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Abstract
Background: Neuroprotective effects of dexmedetomidine are reported in preclinical and clinical studies but evidence regarding
the postoperative neurocognitive function is still unclear. This study performed a meta-analysis on outcomes of studies which
examined neurocognitive performance and inflammatory factors to investigate the effects of dexmedetomidine on postoperative
cognitive dysfunction (POCD) and inflammation in patients after general anaesthesia.

Methods: Literatures were searched in several electronic databases and studies were selected by following precise inclusion
criteria. We searched PubMed, EMBASE, the Cochrane Library, China Academic Journals full-text database (CNKI), and Google
Scholar to find randomized controlled trials (RCTs) of the influence of dexmedetomidine on POCD and inflammation in patients who
had undergone general anaesthesia. Two researchers independently screened the literature, extracted data, and evaluated quality of
methodology against inclusion and exclusion criteria. Meta-analyses of pooled ORs of POCD incidences and mean differences in
neurocognitive assessment scores and inflammation levels were carried out and subgroup analyses were performed. Stata 12.0 was
used to conduct our meta-analysis.

Results:Twenty-six RCTs were included. Compared with controls, perioperative dexmedetomidine treatment significantly reduced
the incidence of POCD (pooled ORs=0.59, 95% confidence interval (CI) 0.45–2.95) and improved Mini-Mental State Examination
(MMSE) score (standardized mean difference (SMD)=1.74, 95% CI 0.43–3.05) on the first postoperative day. Furthermore,
perioperative dexmedetomidine treatment significantly decreased IL-6 (SMD=�1.31, 95% CI �1.87–0.75, P< .001) and TNF-a
(SMD=�2.14, 95% CI �3.14–1.14, P< .001) compared to saline/comparators treatment. In the stratified analysis by surgical type,
age, type of control, and study region, the differences were also significant between dexmedetomidine- and saline-treated patients.

Conclusion: Perioperative dexmedetomidine treatment is associated with significantly reduced incidence of POCD and
inflammation and better neurocognitive function postoperatively in comparison with both saline controls and comparator
anaesthetics.

Abbreviations: AD = Alzheimer disease, CI = confidence interval, MMSE = Mini-Mental State Examination, ORs = odds ratios,
POCD = postoperative cognitive dysfunction, RCTs = randomized controlled trials, SMD = standardized mean difference.

Keywords: cognitive function, dexmedetomidine, general anesthesia, meta-analysis, postoperative cognitive dysfunction,
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1. Introduction

Postoperative cognitive dysfunction (POCD) which is character-
ized by short-term damage to cognitive abilities and involves
memory, mood, confusion, and sleep disorders is one of the most
common complications affecting the central nervous system after
general anaesthesia, especially in elderly patients.[1] Its clinical
manifestations include cognitive function disorder, personality
change, and memory impairment.[2] POCD often leads to
increased mortality, delayed recovery period, unexpected
complications, and prolonged hospitalization, and leads to
increased medical costs.[3] Even more importantly, this short-
term dysfunction can develop into permanent cognitive im-
pairment, such as Alzheimer disease (AD), can result in the loss of
an independent life for patients, and causes serious physical and
psychological harm post-operation.[4,5] The Mini Mental State
Examination (MMSE) is commonly used to evaluate cognitive
function postoperatively.[6] The incidence of POCD is approxi-
mately 10% to 12% and varies with clinical, demographic, and
surgical variables, as well as the interval between surgery and
assessment.[7] Consequently, POCD has become a crucial
concern for aesthesiologists. However, the mechanism by which
anaesthesia might provoke POCD and the influence of different
modes of anaesthesia on the incidence of POCD remain
unclear.[8]

Dexmedetomidine is a potent and highly selective transmem-
brane G protein coupled central a2-receptor agonist which
decreases central nervous system sympathetic outflow and
provides sedation and analgesia besides reducing blood pressure
and heart rate without respiratory depression.[9] Sleep electroen-
cephalographic studies have revealed that dexmedetomidine
sedation resembles S2 sleep in humans.[10] Moreover, opioid-
sparing effects of dexmedetomidine are well known. These
properties make it a suitable option for sedation in the intensive
care unit (ICU) and in perioperative conditions.
Preclinical studies with animal models have indicated that

dexmedetomidine provide neuroprotective effects and improve
cognitive function after surgery.[11,12] In clinical studies, many
have reported beneficial effects of dexmedetomidine in reducing
neurocognitive side effects while others could not observe the
similar results. In order to gain refined evidence, the present study
systematically reviews and meta-analyzes the outcomes of RCTs
which utilized dexmedetomidine with general anaesthesia
perioperatively.
2. Materials and methods

2.1. Inclusion and exclusion criteria

We identified RCTs of patients undergoing surgery under
general anaesthesia. The intervention in the experimental group
was a single or continuously-administered intravenous dose of
dexmedetomidine before and during anaesthesia; the control
groups received an intravenous injection of placebo or
comparator. The main outcome indicators in eligible studies
were the incidence of cognitive dysfunction on the first, third
and seventh postoperative day, MMSE score, and inflammation
levels (IL-6 and TNF-a) on the first postoperative day. We
excluded studies that lacked specific exclusion data or with only
figures and tables, duplicate publications, studies that used
formulations of dexmedetomidine that are not widely available,
studies with incomplete information or data, and articles for
which we could not obtain the full text. Furthermore, stratified
2

analyses by study region and type of control were also
performed to obtain an accurate result.

2.2. Search strategy

The present study was designed based on Cochrane guidelines for
systematic reviews of interventional studies. The present meta-
analysis includes only human subjects. Therefore an extensive
search was performed in the PubMed, Embase, the Cochrane
Library, Google Scholar, and China Academic Journals full-text
database (CNKI) up to April 2018 with the use of appropriate
combination of keywords related to dexmedetomidine and
POCD. An example of a search strategy that was used in PubMed
is as follows: ((“dexmedetomidine” or “Dex”) AND (“postop-
erative cognitive dysfunction” OR “POCD”)).
2.3. Literature screening, data extraction, and quality
assessment

Two authors (Y.W and K.LS) independently searched the
international literature for relevant studies to include in this
review. Authors attempted to search for both published and
unpublisheddata in order to exclude publication bias.Unpublished
data were not found and thus not included in this study. Titles and
abstracts were reviewed, and the studies that were potentially
relevant were each downloaded in full text form. Once the
manuscripts were downloaded, they were independently reviewed
by at least 2 co-authors. Any discrepancy as to whether or not to
include a study was resolved by the senior author (L.Y). Data were
recorded in a checklist designed on the basis of instructions in the
PRISMA statement. The collected data included the name of first
writer, publication year, country, sample size, age, surgical setting,
surgical site, administrations for patients, incidences of POCD,
MMSE,and inflammation levels. In somecases, the articles’authors
were contacted for supplementary data or further elucidation.
Information from articles by 2 participants who worked
independently was considered, and their findings and results were
compared later.Disagreements about studyeligibilitywere resolved
by group discussion. The information and data were entered in a
standard data extraction form and finally into Microsoft Excel.
2.4. Statistical analysis

We used Stata 12.0 to conduct the meta-analysis. For dichoto-
mous data, odds ratios (ORs) with 95% confidence intervals
(CIs) were used to express effect-size, while standardized mean
difference (SMD) and 95% CIs were used for continuous data.
First, we conducted a heterogeneity test (significance level a=
0.05) on included studies using the x2 test, and judged the extent
of heterogeneity in combination with the I2 test. A fixed effects
model was used to conduct the meta-analysis if no heterogeneity
(P> .05 and I2<50.0%) was found among the studies. If
significant heterogeneity (P�.05 or I2≥50.0%) was identified, we
sought its source. For studies with significant clinical heteroge-
neity, subgroup or sensitivity analysis was employed, while for
studies without distinct clinical heterogeneity, a random effects
model was carefully applied for the meta-analysis. Bias or
publication bias was evaluated as quality using funnel plots,
Egger regressions, and the Begg–Mazumdar correlation test.
Values of P< .05 were considered as valid for heterogeneity tests.
For statistical analyses, Stata (version 12.0) software was used.
All statistical tests were 2 sided.



Figure 1. Flowchart of the literature search.
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3. Results

The meta-analysis and report of the results were based on the
PRISMA checklist and the details are shown in Table S1, http://
links.lww.com/MD/C947. This report included all of the items in
the PRISMA checklist.
3.1. Selected articles

In the initial electronic search, 1317 potential articles were
identified. A manual search of the bibliographies and reference
lists of these articles identified 42 additional articles. Altogether,
1359 articles were identified through the literature search. After
the initial screening of abstracts and titles, 1295 articles were
excluded based on the inclusion criteria and 64 articles remained
for full text review. In a secondary screening and after a full-text
review, another 36 articles were excluded; 14 studies were not
related to POCD, 19 studies did not demonstrate the data on
dexmedetomidine, 3 studies reported in meta-analysis. However,
2 studies did not contain clear data. Twenty six studies were
selected for the final analysis after these exclusions.[13–38] A
flowchart of the study screening and selection process was given
in Figure 1.
3

3.2. Characteristics of Included Studies

All included studies were RCTs. In total, these studies involved
1438 participants treated with dexmedetomidine and 580 cases
treated with saline/comparator. The earliest study was published
in 2012 and the latest in 2018, and all of the studies were
published within the past 6 years. One study focused on the
association of dexmedetomidine levels and POCD in young
people (<18 years),[27] while 19 studies investigated the
association in old patients (>60 years). Dosage of dexmedeto-
midine was in the range of 0.5 to 1.5mg/kg body weight loading
followed by continuous infusion at a rate of 0.15 to 0.80mg/kg/h.
Table 1 shows detailed information of each of the included
studies, incorporating countries or districts, sample size, number
of cases, surgical setting, surgical site, administrations for
patients, incidence of POCD, and MMSE. Quality of the
included studies was generally moderate to good.
3.3. Postoperative MMSE score

Seventeen RCTs including 1654 patients reported MMSE score
on the first post-operative day. A random effects model was
employed for meta-analysis, and the results suggested that

http://links.lww.com/MD/C947
http://links.lww.com/MD/C947
http://www.md-journal.com
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Figure 2. Effect of dexmedetomidine treatment on MMSE score in patients with general anaesthesia. Forest plot of mean difference analyzed in random-effect
model at 95% confidence intervals (CI). MMSE = Mini-Mental State Examination.
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MMSE was significantly higher on the first postoperative day in
the dexmedetomidine group than the control group (SMD=
2.73, 95% CI 1.33–4.12, P< .001) (Fig. 2). In subgroup-
analyses, submeta-analyses of patients over 60 years of age led
to significant difference between dexmedetomidine group and
control group (SMD=1.69, 95% CI 0.99–2.38, P< .001).
Submeta-analyses of patients undergo major surgery suggested
significant difference between dexmedetomidine group and
control group (SMD=1.35, 95% CI 0.74–1.96, P< .001).
However, no difference of MMSE score was observed between
dexmedetomidine group and control group in patients with
orthopaedic surgery. Distinctly, dexmedetomidine treatment
was associated with better cognitive performance in compari-
son with saline treated controls. But submeta-analyses did
not show significant difference in MMSE score between
dexmedetomidine treatment and comparators treated group
(Table 2).
Table 2

Meta-analysis of the association between dexmedetomidine and MM

Comparison Groups Studies, n Number

All Overall 17 1654
Surgical type Major surgery 15 1453

Orthopaedic surgery 2 146
Age >60 years 11 1170
Type of control Dex vs Saline 14 1347

Dex vs Comparator 3 307

MMSE=mini-mental state examination, NA=not available, SMD= standardized mean difference.

5

3.4. Incidence of POCD

Eighteen RCTs including 1935 patients reported the incidence of
POCD on the first postoperative day. There was no substantial
heterogeneity between the studies (P= .39, I2=5.4%) (Fig. 3a). A
fixed effect model was therefore adopted for meta-analysis, and
the results showed that the incidence of POCD in dexmedeto-
midine group was significantly lower than controls (OR=0.49,
95% CI 0.39–0.63, P< .001). In subgroup-analyses by surgical
type, age, type of control and study region, lower incidence of
POCD in dexmedetomidine group compared to control group
was reported distinctly (Table 3).
Seven RCTs including 601 patients reported the incidence of

POCD on the third postoperative day. There was no substantial
heterogeneity between the studies (P= .54, I2=0%) (Fig. 3b). A
fixed effect model was therefore adopted for meta-analysis, and
the results suggested that the incidence of POCD in dexmede-
tomidine group was significantly lower than controls (OR=0.48,
SE score.

SMD 95% CI P I2 P

1.278 0.745, 1.811 <.001 95.7% <.001
1.354 0.744, 1.964 <.001 96.2% <.001
�0.041 �2.198, �2.116 .970 97.1% <.001
1.688 0.991, 2.384 <.001 96.2% <.001
1.570 1.009, 2.130 .043 95.0% <.001
�0.077 �1.123, 0.970 .886 94.7% <.001

http://www.md-journal.com


Figure 3. Prevention of POCD by dexmedetomidine in patients compared to controls on first, third, and seventh day. Forest plot of odds ratio, analyzed by Mantel–
Haenszel statistics in the random-effect model. Meta-analysis of the relationship on first day (Fig. 3a), third day (Fig. 3b) and seventh day (Fig. 3c), respectively.
POCD = postoperative cognitive dysfunction.

Table 3

Meta-analysis of the association between dexmedetomidine and POCD.

Comparison Groups Studies, n Number Pooled ORs 95% CI P I2 P

POCD on the first post-operative day
All Overall 18 1935 0.494 0.386, 0.631 <.001 5.4% .391
Surgical type Major surgery 13 1436 0.494 0.376, 0.649 <.001 22.6% .215

Orthopaedic surgery 5 499 0.491 0.281, 0.856 .012 0 .652
Age > 60 years 14 1605 0.504 0.382, 0.665 <.001 19.8% .238
Type of control Dex vs. Saline 17 1783 0.498 0.388, 0.639 <.001 10.1% .336

Study region Asia 15 1343 0.449 0.338, 0.597 <.001 0 .799
POCD on the third post-operative day
All Overall 7 601 0.475 0.287, 0.786 .004 0 .538
Surgical type Major surgery 5 404 0.468 0.263, 0.834 .01 20.7 .283

Orthopaedic surgery 2 197 0.498 0.179, 1.381 .18 0 .955
POCD on the seventh post-operative day
All Overall 7 606 0.341 0.192, 0.606 <.001 0 .498
Surgical type Major surgery 3 198 0.182 0.038, 0.867 .032 0 .909

Orthopaedic surgery 4 408 0.385 0.206, 0.718 .003 12.4% .331
Age > 60 years 6 544 0.357 0.196, 0.649 .001 1.1% .4
Type of control Dex vs Saline 6 455 0.324 0.164, 0.639 .001 8.5% .358

Dex=dexmedetomidine, NA=not available, POCD=postoperative cognitive dysfunction, SMD= standardized mean difference.
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Figure 4. Reduction of inflammation by dexmedetomidine in patients compared to controls. Forest plot of odds ratio, analyzed by Mantel–Haenszel statistics in the
random-effect model. Meta-analysis of the effect on TNF-a (Fig. 4a) and IL-6 (Fig. 4b), respectively.

Yang et al. Medicine (2019) 98:18 www.md-journal.com
95% CI 0.29–0.79, P= .004). In subgroup-analyses by surgical
type, significantly lower incidence of POCD in dexmedetomidine
group compared to control group was showed in patients
undergone major surgery, but similar results were not found in
patients undergone orthopaedic surgery (Table 3).
7

Seven RCTs including 606 patients reported the incidence of
POCD on the seventh postoperative day. There was no
substantial heterogeneity between the studies (P= .50, I2=0%)
(Fig. 3c). Again, a fixed effect model was adopted for meta-
analysis, and the results showed that the incidence of POCD in

http://www.md-journal.com


Table 4

Meta-analysis of the association between dexmedetomidine and inflammation.

Comparison Groups Studies, n Number SMD 95% CI P I2 P

TNF-a
All Overall 3 238 �2.139 �3.140, �1.138 <.001 86.2% .001

IL-6
All Overall 8 705 �1.309 �1.865, �0.752 <.001 90.7% <.001
Age >60 years 4 405 �0.863 �1.725, �0.001 .049 93.9% <.001
Surgical type Major surgery 7 645 �1.499 �2.019, �0.978 <.001 87.8% <.001

NA=not available, SMD= standardized mean difference.

Yang et al. Medicine (2019) 98:18 Medicine
dexmedetomidine group was significantly lower than controls
(OR=0.34, 95% CI 0.19–0.61, P< .001). In subgroup-analyses
by surgical type, age, type of control, and study region, lower
incidence of POCD in dexmedetomidine group was reported
compared to control group (Table 3).
3.5. Inflammation levels

A total of 3 studies (n=238 subjects, 12 patients and 206
controls) and 8 studies (n=705 subjects, 367 patients and 338
controls) which measured the level of TNF-a and IL-6,
respectively in controls and in patients before treatment, were
included in our meta-analysis. Using the random-effects model,
we found statistically significant effects of antidepressant
treatment on TNF-a (SMD=�2.14, 95% CI �3.14–1.14,
P< .001) and IL-6 levels (SMD=�1.31, 95% CI �1.87–0.75,
P< .001) (Fig. 4). There was high heterogeneity in the studies that
measured changes in TNF-a and IL-6 levels. In subgroup-
analyses by surgical type and age, reduced inflammation levels in
dexmedetomidine group compared to control group were
reported distinctly (Table 4).
Figure 5. Funnel plot of studies that examined the association between dexmede

8

3.6. Analysis of publication bias

The funnel plot was symmetrical, suggesting that there was no
publication bias (Fig. 5). Further subgroup analyses, on the basis
of the types of surgery and surgical sites, had little effect on the
pooled results.

4. Discussion

As the trend of aging population aggravates, more and more
elderly patients are undergoing surgery, and are therefore
exposed to the risk of POCD. The incidence of POCD in elderly
patients is high, and there is increasing interest in identifying
strategies to prevent POCD, given its consequences. The cause of
POCD is still uncertain. Some investigators have reported that the
main symptoms of POCD include decreased memory and
degeneration of intelligence.[39,40] Mild POCD may prolong
hospitalization and increase the costs of care along with changes
in memory, intelligence, verbal ability, personality, and sociabili-
ty which may lead to patients’ inability to engage with work and
life activities.[41] Severe POCD may cause patients to lose the
ability to speak, bring about personality change and AD, and
tomidine treatment and MMSE score. MMSE = Mini-Mental State Examination.
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impair their capacity for self-care. Although POCD is common,
its pathophysiologic mechanism is poorly understood.
Our meta-analysis suggested that dexmedetomidine can

significantly reduce the incidence of early POCD in patients and
improve postoperative MMSE score. It acts at the locus coeruleus
in the brain stem, which contains the highest concentration of a2
adrenoceptors.[42] By regulating neurotransmitter release, the
locus coeruleus is critical for coordination of waking and sleeping,
and is the source of noradrenergic pathways from the medulla
oblongata to the spinal cord.[43,44] By acting on a2 adrenoceptors
in the brain and spinal cord, dexmedetomidine inhibits neuronal
discharge, thus inhibiting the effects of sympathetic nervous system
activity.[27] An association between POCD and the inflammatory
response has also been reported. Studies examined whether
systemic inflammation in response to surgical trauma gives rise to
subsequent memory impairment and hippocampal inflammation
in a mouse model of orthopaedic surgery, and found that
inflammation played a critical role in the pathogenesis of POCD
and could be reversed by nonspecific inhibitor of inflamma-
tion.[45,46] The trauma of surgery stimulates the immune cascade
and the release of inflammatory mediators, which may then
provokePOCD.Anumber of animal experiments have shown that
dexmedetomidine can reduce inflammation, which may also
explain how it reduces the incidence of POCD.[47,48] An important
findingof the current study is that dexmedetomidine treatmentwas
associated with significantly better neurocognitive performance in
patients over 60 years of age. Furthermore, meta-regression
analyses could also find significant association between age and
neurocognitive performance in dexmedetomidine treated patients.
Previous studies have suggested that intraoperative dexmedeto-
midine is associated with significant reductions proinflammatory
cytokines and significant stress alleviating (cortisol reducing)
properties.[31,33] Both the effects can be more beneficial in the
elderly. Whether these results suggest that dexmedetomidine is
more effective in elderly patients is subject to further investigations
with larger datasets.
Overall, our results are similar to meta-analyses of risk ratios

carried out by Pasin et al and Zhou et al who found that
dexmedetomidine treatment was associated with reduced inci-
dence of delirium, agitation and confusion, and increasedMMSE
score in comparison with both saline treated or comparator
anesthetic treated patients.[49,50] Pasin et al used studies with
incidence (binary) data and Zhou et al used studies with MMSE
score (continuous) data, whereas, we have meta-analyzed studies
with both continuous and binary data. Neurocognitive assess-
ment was carried out mainly with CAM-ICU in their eligible
studies. In our meta-analysis, POCD incidences and MMSE
scores were the most utilized indicators, besides inflammatory
factors were also analyzed in current meta-analysis.
POCD is a complicated entity with subjective variability and

numerous contributing factors. The best treatment for POCD is
prevention, with early recognition and management of potential
perioperative risk factors. Preventive strategies should involve close
collaboration between surgeons, anesthesiologists, and geriatri-
cians in order to reduce the total hospital stay by choosing the
optimumsurgical techniqueof short duration as amean todecrease
inflammatory response. The causes and current preventive
strategies are grouped into patient-, surgical-, and anesthesia-
related factors. Age, educational level, mental health, and
comorbidities are contributory patient factors. The duration and
complexity of surgery increase the incidence and severity of POCD.
Research is in progress to investigate the biomarkers of neural
9

injury in POCD. Biomarkers such as inflammatory cytokines,
amyloid-b, and tau deposition in the cerebrospinal fluid have
gained attention. Pharmacological strategies developed for symp-
tomatic treatment of Alzheimer disease could be of importance in
treating POCD. Cholinergic neurons are strongly impaired in
Alzheimer disease, and 4 cholinesterase inhibitors (tacrine,
rivastigmine, galantamine, and donepezil) have been licensed to
slow down the breakdown of acetylcholine in the synaptic clefts,
thereby improving cognitive processes. These agents are effective in
reducing cognitive impairment and improving activities of daily
living; however, their effectiveness in POCD is yet to be proved.
Our studyhad several limitations. The number of studies and the

combined sample size were relatively small, and the doses and
methods of administration of dexmedetomidine given to patients
varied substantially. The included studies’ inclusion and exclusion
criteria, body weight, anesthetic doses, test methods of inflamma-
tion levels, and consequently the characteristics of the patient
cohorts, were also varied, which might have resulted in
heterogeneity. Clinical heterogeneity of the sample population
can also impact the results of a meta-analysis examining the
dexmedetomidine’s efficacy in overcoming post-anaesthesia
neurocognitive dysfunction. Besides age, duration of delirium,
severity and type of surgery, preoperative benzodiazepines use,
trauma, duration of surgery, preoperative delirium or coma,
dementia, hypertension, mechanical ventilation, and low educa-
tion level are also recognized as risk factors for postoperative
neurocognitive dysfunction. High statistical heterogeneity in some
comparisons of the present study may underlie above-mentioned
factors of clinical and methodological heterogeneity. Diagnosis of
POCD was confirmed by performing baseline cognitive perfor-
mance tests prior to surgery and comparing the cognitive status
following surgery. Different studies had different definition of
POCD, which might lead to high heterogeneity in current study.
In conclusion, dexmedetomidine can ameliorate the postoper-

ative cognitive functions of patients who received surgical
operations under general anesthesia, and effectively decrease the
incidence of POCD and inflammation level without any obvious
or severe adverse reaction. Thus, it can serve as a kind of adjuvant
drug for general anesthesia in clinical practice.
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