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Inhalation sedation for postoperative patients in the 
intensive care unit: initial sevoflurane concentration 
and comparison of opioid use with propofol sedation

Background: Although the use of volatile sedatives in the intensive care unit (ICU) is increas-
ing in Europe, it remains infrequent in Asia. Therefore, there are no clinical guidelines avail-
able. This study investigates the proper initial concentration of sevoflurane, a volatile sedative 
that induces a Richmond agitation-sedation scale (RASS) score of –2 to –3, in patients who 
underwent head and neck surgery with tracheostomy. We also compared the amount of post-
operative opioid consumption between volatile and intravenous (IV) sedation.
Methods: We planned a prospective study to determine the proper initial sevoflurane con-
centration and a retrospective analysis to compare postoperative opioid consumption between 
volatile sedation and propofol sedation. Patients scheduled for head and neck surgery with 
tracheostomy and subsequent postoperative sedation in the ICU were enrolled.
Results: In this prospective study, the effective dose 50 (ED50) of initial end-tidal sevoflurane 
concentration was 0.36% (95% confidence interval [CI], 0.20 to 0.60%), while the ED 95 was 
0.69% (95% CI, 0.60 to 0.75%) based on isotonic regression methods. In this retrospective 
study, remifentanil consumption during postoperative sedation was significantly lower in the 
sevoflurane group (2.52±1.00 µg/kg/hr, P=0.001) than it was in the IV propofol group 
(3.66±1.30 µg/kg/hr).
Conclusions: We determined the proper initial end-tidal concentration setting of sevoflurane 
for patients with tracheostomy who underwent head and neck surgery. Postoperative seda-
tion with sevoflurane appears to be a valid and safe alternative to IV sedation with propofol. 
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INTRODUCTION

Sedation is a frequent procedure in the intensive care unit (ICU). Providing proper sedation 

to critically ill patients is very important, because it not only reduces their anxiety and dis-

comfort but also affects their outcomes and survival rates. The current guidelines recom-

mend light sedation and daily sedative interruption protocols [1]. In patients who have un-

dergone head and neck flap surgery, it is essential to maintain airway patency to maintain 

the viability of the implanted tissue flap. These patients are usually maintained on mechani-

cal ventilation for days [2,3]. Moderate sedation to achieve a Richmond agitation-sedation 

scale (RASS) score of –2 to –3 is typically used to minimize patient motion and ensure patient 
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comfort. Immediate neurologic examinations after sedative 

interruption are also important to detect neurologic abnor-

malities, such as stroke [4,5]. The ideal sedatives can easily 

achieve the desired level of sedation, and rapid wakening 

when the infusion is stopped. 

  Non-benzodiazepine sedatives, such as propofol or dexme-

detomidine, can improve patient outcomes in the ICU and re-

duce ICU lengths of stay, the duration of mechanical ventila-

tion, and the incidence of delirium. These sedatives can also 

improve long-term outcomes, such as 90-day mortality, cog-

nitive and physical functioning, institutionalization, and psy-

chologic dysfunction [1]. In addition, long-term high-dose 

benzodiazepine infusion for sedation can lead to prolonged 

sedation after the infusion is discontinued [6]. However, suffi-

cient moderate sedation is difficult to obtain with dexmedeto-

midine alone. For that reason, propofol infusion has been 

used for postoperative sedation and rapid recovery in patients 

undergoing head and neck surgery. However, propofol can 

cause serious hemodynamic instability, including hypoten-

sion. Furthermore, long-term high-dose propofol infusion 

can induce propofol infusion syndrome, which can lead to 

metabolic acidosis, cardiac and skeletal muscle injury, kidney 

injury, and even death [7-9]. 

  Several recent studies have addressed postoperative vola-

tile sedation [10-14]. Volatile agents have been widely used in 

the operating room for general anesthesia. However, their use 

requires a ventilator with a classic vaporizer or a closed anes-

thesia system. Applying a volatile agent to an open non-re-

breathing ICU ventilator is not cost-effective and can cause 

environmental pollution. Therefore, inhalation sedation is 

mainly used in the operating room and not in the ICU. An an-

esthetic conserving device (ACD; AnaConDa, Sedana Medi-

cal, Danderyd, Sweden) is a simple disposable device that al-

lows inhaled anesthetics to be vaporized and delivered using 

any non-rebreathing mechanical ventilator. Liquid form sevo-

flurane is infused using a 50-mL syringe and vaporized by an 

evaporator rod. The gas from sevoflurane is mixed with the 

gas from the inspiratory limb, and delivered to the patient’s 

lungs during inspiration. During the expiratory phase, 90% of 

the exhaled volatile agent is adsorbed and reused in the next 

inspiration [15]. The ACD enabled the use of inhalation seda-

tives without an anesthetic machine, making it possible to use 

volatile sedation in the ICU.

  Although the use of volatile sedatives in the ICU is increas-

ing in Europe, it is still rare in Asia. There are no clinical capac-

ity guidelines regarding the use of volatile sedatives in the ICU 

in Asia. Therefore, in this study, we investigated the proper 

KEY MESSAGES 

■ �We determined the proper initial end-tidal concentra-
tion of sevoflurane in postoperative patients with tra-
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■ �This is the first study on postoperative sevoflurane seda-
tion in patients who underwent head and neck surgery 
with tracheostomy.
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initial concentration of sevoflurane in patients who under-

went head and neck surgery with tracheostomy. Sevoflurane 

is a volatile sedative that induces a RASS score of –2 to –3. We 

also compared the amount of postoperative opioid consump-

tion between patients receiving volatile and intravenous (IV) 

sedation.

MATERIALS AND METHODS

Ethical Considerations
This study was approved by Institutional Review Board of Sev-

erance Hospital (IRB No. 4-2018-0065). Written informed con-

sent was obtained from all patients. We registered this study 

as a clinical trial (Clinicaltrials.gov identifier NCT-03559920). 

Study Design
We planned both a prospective study to determine the proper 

initial sevoflurane concentration, and a retrospective analysis 

to compare volatile sedation with IV sedation. 

Prospective Study
Patients
Patients who were scheduled for elective head and neck sur-

gery with tracheostomy followed by sedation and postopera-

tive mechanical ventilation in the surgical ICU at our hospital 

from April 2018 to October 2018 were enrolled. The inclusion 

criteria included patients over 19 years with American Society 

of Anesthesiologists physical status I–III. The exclusion crite-

ria were as follows: family history of malignant hyperthermia, 

chronic kidney disease (estimated glomerular filtration rate 

< 30 or patients on dialysis), moderate to severe liver disease 

(aspartate transaminase and alanine transaminase levels 

> 200 IU/L) or a diagnosis of chronic liver disease [16], preg-

nancy, and refusal to participate. 
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Sedation procedure
First, we conducted a prospective study. During surgery, an-

esthesia in patients was maintained using an inhaled anes-

thetic agent and remifentanil. After surgery, patients were in-

jected with 0.05 mg/kg of midazolam to keep them sedated 

while they were transferred from the operating room to the 

ICU, which took 10–15 minutes. Upon arrival to the ICU, the 

standard monitoring devices were attached. During mechani-

cal ventilation, the tidal volume was set at 6–7 mL per ideal 

body weight (kg). The respiratory rate was adjusted so that the 

end-tidal carbon dioxide (CO2) could be maintained at 35–45 

mm Hg. The fraction of inspired oxygen was initially set at 0.4 

and the positive end-expiratory pressure was set at 5 mm Hg. 

These parameters were adjusted as needed for proper oxygen-

ation. Hypotension was defined as a mean arterial blood pres-

sure <65 mm Hg or 20% less than the baseline values [17]. When 

hypotension lasted for more than 1 minute, additional fluid or 

norepinephrine was administered to keep the mean arterial 

blood pressure > 65 mm Hg or to avoid > 20% decrease in the 

baseline blood pressure of the patient.

  Subsequently, the ACD (AnaConDa) was applied to deliver 

the sevoflurane. In order to prime the injecting adapter, a bo-

lus of 1.5 ml sevoflurane was initially administered. The end-

tidal CO2 and sevoflurane concentration were tracked on the 

gas monitor, and the correct operation of the ACD (AnaCon-

Da) was monitored. For analgesia during sedation, 0.1–0.2 µg/

kg/min of remifentanil was infused to maintain patients at a 

Critical-Care Pain Observation Tool (CPOT) score of < 3.

Outcome measurements
The target depth of sedation was adjusted to a RASS score of 

–2 to –3. Patients responded to voice commands or opened 

their eyes, but eye contact was maintained for 10 s or less [18]. 

According to previous research results, the first patient’s end-

tidal sevoflurane concentration target was set at 0.5% accord-

ing to the manufacturer’s recommendations [19,20]. The infu-

sion rate was adjusted at 0.5–5 ml/hr to reach a measured end-

tidal sevoflurane concentration of 0.5% 30 minutes after the 

initial sedation. We estimated the patients’ sedation level at 30 

minutes. Sedation was considered successful when the patient 

reached a RASS score of –2 to –3. In order to determine the min-

imum effective drug concentration, the next patient’s end-tid-

al sevoflurane concentration target was set at 0.4%, which was 

0.1% less than that of the previous patient. If the sedation level 

at 30 minutes was too deep (below RASS –4), the next patient’s 

target concentration was set at 0.3%, which was 0.1% less than 

that of the previous patient. Conversely, if the sedation level 

was too shallow (RASS –1 or more agitated) when the target 

end-tidal sevoflurane concentration was reached, the target 

concentration was set at 0.6%, which was 0.1% greater than 

that of the previous patient. By repeating these procedures, 

we obtained the appropriate concentration of end-tidal sevo-

flurane (ED 50 and ED 95) at the initial phase of sedation that 

can induce a RASS score of –2 to –3. The ED 50 was defined as 

the effective initial end-tidal sevoflurane concentration for 

achieving the target sedation goal in 50% of the patients. ED 

95 was defined as the effective initial end-tidal sevoflurane 

concentration to achieve a target sedation goal in 95% of the 

patients. 

  After determining the success or failure in achieving the 

target sedation level by adjusting the concentration of sevo-

flurane, we adjusted the inhalation agent dose to maintain the 

depth of sedation corresponding to a RASS score of –2 to –3 

while continuing mechanical ventilation. Pain was assessed 

using the CPOT score at least three times a day and reassessed 

after 30 minutes if any intervention that could affect the pain 

score of the patients was performed. The remifentanil infusion 

rate was adjusted to maintain a CPOT score of < 3. Both seda-

tion and analgesia levels were monitored continuously by the 

patient’s nursing staff. The infusion dose was immediately ad-

justed by the attending ICU physician if needed. Based on the 

patient’s general condition and flap condition, the attending 

surgeon discussed the possibility of stopping sedation on a 

daily basis. After determining when the patient should be wo-

ken up, sevoflurane administration was stopped. Mechanical 

ventilation was stopped after confirming the patient’s appro-

priate level of consciousness and spontaneous breathing. 

Statistical analysis
The ED 50 was calculated using Dixon’s up and down meth-

od. According to this method, our prospective study was end-

ed when we found six pairs of successes and failures in achiev-

ing the sedation goal. Assuming that the concentration of sevo-

flurane was positively correlated with the response rate, the 

isotonic regression method was used to calculate the ED 50 

and ED 95. The 95% confidence intervals (CIs) were derived 

using the bootstrap method [21,22].

Retrospective study
Patients
In a retrospective analysis, we compared the prospective study 

group with the IV propofol sedation group. The patients in the 

IV sedation group received postoperative sedation with IV 

propofol for the same reason as those in the volatile sevoflu-
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rane group between April 2018 and January 2019. The IV se-

dation group received the same anesthetic management as 

did the sevoflurane group during surgery. The protocols to 

maintain the sedation depth were the same between the two 

groups. We adjusted the propofol infusion dose to maintain 

the depth of sedation corresponding to a RASS score of –2 to 

–3 while continuing mechanical ventilation. Pain assessments 

were based on the CPOT scores. The remifentanil dose was 

adjusted to maintain a CPOT score of < 3. The nursing staff 

continuously monitored the sedation and analgesia levels. 

The infusion dose was immediately adjusted by the attending 

ICU physician if needed. The propofol infusion was stopped 

when the surgeon determined that the patient was stable to 

be awakened. Mechanical ventilation was stopped after con-

firming the patient’s level of consciousness and spontaneous 

breathing. 

Data collection
We compared the following parameters between the two groups: 

intraoperative remifentanil infusion rate; postoperative remi-

fentanil infusion rate while sevoflurane or propofol infusion 

was being administered to maintain mechanical ventilation; 

norepinephrine use while sevoflurane or propofol was being 

administered; the incidence of postoperative delirium until 

discharge diagnosed using the Confusion Assessment Meth-

od for the ICU and Intensive Care Delirium Screening Check-

list; length of ICU stay, length of hospital stay; and incidence 

of serious adverse events, such as mortality, myocardial in-

farction, cerebral infarction, and kidney or liver failure, until 

discharge from the hospital. 

Statistical analysis
The recorded and calculated parameters were described as 

means or medians (interquartile range). For the categorical 

data, we calculated absolute and relative frequencies (count 

and %). Intergroup comparisons were performed using the 

Student t-test or Mann-Whitney’s rank sum test (with Bonfer-

roni correction), chi-square test, or Fisher’s test (complete re-

sponse, %). The P-values < 0.05 were considered statistically 

significant. All statistical analyses were performed using IBM 

SPSS ver. 23 (IBM Corp., Armonk, NY, USA) and R package, 

version 3.5.1 (R Foundation, Vienna, Austria).

RESULTS

Prospective Study
Twenty-five patients were enrolled. The median age was 62 

years (54.5–70.5 years). The mean body mass index (BMI) was 

23.2 ± 3.4 kg/m2. The median postoperative sedation duration 

was 680 minutes (570–815 minutes). Six pairs of success-fail-

ure were collected (Figure 1). The ED 50 of the initial end-tidal 

sevoflurane concentration was 0.40% ± 0.16% by the Dixon’s 

method. By the isotonic regression method, the ED 50 of sevo-

flurane was 0.36% (83% CI, 0.26% to 0.54%; 95% CI, 0.20 to 

0.60%) and the ED 95 was 0.69% (83% CI, 0.62 to 0.72%; 95% 

CI, 0.60 to 0.75%) (Table 1, Figure 2). These optimal concen-

trations were achieved in the sedation protocol using remi-

fentanil as an analgesic.

Retrospective Study
Forty-nine patients were enrolled in the retrospective study. 

We confirmed that the RASS (–2 to –3) and CPOT scores ( < 3) 

were appropriately controlled according to the patient’s nurs-

Table 1. Initial end-tidal sevoflurane concentration determined by 
Dixon’s method and the isotonic regression method

Variable
Dixon’s  
method

Isotonic regression method

ED50 ED95

Sevoflurane (%) 0.40±0.16 0.36 
(83% CI, 0.26–0.54; 
95% CI, 0.20–0.60)

0.69 
(83% CI, 0.62–0.72; 
95% CI, 0.60–0.75)

Values are presented as mean±standard deviation. 
ED 50 (ED95), the effective dose of initial end-tidal sevoflurane concen-
tration for achieving the target sedation goal in 50% (95%) of the pa-
tients; CI, confidence interval.

Figure 1. Sevoflurane concentrations for sedation targeted at 
achieving a Richmond agitation-sedation scale score of –2 to –3 
using the Dixon’s up-and-down method. ED 50 (ED95), the effec-
tive initial end-tidal sevoflurane concentration for achieving the 
target sedation goal in 50% (95%) of the patients. 
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Table 2. Demographics, perioperative data, and postoperative outcomes

Variable
Sevoflurane group 

(n=25)
Propofol group 

(n=24)
P-valuea

Age (yr)              62 (54.5–70.5)     61 (57–65) 0.609

Male sex 18 (72) 17 (70.8) 0.928

Body mass index (kg/m2) 23.2±3.4 23.3±3.8 0.908

ASA physical statusb 0.866

   I 9 (36) 7 (29)

   II 8 (32) 9 (38)

   III 8 (32) 8 (33)

Duration of surgery (min) 702.6±179.8 659.2±248.4 0.485

Duration of postoperative sedation 771.0±388.4 1,508.2±2,074.7 0.099

Intraoperative remifentanil infusion rate (µg/kg/hr) 3.52±1.00 3.47±1.17 0.883

Postoperative remifentanil infusion rate during sedative agent infusion (µg/kg/hr) 2.52±1.00 3.66±1.30 0.001

ICU stay (day) 2 (2–2) 2 (2–2) 0.208

Hospital stay (day) 22.8±7.2 26.4±12.6 0.226

Delirium during hospital stay 0 0

Fluid balancec (ml/hr)

   Day 1 37.9±38.3 29.7±38.5 0.457

   Day 2 8.8±37.7 11.2±34.1 0.813

Number of patients receiving norepinephrine during sedative drug administration 11/25 (44) 12/24 (50) 0.674

Norepinephrine infusion time during sedative drug administration (min) 1,026.8±1,742.1 1,907.9±2,784.5 0.379

Values are presented as median (interquartile range), number (%), or mean±standard deviations.
ASA: American Society of Anesthesiologists; ICU: intensive care unit.
aComparison between groups; bI: normal healthy patient; II: patient with mild systemic disease; III: patient with severe systemic disease; cFluid balance: 
(total fluid input–total fluid output)/hr.

Figure 2. Response rates evaluated using the isotonic regression method.
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ing records. Under the same level of sedation and analgesia, 

the postoperative remifentanil infusion rate was significantly 

lower in the sevoflurane group (2.52 ± 1.00 µg/kg/hr, P = 0.001) 

than it was in the IV sedation group (3.66 ± 1.30 µg/kg/hr). 
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  The patients’ characteristics and operative events are de-

scribed in Table 2. There were no significant differences in 

age, sex, BMI, underlying systemic disease, duration of sur-

gery, or intraoperative remifentanil infusion rate between the 

two groups. The postoperative sedation duration of mechani-

cal ventilation was longer in the propofol group than it was in 

the sevoflurane group, although this difference was not signif-

icant (P = 0.099). Serious adverse events, such as mortality, 

myocardial infarction, cerebral infarction, and kidney or liver 

failure, were not observed until discharge from the hospital in 

either group. Postoperative delirium was also not observed in 

either group. The length of ICU and hospital stays did not vary 

between the groups. Norepinephrine use during sedative agent 

infusion was also similar between the two groups. 

DISCUSSION

In this prospective study, we determined the proper initial 

end-tidal concentration of sevoflurane for patients who un-

derwent head and neck surgery with tracheostomy. The ED 

50 of sevoflurane was 0.40% ± 0.16% by Dixon’s method. In 

contrast, the ED 50 using the isotonic regression method was 

0.36% with an ED 95 of 0.69%. The main finding of our retro-

spective study is that there was a lower opioid requirement 

during mechanical ventilation in the sevoflurane group than 

there was in the IV sedation group. To the best of our knowl-

edge, this is the first study on postoperative sevoflurane seda-

tion in patients who underwent head and neck surgery with 

tracheostomy.

  Complications such as airway obstruction, edema, bleed-

ing, and aspiration are life-threatening factors after head and 

neck surgery. In addition, excessive movement and hemody-

namic instabilities due to postoperative agitation have an ad-

verse effect on flap survival. Therefore, adequate sedation and 

mechanical ventilation in the ICU immediately after surgery 

is the standard care in many institutions [23-25]. Head and 

neck surgery can also cause damage to the cervical blood ves-

sels and nerves. Therefore, these patients should be intensive-

ly monitored for perioperative cerebrovascular accidents dur-

ing sedation. It is essential to perform daily sedation interrup-

tions to examine the patients’ neurologic status [26,27]. For 

these reasons, the sedative agent used for head and neck sur-

gery should not only provide moderate or deep sedation, but 

also enable rapid awakening after interruption. 

  In order to achieve sedation that avoids purposeful move-

ment in response to a supramaximal stimulus, the end-tidal 

concentration of the volatile agent should be slightly above 

the minimum alveolar concentration (MAC)-awake. The MAC-

awake is usually approximately one-third of the MAC and is 

typically 0.6% for sevoflurane [19]. Considering this, the man-

ufacturer recommends initiating administration with 0.5% of 

sevoflurane for sedation. Previous studies on applying the 

ACD to postoperative sedation after cardiac surgery followed 

that protocol [12,28]. However, in those studies, the airways 

were secured by orotracheal intubation and not by tracheos-

tomy. We also need a moderate degree of sedation (RASS score 

–2 to –3) to prevent life threatening complications. In this study, 

the ED 95 of end-tidal sevoflurane was 0.69%. This difference 

may be related to a deeper sedation target, the method of se-

curing the airway, and airway irritability due to surgery.

  Various adverse events can occur during sedation in criti-

cally ill patients. Unpredictable pharmacokinetic and phar-

macodynamic effects due to drug interactions, organ dysfunc-

tion, inconsistent absorption and protein binding, hemody-

namic instability, and drug accumulation can cause serious 

adverse events. Therefore, setting up appropriate initial con-

centration for sedation is of utter importance for the safety of 

patients in the ICU. Based on our results, we can set the initial 

sevoflurane concentration for patients with tracheostomy. 

This can also help to develop standard clinical guidelines for 

sevoflurane postoperative sedation in Asian patients. To the 

best of our knowledge, this is the first study to investigate the 

initial sevoflurane concentration setting to sedate critically ill 

postoperative patients in Asia. 

  There were no significant differences in the length of ICU 

stay, hospital stay, or in vasoactive drug use during sedative 

agent administration between the sevoflurane and propofol 

groups. Moreover, no serious adverse events or delirium were 

noted in either group. In addition, the sevoflurane group had 

lower opioid use than did the propofol group during sedative 

agent infusion to maintain mechanical ventilation. We used a 

lower dose of opioids in the sevoflurane group while providing 

the same degree of sedation (RASS –2 to –3) and pain control 

(CPOT score of <3). Our findings are consistent with those of 

several prior studies. [14,29]. In another study, a subanesthetic 

level of sevoflurane was found to provide an analgesic effect in 

the sevoflurane group [30]. Opioid infusion can cause acute 

opioid tolerance and opioid-induced hyperalgesia. Therefore, for 

patients with higher opioid requirements, inhalation sedation 

can be used as an option to reduce opioid consumption [31,32].

  Inhalation sedatives have some characteristics of ideal sed-

atives, such as quick sedation effect onset, rapid awakening 

after interruption, little accumulation after long-term admin-

istration, and little impact on clearance and elimination with 
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regard to hepatic or renal function. In addition, propofol infu-

sion syndrome can be avoided if an inhalation sedative is used. 

Our results suggest that inhalation sedation is a good alterna-

tive to IV sedation.

  Our study has several limitations. We could not perform a 

prospective study to compare the sevoflurane and propofol 

groups. Further prospective randomized-controlled studies 

with larger patient groups can supplement this limitation. Fur-

thermore, a double-blind trial was infeasible because of the 

different devices between the sevoflurane and propofol groups. 

An ACD requires a specific device to connect to the mechani-

cal ventilator. This might have introduced bias by the medical 

staff that managed the enrolled patients. Another limitation is 

that midazolam is classified as a short-acting agent according 

to its metabolism and plasma clearance. It has a short distri-

bution half-life and was injected evenly. Therefore, we assumed 

that it did not affect the initial sedation depth, but this possi-

bility cannot be excluded [33]. Finally, this study was performed 

in a group of critically ill patients who underwent tracheosto-

my. Depending on the manner of securing the airway, the de-

livery amount of sevoflurane can vary and differ from the mon-

itored level. Therefore, the monitored concentration in the 

tracheostomy group can differ from that of the endotracheal 

group. Further study is needed to determine the differences 

across different types of airways. 

  In conclusion, the ED 50 and ED 95 of the end-tidal sevo-

flurane concentration for optimal postoperative sedation in 

patients who underwent head and neck surgery with trache-

ostomy were 0.36% and 0.69%, respectively. There was no dif-

ference in the clinical outcomes between IV sedation using 

propofol and inhalation sedation using an ACD. The sevoflu-

rane group demonstrated lower opioid use than did the IV se-

dation group during sedative agent infusion. Inhaled sevoflu-

rane sedation using an ACD (AnaConDa) seems to be a favor-

able alternative option to conventional propofol sedation.
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