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Abstract
Background  Dexmedetomidine is considered to have neuroprotective effects and may reduce postoperative 
delirium in both cardiac and major non-cardiac surgeries. Compared with non-cardiac surgery, the delirium incidence 
is extremely high after cardiac surgery, which could be caused by neuroinflammation induced by surgical stress and 
CPB. Thus, it is essential to explore the potential benefits of dexmedetomidine on the incidence of delirium in cardiac 
surgery under CPB.

Methods  Randomized controlled trials studying the effect of perioperative dexmedetomidine on the delirium 
incidence in adult patients undergoing cardiac surgery with CPB were considered to be eligible. Data collection was 
conducted by two reviewers independently. The pre-specified outcome of interest is delirium incidence. RoB 2 was 
used to perform risk of bias assessment by two reviewers independently. The random effects model and Mantel-
Haenszel statistical method were selected to pool effect sizes for each study.

Results  PubMed, Embase, Cochrane Library, and Web of Science were systematically searched from inception to 
June 28, 2023. Sixteen studies including 3381 participants were included in our systematic review and meta-analysis. 
Perioperative dexmedetomidine reduced the incidence of postoperative delirium in patients undergoing cardiac 
surgery with CPB compared with the other sedatives, placebo, or normal saline (RR 0.57; 95% CI 0.41–0.79; P = 0.0009; 
I2 = 61%).
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Background
There are more than 200,000 adult patients undergoing 
major cardiac surgery procedures per year in the United 
States (worldwide more) according to the Society of Tho-
racic Surgeons (STS) Adult Cardiac Surgery Database 
[1]. Delirium is an acute brain dysfunction character-
ized by an acute onset and fluctuating course of distur-
bance in attention, awareness, and cognition, which is 
the most prevalent neurocognitive complication after 
cardiac surgery with reported incidence rates reaching 
up to 52%, particularly among older patients [2–4]. The 
occurrence of delirium correlates strongly with various 
short- and long-term poor outcomes following cardiac 
surgery, including prolonged ICU stay and hospitaliza-
tion, increased risk of hospital readmission, cognitive 
impairment, functional decline, lower health-related 
quality of life (HRQoL), and increased 10-year mortality 
rate [5–7]. Despite ongoing research, the precise patho-
physiology of postoperative delirium has not been fully 
elucidated. Multiple hypotheses are thought to be asso-
ciated with postoperative delirium, whereas neuroin-
flammation (caused by surgical stress and exposure to 
cardiopulmonary bypass (CPB)) and neurotransmitter 
imbalance are considered to be the main mechanisms 
[8]. Several potential predisposing and precipitating risk 
factors are recognized contributors to delirium follow-
ing cardiac surgery, such as advanced age, pre-existing 
cognitive impairment, diabetes, history of stroke, type of 
surgery, extended CPB duration, and blood transfusion, 
among others [2, 9–12].

Dexmedetomidine is a highly and potently selective 
α2-adrenoceptor agonist with anxiolytic, sedative, and 
analgesic properties [13]. Furthermore, it exhibits neu-
roprotective effects by reducing neuroinflammation, 
apoptosis, and injury of the blood-brain barrier via cen-
tral α2A adrenoceptor in animal models [14, 15]. Due to 
this potential effect, many randomized controlled trials 
(RCTs) have been designed to investigate the impact of 
perioperative application of dexmedetomidine on delir-
ium incidence after cardiac or major noncardiac surgery 
[16–19]. The effect of dexmedetomidine on delirium 
incidence among cardiac surgery patients remains con-
troversial, possibly attributed to variations in surgical 
types, sample sizes, and design of clinical trials. While 

prior meta-analyses predominantly concluded that dex-
medetomidine could lower delirium occurrence post-car-
diac surgery [20–23], a meta-analysis conducted by Patel 
et al. suggested otherwise, indicating no reduction in 
delirium incidence when excluding high-risk studies [24]. 
Moreover, a large-sample RCT conducted on patients 
undergoing cardiac valve surgery showed that intraoper-
ative administration of dexmedetomidine did not reduce 
the incidence of delirium and might even impair renal 
function [25].

Although several meta-analyses examining the effect 
of perioperative dexmedetomidine on the occurrence 
of delirium following cardiac surgery have emerged in 
recent years, most of the included studies comprised 
both off-pump and on-pump cardiac surgery, leaving a 
scarcity of data regarding the effect of dexmedetomidine 
on delirium incidence specifically after cardiac surgery 
with CPB. In addition, new RCTs on this topic have been 
published in recent years. The primary aim of this sys-
tematic review and meta-analysis is to examine whether 
dexmedetomidine application during the perioperative 
period reduces the incidence of postoperative delirium in 
adult patients undergoing cardiac surgery with CPB, and 
update the existing meta-analyses.

Methods
This systematic review and meta-analysis adheres to the 
guidelines outlined in the Preferred Reporting Items for 
Systematic reviews and Meta-Analyses (PRISMA) state-
ment and has been registered on the PROSPERO data-
base (CRD42023452410).

Eligibility criteria
Randomized controlled trials studying the effect of peri-
operative dexmedetomidine on delirium incidence in 
adult patients undergoing cardiac surgery with CPB 
compared with placebo, normal saline, or other anes-
thetic drugs were deemed eligible for inclusion. Pediatric 
surgery, cardiac surgery without CPB, non-randomized 
clinical trials, and studies involving non-human subjects 
were excluded. Additionally, studies with no access to full 
text and non-English language were not included as well.

Conclusions  Perioperative administration of dexmedetomidine could reduce the postoperative delirium occurrence 
in adult patients undergoing cardiac surgery with CPB. However, there is relatively significant heterogeneity 
among the studies. And the included studies comprise many early-stage small sample trials, which may lead to an 
overestimation of the beneficial effects. It is necessary to design the large-scale RCTs to further confirm the potential 
benefits of dexmedetomidine in cardiac surgery with CPB.

Registration number  CRD42023452410.
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Information sources and search strategy
The databases PubMed, Embase, Cochrane library, and 
Web of Science were systematically searched from incep-
tion until June 28, 2023. The references from other meta-
analyses and included researches were also scrutinized. A 
combination of subject terms and free terms pertaining 
to cardiac surgery, dexmedetomidine, and delirium was 
utilized to formulate the search strategy. The full search 
strategies are presented in Additional file 1.

Study selection and data collection
The retrieved studies were uploaded to a reference man-
agement software, EndNote X9, where duplicate citations 
were removed. Following this, two reviewers (XZ and LF) 
screened the studies according to the title and abstract 
independently and in parallel. The screened literature 
was further assessed in full text for eligibility by the same 
reviewers.

Data collection was carried out by two reviewers (XZ 
and LF) independently. Microsoft Excel 2021 was used to 
record the extracted data. Disagreement about extracted 
data reached consensus through discussion among two 
reviewers. The following characteristics of all included 
trials were collected: publication year, name of the first 
author, participants’ age, sample size, comparator, type 
of surgery, time of CPB, administration time of dexme-
detomidine, dosage and duration of dexmedetomidine 
and comparator, delirium assessment methods, assess-
ment time of delirium, primary outcome, and second-
ary outcomes. For data that were not detailed or explicit 
in the text that might affect the risk of bias assessment, 
we emailed the corresponding author of the study to 
obtain and confirm these data. Categorical variables were 
expressed as incidence rates, while continuous variables 
were described as mean (standard deviation) or median 
(interquartile range).

Study risk of bias assessment
RoB 2, a revised Cochrane tool for assessing risk of bias 
in randomized trials [26], was used to perform risk of 
bias assessment in the included studies by two review-
ers (XZ and LF) independently. RoB 2 consists of five 
bias domains: randomisation process, deviations from 
intended interventions, missing outcome data, mea-
surement of the outcome, and selection of the reported 
result, each of which contains a series of signaling ques-
tions. The risk-of-bias judgements for each domain are 
based on the reviewers’ answers to these signaling ques-
tions and finally yield an overall bias assessment for each 
study. Both individual domains and overall risk-of-bias 
judgement are categorized as “low risk of bias”, “high risk 
of bias”, or “some concerns”.

Two reviewers (XZ and LF) independently entered the 
study-related information into a macro-enabled excel 

file, where an algorithm was used to perform risk of bias 
assessment for each trial based on signaling question 
responses. After completing the assessment back-to-
back, a discrepancy check and discussion of disagree-
ments on the risk-of-bias judgements for each study are 
carried out by XZ and LF to obtain a consistent bias 
assessment result of each included trial ultimately. Fur-
ther details of the study’s risk of bias assessment process 
were presented in the Additional file 2.

Statistical analysis
Delirium incidence, the pre-specified outcome of inter-
est, is a dichotomous outcome, which was presented as 
risk ratios (RR) and 95% confidence intervals (95% CI). 
The random effects model and Mantel-Haenszel statisti-
cal method were selected to pool effect sizes across stud-
ies. I2 value was used to identify heterogeneity among 
studies. I2<50% was considered as low to moderate het-
erogeneity. When I2 is greater than 50%, heterogene-
ity among studies was considered to be substantial or 
considerable [27]. Thus, pre-specified subgroup analysis 
was conducted to explore the sources of heterogeneity. 
Factors considered for subgrouping included the type 
of surgery, administration time of dexmedetomidine, 
assessment methods of delirium, with or without load-
ing dose, and age of patients. Moreover, we performed a 
post hoc sensitivity analysis to test the robustness of the 
conclusion. Publication bias was evaluated using a funnel 
plot. Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) system was utilized 
to assess the quality of the final evidence, which catego-
rized the quality of evidence as high, moderate, low, or 
very low based on 5 factors, including risk of bias, incon-
sistency, indirectness, imprecision, and publication bias. 
The P value<0.05 was considered statistically significant.

All statistical analyses were conducted using Review 
Manager 5.3 and R Studio. The GRADE profiler version 
3.6 was employed to grade the quality of evidence.

Results
Study selection
Based on the pre-defined search strategy, a total of 741 
citations were initially retrieved from PubMed, Embase, 
Cochrane library, and Web of Science. In addition, 14 
citations were identified from previously published 
systematic reviews and meta-analyses. After remov-
ing duplicates, 709 citations were screened and 661 
documents were excluded according to their titles and 
abstracts. Subsequently, the remaining 48 articles were 
retrieved for full-text and assessed for eligibility, among 
which 32 trials were excluded for reasons including 
wrong study population (non-cardiac surgery with CPB/
pediatric/non-human) (n = 6), inappropriate study design 
(n = 12), not published in English (n = 1), retraction (n = 1), 
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and incorrect outcome (n = 12). Ultimately, 16 studies 
including 3381 participants were included in our system-
atic review and meta-analysis. A comprehensive overview 
of the study selection process was illustrated in Fig. 1.

Study characteristics
The meta-analysis contained 3381 participants, of whom 
1687 received dexmedetomidine and 1694 received 
control interventions, such as propofol, midazolam, 
morphine, remifentanil, placebo, or normal saline. Par-
ticipants in four trials were 60 years of age or older [28–
31], while participants in the remaining trials were adults 
[16, 25, 32–41]. Two trials exclusively enrolled patients 
undergoing coronary artery bypass grafting (CABG) with 
CPB [34, 38], two trials only included patients undergo-
ing valve surgery with CPB [32, 36], and the remaining 
12 trials encompassed patients undergoing CABG, valve 
surgery, aortic surgery, or a combination thereof [16, 
25, 28–31, 33, 35, 37, 39–41]. In most of trials, dexme-
detomidine was administered postoperatively [28–36, 
40], while in two trials, it was administered intraopera-
tively until skin closure or the end of surgery [25, 37]. The 
administration time of dexmedetomidine started after 
anesthetic induction or before the surgical incision and 

continued until separating the patients from the venti-
lator or until 24  h after the start of surgery in four tri-
als [16, 38, 39, 41]. Seven trials applied a loading dose of 
dexmedetomidine [25, 29, 30, 32, 33, 37, 38] and nine tri-
als did not [16, 28, 31, 34–36, 39–41]. Most studies used 
Confusion Assessment Method (CAM) or CAM for the 
intensive care unit (CAM-ICU) for delirium assessment 
[16, 25, 28–31, 33, 36, 39–41]. The incidence of postop-
erative delirium was the primary outcome in ten trials 
[16, 25, 28–33, 38, 39]. Further details regarding the char-
acteristics of all included trials were summarized in the 
Additional file 3.

Risk of bias in studies
Among the 16 studies included, overall risk of bias in five 
trials was assessed as low [16, 29, 31, 39, 41]and in three 
trials as some concerns [28, 33, 40]. Overall risk of bias 
in eight trials was judged high [25, 30, 32, 34–38], among 
which the risk of bias in 1 trial arose from the randomi-
sation process and measurement of the outcome [32], 5 
trials from the measurement of the outcome [25, 30, 35, 
37, 38], 1 trial due to deviations from intended interven-
tions [34], and 1 trial from three bias domains: deviations 
from intended interventions, missing outcome data, and 

Fig. 1  PRISMA flow diagram for study selection and inclusion
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measurement of the outcome [36]. The results of the risk 
of bias assessment for each included study are shown in 
Fig. 2.

Results of syntheses
The result of the meta-analysis including 3381 partici-
pants from 16 studies revealed that perioperative dex-
medetomidine reduced the incidence of delirium in 
patients undergoing cardiac surgery with CPB when 
compared to other sedatives, placebo, or normal saline 
(RR 0.57; 95% CI 0.41–0.79; P = 0.0009; I2 = 61%) (Fig. 3). 

Next, the priori subgroup analyses were conducted to 
explore potential sources of heterogeneity. Factors such 
as the administration time of dexmedetomidine (Fig. 4), 
type of surgery (Fig.  5), assessment method of delirium 
(Fig. 6), with or without a loading dose (Fig. 7), and age of 
patients (Fig. 8) were found to have no significant influ-
ence on heterogeneity. After excluding high-risk studies, 
the heterogeneity increased even further, reaching 70%. 
The conclusion, however, remained unchanged (RR 0.62; 
95% CI 0.39–0.97; P = 0.04; I2 = 70%) (see Additional file 
4). Subsequently, we performed a post hoc sensitivity 

Fig. 3  A forest plot for the incidence of delirium after cardiac surgery with CPB

 

Fig. 2  The risk of bias assessment for each included study using RoB 2
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analysis to examine the robustness of the pooled results. 
By sequentially eliminating each of the included studies 
and recombing effect sizes we found that the results did 
not change significantly (Fig.  9). Interestingly, exclusion 
of the randomized controlled trial conducted by Turan 
and his colleagues led to a significant reduction in het-
erogeneity among studies, from 60 to 35%. The asymme-
try observed in the funnel plot indicated publication bias 
(Fig. 10). Evaluation using the GRADE system indicated a 
very low quality of evidence for the assessment results in 
this systematic review and meta-analysis (see Additional 
file 5).

Discussion
Our meta-analysis drew a conclusion that administra-
tion of dexmedetomidine during the perioperative period 
reduced the incidence of delirium in patients undergoing 

cardiac surgery with CPB. However, due to the existence 
of risk of bias, inconsistency, and publication bias, the 
GRADE system assessed the quality of evidence as very 
low.

Delirium is one of the most common complications 
after surgery. Compared to the non-cardiac surgery, the 
incidence of postoperative delirium after cardiac surgery 
is extremely high, which may be attributed to the sys-
temic inflammatory response triggered primarily by CPB 
[42]. Postoperative delirium is not only associated with 
multiple short-term worse outcomes, but also emerges 
as an independent risk factor for long-term cognitive 
and functional decline, as well as poorer quality of life 
in patients after cardiac surgery [43]. Accordingly, early 
identification of patients at high risk and timely delivery 
of interventions could play a pivotal role in mitigating 
the incidence of postoperative delirium and improving 

Fig. 4  Subgroup analysis of the incidence of delirium according to the time of dexmedetomidine administration
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patient prognosis. Although there is no single pharma-
cological agent that can prevent and treat delirium, the 
Agitation/Sedation, Delirium, Immobility, and Sleep 
Disruption in Adult Patients in the ICU (PADIS) Guide-
lines recommend using dexmedetomidine for managing 
delirium with agitation that hinders extubation or wean-
ing off ventilation in mechanically ventilated adults in the 
ICU [44, 45]. Remimazolam, a novel ultra-short-acting 
benzodiazepine, has been approved for use in general 
anesthesia, procedural sedation, and long-term seda-
tion in recent years. It was reported that administration 
of remimazolam might mitigate the risk of postoperative 
delirium in children due to its favorable pharmacody-
namic and pharmacokinetic profile, indicating its poten-
tial as a promising drug for the prevention of delirium 
[46]. Its potential safety and efficacy in the induction and 
maintenance of anesthesia during cardiac surgery have 

gained expanding attention [47]. However, the impact of 
remimazolam on delirium incidence following cardiac 
surgery remains to be further explored. As a highly selec-
tive α2 adrenergic receptor agonist, dexmedetomidine 
has sedative, analgesic, and anxiolytic effects. Compared 
to other sedative drugs commonly used in clinical prac-
tice, dexmedetomidine possesses some unique pharma-
cological properties, including a lack of anticholinergic 
activity, the induction of a natural sleep-like state, reduc-
tion of opioid consumption, and suppression of systemic 
stress responses, which may explain its anti-delirium 
effects [48–50]. In addition, dexmedetomidine has been 
reported to improve arterial oxygenation during one-
lung ventilation in adult patients undergoing thoracic 
surgery [51]. The coronavirus disease 19 (COVID-19) 
caused by SARS-CoV-2 often affects the respiratory and 
central nervous system. COVID-19 patients with acute 

Fig. 5  Subgroup analysis of the incidence of delirium according to the type of surgery
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respiratory distress syndrome (ARDS) may require pro-
longed sedation for mechanical ventilation as well as 
ECMO support. Delirium is a common complication of 
prolonged sedation in critically ill COVID-19 patients. 
Given its anti-inflammatory properties and protective 
effects on vital organs, dexmedetomidine may be an ideal 
sedative drug for patients with COVID-19 [52]. Periop-
erative application of dexmedetomidine is considered to 
decrease the delirium incidence in patients undergoing 
cardiac and major non-cardiac surgery in several ran-
domized clinical trials [18, 49, 53], but controversy still 
exists [16, 17, 25, 50, 54]. Several meta-analyses published 
in recent years have underscored the efficacy of perioper-
ative dexmedetomidine in reducing delirium occurrence 
subsequent to cardiac surgery [20–24]. A systematic 
review of randomized trials examining the prevention 
and treatment of delirium following cardiac surgery 

found that dexmedetomidine seemed to be the most 
promising pharmacological strategy to reduce the occur-
rence of delirium after cardiac surgery [55]. Nevertheless, 
a meta-analysis conducted by Patel and his colleagues 
demonstrated that perioperative dexmedetomidine was 
not associated with decreased incidence of postoperative 
delirium after cardiac surgery when studies with high risk 
of bias were omitted [24]. Given that previous meta-anal-
yses included both off-pump and on-pump cardiac sur-
gery and new randomized controlled trials published in 
recent years, we attempted to update existing conclusions 
and explore the impact of dexmedetomidine on delirium 
incidence following cardiac surgery with CPB.

This is the first meta-analysis to evaluate the effect 
of dexmedetomidine on postoperative delirium inci-
dence in adult patients undergoing cardiac surgery with 
CPB. Notably, heterogeneity was relatively high across 

Fig. 6  Subgroup analysis of the incidence of delirium according to the assessment method of delirium
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included trials. The pre-specified subgroup analyses 
showed that administration time, assessment method, 
type of surgery,, with or without loading dose, and age 
of patients did not contribute to this heterogeneity. 
Even after excluding high-risk studies, the heterogene-
ity remained as high as 70%. Nevertheless, the combined 
results still indicated that dexmedetomidine could reduce 
the incidence of delirium, which is inconsistent with pre-
viously published meta-analysis results [24].

The result of subgroup analysis indicated that post-
operative administration of dexmedetomidine could 
effectively reduce the incidence of delirium, while intra-
operative or combined intra- and postoperative usage 
could not. A recent network meta-analysis further sup-
ported this, demonstrating that postoperative application 
of dexmedetomidine is the optimal time to prevent post-
operative delirium in patients undergoing cardiac surgery 
[56]. Hence, administering dexmedetomidine postopera-
tively in the ICU may be a reasonable option to effectively 
reduce delirium incidence after cardiac surgery. The inci-
dence of delirium between postoperative and intraopera-
tive administration of dexmedetomidine, while compared 

with perioperative application of dexmedetomidine, 
postoperative administration significantly reduced the 
delirium incidence [56]. However, it’s important to note 
that only three studies in this meta-analysis administered 
dexmedetomidine during the intraoperative period. Sim-
ilarly, our meta-analysis included only two trials where 
patients received intraoperative dexmedetomidine, both 
of which had a high risk of bias [25, 37]. Additionally, 
four studies investigated combined intra- and postopera-
tive usage of dexmedetomidine [16, 38, 39, 41], but the 
heterogeneity among these studies was high (I2 = 78%). 
Consequently, more well-designed and large-scale RCTs 
may be performed to explore whether intraoperative or 
combined intra- and postoperative application of dexme-
detomidine can prevent delirium in patients undergoing 
cardiac surgery with CPB.

Subgroup analysis based on the type of surgery 
revealed that patients receiving valve surgery and mixed 
cardiac surgery could benefit from the perioperative 
application of dexmedetomidine. However, unexpectedly, 
dexmedetomidine did not reduce the incidence of delir-
ium in patients undergoing CABG surgery with CPB. It’s 

Fig. 7  Subgroup analysis of the incidence of delirium according to with or without loading dose
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Fig. 9  Sensitivity analysis of the incidence of delirium by sequentially eliminating each of the included studies

 

Fig. 8  Subgroup analysis of the incidence of delirium according to age of patients
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worth noting that one of the studies included [34] did not 
primarily focus on delirium incidence, and another study 
[38] used the Richmond Agitation Sedation Scale (RASS) 
as a method for delirium assessment, which is not a vali-
dated screening instrument for delirium [44]. Moreover, 
both trials [34, 38] were relatively early studies with small 
sample sizes and high risk of bias, making their conclu-
sions less robust and in need of further validation. Simi-
larly, for valve replacement surgery under CPB, subgroup 
analysis from two previously published small-sample 
studies indicated a reduction in postoperative delirium 
incidence with dexmedetomidine. However, both trials 
were deemed high-risk, and in one of the studies, delir-
ium incidence was not the primary endpoint [32, 36]. 
Therefore, these results with respect to isolated CABG or 
valve surgery may not be broadly applicable. The major-
ity of studies included in our meta-analysis encompassed 
CABG, valve surgery, aortic surgery, or combined pro-
cedures. There is currently a lack of large-scale random-
ized controlled trials specifically assessing the effect of 
dexmedetomidine on postoperative delirium in isolated 
CABG or valve surgery. To address this gap, it may be 
necessary to design well-structured and larger-scale clini-
cal trials to assess the potential benefits of dexmedetomi-
dine on postoperative cognitive function after CABG or 
cardiac valve surgery. Such studies would help to further 
clarify which specific types of cardiac surgical procedures 
could benefit from the perioperative administration of 
dexmedetomidine.

We also performed a subgroup analysis based on 
the presence or absence of a loading dose. Among the 

included studies, seven trials administered dexmedeto-
midine with a loading dose, while nine trials did not. 
The results showed that perioperative dexmedetomidine 
infusion with a loading dose effectively reduced the inci-
dence of delirium in patients after cardiac surgery with 
CPB, whereas application without a loading dose had no 
significant effect. This result is inconsistent with the find-
ings of a previous meta-analysis, which concluded that 
dexmedetomidine infusion without a loading dose signif-
icantly decreased the incidence of delirium [22]. Never-
theless, several related clinical trials have been published 
since that meta-analysis, allowing our meta-analysis to 
incorporate more recent data, which may account for 
the difference in results. It is worth noting that the most 
common adverse effects of dexmedetomidine are brady-
cardia and hypotension, which frequently occur during 
or after short-term application of the loading dose [57]. 
Therefore, more rigorous clinical trials may be required 
in the future to determine the optimal regimen for dex-
medetomidine use in safely and effectively preventing 
postoperative delirium in cardiac surgery.

To explore whether delirium assessment tools con-
tributed to heterogeneity across studies, we conducted 
a subgroup analysis based on the different methods of 
assessing postoperative delirium. CAM is known for its 
high sensitivity and satisfactory specificity in detecting 
delirium in clinical settings, making it an efficient tool 
[58, 59]. The CAM-ICU, specifically validated for use in 
ICU settings, is one of the most reliable bedside instru-
ments for diagnosing delirium in critical ill patients, with 
a sensitivity of 100% and specificity of 98% [44]. Among 

Fig. 10  A funnel plot for publication bias
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the included studies in our meta-analysis, eleven trials 
used either CAM or CAM-ICU as the delirium assess-
ment tool [16, 25, 28–31, 33, 36, 39–41]. Two studies did 
not report which assessment tool was used [34, 37], and 
three applied other assessment instruments, including 
the Diagnostic and Statistical Manual of Mental Disor-
ders (DSM) and RASS [32, 35, 38]. The results indicated 
that dexmedetomidine exhibited a prophylactic effect on 
delirium after cardiac surgery, regardless of the delirium 
assessment tool employed. However, future trials may 
need to select appropriate and validated delirium assess-
ment tools to reduce the risk of bias.

A subgroup analysis was also conducted based on 
patient age. Subgroup of adult patients included studies 
where patients were older than 18 years of age, while sub-
group of old patients included only studies with patients 
older than 60 years of age. The results showed that peri-
operative administration of dexmedetomidine reduced 
the incidence of delirium independent of age. However, 
significant heterogeneity was observed within the group 
of adult patients, but not within the group of old patients. 
This result suggested to some extent that perioperative 
administration of dexmedetomidine may be particularly 
effective in reducing the incidence of delirium in elderly 
patients undergoing cardiac surgery with CPB. However, 
a recent study by Huet et al. found that an overnight infu-
sion of dexmedetomidine did not decrease postoperative 
delirium in elderly patients after elective cardiac surgery 
[60]. Therefore, more well-designed RCTs may be needed 
in the future to confirm which patient populations ben-
efit most from dexmedetomidine as well as the optimal 
time window of application.

Through a post hoc sensitivity analysis, we observed a 
significant decrease in heterogeneity among the included 
studies to 35% upon exclusion of a trial conducted by 
Turan and his colleagues [16]. Therefore, the study may be 
a source of heterogeneity. This trial enrolled 798 patients 
who underwent cardiac surgery with CPB and eventu-
ally an intention-to-treat analysis was performed on 794 
patients. Atrial fibrillation and delirium that occurred 
between ICU admission and the earlier postoperative day 
5 or hospital discharge were the coprimary outcomes. 
Results from this trial indicated that dexmedetomidine 
infusion did not reduce the incidence of atrial fibrillation 
or delirium in patients having cardiac surgery and even 
exacerbate delirium to some extent, albeit not signifi-
cantly (RR 1.48; 97.8% CI 0.99–2.23; P = 0.026 [P ≤ 0.022 
required for significance]), which could potentially be 
attributed to dexmedetomidine-induced hypotension. 
Compared to previous randomized controlled trials, this 
study was relatively rigorous in its design and execution 
process. Furthermore, a similar result was reported in 
a large-sample randomized controlled trial conducted 
among patients scheduled for heart valve surgery [25]. 

As such, more large-sample and well-designed random-
ized clinical trials were required to further determine the 
effects of dexmedetomidine on incidence of delirium fol-
lowing cardiac surgery.

Our meta-analysis has some limitations. Firstly, this 
meta-analysis included many early clinical trials with 
relatively small sample sizes, which possibly magnified 
the beneficial effects of dexmedetomidine. Secondly, the 
funnel plot showed the existence of publication bias. The 
researches with negative outcomes are less likely to be 
published, thus potentially leading to an overestimation 
of dexmedetomidine’s efficacy. Thirdly, in some trials, 
the incidence of delirium was designated as a secondary 
outcome, which was insufficient to provide convincing 
evidence for the efficacy of dexmedetomidine in reducing 
delirium frequency after cardiac surgery. Fourthly, the 
high heterogeneity among studies remains a notable con-
cern. Despite pre-specified subgroup analyses, we were 
unable to identify the source of this heterogeneity. How-
ever, post hoc sensitivity analysis revealed that exclusion 
of trials conducted by Turan et al. made the heterogene-
ity significantly lower, suggesting the influence of specific 
studies on overall heterogeneity. Fifthly, the method of 
delirium assessment is inconsistent across the included 
studies, which perhaps influences the final outcome. This 
inconsistency may introduce variability and affect the 
reliability of our findings.

Conclusions
In conclusion, our meta-analysis demonstrated that 
perioperative administration of dexmedetomidine could 
reduce the postoperative delirium occurrence in adult 
patients undergoing cardiac surgery with CPB. However, 
this finding should be interpreted with caution due to the 
aforementioned limitations. The evidence quality gener-
ated by this meta-analysis is deemed very low, indicat-
ing that the true value is likely to differ significantly from 
the estimated value. So, although this pooled result was 
aligned with the majority of previously published meta-
analyses [20–23], due to the discrepancies in the clinical 
and methodological aspects of currently published RCTs, 
further well-designed RCTs with larger sample sizes, 
standardized delirium assessment methods, and rigorous 
reporting practices are still needed to confirm the poten-
tial benefits of dexmedetomidine in cardiac surgery and 
clarify which surgical types of patients can benefit from 
dexmedetomidine and which timing and method of dex-
medetomidine use can prevent delirium in the future.
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