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Abstract \\
Background: This meta-analysis aimed to evaluate the effect of dexmedetomidine on prognosis in patients with sepsis.
Methods: Computer-related electronic databases were searched, including PubMed, Embase, Web of Science, the Cochrane
Library, and the China National Knowledge Infrastructure, from the date of database construction to January 2019. Stata 12.0 was
used to perform a meta-analysis of short-term mortality [intensive care unit (ICU) mortality or 28-day mortality], ICU length of stay, and
mechanical ventilation. Mortality was expressed using risk ratio (RR) and 95% confidence interval (Cl). ICU length of stay and
mechanical ventilation were expressed as weighted mean difference (WMD) and 95% Cls.

Results: We finally included 8 randomized controlled trials in this meta-analysis. Compared with the control group, the
dexmedetomidine group had a lower occurrence of 28-day mortality (RR, 0.49; 95% Cl, 0.35 to 0.69; P=.000) and ICU mortality
(RR, 0.44; 95% CI, 0.23 to 0.84; P=.013). However, there was no statistically significant difference for the length of hospital stay
(WMD, —0.05; 95% ClI, —0.59 to 0.48; P=.840) and mechanical ventilation time (WMD, 1.05; 95% Cl, —0.27 to 2.37; P=.392)
between dexmedetomidine group and control group.

Conclusions: In patients with sepsis, dexmedetomidine can reduce the short-term mortality of patients, but could not shorten the
ICU length of stay and mechanical ventilation time. More clinical randomized controlled trials are needed to verify the efficacy and
safety of dexmedetomidine on the length of hospital stay and mechanical ventilation time.

Abbreviations: APACHE = Acute Physiology and Chronic Health Evaluation, Cl = confidence interval, ICU = intensive care unit,
PRISMA = Preferred Reporting ltems for Systematic Reviews and Meta-Analyses, RCTs = randomized controlled trials, RR = risk

ratio, WMD = weighted mean difference.
Keywords: dexmedetomidine, meta-analysis, sepsis

1. Introduction

Sepsis is the systemic inflammatory response syndrome caused by
infection.!"*! Despite advances in supportive care, the mortality
rate in patients with severe sepsis continues to exceed 30%.[!
Sepsis is characterized by inflammatory response, including
tumor necrosis factor-o, interleukin 1B, and interleukin-6.*"!
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Studies have shown that reduced levels of serum inflammatory
factors could improve patient mortality.[®!

Dexmedetomidine, a highly selective a2-adrenergic agonist, is
a unique sedative agent compared with y-aminobutyric acid
receptor agonists.!”*! Compared with other sedative drugs,
dexmedetomidine has not only excellent sedative and analgesic
effects, but also less inhibition effects on respiratory and
circulatory function.””! Dexmedetomidine also has effects on
inhibiting inflammatory response and protecting organ func-
tion."% Several randomized controlled trials (RCTs) have
compared dexmedetomidine to placebo."?! Many of these
trials contained relatively small cohorts and demonstrated
inconsistent outcomes. This uncertainty leads to the determina-
tion of whether to adopt dexmedetomidine for treatment sepsis.

Thus, we undertook a meta-analysis to evaluate whether
dexmedetomidine is superior to placebo with respect to 28-day
mortality, intensive care unit (ICU) mortality, length of hospital
stay, and mechanical ventilation time. We hypothesized that
dexmedetomidine results in 28-day mortality and ICU mortality
than placebo in sepsis or septic shock patients.

2. Materials and methods

The meta-analysis was based on the Cochrane Handbook for
Systematic Reviews of Interventions''®! and was prepared in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses checklist guidelines.!'¥ Ethical
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approval is unnecessary because it is a review of previously
published articles and does not involve any treatment of
individual patient data.

2.1. Search strategy

PubMed, Embase, Web of Science, the Cochrane Library, and the
China National Knowledge Infrastructure were systematically
conducted up to January 2019. All of the comparative studies
were involved in sepsis or septic shock patients. The following
keywords were used: “septic,” “septic shock,” “Toxic Shock,”
“Toxic Shock Syndrome,” “dexmedetomidine,” “MPV-1440,”
“MPV 1440,” “MPV1440,” “Precedex,” “Dexmedetomidine
Hydrochloride,” and “Hydrochloride.” There are no language or
geographical restrictions.

2.2. Inclusion criteria

The meta-analysis met the following criteria: the target
populations were patients diagnosed with septic or septic shock;
the intervention was dexmedetomidine and comparison study
was administration with saline or placebo; the study design
performed RCTs; and the outcomes were the 28-day mortality,
ICU mortality, length of hospital stay, and mechanical ventilation
time. Studies that report at least 1 result were included, and those
without results were excluded. The duplicates of published
literature, letters, comments and letters, and comments and
abstracts were excluded.

2.3. Assessment of methodological quality

Two reviewers independently assessed the methodological
qualities of the study using the Cochrane Collaboration for
Systematic Reviews. The 7 items were sequence generation,
allocation sequence concealment, blinding of participants and
personnel, blinding of the outcome assessment, incomplete
outcome data, selective reporting, and other biases. The overall
methodological quality of each aspect was measured as “low risk
of bias,” “high risk of bias,” and “unclear risk of bias” according
to the Cochrane Handbook.!3!

2.4. Data extraction and outcome measures

Full texts of studies that met the inclusion criteria were
thoroughly reviewed. Two reviewers independently extracted
the eligibility study results from the predefined data fields. The
differences were resolved through discussion to reach a
consensus. The following information was extracted: the first
author, published date, age, number of participants, Acute
Physiology and Chronic Health Evaluation (APACHE) scores,
outcomes, and follow-up.

2.5. Data synthesis

Statistical analyses were performed using Stata 12.0 (Stata Corp.,
College Station, TX). The continuous data, such as the length of
stay and mechanical ventilation time, and the weighted mean
difference (WMD) with 95% confidence interval (CI), were
calculated. The dichotomous data, such as the 28-day mortality
and ICU mortality were calculated by risk ratio (RR) and 95%
CI. Heterogeneity test was assessed using the chi-squared test and
I? statistic. If the chi-squared test was above 0.05 or the I* was
below 50%, the fixed effects model was used. A random effects
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model was used if the chi-squared test was below 0.05 or the I*
was above 50%. Publication bias was independently assessed
using funnel plots of the urinary tract infection. Subgroup
analysis was performed for 28-day mortality based on risk of bias
(low vs unclear/high), APACHE 1I scores (<20 vs >20), and
follow-up (<3 vs >3 months). We also performed sensitivity
analysis by omitting 1 study at a time to test the stability of the
pooled results.

3. Results

3.1. Search results

The flow chart of the study inclusion and exclusion was shown in
Figure 1. A total of 266 potentially relevant studies were
identified through the search strategy, and 234 articles were read
when excluding the duplicates. After reading title and abstracts of
the included articles, 226 articles were excluded according to our
inclusion criteria. Finally, 8 RCTs!"'"2%! were finally included
after reading the full text.

3.2. Study characteristics

Study characteristics of the included studies can be seen in
Table 1. Published years of the included studies ranged from
2007 to 2017. Sample sizes ranged from 20 to 100. Age of the
included patients ranged from 46.5 to 74.1. Female patients
ranged from 6 to 37. APACHE II scores ranged from 11.2 to 23.

3.3. Risk of bias of the included studies

Risk of bias summary and risk of bias graph can be seen in
Figures 2 and 3, respectively. Random sequence generation was
low in 5 studies, with unclear risk of bias in 2 studies and high risk
of bias in 1 study. Allocation concealment was with low risk of
bias in 4 studies and the rest were all with unclear risk of bias.
Blinding of the participant was with low risk of bias in 4 studies.
Blinding of the outcome assessment was with low risk of bias in 4
studies. Only 1 study report section of the data was listed as
unclear risk of bias. Other biases were all with low risk.

3.4. Results of meta-analysis
3.4.1. 28-day mortality. Seven studies reported relevant data on

the 28-day mortality. Compared with the control group,
dexmedetomidine group had a lower occurrence of 28-day
mortality (RR, 0.49; 95% CI, 0.35 to 0.69; P=.000; Fig. 4). The
pooled data show little statistical heterogeneity, thus the fixed
model was used (P=.160, *=35.2%; Fig. 4).

3.4.2. ICU mortality. Five studies reported relevant data on the
ICU mortality. Meta-analysis result showed that dexmedetomi-
dine could significantly decreased ICU mortality than placebo
group (RR, 0.44; 95% CI, 0.23 to 0.84; P=.013; Fig. 5). The
pooled data did not show statistical heterogeneity, thus the fixed
model was used (P=.808, I>’=0.0%; Fig. 5).

3.4.3. Length of hospital stay. All studies reported relevant
data on the length of hospital stay. The meta-analysis showed
that there was no significant difference between the 2 groups in
terms of the length of hospital stay (WMD, —0.05; 95% ClI,
—0.59 to 0.48; P=.840; Fig. 6). The pooled data did not show
statistical heterogeneity, thus the fixed model was used (P=.798,
I?=0.0%; Fig. 6).
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Figure 1. PRISMA flow chart of retrieved studies. PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

3.4.4. Mechanical ventilation time. Four studies reported  ventilation time (WMD, 1.05; 95% CI, —0.27 to 2.37;
relevant data on mechanical ventilation time. There was no  P=.392; Fig. 7). The pooled data did not show statistical
statistically significant difference between dexmedetomidine  heterogeneity, thus the fixed model was used (P=.392, =
group and control group in terms of the mechanical 0.0%; Fig. 7).

General characteristic of the included studies.

Author Country Cases Age Female patients APACHE Il scores Study Outcomes Follow-up
Kawazoe et al, 20171"" Japan 100 vs 100 68 vs 69 37/37 23 vs 22 RCT 1,2,3 4 6 months
Memis et al, 20071"% Turkey 20 vs 20 NS 10/12 20.0 vs 18.1 RCT 1,34 NS
Pandharipande et al, 2010!"®! USA 31 vs 31 60 vs 58 13/19 30 vs 29 RCT 1,234 NS
Tasdogan et al, 2009""") Turkey 20 vs 20 58 vs 50 6/9 19.0 vs 18.0 RCT 1,2,3 NS
Lei, 201608 China 29 vs 29 46.5vs 47.5 12/13 17.9 vs 18.2 RCT 1,34 3 months
Ren et al, 201717 China 25 vs 25 74.0 vs 74.1 12/14 19.8 vs 18.8 RCT 1,234 6 months
Wang et al, 2016!'? China 28 vs 28 47.3vs 51.1 11/11 11.2vs 11.9 RCT 1,2 3 4 12 months
Zhou, 201727 China 40 vs 40 485 vs 485 18/17 18.1vs 17.9 RCT 1,2,3 4 3 months

1, 28-day mortality; 2, ICU mortality; 3, length of hospital stay; 4, mechanical ventilation time.
APACHE = Acute Physiology and Chronic Health Evaluation, ICU = intensive care unit, NS = not significant, RCT = randomized controlled trial.
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Figure 2. Risk of bias summary; “+” denotes low risk of bias; “—” denotes high
risk of bias; “?” denotes unclear risk of bias.

3.4.5. Subgroup analysis, sensitivity analysis, and publica-
tion bias. Table 2 presents the results of subgroup analyses. The
findings of decreased 28-day mortality were consistent in all
subgroup analyses except for the follow-up duration subgroups.
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Sensitivity analysis result was shown in Figure 8. Among most of
the studies, the heterogeneity results were not obviously altered
after sequentially omitting each studies, indicating that our
results were statistically reliable. For the meta-analysis of
dexmedetomidine on 28-day mortality, there was no evidence
of publication bias by inspection of the funnel plot (Fig. 9) and
formal statistical tests (Egger test, P=.634; Begg test, P=.552).

4. Discussion

Our meta-analysis comprehensively and systematically reviewed
the current available literature and found that dexmedetomidine
compared with placebo significantly reduced 28-day mortality
and ICU mortality for sepsis or septic shock patients; and
dexmedetomidine has no benefit on the length of hospital stay
and mechanical ventilation time.

This is the first meta-analysis that compares dexmedetomidine
vs placebo for sepsis or septic shock patients. According to our
inclusion criteria, we finally included 586 sepsis or septic shock
patients. Results showed that dexmedetomidine could signifi-
cantly reduce 28-day mortality. Taniguchi et al’*!! revealed that
dexmedetomidine dose dependently attenuated extremely high
mortality rates and increased plasma cytokine concentrations
after endotoxin injection in rats model. The author concluded
that dexmedetomidine administration may be effective during
sepsis. Riker et al®*! found that dexmedetomidine-treated
patients spent less time on the ventilator, experienced less
delirium, and developed less tachycardia and hypertension. Jiang
et al'®3! conducted a meta-analysis about dexmedetomidine for
ischemic brain injury patients. Results showed that dexmedeto-
midine could reduce the release of inflammatory mediators and
neuroendocrine hormones as well as maintain intracranial
homoeostasis. The function of inflammatory mediators of
dexmedetomidine could explain that dexmedetomidine has a
beneficial role in reducing the mortality of sepsis or septic shock
patients.

We then compared the length of hospital stay between
dexmedetomidine and control groups. Results found that there
was no significant difference between the 2 groups in terms of the
length of hospital stay. Patanwala et al®* found that use of
dexmedetomidine was associated with increased lengths of ICU
and hospital stay. However, this was a retrospective study and
author also stated that future prospective trials are needed to
confirm their conclusions.

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) _:l
Selective reporting (reporting bias) _
Other bias [

0% 25%

50% 75%  100%

. Low risk of bias

D Unclear risk of bias

[ High risk of bias

Figure 3. Risk of bias graph of the included studies.
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Study %
ID RR (95% Cl) Weight
Kawazoe 2017 -0- 0.68 (0.41,1.13) 34.78
Memis 2007 — 075(0.19,293) 497
Pandharipande 2010 —0-'— 0.38 (0.16, 0.95) 16.15
Tasdogan 2009 —— 0.07 (0.02, 0.34) 25.47
Lei 2016 —:0- 0.67 (0.12,3.70) 3.73
Ren 2017 -—vi-* 0.75(0.19, 3.01) 497
Zhou 2017 —5-0- 0.75(0.29, 1.97) 9.94
Overall (I-squared = 35.2%, p = 0.160) @ 0.49 (0.35, 0.69) 100.00

P=0.000 .

: :
0156 1 64
Figure 4. Forest plot comparing the 28-day mortality between the 2 groups.

Study %

ID RR (95% Cl) Weight
Memis 2007 —é—‘- 0.67 (0.12, 3.57) 11.11
Lei 2016 —%—*— 0.67 (0.21,2.12) 2222
Ren 2017 (_._,_ 0.17 (0,02, 1.29) 2222
Wang 2016 —03-—- 0.43(0.12, 1.49) 2593
Zhou 2017 —*i— 0.40 (0.08, 1.94) 18.52
Overall (I-squared = 0.0%, p = 0.808) @ 0.44 (0.23, 0.84) 100.00
P=0.013 i

.02Il 6 I 1 46.3

Figure 5. Forest plot comparing ICU mortality between the 2 groups. ICU = intensive care unit.
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Study %

ID WMD (95% ClI) Weight
Kawazoe 2017 —T -1.00(-2.85,0.85) 8.26
Memis 2007 + 2.00 (—-2.66, 6.66) 1.31
Pandharipande 2010 + 1.20 (-5.14, 7.54) 0.71
Tasdogan 2009 + 1.00 (—3.88, 5.88) 1.19
Lei 2016 —= 0.00 (—0.85, 0.85) 39.35
Ren 2017 e -0.30(-1.16, 0.56) 38.44
Wang 2016 —_— 1.30(-1.54,4.14) 3.53
Zhou 2017 — 0.70 (—1.28, 2.68) 7.21
Overall (I-squared = 0.0%, p = 0.798) <> -0.05 (-0.59,0.48)  100.00

P=0.840
T T
—7.54 0 7.54
Figure 6. Forest plot comparing length of hospital stay between the 2 groups.

Study %

D WMD (95% Cl) Weight
Kawazoe 2017 "——E*— 2.00(-2.28, 6.28) 9.46
Pandharipande 2010 —5—0— 5.10(-0.10, 10.30) 6.41
Tasdogan 2009 —-4:— 1.00 (-1.29,3.29) 33.01
Ren 2017 —-‘-I— 0.40(—1.44, 2.24) 51.12
Overall (I-squared = 0.0%, p = 0.392) 1.05 (-0.27,2.37) 100.00

P=0.118

T
-103

T
0 103

Figure 7. Forest plot comparing the mechanical ventilation time between the 2 groups.
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Subgroup analysis for 28-day mortality.

Subgroup Risk ratio (95% Cl)  Pvalue P (%)  Test of interaction, P
Risk of bias
Low 0.49 (0.33, 0.72) .000 64.9 126
Unclear/high 0.50 (0.25, 0.99) .047 0.0
APACHE Il scores
<20 0.60 (0.40, 0.91) .016 0.0 209
>20 0.32 (0.17, 0.61) .001 747
Follow-up (mo)
<3 0.52 (0.27, 1.01) .000 0.0 .006
>3 0.48 (0.32, 0.72) .052 64.5

APACHE = Acute Physiology and Chronic Health Evaluation, Cl = confidence interval.
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Dexmedetomidine has no benefit on mechanical ventilation
time when compared with the control group. Pandharipande
et all'® found that dexmedetomidine significantly increased
mechanical ventilation time than the placebo group. When
compared with propofol for sedation in the ICU, dexmedeto-
midine may increase the length of hospital stay.** Obviously,
prolonged length of hospital stay may increase the economic costs
for the patients. Ren et al' found that administration of
dexmedetomidine could significantly decrease the length of
hospital stay when compared with the control group. We further
compared dexmedetomidine vs placebo for mechanical ventila-

Meta—analysis estimates, given named study is omitted

Lower CI Limit OEstimate Upper CI Limit
Kawazoe 2017 O
Memis 2007
Pandharipande 2010
Tasdogan 2009 D
Lei 2016
Ren 2017
Zhou 2017
0.24 0.35 0.49 0.69 0.91
Figure 8. Sensitivity analysis of the 28-day mortality.
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Figure 9. Funnel plot of the 28-day mortality.
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tion time. Results found that dexmedetomidine has no benefit on
mechanical ventilation time.

This study has several advantages. First, this is the first meta-
analysis that includes only RCTs with strict inclusion criteria.
Second, we identified 28-day mortality as the primary outcome
and further performed subgroup analysis and sensitivity analysis
to further increase the robust of our meta-analysis. Third, the
study found that the dexmedetomidine could significantly
decrease the 28-day mortality and ICU mortality.

There were also several limitations to this study. First, the
number of included studies and the sample size were relatively few
in this meta-analysis. Second, there were no consistent criteria for
sepsis or septic shock, and this may cause clinical heterogeneity.
Third, follow-up duration was relatively short, and long-term
follow-up RCTs were needed to identify the adverse effects of
dexmedetomidine. Therefore, more high-quality articles are
needed to confirm the above conclusions. Fourth, some studies
combined dexmedetomidine with opioids or benzodiazepines for
treatment of sepsis; thus, real effects of single administration with
dexmedetomidine for sepsis need to be explored further.

5. Conclusions

Based on the current evidence, this meta-analysis showed that
dexmedetomidine could significantly decrease the 28-day
mortality and ICU mortality than placebo in sepsis or septic
shock patients. More clinical RCTs are needed to verify the
efficacy and safety of dexmedetomidine on the length of hospital
stay and mechanical ventilation time.
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