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Dexmedetomidine May Reduce IL-6 Level
and the Risk of Postoperative Cognitive
Dysfunction in Patients After Surgery: A
Meta-Analysis
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Abstract
Dexmedetomidine (DEX) was widely used in clinical work. However, the effectiveness of DEX on postoperative cognitive
dysfunction (POCD) was still need to be confirmed. The aim of this meta-analysis was to explore whether DEX can reduce the
incidence of POCD on the first day and seventh postoperative day. The results showed that lower incidence of POCD associated
with DEX treatment on the first (odds ratio [OR]: 0.41; 95% confidence interval [CI]: 0.31-0.54) or seventh postoperative day
(OR: 0.53; 95% CI: 0.36-0.77). Mini-Mental State Examination scores on the first (mean difference [MD]: 4.67; 95% CI: 1.72-7.63)
and seventh postoperative days (MD: 3.71; 95% CI: 2.51-4.90) were higher in DEX use group than that in physiological saline
group. Meanwhile, neuron-specific enolase (NSE; MD: �3.99; 95% CI: �6.20 to �1.78) and interleukin 6 (IL-6) levels (MD:
�17.53; 95% CI: �21.51 to �13.54) on the first postoperative day in DEX group were lower than that in the physiological saline
group. This meta-analysis suggested that DEX use could reduce the risk of POCD and the reduction in levels of NSE and IL-6 can
improve long-term cognitive dysfunction and anti-inflammation.
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Introduction

Postoperative cognitive dysfunction (POCD) is a serious com-

plication of anesthesia and surgery. The symptoms associated

with POCD include confusion, anxiety, personality changes,

and impaired memory.1 Postoperative cognitive dysfunction

is associated with increased mortality, prolonged hospital stays,

increased postoperative complications, and worse short-term

quality of life.2,3 Although most frequent after cardiac surgery,

studies indicate a POCD incidence of 7% to 40% and 7% to

15% 1 and 3 months postoperatively, respectively, for noncar-

diac procedures.4 Existing studies confirmed that the incidence

of POCD is not significantly different between general and

regional anesthesia5 and different types of surgery.6 Although

the exact etiopathogenesis of POCD remains unknown, the

majority of researchers consider that neuroinflammation

plays an important role in the development of POCD. Previ-

ous studies have shown that inhalation anesthesia7 and sur-

gery7,8 induce neuroinflammation through disruption of the

blood–brain barrier (BBB) and migration of macrophages into

the brain.

Dexmedetomidine (DEX), a highly selective a2-receptor

agonist, is a useful adjuvant during general anesthesia that

promotes hemodynamic stability and decreases the required

doses of anesthetics and analgesics.9 Recent data have shown

that DEX protects against tissue damage through anti-

inflammatory pathways10 because DEX reduces the expression

of various inflammatory molecules, including interleukin 6

(IL-6) and tumor necrosis factor-a.11 Although DEX may
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relieve central nervous system (CNS) damage through antiox-

idant12 and anti-inflammatory pathways, how DEX reduces the

POCD rate remains uncertain. We conducted a meta-analysis

to determine the association between DEX and physiological

saline with the incidence of POCD.

Materials and Methods

This meta-analysis was conducted and reported according to the

2016 Preferred Reporting Items for Systematic Review and Meta-

Analysis statement.13 Ethical approval for this study was not

necessary because the study was a review of existing literature

and did not involve the processing of any individual patient data.

Search Methods

Two review authors (D.L. and Y.S.) independently searched

the PubMed, EMBASE, and Web of Science databases using

MeSH terms combined with text words and full texts of suit-

able studies that were retrieved without language restriction.

The online literature was searched from database inception

until April 30, 2019. The online literature was searched using

the following combination of medical subject heading terms:

“POCD” or “postoperative cognitive dysfunction” or

“cognitive” or “cognitive dissonance” and “surgery” or

“postoperative” and “dexmedetomidine.” Discrepancies

between 2 authors were resolved through discussion until

reaching a general consensus.

Study Selection and Eligibility Criteria

Two reviewers (D.L. and Y.S.) independently screened the

search results and identified studies that were potentially rele-

vant based on the title and abstract. Relevant studies were read in

full text and selected according to eligibility criteria. The fol-

lowing elements were used to define the eligibility criteria: (1)

study contains 2 groups: control and case group, (2) participants

(adult patients undergoing surgery), (3) comparisons (intrao-

perative DEX vs saline control), (4) primary outcome (incidence

of POCD), and secondary outcomes (Mini-Mental State Exam-

ination [MMSE] score and neuron-specific enolase [NSE] and

IL-6 levels). The exclusion criteria were as follows: (1) only

have case group but no control group; (2) reviews, letters,

abstracts, or editorials; and (3) studies that reported insufficient

data. Patients using DEX compared with other sedative agents

(benzodiazepines, midazolam, and propofol) were excluded.

Data Synthesis and Data Analysis

The following data were extracted from the included studies on

an Excel spreadsheet (Microsoft Corporation, Washington,

USA): authors’ names, year of publication, American Stan-

dards Association (ASA) classification, mean age, sample size,

and type of surgery. A random effects model was used to define

all pooled outcome measures, as described by DerSimonian

and Laird.14 The effect size of an intervention, risk ratios with

95% confidence intervals (CIs) were calculated for

dichotomous data. The mean difference (MD) and the associ-

ated 95% CI were calculated for continuous variables using the

same methodology. Heterogeneity was measured and

expressed as I2, with an I2 > 50% indicating significant hetero-

geneity.15 The percentage of total variation across studies

reflected heterogeneity rather than chance. The absence of sta-

tistical heterogeneity was indicated by a value of 0%, whereas

larger values indicated increasing heterogeneity. A fixed-effect

model was used for statistical analysis when there was no sig-

nificant statistical heterogeneity (P > .1 and I2 < 50%). Anal-

yses were conducted using Review Manager (version 5.3; The

Cochrane Collaboration, Copenhagen, Denmark). The quality

of the included studies was evaluated by the Newcastle-Ottawa

Scale.

Results

Retrieved Studies

Based on our search strategy, 165 potentially eligible records

were identified. The titles and abstracts of these records were

screened for inclusion. Exclusion at this stage resulted from

articles that clearly did not meet the inclusion criteria and

therefore being not deemed potentially relevant. Finally, 13

full-text articles were assessed for eligibility. We found that

2 articles reported on identical patient samples; therefore, we

selected 1 article for each patient sample for inclusion. In total,

11 studies were included in our analysis16-26 (Figure 1).

Basic Features and Quality Assessment
of Included Studies

Overall, data from 1400 patients were analyzed in this systema-

tic review and meta-analysis; 751 patients received DEX and

689 patients received saline. Eight studies16-19,22,24-26 included

elderly people (�65 years of age), 2 studies20,23 involved

middle-aged people, and 1 study21 primarily involved children

or students from the general population (Table 1). The ASA

classification of all patients was lower than IV. Studies

involved in this analysis included different surgical procedures

(abdominal, lower extremities, cardiovascular, eyes, and other

minor surgeries) but did not report the outcomes separately for

each procedure (Table 1).

Primary Outcome

Pooling data from 11 studies demonstrated a significant reduc-

tion in the risk of POCD associated with the administration of

DEX on the first (odds ratio [OR]: 0.41; 95% CI: 0.31-0.54; P <

.0001; I2 ¼ 0%; Figure 2) and seventh postoperative days (OR:

0.53; 95% CI: 0.36-0.77; P ¼ .008; I2 ¼ 0%; Figure 3).

Secondary Outcomes

A total of 550 participants (DEX group [n ¼ 310] and physio-

logical saline group [n ¼ 240]) from 6 studies were eligible. A

random effects model was used with an I2 of 95%. This finding
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suggested that DEX patients had an impaired MMSE score

compared with physiological saline patients on the first (MD:

4.67; 95% CI: 1.72-7.63) and seventh postoperative days (MD:

3.66; 95% CI: 0.36-0.77; Figure 4). Heterogeneity was high in

the subgroup with MMSE scores on the first (w2 ¼ 73.08; P ¼
.002; I2¼ 96%) and seventh postoperative days (w2 ¼ 63.52; P

< .00001; I2 ¼ 94%).

In addition to the incidence of POCD, the NSE levels were

also measured in the included studies. Three studies reported

NSE levels on the first postoperative day. A random effects

model was used with an I2 of 87%, and the results suggested

that the NSE levels were significantly lower on the first post-

operative day in the DEX group than the physiological saline

group (MD: �3.99; 95% CI: �6.20 to �1.78; Figure 5). Het-

erogeneity was high in the NSE levels (w2 ¼ 15.60; P ¼ .0004;

I2 ¼ 87%). As a result of the small number of trials, further

subgroup analysis was not conducted.

The IL-6 levels were reported in 6 trials. A random effects

model was used with an I2 of 77%, and the results were signif-

icantly lower in the DEX group than the physiological saline

group (control group) on the first postoperative day (MD:

�17.53; 95% CI: �21.51 to �13.54), as shown in Figure 6.

Heterogeneity was high in the IL-6 levels (w2 ¼ 21.82;

P¼ .0006; I2¼ 77%). As a result of the small number of trials,

further subgroup analysis was not conducted.

Publication Bias

A funnel plot of the 7 studies reporting an incidence of POCD

did not suggest publication bias (Figure 7), with all the studies

within the 95% CI of the funnel.

Discussion

Based on this meta-analysis, evidence from studies showed that

DEX is a potential effective treatment for reducing the inci-

dence of POCD and increasing the MMSE score. Comparisons

of DEX with physiological saline alternatives suggested that

reducing the IL-6 and NSE levels may be beneficial for anti-

inflammation and neuroprotection.

Neuron-specific enolase, which is secreted by the neurons or

neuroendocrine cells, is an enzyme that catalyzes the conver-

sion of 2-phospho-D-glycerate to phosphoenolpyruvate in the

glycolytic pathway. Neuron-specific enolase has potential use

as an indicator of cognitive decline and is beneficial for peri-

operative care and identification of individuals at risk of long-

Figure 1. Summary of the process for identifying candidate studies. Inclusion and exclusion criteria were described in the study selection and
eligibility criteria. POCD indicates postoperative cognitive dysfunction.
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term cognitive dysfunction.27 Our included studies observed

the incidence of POCD and NSE level in DEX group was

significantly lower than the control group within the first day

postoperatively, which suggested that DEX may attenuate

POCD by inhibiting the generation of NSE.

Neuroinflammation has a substantial role in the pathogen-

esis of POCD.28 Pro-inflammatory cytokines can upregulate

COX-2 in neurovascular endothelial cells and disrupt BBB

permeability,29 allowing pro-inflammatory cytokines to enter

the CNS. Interleukin 6 has been found in hippocampal tissue

Table 1. Characteristics of the Included Studies.

Author
(Publication
Year)

Dexmedetomidine (Experimental) Physiological Saline Group (Control)

Surgical Setting

Newcastle-
Ottawa
ScaleHeadcount Age (Years)

ASA
Classification

(I/II/III, n) Headcount Age (Years)

ASA
Classification

(I/II/III, n)

Li et al24 20 65.8 + 4.28 22/18/0 20 66.1 + 3.96 9/11/0 Femoral head replacement 8
Xu et al20 40 51.03 + 6.39 16/15/9 40 48.83 + 6.52 19/13/8 Orthotopic liver

transplantation
6

Ding et al19 50 69.7 + 4.4 28/19/3 50 73.9 + 6.3 24/24/2 Robot-assisted
laparoscopicradical
prostatectomy

6

Cheng
et al25

269 71 + 5.6 196/69/4 266 70 + 4.2 195/68/3 Gastrointestinal laparotomy 8

Zhang
et al17

20 72.3 + 5.6 5/13/2 20 71.5 + 4.4 4/14/2 Laparoscopic surgery 7

Chen et al16 59 66.2 + 7.5 28/31/0 63 67.9 + 6.6 29/34/0 Laparoscopic
cholecystectomy

7

Gong et al23 40 42.3 + 1.6 18/14/8 40 42.4 + 1.5 20/18/2 Coronary artery bypass
grafting

8

Chen et al18 87 70.6 + 4.2 31/47/9 61 71.4 + 4.9 22/32/7 Fracture surgery; prostate
removal; gallbladder
surgery; radical resection
of rectal carcinoma

6

Xu et al22 48 71.89 + 31.36 30/18/0 48 72.06 + 32.17 29/19/0 Laparoscopic ovarian
cystectomy

7

Jia et al21 31 13.3 + 5.5 16/15/0 31 12.4 + 5.3 19/12/0 General anesthesia 7
Mansouri

et al26
50 66.5 + 1.6 40/10/0 50 64.02 + 7.25 43/7/0 Cataract surgery 7

Abbreviation: ASA, American Standards Association.

Figure 2. The forest plot: the incidence of POCD of dexmedetomidine versus physiological saline group on the first postoperative day. POCD
indicates postoperative cognitive dysfunction; total, all surgical patients.
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and cerebrospinal fluid following surgical trauma, suggesting a

breakdown in the BBB. Available evidence has shown that

peripheral surgery can induce the release of pro-

inflammatory cytokines, such as IL-6, which could enter the

brain to cause further neuroinflammatory responses and brain

injury.30 In addition, serum IL-6 levels among individuals are a

significant correlate of memory performance.31 Furthermore,

IL-6 is strongly expressed in the hippocampus, which is well

placed to modulate memory after manipulations in the periph-

ery.32 The relationship between DEX reduction in the inci-

dence of POCD and the decrease in the IL-6 level requires

more research to further reveal the function of IL-6 in memory.

Figure 3. The forest plot: the incidence of POCD of dexmedetomidine versus physiological saline group on the seventh postoperative day.
POCD indicates postoperative cognitive dysfunction; total, all surgical patients.

Figure 4. The forest plot: MMSE score of dexmedetomidine versus physiological saline on the first and seventh postoperative day. MMSE
indicates Mini-Mental State Examination.

Figure 5. The forest plot: NSE level of dexmedetomidine versus physiological saline group on the first postoperative day. NSE indicates neuron-
specific enolase.

Lei et al 5



As a potent a2-adrenergic agonist, DEX acts on the locus

caeruleus of the brain and stimulates the presynaptic a2-

adrenoceptors, thus inhibiting the release of noradrenaline

at the sympathetic synapses.33 The reduction in norepi-

nephrine induces the release of neurotransmitters, including

g-aminobutyric acid and galanin by the ventrolateral preop-

tic nucleus. These neurotransmitters further inhibit norepi-

nephrine release by the locus ceruleus and suppress

histamine secretion by the tuberomamillary nucleus.34

Reducing the release of histamine is beneficial to inflamma-

tion caused by tissue damage. In addition, DEX suppresses

microglia-mediated release of nitric oxide, interleukin 1b,

monocyte chemoattractant protein-1, prostaglandin E2, and

other factors integral to the pro-inflammatory cascade,

which play an integral role in the pro- and anti-

inflammatory cascades.35 Dexmedetomidine possesses an

anti-inflammatory effect reducing the central sympathetic

outflow and surgical stress response. All these findings indi-

cate that the intraoperative use of DEX can reduce the inci-

dence of POCD after surgery.

This review had several limitations. First, only 11 articles

involving 1400 patients were selected; the sample sizes of these

studies were relatively small. Second, it was not possible to

assess the long-term associations of DEX with POCD because

no trial followed patients for >3 months. Third, none of the

included studies provided rates of developing DEX use disor-

der and doses of other a2-receptor drugs used during surgery.

Conclusions

This meta-analysis showed that DEX use was associated

with reduction in the incidence of POCD and increased the

MMSE score compared to physiological saline group. The

reduction in NSE and IL-6 levels suggested that DEX may

be beneficial for long-term cognitive dysfunction and anti-

inflammation.
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