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Abstract

Background: Administration of dexmedetomidine has been reported to improve inflammatory response in
animals. We explored the effects of administering dexmedetomidine on the levels of C-reactive protein (CRP) and
procalcitonin, and thus on inflammation, in patients with sepsis enrolled in a randomized clinical trial.

Methods: The DESIRE trial was a multicenter randomized clinical trial in which adult patients with sepsis were
sedated with (DEX group) or without (non-DEX group) dexmedetomidine while on mechanical ventilators. As a
prespecified sub-analysis, we compared CRP and procalcitonin levels during the first 14 days of treatment between
the two groups. The 14-day mortality rate, albumin level, and the number of patients with disseminated
intravascular coagulation (DIC) were also assessed. We used generalized linear models to estimate the differences in
these outcomes between groups. We also used the Kaplan-Meier method to estimate the 14-day mortality rate and
the log-rank test to assess between-group differences.

Results: Our study comprised 201 patients: 100 in the DEX group and 101 in the non-DEX group. CRP and
procalcitonin levels were lower in the DEX vs. non-DEX group during the 14-day treatment period [CRP—range,
56-20.3 vs. 83-21.1 mg/dL (P =0.03); procalcitonin—range, 1.2-37.4 vs. 1.7-52.9 ng/mL (P = 0.04)]. Albumin levels
were higher in the DEX group (range, 2.3-2.6 g/dL) than in the non-DEX group (range, 2.1-2.7 g/dL; P=0.01). The
percentage of patients with DIC did not significantly differ between the groups (range, 21-59% and 17-56% for the
DEX and non-DEX groups, respectively; P=0.49). The 14-day mortality rates in the DEX and non-DEX groups were
13 and 219%, respectively (P=0.16).

Conclusion: Sedation using dexmedetomidine reduced inflammation in patients with sepsis requiring mechanical
ventilation.

Trial registration: ClinicalTrials.gov, NCT01760967. Registered on 4 January 2013.
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Background

The inflammatory response has catastrophic conse-
quences in patients with sepsis, including multiple organ
failure and death [1]. Leukocytes secrete inflammatory
mediators such as interleukin (IL)-6 and tumor necrosis
factor (TNF)-a during critical illness. These mediators
can cause endothelial dysfunction, which affects vascular
permeability, as well as thrombin activation, leading to
hypotension, metabolic acidosis, tissue damage, and
eventual organ failure [1, 2]. IL-6 and TNF-a concur-
rently stimulate the production of C-reactive protein
(CRP) and procalcitonin (PCT), which are the most
widely used inflammatory biomarkers in patients with
sepsis in clinical practice [3, 4]. Although CRP is a
marker of the acute inflammatory response, rather than
of the infection that caused the sepsis, it is used to assess
the severity and progression of sepsis-induced inflamma-
tion [3]. PCT levels rise in response to a variety of pro-
inflammatory stimuli, especially those of bacterial origin.
They closely correlate with the severity of systemic in-
flammation and can be used to monitor the course of
sepsis [4, 5].

Dexmedetomidine is a highly selective oy-adrenergic
agonist widely used for sedation of patients during
mechanical ventilation [6]. Several studies have shown
that it also suppresses the inflammatory response [7-9].
Administration of dexmedetomidine decreases IL-6 and
TNF-a levels in animals with severe inflammation [7, 8]
and IL-6, TNF-a, and CRP levels in humans undergoing
surgery [9]. Whether it also reduces inflammation in pa-
tients with sepsis is not known.

To investigate the effect of administering dexmedeto-
midine on sepsis-induced inflammation, we compared
the outcomes of patients with sepsis who were treated
with or without dexmedetomidine for 14 days as part of
the DESIRE clinical trial [10].

Methods

Study design

This analysis was prespecified in the study protocol for
the DESIRE trial before patient enrollment began. The
DESIRE trial was a multicenter, open-label, randomized
clinical trial that compared the sedation strategies of ad-
ministering dexmedetomidine (DEX group) versus not
administering dexmedetomidine (non-DEX group) in
terms of mortality and ventilator-free days during a 28-
day period [10]. The trial was registered at Clinical-
Trials.gov (identifier: NCT 01760967). A total of 201 pa-
tients were enrolled from eight intensive care units
(ICUs) in Japan between February 2013 and January
2016, all of whom had sepsis requiring mechanical venti-
lation for more than 24 h [10]. The flow of participants
through the trial is shown in the Supplemental Figure
(see Additional File 1). In the trial, sepsis was defined as
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systemic inflammatory response syndrome (SIRS) cri-
teria due to infection [11]. The enrolled patients satisfied
the sepsis-1II criteria due to having received mechanical
ventilation and having a Sequential Organ Failure As-
sessment (SOFA) score of 2 or more [12].

Patients in the DEX and non-DEX groups received
other sedatives as needed to achieve the sedation target
and analgesics if necessary. In both groups, the targets of
sedation depth were a Richmond Agitation-Sedation
Scale score of 0 (calm) during the day and - 2 (lightly se-
dated) during the night [13]. The treatment protocol for
sepsis was based on the guidelines developed by the Jap-
anese Society of Intensive Care Medicine for sepsis man-
agement [14]. The present study was approved by the
institutional review boards at each participating center.
Additional study protocols, inclusion and exclusion cri-
teria, and informed consent are described in the Supple-
mental Methods (see Additional File 1). To evaluate the
acute phase of inflammation, this sub-analysis compared
the inflammatory status of the DEX and non-DEX
groups during the first 14 days after the randomization.

Outcome measurements

The primary outcome in this analysis was inflammation as
indicated by CRP and PCT levels. The secondary out-
comes were 14-day mortality, albumin (ALB) level, and
sepsis-associated coagulopathy. The ALB level served as a
marker of vascular permeability [15]. The disseminated
intravascular coagulation (DIC) score, as defined by the
Japanese Association for Acute Medicine, was used to as-
sess sepsis-associated coagulopathy [16]. The DIC score
comprises platelet (PLT) counts, the patient/normal pro-
thrombin time (PT) ratio, the levels of fibrin/fibrinogen
degradation products (FDPs), and the number of SIRS
characteristics. The scoring system for DIC is summarized
in the supplemental table 1 (see Additional file 1). CRP,
PCT, ALB, and FDP levels, PLT counts, and PT ratios
were measured throughout the 14-day observation period.
We also determined the number of patients with three or
more SIRS characteristics and/or DIC (as based on the
DIC score) on days 1, 2, 4, 6, 8, 10, 12, and 14.

Statistical analysis
Primary and secondary outcomes were analyzed accord-
ing to the intention-to-treat principle. Continuous vari-
ables were presented as means with standard deviations
(SDs) or medians with interquartile ranges, and categor-
ical variables were presented as numbers and percent-
ages. To compare patient characteristics between the
groups, we used ¢ tests or Wilcoxon rank sum tests for
continuous variables and chi-square tests or Fisher’s
exact tests for categorical variables.

We used a generalized linear model (the GENMOD
procedure) to examine the effect of administering
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dexmedetomidine on CRP, PCT, ALB, and FDP levels,
PLT counts, and PT ratios and to account for repeated
measurements in the same patient. We used a general-
ized linear model (the GENMOD procedure with logit)
to determine the effect of administering dexmedetomi-
dine on the number of patients with three or more SIRS
characteristics and/or DIC. The variables describing pa-
tient status were the dependent variables, and treatment
allocation was the independent variable with a repeated
variable of patient. The cumulative incidence of mortal-
ity over the 14-day treatment period was estimated via
the Kaplan-Meier method, and differences between the
groups were assessed using the log-rank test.

All statistical analyses were performed using JMP ver-
sion 11.2.0 (SAS Institute Inc.), and SAS version 9.4
(SAS Institute Inc.) software. A two-sided P value < 0.05
was considered statistically significant.

Results

Among the 201 patients in our study, 127 (63%) were
men, and the mean age was 69years (SD, 14 years)
(Table 1). The median Acute Physiology and Chronic
Health Evaluation II score was 23, and the median SOFA
score was 9. There were 100 patients in the DEX group
and 101 in the non-DEX group; the characteristics of
the groups were well balanced. On the first day after
randomization, the median and highest CRP levels were
13.8 and 48.3 mg/dL in the DEX group and 16.8 and
44.0 mg/dL in the non-DEX group, respectively. The
number of patients with a PCT level of more than 0.5
ng/mL was 88 (89%) in the DEX group and 88 (90%) in
the non-DEX group. The mean ALB level was 2.6 g/dL
in the DEX group and 2.7 g/dL in the non-DEX group;
the number of patients with hypoalbuminemia (ALB of
3.5mg/dL or less) was 90 (90%) in the DEX group and
89 (88%) in the non-DEX group. Forty (40%) patients in
the DEX group and 42 (42%) in the non-DEX group had
DIC on day 1.

CRP and PCT levels in the DEX and non-DEX groups
during the 14-day observation period are shown in
Fig. 1a and b. The CRP level was highest on day 2 in
both the DEX (20.3 mg/dL) and the non-DEX (21.1 mg/
dL) groups (Fig. 1la). It was significantly lower in the
DEX group (range, 5.6-20.3 mg/dL) than in the non-
DEX group (range, 8.3—-21.1 mg/dL) over the 14-day ob-
servation period (P=0.03). PCT levels were measured
on days 1, 4, 8, and 14 and were highest on day 1 in
both the DEX (37.4 ng/mL) and non-DEX (52.9 ng/mL)
groups (Fig. 1b). The PCT level was significantly lower
in the DEX group (range, 1.2—-37.4ng/mL) than in the
non-DEX group (range, 1.7-52.9 ng/mL) over the 14-day
observation period (P = 0.04).

The ALB levels in the DEX and non-DEX groups dur-
ing the 14 days after randomization are shown in Fig. 1c.
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The ALB level was lowest on days 4-12 in the DEX
group and on days 4-14 in the non-DEX group. ALB
levels were reduced to a lesser extent in the DEX group
(difference, — 0.3 g/dL) than in the non-DEX group (dif-
ference, —0.6g/dL). The ALB level was significantly
higher in the DEX group (range, 2.3-2.6 g/dL) than in
the non-DEX group (2.1-2.7 g/dL) over the 14-day treat-
ment period (P =0.01).

The levels of the coagulation biomarkers and the num-
ber of patients with three or more SIRS characteristics
during the 14-day observation period are shown in the
Supplement Table 2 (see Additional File 1). PLT counts
were lowest on day 4 in both groups and overall did not
differ significantly between groups (range, 116-317 x
10°/L in the DEX group and 104-299 x 10°/L in the
non-DEX group; P =0.72). FDP levels were also similar
in both groups (range, 22.9-34.3 mcg/mL in the DEX
group and 19.1-51.7 mcg/mL in the non-DEX group;
P =0.40). The PT ratio was highest in both groups on
day 2 but overall was lower in the DEX group (range,
1.13-1.38) than in the non-DEX group (1.21-1.48; P=
0.03). The percentage of patients with three or more
SIRS characteristics did not differ significantly between
the DEX vs. non-DEX group (range, 12-71 vs. 19-74%;
P =0.15). The levels of the DIC-associated variables were
similar in both groups with the exception of the PT ratio
(Supplement Table 2). The percentage of patients with
DIC was also similar in both groups (range, 21-59% in
the DEX group and 17-59% in the non-DEX group; P =
0.49).

Among the 201 patients in our study, 34 (17%) died
during the 14 days after randomization. The mortality
rates in the DEX and non-DEX groups were 13% (13 pa-
tients) and 21% (21 patients), respectively (P=0.16)
(Fig. 2).

Discussion
We analyzed data derived from a randomized clinical
trial and found that the administration of dexmedetomi-
dine to patients with sepsis on ventilators improved CRP
and PCT levels during the first 14 days in the ICU. It
also reduced the incidence of hypoalbuminemia, but not
of DIC. The 14-day mortality rate was also 8% lower in
the DEX group than in the non-DEX group, but this re-
duction was not significant. The original DESIRE trial
did not find statistically significant superiority of admin-
istering dexmedetomidine in terms of mortality, but the
findings implied an 8% reduction in the 28-day mortality
rate in patients with sepsis [10]. Because the different
use of sedatives did not account for the reduction of
mortality, the mechanism of the effect of administering
dexmedetomidine on mortality should be explored.
Dexmedetomidine is a unique sedative: unlike amino-
butyric acid receptor agonists, it has analgesic [6] and
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Table 1 Patient characteristics
Characteristic DEX group (n=100) Non-DEX group (n=101) P value
Age (years), mean (SD) 68 (14.9) 69 (13.6) 0.75
Men, n (%) 63 (63) 64 (63) 0.96
Body weight (kg), mean (SD) 55 (12.5) 58 (15.3) 0.09
COPD, n (%) 8 (8) 9(9) 0.82
Soft tissue infection, n (%) 8 (8) 10 (10) 0.64
Emergency surgery, n (%) 37 (37) 36 (36) 0.84
Site of infection, n (%)
Abdomen 39 (39) 35 (35) 052
Thorax 39 (39) 33(33) 035
Urinary tract 6 (6) 10 (10) 0.31
Pancreatitis 30) 9 (9 0.13
Skin and soft tissue 6 (6) 77 0.79
Central nervous system (1) (1) 1.00
Others 6 (6) 6 (6) 0.99
APACHE Il score, median [IQR] 23 [18, 29] 22 [16, 29.5] 0.51
SOFA score, median [IQR] 816, 11] 95, 11] 0.67
SOFA respiratory score, median [IQR] 211, 3] 2101, 3] 0.86
SOFA circulatory score, median [IQR] 302 4] 3[15, 4] 044
SOFA renal score, median [IQR] 110, 2] 1[0, 3] 0.28
SOFA hepatic score, median [IQR] 010, 1] 010, 1] 042
SOFA neurological score, median [IQR] 1[0, 2] 010, 3] 0.87
SOFA coagulation score, median [IQR] 010, 2] 110, 2] 0.26
CRP (mg/dL), median [IQR] 138 [6.0, 25.7] 16.8 [64, 25.8] 0.64
PCT (ng/mL), median [IQR] 15.2 [2.8, 44.9] 146 [1.5, 81.5] 0.70
ALB (g/dL), mean (SD) 26(0.7) 27(07) 0.64
PLT (10%/L), median [IQR] 170 [98, 227] 141 [95, 224] 0.34
PT (INR), median [IQR] 1.21 [1.06, 1.37] 1.24 [1.08, 145] 034
FDPs (mcg/mL), median [IQR] 16.0 [7.8, 29.3] 174 [8.8, 33.5] 0.80
SIRS criteria 2 3, n (%) 71.(77) 75 (74) 0.60
DIC, n (%) 40 (40) 42 (42) 0.87

Abbreviations: DEX dexmedetomidine, COPD chronic obstructive pulmonary disease, APACHE Il Acute Physiology and Chronic Health Evaluation II, QR interquartile
range, SOFA Sequential Organ Failure Assessment, SD standard deviation, CRP C-reactive protein, PCT procalcitonin, ALB albumin, PLT platelet, PT-INR prothrombin
time-international ratio, FDPs fibrin/fibrinogen degradation products, SIRS systemic inflammatory response syndrome, DIC disseminated intravascular coagulation

anti-inflammatory [7-9] effects. The latter may reflect
its ability to inhibit the expression of inflammatory mol-
ecules when bound to a,-adrenergic receptors on mac-
rophages [17] and/or to increase the concentration of
norepihephrine (which suppresses the immune response)
when bound to synaptic a,-adrenergic receptors in the
central nervous system [18—20]. Other possible mecha-
nisms include the modulation of cytokine production by
macrophages and monocytes; the inhibition of apoptosis
and the Toll-like receptor 4 and myeloid differentiation
factor 88/mitogen-activated protein kinase/nuclear
factor-kB signaling pathways; and the stimulation of the
cholinergic anti-inflammatory pathway [19-24].

Although the anti-inflammatory mechanisms through
which the administration of dexmedetomidine sup-
presses inflammation remain to be fully elucidated,
previous studies suggest that administration of dexme-
detomidine decreases the levels of pro-inflammatory
cytokines such as IL-6 and TNF-a in patients with sep-
sis [25], as well as the levels of pro-inflammatory cyto-
kines and CRP in patients undergoing surgery while
under anesthesia [9]. In the present study, the use of
dexmedetomidine for sedation reduced both CRP and
PCT levels in patients with sepsis. This result indicates
that the administration of dexmedetomidine alleviates
infection-induced inflammation.
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a ® DEX
CRP (mg/dL) ¢ non-DEX
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P=0.03
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Days After Randomization
Day 1 2 4 6 8 10 12 14
DEX CRP-mg/dL, mean (SD) 16.0 (12.1) 20.3(10.1) 17.4(9.3) 9.1(6.6) 7.2(57) 69(59) 57(53) 5.6(5.6)
SOUP Number of patients 100 98 90 82 78 75 68 66
non-DEX  CRP-mg/dL, mean (SD) 16.9 (12.1) 21.1(10.2) 18.2(10.1) 11.3(7.8) 9.1(6.8) 9.0(6.6) 9.3(6.6) 8.3 (6.5)
group Number of patients 101 97 91 81 79 72 63 58
b e DEX
PCT (ng/mL) ® non-DEX
60
50 P=0.04
40
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0
1 4 8 14
Days After Randomization
Day 1 4 8 14
PCT-ng/mL, mean (SD) 37.4(56.0) 18.8(35.8) 3.3(7.6) 12(34)
DEX group Number of patients 99 85 73 61
PCT-ng/mL, mean (SD) 52.9(93.6) 33.5(51.4) 4.6(7.6) 1.7(Q2.7)
non-DEX group "\ vber of patients 98 87 77 53
c ® DEX
ALB (g/dL) ® non-DEX
3
P=0.01
23 ¥ .
2
1.5
1
0.5
0
1 2 4 6 8 10 12 14
Days After Randomization
Day 1 2 4 6 8 10 12 14
DEX ALB-g/dL, mean (SD) ~ 2.6(0.7) 2.4(0.6) 23(04) 23(0.5) 23(0.5) 23(0.5) 23(0.6) 24(0.6)
group Number of patients 100 97 91 85 79 78 69 69
ALB-g/dL, mean (SD)  2.7(0.7) 23(0.5) 2.1(04) 2.1(0.5) 2.1(0.5) 2.1(0.5) 2.1(0.6) 2.1(0.6)
non-DEX group Number of patients 101 99 91 83 ) 75 68 59
Fig. 1 Changes in outcome measurements in patients with sepsis treated with or without dexmedetomidine (DEX) for 14 days. a C-reactive
protein (CRP). b Procalcitonin (PCT). ¢ Albumin (ALB). SD, standard deviation
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Days After Randomization

& 9 10 11 12 13 14

Day 1 7 14
Cumulative No. of events 0 11 13

DEX group Mortality (%) 0 11 13
Number at risk 100 85 72

Cumulative No. of events 0 14 21

non-DEX group Mortality (%) 0 14 21
Number at risk 101 86 70

Fig. 2 The 14-day mortality rates for the DEX and non-DEX groups

We also aimed to determine whether administration
of dexmedetomidine improved hypoalbuminemia and
sepsis-associated coagulopathy, both of which are associ-
ated with severe inflammation. Systemic inflammation
increases vascular permeability, which is a major cause
of hypoalbuminemia in patients with sepsis [2]. Most of
the patients in our study had low albumin levels on the
first day after randomization. Thereafter, however, albu-
min levels were higher in patients treated with versus
without dexmedetomidine. This finding presumably re-
flects reduced inflammation rather than improved nutri-
tion: during the acute phase of inflammation, levels of
albumin, which has a half-life of 21 days, are more influ-
enced by vascular permeabilization caused by
inflammation-induced injuries to the endothelium than
by nutrition [26, 27]. Sepsis-associated coagulopathy,
which can lead to DIC, is thought to result from cross-
talk between the inflammation and coagulation systems;
inflammation triggers coagulation, which in turn pro-
motes inflammation [28, 29]. In this study, the adminis-
tration of dexmedetomidine did not affect the incidence
of coagulation or DIC. Suppression of inflammation by
administering dexmedetomidine might be insufficient
for preventing coagulopathy.

The administration of dexmedetomidine has been
shown to reduce not only plasma inflammatory cytokine
concentrations but also mortality in rats with endotoxin-
induced shock, and these effects were reported to be
dose-dependent [30]. A recent database study reported

that mortality differed according to the time after diag-
nosis of sepsis; phases were categorized in that study as
phase 1 (days 1 to 5), phase 2 (days 6 to 15), and phase
3 (days 16 to 150) [31]. Deaths during phase 1 and phase
2 accounted for 67.5% of mortality in patients with sep-
sis or septic shock [31], and one cause of the early peak
in mortality was severe inflammation [1]. Therefore, we
focused on both inflammation status and mortality in a
14-day period. CRP levels correlate positively with the
risk of organ failure and mortality; hence, monitoring
these levels may aid in assessing the response to therapy
in patients with sepsis [32, 33]. PCT has greater diagnos-
tic accuracy than does CRP because it differentiates in-
fectious versus non-infectious causes of inflammation
[34]. CRP is a risk factor for mortality in patients with
sepsis when levels are elevated and the clearance rate is
low [35]. Hypoalbuminemia has been shown to predict
30-day mortality in critically ill patients [36].

The doses of dexmedetomidine ranged from 0.1 to
0.7 mcg/kg/h in this study; these are the standard ap-
proved doses in Japan. Although these doses are lower
than those typically administered in Western countries,
the administration of dexmedetomidine at these lower
doses successfully decreased CRP and PCT levels and in-
creased albumin levels when administered to patients
with sepsis for 14 days. These changes were considered
to reflect the improvement of inflammation in the first
14.days after sepsis onset; hence, it might be associated
with decreased mortality. As noted above, a point
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estimate of 8% reduction in mortality at 14 day was ob-
served in our study, although a level of statistical signifi-
cance was not reached. One possible reason for this
non-significant reduction in mortality could be due to
the relatively small sample size or the lower doses of
dexmedetomidine. As the anti-inflammatory effects of
administering dexmedetomidine are reportedly dose-
dependent [30], a greater reduction in mortality might
be observed if higher doses are used. Further research
should clarify the effect of administering dexmedetomi-
dine with higher doses on patient mortality and potential
adverse effects in patients with sepsis.

There are two limitations in this study. First, it was an
open-label study, and the endpoints were assessed by a
physician at discharge. Awareness of the treatment as-
signment (dexmedetomidine or no dexmedetomidine)
may have influenced some of the management protocols.
However, CRP, PCT, and ALB levels, 14-day mortality
rates, and sepsis-associated coagulopathy would not be
affected by the judgments of physicians. Although prepa-
rations containing ALB can increase albumin levels, the
physicians in charge followed the guidelines regarding
such preparations when treating patients with sepsis-
associated hypoalbuminemia [14]. Second, because our
study was a subcomponent of the DESIRE trial, sample
sizes with sufficient power to detect clinically meaningful
differences were not calculated and thus may have been
inadequate in some cases, especially in those involving
sepsis-associated coagulopathy. Moreover, multiple end-
points in sub-analyses should be treated with caution
owing to inflated alpha errors. However, the consistency
of our findings (lower CRP and PCT levels and higher
ALB level in the DEX group) attest to their validity.

Conclusions

The administration of dexmedetomidine significantly
improved CRP, PCT, and ALB levels in patients with
sepsis requiring mechanical ventilation. Because the
anti-inflammatory effects of administering dexmedeto-
midine were not associated with the reduction of mor-
tality in patients with sepsis at 14 days, further studies
with larger sample sizes or administering higher doses of
dexmedetomidine are warranted.
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