most frequent complications 
in patients in the intensive care unit (ICU), with an 
incidence of between 4.9% and 91%. The occurrence of 
hyperactive brain syndrome in patients in the ICU can 
cause many serious adverse outcomes. Its mortality and 
complication rates are significantly higher than those in 
patients with hyperactive brain syndrome, and the length of 
hospital stay, the length of stay in ICU, and the duration of 
mechanical ventilation were also significantly longer than 
those of hyperactive brain syndrome (3,4). Hyperactive 
brain syndrome can also increase the risk of iatrogenic 
pneumonia by 9 times, it can greatly increase the incidence 
of complications such as aspiration, pulmonary infarction, 
and pressure ulcer, and it can increase the risk of accidental 
extubation and offline difficulty or re-endotracheal 
intubation after extubation in patients with mechanical 
ventilation (5).

The 2014 American Guide to Analgesia and Sedation in 
Critical Care Medicine pointed out the need for routine 
monitoring of hyperactive brain syndrome in adult ICU 
patients (6). Therefore, the monitoring and prevention 
of hyperactive brain syndrome has become an urgent and 
primary task for ICU doctors (7). At present, the sedative, 
analgesic, and hypnotic drugs most commonly used in 
the ICU not only achieve the ideal sedation and comfort 
of patients, but also frequently increase the number of 
patients with hyperactive brain syndrome and can increase 
the duration of hyperactive brain syndrome, therefore 
increasing the length of hospital stay and medical expenses 
for patients in the ICU. Many studies are still needed on 
the safety of these drugs (8). For patients with hyperactive 
brain syndrome, administering drugs in a timely manner 
has become the key to treating restless symptoms. However, 
reasonable selection of drug treatment in a timely manner 
has become a major challenge for ICU doctors (9). 
Therefore, drug treatment of hyperactive brain syndrome 
seems to be a double-edged sword.

Dexmedetomidine, as a new, powerful, and highly selective 
α2 receptor agonist, seems to have the above advantages. 

Relevant studies have found that dexmedetomidine 
can significantly reduce the incidence of hyperactive 
brain syndrome compared with other sedative drugs, 
especially for patients with pulse poisoning (10). The 2014 
American Guide to Analgesia and Sedation in Critical Care 
Medicine also recommends the use of dexmedetomidine. 
If the patient’s delirium is not related to alcohol or 
benzodiazepine withdrawal, continuous intravenous 
infusion of dexmedetomidine rather than benzodiazepines 
is recommended for sedation to shorten the duration of 
delirium (11). In addition, recent studies have shown that 
dexmedetomidine can significantly shorten the time of 
mechanical ventilation in patients with hyperactive brain 
syndrome in the ICU compared with haloperidol (12). At 
present, research reports on the prevention of hyperactive 
brain syndrome are not rare, but there is still great 
controversy in the treatment of hyperactive brain syndrome, 
and there is no in-depth and accurate research to further 
clarify the comparison of the efficacy of dexmedetomidine 
(a new sedative) and haloperidol (a traditional antipsychotic) 
in the treatment of hyperactive brain syndrome in ICU  
patients (13). 

At present, there are relatively few systematic evaluation 
studies on the treatment of dexmedetomidine in the 
treatment of ICU brain overactive syndrome. Based on 
this, our study collected relevant studies at home and 
abroad on the clinical efficacy of intravenous injection 
of dexmedetomidine in patients with hyperactive brain 
syndrome in the ICU and used quantitative methods to 
conduct a meta-analysis of the published literature. The 
clinical effect of intravenous injection of dexmedetomidine 
on patients with hyperactive brain syndrome in the ICU 
was determined to provide reference for the treatment of 
hyperactive brain syndrome in ICU patients. We present 
the following article in accordance with the PRISMA 
reporting checklist (available at https://apm.amegroups.
com/article/view/10.21037/apm-21-3762/rc).

Methods

Literature retrieval

The literatures published in PubMed, Medline, Embase, 
CBM, and Wanfang Data from January 2000 to December 
2020 were searched by computer. Literature was retrieved 
from the databases if it fulfilled the following criteria: 
(I) the subject and free words included a combination of 
“dexmedetomidine” and “hyperactive brain syndrome in 

https://apm.amegroups.com/article/view/10.21037/apm-21-3762/rc
https://apm.amegroups.com/article/view/10.21037/apm-21-3762/rc
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ICU” the scope of search words was topic, keywords, and 
abstract; and (II) some references of the included literatures 
could be traced, and the full text could be manually 
retrieved and included in this study.

Literature inclusion and exclusion criteria

To be included in the meta-analysis, an article needed 
to fulfil the following inclusion criteria: (I) domestic 
and foreign published studies on the clinical efficacy of 
dexmedetomidine intravenous infusion in ICU patients with 
hyperactive brain syndrome; (II) clinical efficacy data could 
be obtained directly or indirectly; (III) at least 10 samples 
were included in the study; and (IV) was published in any 
language; literature research language was not limited.

Studies were excluded from the meta-analysis if they 
fulfilled the following exclusion criteria: (I) no original 
data was provided; (II) the study was a duplicate or was 
interdisciplinary literature; (III) the study included patients 
with bradycardia and ventricular block; (IV) the study 
included patients with hypotension; (V) the study included 
patients in a coma; and/or (VI) the study included patients 
with mental or nervous system diseases.

Literature quality evaluation

Two researchers used Revman5.3 (China) and a diagnostic 
test accuracy evaluation tool (QUADAS) to evaluate 
the quality of the included literature. When researchers 
disagreed, the third researcher conducted the intervention 
evaluation, and all three researchers finally reached an 
agreement through discussion. The evaluation criteria 
included case selection, methods to be evaluated, gold 
standard, evaluation process, and progress.

When the QUADAS tool was used to evaluate the 
included literature, it contained a total of 16 items and used 
“Yes”, “No”, and “Unclear” to evaluate the quality of the 
literature, where “Yes” meant conforming to the criteria 
and “No” meant not conforming to the criteria. A study 
was defined as “Unclear” when the information was not 
comprehensive or only partially met the criteria. Revman5.3 
was used to evaluate the literature quality, and the quality 
was determined from the following aspects: (I) whether it 
was a randomized controlled study; (II) whether there was 
allocation hiding; (III) whether a blind test was used; (IV) 
whether the resultant data was complete; (V) whether the 
study engaged in selective reporting; and (VI) whether there 
was any other bias.

Data extraction

Two researchers independently read the title and abstract of 
the retrieved literature and completed the extraction of the 
literature, obtained the full text of the included literature, 
and extracted the information. When researchers disagreed, 
they discussed their disagreement with each other. If no 
agreement was reached after discussion, the third researcher 
was required to determine the evaluation result.

The extracted data included the following: the name of 
the first author, the year of publication, research methods, 
the incidence of restless delirium, the total duration of 
delirium after medication, the length of stay in ICU, and 
adverse reactions (bradycardia, hypotension), etc. The 
above indicators were used to evaluate the therapeutic effect 
of dexmedetomidine. Researchers verified the data and then 
conducted systematic analysis.

Statistical analysis

Review Manager 5.3 (Cochrane Collaboration) software 
was used for data statistics and analysis. We evaluated 
only prospective studies that calculated the risk ratio of 
fracture occurrence and those studies that analyzed the 
data as a continuous variable and calculated a standard 
deviation difference. For studies that took place in the 
same location but with different participants, the risk 
ratio estimates were combined into a single estimate. The 
aggregation effect of the whole study was calculated. The 
main methods of sensitivity analysis included changing 
the inclusion criteria (especially for controversial studies), 
excluding low-quality studies, and using different statistical 
methods/models to analyze the same data. I2 described the 
percentage of changes in research caused by heterogeneity 
rather than contingency. I2=0% indicated there was no 
heterogeneity. I2=25% indicated mild heterogeneity. I2=50% 
indicated moderate heterogeneity. I2=75% indicated high 
heterogeneity. Due to heterogeneity, we used the random 
effect model in analysis. The funnel plot was drawn to 
analyze the publication bias of the included literature, and 
the symmetry of the funnel plot and the concentration of 
the sample to the midline were evaluated.

Results

Literature search results and feature analysis

A total of 878 records were retrieved from the database, 
and 856 abstracts related to this study were obtained after 
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deleting duplicate items. After reading the abstract and 
title of the article, two researchers preliminarily screened 
and obtained 47 literatures that met the requirements. 
After further reading of the full text of the literatures, non-
random, repeated, and unavailable literatures were excluded, 
and five qualified literatures were included in this study  
(14-18). The literature retrieval process is shown in Figure 1, 
and the basic data of the literature included in the study are 
shown in Table 1.

Quality evaluation of included literature

Firstly, the bias risk assessment tool recommended by the 
Cochrane systematic review manual was used to evaluate 
the quality of the included literature (18). The results are 
shown in Figure 2 and Figure 3. The five included studies 
showed the largest percentage of “low risk” and “low 
concerns” overall, indicating that the included studies met 
the requirements of the analysis.

Records identified from:
  Databases (n=878)
  Registers (n=0)

Records removed before screening:
  Duplicate records removed (n=10)
  Records marked as ineligible by 
  automation tools (n=4)
  Records removed for the author could 
  not be reached (n=8)
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(n=856)
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Reports not retrieved
(n=29)
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  3: Unclear drug dosage (n=3)
  etc.

Reports sought for retrieval
(n=47)

Reports assessed for eligibility
(n=18)

Studies included in review
(n=5)

Reports of included studies
(n=0)

Figure 1 Flowchart showing the literature retrieval process. 

Table 1 Basic features of literature included in this study

First author Year of publication Research design Total sample
Age (years old)

Experimental group Control group

Essam (14) 2016 RCT 60 26–70 26–70

Devlin (15) 2014 RCT 33 66±6 62±17

Huang (16) 2012 RCT 62 67.4±8.2 61.5±7.3

Senoglu (17) 2010 RCT 40 28–80 30–81

Anger (18) 2010 RCT 56 63.71±11.48 69±12.77

RCT, randomized controlled trial.
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Random sequence generation (selection bias) 

Allocation concealment (selection bias) 

Blinding of participants and personnel (performance bias) 

Blinding of outcome assessment (detection bias) 

Incomplete outcome data (attrition bias) 

Selective reporting (reporting bias) 

Other bias

0% 25% 50% 75% 100%

Low risk of bias Unclear risk of bias High risk of bias

Figure 2 Bar chart showing the bias risk assessment for literature included in the study.
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Figure 3 Summary of the bias risk assessment of literature 
included in the study. (Green: low risk, red: high risk, yellow: 
unclear).

QUADAS was used to evaluate the quality of each 
included literature. The results are shown in Table 2. The 
five literatures included in the study all have a low risk of 
bias, which meets the requirements of subsequent analysis.

Results of meta-analysis

Incidence of restless delirium
This study analyzed the relationship between the incidence 
of restless delirium in patients of the dexmedetomidine and 
haloperidol groups, as shown in Figure 4. Statistically, no 
significant heterogeneity was found between the incidence 
of restless delirium in the dexmedetomidine and haloperidol 
groups (I2=0%; P=0.73), so the fixed-effect model was used 
for statistical analysis. The results showed that the effect 
value for the incidence of restless delirium in patients of 
the dexmedetomidine and haloperidol groups was OR 
(95% CI) = 0.14 (0.07 to 0.29). The statistical value of the 
meta-analysis was Z=5.39 and P<0.00001. In summary, the 
mortality of patients in the dexmedetomidine group was 
significantly lower than that in the haloperidol group, and 
the difference was statistically significant (P<0.05).

Total delirium duration after medication
The relationship between the duration of total delirium 
in the dexmedetomidine group and haloperidol group was 
studied and analyzed. The results are shown in Figure 5. 
Results found that there was significant heterogeneity in the 
duration of total delirium between the dexmedetomidine 
group and the haloperidol group (I2=98%; P<0.00001). 
Therefore, the random effect model was used for 
statistical analysis. The results showed that the effect 
value of the meta-analysis of total delirium duration in the 
dexmedetomidine group and the haloperidol group was 
MD (95% CI) =−15.50 (−25.70 to −5.29), and the statistical 
test structure was Z=2.98 and P=0.003. In summary, the 
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Figure 4 Forest map showing the comparison of restless delirium incidence. CI, confidence interval.

Figure 5 Forest map showing the comparison of total delirium duration after medication. CI, confidence interval; SD, standard deviation.

Table 2 Bias risk assessment of literature included in the study

First author Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Essam 2016 Y Y Y U Y Y Y Y Y Y U Y Y Y

Devlin 2014 Y Y Y U Y Y Y Y Y Y U Y Y Y

Huang 2012 Y Y Y U Y Y Y Y Y Y U Y Y Y

Senoglu 2010 Y Y Y U Y Y Y Y Y U U Y Y Y

Anger 2010 Y Y Y U Y Y Y Y Y Y U Y Y Y

1 to 14 are QUADAS item standards. Y, yes; U, unclear; QUADAS, quality assessment of diagnostic accuracy studies.

duration of total delirium in dexmedetomidine group was 
significantly lower than that in haloperidol group (P<0.05).

ICU hospitalization time
The relationship between ICU hospitalization time of 
patients in the dexmedetomidine group and the haloperidol 
group was studied and analyzed. The results are shown 
in Figure 6. Results found that there was significant 
heterogeneity in ICU hospitalization time between the 

dexmedetomidine group and the haloperidol group (I2=91%; 
P<0.00001). Therefore, the random effect model was used 
for statistical analysis. The results showed that the effect 
value of the meta-analysis of ICU hospitalization time in 
the dexmedetomidine group and the haloperidol group was 
MD (95% CI) =−1.93 (−3.57 to −0.29), and the statistical 
test structure was Z=2.31 and P=0.02. The length of stay in 
ICU in the dexmedetomidine group was significantly lower 
than that in haloperidol group (P<0.05).
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Adverse reactions in ICU (bradycardia; hypotension)
The relationship between adverse reactions (bradycardia 
and hypotension) in the dexmedetomidine group and the 
haloperidol group was analyzed. The results are shown 
in Figure 7. Results found that there was significant 
heterogeneity in the incidence of restless delirium between 
the dexmedetomidine group and the haloperidol group 
(I2=55%; P=0.11). Therefore, the random effect model was 

used for statistical analysis. The results showed that the effect 
value of the meta-analysis of postoperative ICU residence 
time in the Dexmedetomidine group and haloperidol group 
was OR (95% CI) =2.85 (0.21 to 38.74), and the statistical test 
structure was Z=0.79 and P=0.43. There was no significant 
difference in adverse reactions between the dexmedetomidine 
group and the haloperidol group (P>0.05).

Publication bias analysis
The statistically significant indexes of dexmedetomidine and 
haloperidol patients (the incidence of restless delirium), the 
total delirium duration after medication, and the publication 
bias of ICU hospitalization time were analyzed. The results 
are shown in Figures 8-10. The funnel diagram is relatively 
offset and not symmetrical. However, all the included 
documents fall into the figure and are close to the central 
axis. This shows that the publication bias of the literature 
included in this study is low and meets the requirements of 
the meta-analysis.

Discussion

In the ICU, severely il l  patients often experience 

Figure 6 Forest map showing ICU hospitalization time comparison. CI, confidence interval; SD, standard deviation.

Figure 7 Forest map showing the comparison of adverse reactions (bradycardia; hypotension). CI, confidence interval. 
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Figure 8 Funnel plot showing the incidence of restless delirium. 
SE, standard error; OR, odds ratio.
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hyperactive brain syndrome due to many factors such as 
disease, environmental factors, and drug-related factors (19). 
The literature reports that the incidence of hyperactive 
brain syndrome in patients in the ICU is between 5.4% and 
9.1% (20). Once patients have hyperactive brain syndrome 
in the ICU, intervention should take place and they should 
be treated as soon as possible to minimize the negative 
impact of subsequent complications (21). Comprehensive 
measures should be taken to treat hyperactive brain 
syndrome in patients in the ICU, including non-drug 
treatment and drug treatment (22). The incidence of 
hyperactive brain syndrome is high in patients in the ICU, 
and the occurrence of hyperactive brain syndrome is closely 
related to many serious adverse outcomes (23). Early 
detection and treatment of hyperactive brain syndrome 
is of great significance for ICU patients. Therefore, 
ICU medical staff should routinely monitor each patient 

with hyperactive brain syndrome (24,25). Evaluation is 
conducted at least 3–4 times a day and details are recorded. 
This method is fast and simple and can enable ICU doctors 
to understand the consciousness and changes of patients in 
a short time. However, the specificity of the evaluation does 
not reach 100%, and the use of this evaluation process is  
insufficient (26). Once hyperactive brain syndrome occurs 
in ICU patients, early intervention is needed. At present, 
the drug treatment for ICU patients with hyperactive 
brain syndrome still lacks evidential support (27,28). 
Dexmedetomidine is a highly selective α2 adrenergic 
receptor agonist with fast onset, short action time, sedation, 
analgesia, and no respiratory depression. Recently, it 
has received more and more clinical attention (29). 
Dexmedetomidine achieves and maintains a sufficient level 
of sedation, while at the same time it has a unique feature of 
being easy to wake up, and at the same time, it can reduce 
the amount of other sedative drugs (30). The efficacy of 
antipsychotics such as haloperidol and dexmedetomidine 
in the treatment of hyperactive brain syndrome in ICU 
patients need to be further studied.

Our meta-analysis systematically analyzed the clinical 
efficacy of the dexmedetomidine intravenous injection in 
patients with hyperactive brain syndrome in the ICU. The 
results showed that the incidence of restless delirium, total 
delirium duration, and ICU hospitalization time of patients 
treated with an intravenous injection of dexmedetomidine 
were significantly lower than those treated with haloperidol, 
indicating that intravenous injection of dexmedetomidine 
has clinical effects on ICU patients with hyperactive brain 
syndrome.

Dexmedetomidine drugs can cause complications such 
as hypotension, heart rate slowing, and lung infections (31). 
Clinically, by adjusting the dosage of dexmedetomidine 
or stopping the administration, giving other vasodilators 
according to the situation, giving anticholinergic drugs, 
etc., can all improve the complications caused by drug 
treatment. The main disadvantage of our meta-analysis 
was that the sample sizes of included studies were small. 
More medium and large samples are needed to further 
subdivide the patients with different influencing factors 
into each subgroup to achieve a higher quality of results. If 
more factors are considered, the experimental results may 
be more accurate. Included studies also did not follow up 
with the patients who relapsed after the drug treatment, and 
the subjects were patients who were transferred out of the 
ICU without further follow-up observation. It is hoped that 
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Figure 9 Funnel plot showing the total delirium duration after 
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Figure 10 Funnel plot showing ICU hospitalization time. SE, 
standard error; MD, mean difference.
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subsequent studies can improve on this limitation. 

Conclusions

In order to systematically evaluate the clinical efficacy and 
safety of the dexmedetomidine intravenous injection in 
ICU patients with hyperactive brain syndrome, 5 related 
studies were included in a meta-analysis of the effects of 
dexmedetomidine and haloperidol on hyperactive brain 
syndrome in patients in the ICU. The results showed 
that an intravenous injection of dexmedetomidine could 
significantly reduce the incidence of restless delirium, the 
total duration of delirium, and the length of stay in ICU. 
However, this study only makes a systematic evaluation 
by using the existing studies. The results of this study can 
provide a foundation for the promotion of the intravenous 
injection of dexmedetomidine in the treatment of 
hyperactive brain syndrome in ICU patients. 
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