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Abstract

Purpose We investigated whether preventive use of

dexmedetomidine during surgery was effective for

reducing emergence agitation and postoperative delirium.

Methods In this double-blind randomized-controlled trial,

143 patients undergoing thoracoscopic lung resection

surgery were randomly assigned to the dexmedetomidine-

sevoflurane (DEX-Sevo, n = 73) or sevoflurane (Sevo, n =

70) groups. Dexmedetomidine or saline administration was

started after inducing anesthesia and continued until the

end of surgery at a fixed dose (0.5 lg�kg-1�hr-1). The

primary endpoint was the incidence of delirium up until the

end of postoperative day 3. Emergence agitation and

postoperative delirium were measured with the Riker

sedation agitation scale and the confusion assessment

method, respectively. The secondary endpoints were serum

cytokine and catecholamine levels.

Results The DEX-Sevo group showed less frequent

emergence agitation than the Sevo group (13% vs 35%,

respectively; relative risk, 0.38; 95% confidence interval

[CI], 0.18 to 0.79; P = 0.011) but the incidence of delirium

after discharge from the postanesthesia care unit was not

different (25% vs 25%, DEX-Sevo vs Sevo). Both pro- and

anti-inflammatory cytokines were lower in the DEX-Sevo

group than in the Sevo group. Nevertheless, the interleukin

(IL)6/IL10 ratio (median difference, 5.8; 95% CI,1.8 to

10.0; P = 0.012) and IL8/IL10 ratio (median difference,

0.8; 95% CI, 0.2 to 1.3; P = 0.007) were higher in the

DEX-Sevo group than in the Sevo group, indicating a pro-

inflammatory cytokine balance in the DEX-Sevo group.

Norepinephrine and epinephrine levels were lower in the

DEX-Sevo group than in the Sevo group (both, P\0.001).

Conclusions Intraoperative dexmedetomidine reduced

emergence agitation but not postoperative delirium in

patients undergoing thoracic surgery. Dexmedetomidine

seemed to affect emergence agitation through

catecholamines, but not through an anti-inflammatory

action.

Trial registration Clinical Research Information Service

(KCT 0001877); registered 7 April, 2016.

Résumé

Objectif Nous avons cherché à savoir si l’utilisation

préventive de dexmédétomidine au cours de la chirurgie

pouvait réduire la survenue de l’agitation au réveil et du

delirium postopératoire.

Méthodes Dans cette étude randomisée, contrôlée à

double insu, 143 patients subissant une résection

pulmonaire par thoracoscopie ont été randomisés dans

un groupe recevant dexmédétomidine-sévoflurane

(DEX-Sévo, n = 73) ou dans un groupe recevant
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seulement du sévoflurane (Sévo, n = 70). L’administration

de dexmédétomidine ou de solution saline a débuté après

l’induction de l’anesthésie et a continué jusqu’à la fin de

l’intervention à une dose fixe de 0,5 lg�kg-1�h-1. Le

critère d’évaluation principal était l’incidence du delirium

jusqu’à la fin du 3e jour postopératoire. La survenue de

l’agitation au réveil et du delirium postopératoire a été

mesurée avec, respectivement, l’échelle d’agitation sous

sédation de Riker et la méthode d’évaluation de la

confusion. Les critères d’évaluation secondaires étaient

les taux sériques de cytokines et de catécholamines.

Résultats La survenue d’une agitation au réveil a été

moins fréquente dans le groupe DEX-Sévo que dans le

groupe Sévo (respectivement, 13 % contre 35 %; risque

relatif, 0,38; intervalle de confiance [IC] à 95 % : 0,18 à

0,79; P = 0,011), mais l’incidence du delirium après

congé de la salle de réveil n’a pas été différente entre les

groupes (DEX-Sévo 25 % contre Sévo 25 %). Les taux de

cytokines pro- et anti-inflammatoires ont tous deux été plus

bas dans le groupe DEX-Sévo que dans le groupe Sévo.

Néanmoins, les ratios d’interleukines (IL) IL-6/IL-10

(différence entre médianes, 5,8; IC à 95 %, 1,8 à 10,0;

P = 0,012) et IL-8/IL-10 (différence des médianes, 0,8; IC

à 95 %, 0,2 à 1,3; P = 0,007) ont été plus élevés dans le

groupe DEX-Sévo que dans le groupe Sévo indiquant un

équilibre des cytokines pro-inflammatoires dans le groupe

DEX-Sévo. Les taux de norépinéphrine et d’épinéphrine

ont été inférieurs dans le groupe DEX-Sévo que dans le

groupe Sévo (P\ 0,001 pour les deux).

Conclusions La dexmédétomidine peropératoire a réduit

la survenue de l’agitation au réveil, mais pas du delirium

postopératoire chez des patients subissant une chirurgie

thoracique. La dexmédétomidine a semblé interférer sur la

survenue de l’agitation par le biais des catécholamines,

mais pas par un effet anti-inflammatoire.

Enregistrement de l’essai clinique Service d’information

sur la recherche clinique (KCT 0001877); enregistré le

7 avril 2016.

Postoperative delirium is a common problem in patients

undergoing major surgery, with an incidence rate of

10-60%, and is associated with increased morbidity and

healthcare costs.1 Nevertheless, no preventive

pharmacologic strategy is available.2 Recently, a Lancet

study by Su et al.3 showed that the a2-adrenergic receptor

agonist dexmedetomidine is a potential candidate. In this

study, preventive use of dexmedetomidine (infusion started

on arrival in the intensive care unit [ICU] and maintained

until postoperative day [POD] 1) reduced the incidence of

delirium from 23% to 9% after non-cardiac surgery.

Nevertheless, dexmedetomidine was administered after

surgical insult in this study and questions still exist as to

whether dexmedetomidine has a direct neuroprotective

effect or simply reduces the dose of delirium-causing drugs

or emergence agitation.

Surgery increases the production of pro-inflammatory

cytokines.4-7 The inflammatory reaction is strongly related

to postoperative delirium8,9 and postoperative impairment

of cognitive function.10,11 Dexmedetomidine has been

suggested to modulate the secretion of inflammatory

cytokines through a2 adrenergic receptors on

macrophages and monocytes12 and by inhibiting the

synthesis of nuclear factor-jB by activating the

cholinergic anti-inflammatory pathway.13 Therefore, we

speculated that preventive use of dexmedetomidine would

decrease postoperative delirium by reducing the levels of

pro-inflammatory cytokines in surgical patients.

Our hypothesis was that intraoperative

dexmedetomidine infusion, which was started before and

was maintained throughout surgery, would decrease

emergence agitation during anesthesia recovery and

postoperative delirium. The secondary endpoints were the

differences in levels of pro- and anti-inflammatory

cytokines and catecholamines between the control and

dexmedetomidine infusion groups.

We conducted this study on patients undergoing thoracic

surgery because these patients are at high risk of adverse

outcomes when postoperative delirium occurs, and thoracic

surgery and one-lung ventilation are associated with

profound release of inflammatory cytokines.14,15

Methods

This prospective, randomized, double-blind study was

approved by the Samsung Medical Center Institutional

Review Board (IRB number: SMC 2015-10-065-006), and

written informed consent was obtained from all patients

participating in the trial. The trial was registered prior to

patient enrolment at the Clinical Research Information

Service (KCT 0001877, principal investigator: Jie Ae Kim,

Date of registration: April 7, 2016).

Patients and randomization

This study was performed between April and July 2016 at a

tertiary care university hospital. A total of 182 patients

undergoing elective video-assisted thoracoscopic

lobectomy/segmentectomy for lung cancer were assessed

for eligibility, and 143 patients were enrolled. The

exclusion criteria were age [ 75 or \ 18 yr, American

Society of Anesthesiologists physical status [ III, New

York Heart Association class[G, body mass index[ 30

kg�m-2, cardiac ejection fraction \ 40%, heart rate \ 50/
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min, arrhythmia other than first degree atrioventricular

block, liver enzymes more than two-fold normal values,

and serum creatinine [ 1.2 mg�dL-1. Patients with a

chronic pain disorder, dementia, or drug addiction were

excluded. Patients who used anti-psychotic agents, anti-

depressants, beta blockers, anti-arrhythmic drugs, or

digoxin within one week before surgery were also

excluded. Patients who used epidural patient-controlled

analgesia, or who were allergic to the study drugs, were

also excluded.

Randomization was done by a computer-generated

random numbers table, with a fixed block size of four

according to a 1:1 ratio, and the allocation was sealed in an

opaque envelope. The primary investigator or co-

investigator prospectively collected the laboratory results,

radiology reports, and data on the clinical course. The

surgeon, patients, attending anesthesiologists, data

recorder, and analyzer were blinded to the group

assignments.

Intraoperative management

Anesthesia was conducted according to the same protocol

in both groups. A nurse not working on the study opened a

sealed envelope just before anesthesia and provided the

study drug in a 50 mL syringe. The syringe and its content

were indistinguishable between the groups. The syringe

was filled with dexmedetomidine (DEX-Sevo group)

(0.004 mg�mL-1) or saline (Sevo group) and was infused

by the attending anesthesiologist at a fixed rate of 0.125

mL�kg-1�hr-1 (equivalent to 0.5 lg.kg-1�hr-1 in the DEX-

Sevo group) after preoperative blood sampling in the

operating room and immediately prior to induction of

anesthesia. Anesthetic depth was titrated to maintain a

bispectral index of 45 ± 5 and blood pressure within 20%

of baseline during surgery. The maintenance fluid was

lactated Ringer’s solution, infused at a rate of 4

mL�kg-1�hr-1. The protective ventilation protocol was

the same for all patients. Dexmedetomidine or saline

administration was discontinued at the end of the surgery.

All patients were extubated upon meeting the extubation

criteria and transferred to the ICU after anesthesia recovery

in the postanesthesia care unit (PACU).

Primary endpoint: postoperative delirium

Emergence agitation was assessed in the PACU using the

Riker sedation agitation scale (eAppendix 1, available as

Electronic Supplementary Material [ESM]).16 The Riker

sedation agitation scale was applied one minute after

extubation and repeated every 15 min during the PACU

stay. A score[4 at any of the time points was regarded as

emergence agitation (?). Postoperative delirium was

assessed by the confusion assessment method (CAM,

eAppendix 2, available as ESM)17 after PACU discharge

until POD 3; CAM-ICU was performed every four hours

until ICU discharge and CAM was performed three times

per day in the ward until POD 3. The assessment was done

by trained nurses who were blinded to the group

assignments.

Secondary variables: pro- and anti-inflammatory

cytokines and catecholamines

Arterial blood samples were drawn into EDTA tubes before

the study drug was infused (preoperatively) and one hour

after the operation (postoperatively). The blood samples

were immediately centrifuged at 1,000 9 g for ten minutes,

and the supernatant was removed and centrifuged for an

additional three minutes at 7,000 9 g. The plasma was

frozen at -80�C until subsequent analysis. Interleukin

(IL)6, IL8, and tumour necrosis factor (TNF)a and IL10

were analyzed using a multiplex immunoassay kit

(ProcartaPlexTM; Veritas Corp., Tokyo, Japan). Specific

enzyme-linked immunosorbent assays (ELISA) were used

to quantify cortisol (Cortisol ELISA kit, #500360; Cayman

Chemical, Ann Arbor, MI, USA) and epinephrine/

norepinephrine (epinephrine/norepinephrine ELISA kit,

#KA1877, Abnova, Taipei, Taiwan). All analyses were

performed in duplicate in accordance with the

manufacturer’s instructions. White blood cell (WBC)

counts and C-reactive protein (CRP) levels were also

monitored until hospital discharge.

Anesthetic consumption and clinical outcomes

Consumption of opioids was monitored for six

postoperative hours, and all opioids except remifentanil

were transformed to the dose of hydromorphone (mg) using

an opioid conversion table.18 Expired sevoflurane

concentration was recorded at ten-minute intervals and

intraoperative consumption was recorded as the age-

adjusted minimum alveolar concentration 9 hour.

Extubation time as well as analgesic and anti-emetic use

after surgery were recorded.

Complications during hospitalization were monitored

based on the Clavien-Dindo classification of surgical

complications (eAppendix 3, available as ESM).19 A

pulmonary complication was defined as a Melbourne

group-scaled pulmonary complication (eAppendix 4,

available as ESM).20 Chest tube removal time and ICU

and hospital stay durations were recorded.
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Statistical analysis

In a previous study, the incidence rates of emergence

agitation were 52% and 28% in the control and

dexmedetomidine infusion groups.21 Assuming a similar

reduction in emergence agitation and a 10% dropout rate,

143 patients were required for a two-sided alpha of 5%

with 80% power (Pearson’s Chi-square test). Dropout was

predefined as a change in the operation to open surgery or a

simple wedge resection, bleeding[400 mL, or ineligibility

due to a sampling/testing error.

Continuous variables are presented as means (standard

deviation [SD]) or medians [interquartile range (IQR)].

Categorical variables are described as numbers. The

incidence of emergence agitation, postoperative delirium,

and complications were compared using the Chi-square

test. Wilcoxon rank-sum test for independent samples was

used to compare postoperative cytokine and catecholamine

levels between the two groups. Cytokines and

catecholamines were adjusted for multiple testing using

Bonferroni correction. Confidence intervals for non-

normally distributed variables were calculated using the

Hodges-Lehmann estimator. All P-values were two-sided,

and P\0.05 was considered significant. SAS (version 9.4;

SAS Institute, Cary, NC, USA) and SigmaPlot� (version

11.2; Systat Software Inc., San Jose, CA, USA) software

were used to conduct the analysis.

Results

On the day of surgery, the 143 patients were randomly

divided into the Sevo group (n = 70) or the DEX-Sevo

group (n = 73). Twenty-three patients dropped out because

of a surgery change. Demographic characteristics and

complications were compared between the two groups (120

patients excluding those with surgery changes; 60 in the

Sevo group and 60 in the DEX-Sevo group). Cytokine

levels were analyzed in 116 patients, excluding four cases

with a sampling error; levels were compared between the

two groups, (59 in the Sevo group and 57 in the DEX-Sevo

group) (Fig. 1).

The baseline characteristics of the patients and surgeries

were well balanced between the DEX-Sevo and Sevo

groups (Table 1).

The DEX-Sevo group showed a lower incidence of

emergence agitation than the Sevo group (8 (13%) vs 21

(35%), respectively; relative risk, 0.38; 95% confidence

interval [CI], 0.18 to 0.79; P = 0.011). The distribution

pattern of the Riker sedation agitation scale at one minute

after extubation is shown in Fig. 2 (P = 0.059).

Postoperative delirium until POD 3 was not different

between the two groups (DEX-Sevo group vs Sevo group;

15 (25%) vs 15 (25%), P = 1.00).

Interleukin 6 was lower in the DEX-Sevo group than the

Sevo group, but the difference was not statistically

significant between the two groups (median difference,

-26.7 pg�mL-1; 95% CI, -91.7 to 0.0; P = 0.055)

(Table 3). The other pro-inflammatory cytokine, IL8, was

lower in the DEX-Sevo group than in the Sevo group

(median difference, -5.6 pg�mL-1; 95% CI, -8.6 to -0.4;

P = 0.024). The anti-inflammatory cytokine IL10 was

lower in the DEX-Sevo group than in the Sevo group

(median difference, -9.8 pg�mL-1; 95% CI, -13.9 to

-3.3; P\0.002). The net cytokine balance was toward the

pro-inflammatory side in the DEX-Sevo group compared

with the Sevo group; the IL6/IL10 ratio (median difference,

5.8; 95% CI, 1.8 to 10.0; P = 0.012) and the IL8/IL10 ratio

(median difference, 0.8; 95% CI, 0.2 to 1.3; P = 0.007)

were higher in the DEX-Sevo group than the Sevo group

(Table 2).

Epinephrine (median difference, -95.2 pg�mL-1; 95%

CI, -150.8 to -69.3; P \ 0.001) and norepinephrine

(median difference, -264.4 pg�mL-1; -344.3 to -152.2; P

Fig. 1 Consort flow diagram
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\0.001) levels were lower in the DEX-Sevo group than in

the Sevo group (Table 2).

No differences in TNFa or cortisol were observed

between the two groups. The neutrophil/lymphocyte ratio

was lower in the DEX-Sevo group than in the Sevo group

on POD 0. White blood cell counts and CRP levels did not

differ between the two groups (Table 2).

The intraoperative requirement for inhaled anesthetics

and consumption of opioids until six hours postoperatively

were lower in the DEX-Sevo group than in the Sevo group

(Table 3). The Clavien-Dindo classification of surgical

complications, Melbourne group-scaled pulmonary

complications, chest tube removal time, and ICU and

hospital stay duration were not different between the two

groups (Table 4).

Discussion

We did not detect any differences in the effects of control

and dexmedetomidine infusion on the postoperative

delirium after thoracoscopic lung resection surgery.

Dexmedetomidine infusion reduced emergence agitation

and catecholamine levels, but did not reduce the pro-

inflammatory cytokine IL6, and tilted the cytokine balance

toward a pro-inflammatory state.

Studies on intraoperative dexmedetomidine infusion and

emergence agitation are rare in adult patients. Only two

such studies have been published; one showed that

dexmedetomidine decreased emergence agitation from

52% to 28% in patients who underwent nasal surgery (n

Table 1 Patient and anesthetic profiles

DEX-Sevo (n = 60) Sevo (n = 60)

Male, n (%) 28 (47) 30 (50)

Age (yr) 63 [58–68] 59 [56–65]

Body mass index (kg�m-2) 24 ± 3 25 ± 3

ASA (1/ 2), n (%) 18 (30)/42 (70) 20 (33)/40 (67)

FEV1 (%) 94 (12) 91 (13)

FEV1/FVC (%) 75 [72–78] 75 [69–79]

DLCO (%) 93 (16) 93 (16)

Smoking (never/past/current), n (%) 38 (63)/17 (28)/5 (8) 38 (63)/16 (27)/6 (10)

Diabetes mellitus, n (%) 11 (18) 9 (15)

Hypertension, n (%) 23 (38) 19 (32)

Surgery (segmentectomy/ lobectomy), n (%) 6 (10)/54 (90) 7 (12)/53 (88)

Pathologic staging, n (%)

T1N0

T2N0

T1N1

T2N1

34 (57)

15 (25)

8 (13)

3 (5)

33 (55)

20 (33)

5 (9)

2 (3)

Adenocarcinoma/squamous/other, n (%) 49 (82)/8 (13)/3 (5) 51 (85)/7 (12)/2 (3)

Data were expressed as mean (standard deviation), median [interquartile range] or numbers (%). Baseline patient characteristics between groups

were well balanced (all mean standard difference were\ 0.1)

ASA = American Society of Anesthesiologists physical status; DEX-Sevo = dexmedetomidine-sevoflurane; DLCO = diffusing capacity of the

lungs for carbon monoxide; FEV1 = forced expired volume in one second; FVC = forced vital capacity; Sevo = sevoflurane

Fig. 2 Distribution of Riker sedation agitation scale at one minute

after extubation. 1 = minimal or no response to noxious stimuli;

2 = arousal to physical stimuli but non-communicative; 3 = difficult

to arouse but awakens to verbal stimuli or gentle shaking; 4 = calm

and follows commands; 5 = anxious or physically agitated but calms

to verbal instructions; 6 = requires restraint and frequent verbal

reminding of limits; and 7 = attempting to remove tracheal tube or

catheters, or striking at staff
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= 50/group).21 The other study compared a

dexmedetomidine infusion group with two other groups

(epidural and control, n = 30 each group) during a

gastrectomy and showed that dexmedetomidine decreased

emergence agitation compared with the control (7% vs

27%).22 Our result is in line with these previous studies.

According to our distribution graph of Riker scales, most

patients were scale 4 (calm, 41/60, 68.3%) in the DEX-

Sevo group. Therefore, the reduced emergence agitation

shown in the DEX-Sevo group was not due to more

profound sedation than the Sevo group.

In the current study, preventive use of dexmedetomidine

did not reduce the incidence of postoperative delirium.

Two major studies, published in the Lancet3 and JAMA

Surgery,23 showed contradictory results following non-

cardiac surgery; one infused dexmedetomidine just after

ICU admission and maintained it until POD1 and showed a

reduction in the delirium rate (23% vs 9%, saline vs

dexmedetomidine group).3 The other infused

dexmedetomidine during surgery and for two hours in the

PACU and did not find a difference in the delirium rate

(12.2% vs 11.4%, dexmedetomidine vs saline).23 We

administered dexmedetomidine before surgical injury to

prevent the pro-inflammatory cascade and measured

cytokine levels. Our finding agrees with the negative

result. We also provide evidence that reduction of

emergence agitation is not associated with reduced

postoperative delirium.24

None of the previous studies measured cytokines or

catecholamines in relation to emergence agitation and

postoperative delirium. Our study showed that

dexmedetomidine infusion tended to reduce all pro-and

anti-inflammatory cytokines (IL6; but without

significance). Nevertheless, a greater reduction in IL10

and subsequently higher IL6/IL10 and IL8/IL10 ratios

revealed a lack of any anti-inflammatory activity, or even a

pro-inflammatory tendency, in the DEX-Sevo group.

Interleukin 6 is the chief stimulator of most acute-phase

proteins.25,26 Interleukin 10 is a cytokine with potent anti-

inflammatory properties that plays a central role in limiting

host inflammatory and immune responses.27 The IL6/IL10

Table 2 Cytokines, catecholamines, cortisol, and inflammation markers

DEX-Sevo (n = 57) Sevo (n = 59) Median difference [95% CI], P value

IL6 (pg�mL-1) Pre 1.3 [1.3 to 1.3] 1.3 [1.3 to 1.3]

Post 177.7 [103.2 to 241.5] 204.5 [135.0 to 334.2] -26.7 [-91.7 to 0], 0.06

IL10 (pg�mL-1) Pre 1.8 [0 to 3.5] 1.8 [0 to 3.5]

Post 8.3 [3.5 to 19.8] 18.1 [8.4 to 37.4] -9.8 [-13.9 to -3.3], 0.002

IL6/IL10 Pre 7.8 [0.5 to 15.6] 5.6 [0.7 to 15.6]

Post 15.5 [10.3 to 32.3] 9.7 [5.6 to 18.4] 5.8 [1.8 to 10.0], 0.01

IL8 (pg�mL-1) Pre 6.3 [2.4 to 10.5] 8.3 [5.0 to 12.4]

Post 17.0 [10.5 to 25.9] 22.6 [13.9 to 32.1] -5.6 [-8.6 to -0.4], 0.02

IL8/IL10 Pre 6.1 [1.0 to 71.4] 5.7 [2.4 to 68.4]

Post 2.0 [0.9 to 4.3] 1.2 [0.7 to 2.7] 0.8 [0.2 to 1.3], 0.007

TNFa (pg�mL-1) Pre 0 [0 to 2.9] 0 [0 to 2.9]

Post 1.9 [0 to 5.0] 2.9 [0 to 5.0] -1.1 [-1.1 to 0], 0.49

Epinephrine (pg�mL-1) Pre 27.1 [22.3 to 33.2] 26.5 [22.1 to 31.3]

Post 84.6 [44.2 to 128.4] 179.8 [124.6 to 450.0] -95.2 [-150.8 to -69.3],\ 0.001

Norepinephrine (pg�mL-1) Pre 296.5 [189.7 to 520.5] 347.5 [189.7 to 477.5]

Post 175.9 [88.2 to 240.7] 440.3 [309.9 to 598.9] -264.4 [-344.3 to -152.2],\ 0.001

Cortisol (lg�mL-1) Pre 1.4 [0.8 to 2.4] 1.1 [0.5 to 2.2]

Post 9.4 [7.0 to 18.6] 11.4 [7.6 to 22.2] -2.0 [-4.4 to 1.1], 0.2

POD 0 WBC (103 cells�mL-1)

POD 0 NLR

POD 1 CRP (mg�L-1)

14.7 [12.3 to 16.3] 15.2 [12.4 to 17.4] -0.4 [-2.0 to 0.8], 0.5

2.3 [1.5 to 4.7] 9.4 [6.5 to 12.8] -9.0 [-9.9 to -7.9],\ 0.001

2.0 [1.5 to 3.1] 2.0 [1.5 to 3.2] 0 [-0.4 to 0.4], 0.9

Data were expressed as median [interquartile range]. Preoperative cytokine, catecholamine, and cortisol measurements were well balanced

between groups (all standardized differences \ 0.1). Each postoperative value was different from the corresponding preoperative value (P\
0.05). Cytokines and catecholamines were adjusted for multiple testing using Bonferroni correction, and the corrected P values are presented

here

CI = confidence interval; CRP = C-reactive protein; DEX-Sevo = dexmedetomidine-sevoflurane; IL = interleukin; NLR = neutrophil to

lymphocyte ratio of WBC; POD = postoperative day; Post = postoperative; Pre = preoperative; Sevo = sevoflurane; TNFa = tumour necrosis

factor a; WBC = white blood cell count
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ratio indicates the inflammatory balance and predicts the

severity of the systemic inflammatory response.28,29

Previous studies have reported inconsistent results on

the changes in cytokines caused by

dexmedetomidine.4,6,18,30-32 Few have reported IL6/IL10

or IL8/IL10 ratios. Most studies used small sample sizes

and employed ELISA to measure cytokines. We enrolled

the largest number of patients among all such studies and

used a more precise technique to measure cytokines: the

ProcartaPlexTM kit and BioPlex200.33 Based on our results,

intraoperative dexmedetomidine does not exert an anti-

inflammatory effect because it suppresses IL10 more so

than the other cytokines. Our other laboratory results also

supported the lack of an anti-inflammatory effect of

intraoperative dexmedetomidine; TNFa, cortisol, WBC,

and CRP levels did not differ between the two groups.

In the current study, intraoperative infusion of

dexmedetomidine decreased both norepinephrine and

epinephrine. a2-adrenergic receptor agonists, which

decrease the release of catecholamines, have analgesic,

anxiolytic, and hypnotic effects.34 Pain, use of inhalation

agents, and opioids are among the risk factors for

Table 3 Anesthetic and postoperative profiles

DEX-Sevo (n = 60) Sevo (n = 60) Median difference or relative risk [95% CI], P value

Operation duration (min) 118 [97–136] 113 [95–146] 5 [-8 to 17], 0.46

One-lung ventilation duration (min) 98 [80–130] 100 [77–117] -4 [-16 to 5], 0.41

Fluid balance (mL) 515 [315–699] 515 [350–605] 2 [-97 to 100], 0.92

Vasoactive drugs during surgery, n (%) 51 (85) 42 (70) 1.2 [1.0 to 1.5], 0.08

Blood loss (mL) 100 [50–100] 100 [50–100] -9 [-22 to 13], 0.42

Sevoflurane (MAC 9 hour) 1.9 [1.6–2.3] 2.3 [2.0–2.8] -0.4 [-0.6 to -0.2],\ 0.001

Intraoperative remifentanil (mg) 0.30 [0.20–0.40] 0.40 [0.25–0.50] -0.1 [-0.05 to -0.10],\ 0.001

PACU opioids (mg) 0.3 [0.0–0.5] 0.5 [0.0–0.7] -0.3 [-0.2 to 0], 0.021

PACU NRS 3 [3–5] 5 [3–7] -2 [-2 to 0], 0.004

PACU anti-emetics, n (%) 1 (1.7) 6 (10.0) 0.17 [0.02 to 1.34], 0.12

Opioids, postoperative 1-6 hr (mg) 0 [0–1] 1 [0–1] -1.0 [-1.0 to 0], 0.003

Anti-emetics, postoperative 1–6 hr, n (%) 11 (18.3) 16 (26.7) 0.69 [0.35 to 1.36], 0.38

Time to obey 7 [4–12] 9 [6–12] -2 [-3 to 0], 0.10

Extubation time (min) 9 [6–13] 9 [7–13] 0 [-2 to 1], 0.52

PaCO2 (mmHg) 38 [35–42] 37 [33–39] 1.5 [-0.2 to 3.8], 0.21

PaO2 (mmHg) 76 [69–86] 75 [69–84] 0.8 [-3.3 to 7.1], 0.29

PACU stay (min) 70 [60–85] 68.5 [60–80] 1.5 [-3 to 9], 0.23

Data were expressed as median [interquartile range] or numbers (%). Opioids were transformed to the dose of hydromorphone (mg) based on an

opioid conversion table. PaCO2 and PaO2 were measured one hour after arrival at the PACU

CI = confidence interval; DEX-Sevo = dexmedetomidine-sevoflurane; Fluid balance = input (fluid) – output (blood loss?urine?chest tube);

MAC = minimum alveolar concentration; NRS = numeric rating scale for pain; PACU = postanesthesia care unit; Sevo = sevoflurane

Table 4 Clinical outcomes

Group

DEX-Sevo

(n = 60)

Sevo

(n = 60)

Relative risk [95% CI] P

Surgical complication 7 (12) 11 (18) 0.6 [0.27 to 1.53] 0.44

Pulmonary complication 6 (10) 6 (10) 1.0 [0.34 to 2.93] 0.76

Delayed chest tube removal 2 (3) 7 (12) 0.29 [0.06 to 1.32] 0.17

Delayed ICU stay 3 (5) 8 (13) 0.38 [0.10 to 1.35] 0.21

Delayed hospital discharge 7 (12) 5 (8) 1.4 [0.47 to 4.1] 0.76

Data were expressed as numbers (%). There were no difference between the two groups. Surgical complications occurred when the Clavien-

Dindo classification of surgical complication Grade was [1. Pulmonary complication was defined as Melbourne group-scaled pulmonary

complication C 4. Delayed chest tube removal, ICU stay and hospital stay mean[ five days, 24 hr, and[ seven days, respectively

CI = confidence interval; DEX-Sevo = dexmedetomidine-sevoflurane; ICU = intensive care unit; IL = interleukin; Sevo = sevoflurane
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delirium.8,30,35 Dexmedetomidine reduced pain and

consumption of inhalation agents and opioids in our

study. Furthermore, dexmedetomidine exerts hypnotic

properties by activating the endogenous sleep-promoting

pathway to produce a stage II non-rapid eye movement

sleep-like state through the a2-adrenergic receptor.36,37

Differences in the quality of sedation/hypnosis may be

related to reduced agitation during emergence from

anesthesia or deep sedation in the ICU.3 Our cytokine

and catecholamine results may explain why

dexmedetomidine had no anti-delirium effect but only an

anti-emergence agitation effect.

The lack of an anti-inflammatory action may be

explained by catecholamine-cytokine crosstalk. When

pro-inflammatory cytokine levels increase in the blood,

stress hormones, such as catecholamines and cortisol, are

secreted by the brain. These hormones act on b2-

adrenoreceptors and corticoid receptors in monocytes and

activate the secretion of IL10.38,39 Low levels of serum

catecholamines in response to dexmedetomidine may have

blocked the compensatory release of IL10, thereby altering

the pro-and anti-inflammatory cytokine balance.

This study has several limitations. First, the cytokine

measurements were only made twice, before and after

surgery; thus, it was not possible to assess how long the

effect lasted. Nevertheless, we referenced a previous study

on major vascular surgery, where IL6 and IL8 levels

peaked 30 min after the operation and started to decrease

until POD1.40 In addition, we wanted to study the impact of

intraoperative dexmedetomidine infusion on pro-

inflammatory cytokines during the intraoperative period.

Thus, cytokine levels shortly after the operation was the

most important values. Second, neuro-inflammation may

continue in the postoperative period and stopping

dexmedetomidine administration early may be related to

the lack of effect on delirium. Third, the effective dose of

dexmedetomidine for anti-inflammatory action is

unknown. The dose used in this study (0.5 lg�kg-1�hr-1)

was similar to that used in previous studies (0.3-0.5

lg�kg-1�hr-1).4-6,19,26-28 Fourth, underlying pulmonary

disease and one-lung ventilation could be confounding

factors when applying our results to other surgeries.

In conclusion, intraoperative use of dexmedetomidine

decreased emergence agitation, but did not prevent

postoperative delirium in patients who underwent

thoracic surgery. Reduction of emergence agitation was

not related to the reduction of postoperative delirium.

Patients who received dexmedetomidine had reduced

catecholamine levels, but did not show reduced

inflammation.
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