
http://www.jdapm.org  295

Original Article
pISSN 2383-9309❚eISSN 2383-9317

J Dent Anesth Pain Med 2018;18(5):295-300❚https://doi.org/10.17245/jdapm.2018.18.5.295

Optimal effective-site concentration of remifentanil for 
sedation during plate removal of maxilla
Jeong-Hoon Park1, Ji-Young Yoon1, Eun-Jung Kim1, Ji-Uk Yoon2, Byung-Moon Choi3, Ji-Hye Ahn1

1Department of Dental Anesthesia and Pain Medicine, School of Dentistry, Pusan National University, Dental Research Institute, Yangsan, 
Korea
2Department of Anesthesia and Pain Medicine, School of Medicine, Pusan National University, Yangsan, Korea
3Department of Anesthesiology and Pain Medicine, Asan Medical Centre, University of Ulsan College of Medicine, Seoul, Korea

Background: Removal of the plate following Le Fort I osteotomy and BSSO (bilateral sagittal split osteotomy) 
is a common procedure.  However, patients who undergo plate removal experience intense pain and discomfort.  
This study investigated the half-maximal effective concentration (Ce50) of remifentanil in the prevention of plate 
removal pain under sedation using dexmedetomidine.
Methods: The study evaluated 18 patients, between 18 and 35 years of age, scheduled for elective surgery.  
Remifentanil infusion was initiated after sedation using dexmedetomidine, and started at a dose of 1.5 ng/mL 
on the first patient via target-controlled infusion (TCI). Patients received a loading dose of 1.0 μg/kg dexme-
detomidine over 10 min, followed by a maintenance dose of 0.7 μg/kg/h. When the surgeon removed the 
plate, the patient Modified Observer’s Assessment of Alertness/Sedation (MOAA/S) score was observed.
Results: The Ce of remifentanil ranged from 0.9 to 2.1 ng/mL for the patients evaluated. The estimated effect-site 
concentrations of remifentanil associated with a 50% and 95% probability of reaching MOAA/S score of 3 
were 1.28 and 2.51 ng/mL, respectively.
Conclusion: Plate removal of maxilla can be successfully performed without any pain or adverse effects by 
using the optimal remifentanil effect-site concentration (Ce50, 1.28 ng/mL; Ce95, 2.51 ng/mL) combined with 
sedation using dexmedetomidine.
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INTRODUCTION

  Various complications may occur after miniplate and 
screw fixation, such as infection, plate fracture, nonunion, 
and mental nerve paralysis or dysesthesia [1]. Plate 
removal after orthognathic surgery is performed in 1.0%–
18.6% of patients [2]. Approximately 80% of the plates 
are removed within the first year. One of the advantages 
of the early removal of the plate is that all plates are 

technically easy to remove and the procedure has low 
morbidity [2]. However, patients who undergo plate 
removal procedures without general anesthesia suffer 
severe pain and anxiety during the surgery. Therefore, 
there is a need for methods that can reduce the pain, 
anxiety, and fear experienced by patients. 
  MAC (monitored anesthesia care) may be useful in 
minimally invasive surgical procedures such as plate 
removal. It provides suitable intraoperative conditions for 
the patient to be comfortable and pain-free. Propofol and 
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Table 1. Demographic Data 

Data

Number of patients
Sex (M/F)
Age (years)
Weight (kg)
Height (cm)
ASA class (I/II)

18
10/8

 23.7 ± 4.25
61.46 ± 14.1
 168 ± 7.43

17/1

The values are number of patients or the mean ± SD. ASA: American 
Society of Anesthesiologists.

midazolam are frequently used sedative drugs, and 
fentanyl, alfentanil, and remifentanil are frequently used 
analgesics; sometimes, severe respiratory depression 
occurs when sedatives and analgesics are used together.
  Dexmedetomidine has a high specificity for the α

2-receptor and is therefore a complete α2-agonist. It 
provides outstanding sedation and analgesic effects, with 
minimal respiratory depression [3-5]. A recent study 
showed that dexmedetomidine was an effective sedative 
drug for patients undergoing a broad range of surgical 
procedures performed under MAC. As a result, patients 
were more satisfied after surgery, experienced milder 
respiratory depression, and opioid use was reduced [6]. 
However, the sole use of dexmedetomidine was not as 
effective as propofol with analgesics for the provision of 
adequate sedation during the procedure; moreover, 
dexmedetomidine was associated with significant hemo-
dynamic instability and longer recovery times [7].
  Remifentanil is an ultra-short acting opioid that is 
quickly hydrolyzed by nonspecific esterases in the plasma 
and multiple organs [8]. Owing to the fast reaction, short 
working time, and characteristic of rapid decay, the 
injection rate can be easily adjusted to suit individual 
patient needs or surgical situations. For example, an 
increased dose of remifentanil before skin incision or 
before the insertion of a Trocar can reduce the 
hemodynamic stress reaction. The need for remifentanil 
can be predicted at the action time and the time at which 
the action ends can be expected. In addition, the use of 
a high dose of remifentanil just before the skin suture 
does not affect recovery, because it does not accumulate, 
regardless of injection time or amount of injection.
  Previous studies have reported that when dexmedeto-
midine and remifentanil were used together, safe and 
satisfactory sedation was provided [9,10]. However, the 
appropriate concentration of remifentanil during plate 
removal of maxilla was not suggested. The Ce50 and the 
Ce95 are the effective remifentanil effect-site concen-
trations (Ce) in 50% and 95% of patients for the 
prevention of emergence of pain or anxiety. Therefore, 
the goal of our study was to evaluate the Ce50 of 

remifentanil for sedation. 

MATERIALS AND METHOD

1. Patient population

  After obtaining approval from the Pusan National 
University Dental Hospital Institutional Review Board 
(IRB No. PNUDH-2018-022), written informed consent 
was obtained from all patients. The enrolled patients were 
between 18 and 35 years of age, with an American 
Society of Anesthesiologists (ASA) physical status 
classification of I or II; patients with cardiovascular, 
pulmonary, renal, or hepatic diseases were excluded from 
this study (Table 1).
  The change between consecutive response and no 
response was termed a “crossover” with a midpoint 
concentration between the response and no response 
concentrations. This study was ended after eight 
crossovers had occurred. The eight crossovers were 
averaged to find the Ce50 of remifentanil. 

2. Study procedure 

  No medications were administered prior to the surgery. 
A 20- or 22-gauge angiocatheter was inserted into the 
patient’s forearm or the dorsum of the hand for drug 
injection. When the patient arrived into the operating 
room, they were connected to the standard monitoring 
equipment, such as electrocardiography monitor, non- 
invasive blood pressure measurement devices, and pulse 
oximetry. Pulse rate and oxygen saturation were conti-
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Table 3. Hemodynamic changes

  T0   T1  T2

MBP (mmHg)  
HR (beats/min) 
SpO2 (%) 

  90.78 ± 13.43
 80.95 ± 16.1 

99.84 ± 0.5  

 88.78 ± 13.93
 63.84 ± 15.61

98.84 ± 2.31 

 90.78 ± 17.71
 79.53 ± 13.62

99.16 ± 1.42

The values are the mean ± SD. MBP, mean blood pressure; HR, heart rate; SpO2, oxygen saturation; T0, baseline; T1, after the loading dose of 
dexmedetomidine was applied and the remifentanil infusion was started; T2, immediately after the plate was removed.  

Table 2. Modified observer’s assessment of the alertness/sedation scale

Responsiveness Score

Agitated 
Responds readily to name spoken in normal tone (alert) 

Lethargic response to name spoken in normal tone 
Responds only after name is called loudly and/or repeatedly 

Responds only after mild prodding or shaking 
Does not respond to mild prodding or shaking 

Does not respond to deep stimulus

6
5
4
3
2
1
0

nuously monitored from when the patient entered the 
operating room to discharge from the recovery room. 
Non-invasive blood pressure measurements were 
collected at 5 min intervals during the surgery [11]. After 
preoxygenation with 5 L/min of 100% oxygen, dexme-
detomidine infusion was initiated with a loading dose of 
1.0 μg/kg over 10 min, and a maintenance dose of 0.7 
μg/kg/h. The remifentanil infusion was started together 
with dexmedetomidine at a dose of 1.5 ng/ml via 
target-controlled infusion (TCI) to the first patient. The 
degree of sedation was determined by using the MOAA/S 
(Modified Observer’s Assessment of Alertness/Sedation) 
scale (Table 2) [12]. 
  Remifentanil infusion was based on Minto’s model, 
using a TCI device (OrchestraⓇ Base Primea, Fresenius- 
Vial, France) [13].
  MOAA/S scores of 3 were considered to indicate a 
“response”, and scores of 4, 5, or 6 were regarded as 
“no response”. The Ce of remifentanil for the next patient 
was determined by the previous patient’s response. If a 
patient’s score indicated a response, the Ce of remi-
fentanil for the next patient was increased by 0.3 ng/mL. 
If a patient’s score indicated no response, the Ce of 
remifentanil for the next patient was decreased by 0.3 
ng/ml [14].

3. Determination of the remifentanil concentration 

required to reach appropriate sedation using 

logistic regression

  Using the observations of appropriate and inappropriate 
sedation level, every effect-site concentration of remi-
fentanil was assigned as 0 (inappropriate sedation) or 1 
(appropriate sedation). The relationship between the 
probability of reaching MOAA/S score of 3 [P (MOAA/S 
= 3)] and the effect-site concentration of remifentanil was 
analyzed by using a sigmoid Emax model:

  where Ce is the effect-site concentration of remifen-
tanil, Ce50 is the effect-site concentration of remifentanil 
associated with a 50% probability of reaching an 
MOAA/S score of 3, and g is the steepness of the 
concentration-response relationship. The likelihood, L, of 
the observed response of 3 on the MOAA/S scale, R, 
is described by the following equation: 

  Likelihood = R × Prob + (1 – R) × (1 – Prob)

  where Prob is the probability of reaching an MOAA/S 
score of 3 [15].
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Fig. 1. Predicted probability of reaching a Modified Observer’s Alertness/ 
Sedation (MOAA/S) score of 3 plotted against the effect-site concent-
rations of remifentanil. X: Effect-site concentration of remifentanil when 
an MOAA/S score of 3 was not reached; O: effect-site concentration 
of remifentanil of that reached an MOAA/S score of 3. The red solid 
line indicates the population prediction.

4. Statistics

  The logistic regression was performed by using 
NONMEMⓇ7 level 4 (ICON Development Solutions, 
Dublin, Ireland). Inter-individual variations could not be 
successfully estimated with only one point per individual. 
Therefore, a naïve-pooled data approach was used. Model 
parameters were estimated by using the option 
“LIKELIHOOD LAPLACE METHOD=conditional” in 
NONMEM [15].

RESULTS

  The 18 patients who underwent plate removal surgery 
were treated dexmedetomidine and remifentanil 
simultaneously. Each patient’s heart rate, mean blood 
pressure, and oxygen saturation were checked before the 
remifentanil and dexmedetomidine infusion (baseline, 
T0), after the loading dose of dexmedetomidine was 
applied and remifentanil infusion was started (T1), and 
immediately after the plate was removed (T2) (Table 3). 
The results of our study showed that there were no 
complications such as hypotension (decrease in MBP to 
< 55 mmHg), bradycardia (HR slower than 40 beats/min), 
oxygen desaturation (SpO2 below 90%), or respiratory 
distress.
  We found the Ce of remifentanil required to minimize 
pain during the plate removal procedure. The estimated 
effect-site concentration of remifentanil associated with 
a 50% and 95% probability of reaching an MOAA/S 
score of 3 was 1.28 and 2.51 ng/mL, respectively (Fig. 
1).

DISCUSSION

  Traditionally, the midazolam-remifentanil regimen has 
been used for procedures that require sedation. Previous 
reports have shown that both midazolam-remifentanil and 
dexmedetomidine-remifentanil ensured the safety of 

HIFU treatment for uterine fibroids. However, dexme-
detomidine-remifentanil provided more stable sedation in 
patients than the traditional regimen [9]. Another study 
showed that the dexmedetomidine-remifentanil protocol 
improved respiratory sparing effects to a greater extent 
than midazolam-remifentanil. Therefore, the dexmedeto-
midine-remifentanil regimen can be used safely as a 
sedation method during endoscopic retrograde cholangio- 
pancreatography (ERCP) [10].
  Our study indicated that the values of MBP, HR, and 
SpO2 were 90.78 ± 17.71, 79.53 ± 13.62, and 99.16 ± 
1.42, respectively, when the surgeon removed the plate; 
moreover, no complications, such as hypotension, 
bradycardia, or hypoxemia, occurred.
  Many studies have reported a Ce50 of remifentanil that 
could prevent hemodynamic changes caused by 
nasotracheal intubation or lidocaine injection pain; for 
example, 2.0–5.0 ng/mL of remifentanil did not induce 
significant hypotension, bradycardia, chest pain, or 
hypoxemia [16-19]. 
  Heo et al. [14] showed that the Ce50 and Ce95 values 
of remifentanil during cystoscopy when dexmedeto-
midine was infused at a clinical dose were 1.33 and 1.58 
ng/ml, respectively.
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  In our study, we infused the loading dose of dexme-
detomidine for 10 min and remifentanil was started at 
a dose of 1.5 ng/ml. The dose of remifentanil for the 
subsequent patient was controlled by the MOAA/S score 
of the previous patient. The patient’s MOAA/S score was 
observed when the surgeon removed the plate. Using a 
sigmoid Emax model, every effect-site concentration of 
remifentanil was allocated to 0 (inappropriate sedation) 
or 1 (appropriate sedation). 
  However, our research has limitations. As a person 
ages, increased body fat and decreased muscle mass result 
in a general decrease in total body water. As a result, 
water-soluble drugs have lower plasma concentrations 
and lipid-soluble drugs have higher plasma concentrations 
in the body. In addition, the duration of action in several 
anesthetics increases because of the decline of glomerular 
filtration rate and hepatic function.
  The requirement for fentanyl is reduced by as much 
as 50%. Clearance is a factor for remifentanil; thus, dose 
requirements for remifentanil may be reduced even 
further. However, as the patients enrolled in this study 
were between 18 and 35 years of age, further study is 
required to determine the proper concentration of 
remifentanil in elderly people.
  In conclusion, we determined that the Ce50 and Ce95 
values of remifentanil, resulting in almost complete 
abolition of pain during plate removal when using 
dexmedetomidine at a clinical dose, were 1.28 ng/mL and 
2.51 ng/mL, respectively. Therefore, plate removal proce-
dures can be successfully implemented without any pain 
or adverse effects by using an optimal concentration of 
remifentanil combined with sedation using dexmedeto-
midine.
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