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Background: Fearful and anxious patients who find dental treatment intolerable without sedative and analgesic 
support may benefit from moderate sedation. Target controlled infusion (TCI) pumps are superior to bolus 
injection in maintaining low plasma and effect-site concentration variability, resulting in stable, steady-state drug 
concentrations. We evaluated the safety and efficacy of moderate sedation with remifentanil and propofol using 
TCI pumps in non-hospital dental settings.
Methods: A prospective chart review was conducted on 101 patients sedated with propofol and remifentanil 
using TCI pumps. The charts were completed at two oral surgeons and one general dentist's office over 6 
months. Hypoxia, hypotension, bradycardia, and over-sedation were considered adverse events and were collected 
using Tracking and Reporting Outcomes of Procedural Sedation (TROOPS). Furthermore, patient recovery time, 
sedation length, drug dose, and patient satisfaction questionnaires were used to measure sedation effectiveness. 
Results: Of the 101 reviewed sedation charts, 54 were of men, and 47 were of women. The mean age of 
the patients was 40.5 ±18.7 years, and their mean BMI was 25.6 ± 4.4. The patients did not experience hypoxia, 
bradycardia, and hypotension during the 4694 min of sedation. The average minimum Mean Arterial Pressure 
(MAP) and heartbeats were 75.1 mmHg and 60.4 bpm, respectively. 98% of patients agreed that the sedation 
technique met their needs in reducing their anxiety, and 99% agreed that they were satisfied with the sedation 
24 hours later. The average sedation time was 46.9 ± 55.6 min, and the average recovery time was 12.4 ± 
4.4 min. Remifentanil and propofol had mean initial effect-site concentration doses of 0.96 µ/.ml and 1.0 ng/ml 
respectively. The overall total amount of drug administered was significantly higher in longer sedation procedures 
compared to shorter ones, while the infusion rate decreased as the procedural stimulus decreased.
Conclusion: According to the results of this study, no patients experienced adverse events during sedation, 
and all patients were kept at a moderate sedation level for a wide range of sedation times and differing procedures. 
The results showed that TCI pumps are safe and effective for administering propofol and remifentanil for moderate 
sedation in dentistry.
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INTRODUCTION

Intravenous dental sedation is a treatment option for 
patients who are afraid, concerned about discomfort or 

pain, or find dental treatment intolerable without sedatives 
and analgesics. Moderate or conscious sedation uses 
drug-induced procedures to reduce patients' awareness 
and anxiety levels while maintaining responsiveness to 
verbal or tactile stimuli [1]. Several studies have 
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demonstrated the safety of moderate sedation in dentistry 
[2-5].
  Dentists use various sedation techniques and drug 
combinations to sedate patients. Sedatives/hypnotics, 
including, benzodiazepines (midazolam) and propofol, 
with or without opioid analgesics (remifentanil and 
fentanyl) are commonly used for moderate sedation [6,7]. 
Intermittent hand-bolus titration or target controlled 
infusion (TCI) pumps are the most common administ-
ration techniques, with TCI being the preferred method 
for administering propofol and remifentanil intravenously  
[8,9]. Although sedation is very safe, it is not without 
risk; comprehensive education and training reduce risk, 
while innovations and modern drug administration 
methods improve patient outcomes.
  Propofol is a short-acting, sedative-hypnotic drug with 
limited analgesic effects. The onset of action is 0.5 to 
1 min, and the effect lasts for 4–8 min from a single bolus 
injection [10] despite several favorable properties, 
including, significant anxiolysis even at sub-sedative 
doses, anti-emetic and positive mood alterations, rapid 
onset, faster recovery than midazolam, and less 
depression of psychomotor functions, the main adverse 
effects are respiratory depression and hypotension 
[11,12].
  Owing to propofol's limited analgesic properties, a 
higher dose of propofol is required as a single anesthetic 
agent to reduce pain-induced movement, which may lead 
to deeper level sedation and longer recovery time. Several 
studies have reported that combining different types of 
drugs has synergistic effects on drug sedative potential 
[13,14]. Therefore, the addition of opioid narcotics 
reduces the required dose of propofol significantly 
[15-17]. Remifentanil is a synthetic short-acting opioid 
used to induce and maintain sedation [18]. Propofol and 
remifentanil are useful in moderate dental sedation. 
Sedation adequacy is dependent on maintaining stable 
brain or effect-site concentrations of propofol and 
remifentanil, with doses that are clinically appropriate for 
the patient and procedure, and in equilibrium with plasma 
levels [15,19]. TCI pumps outperform bolus injections in 

maintaining low plasma and effect-site concentration 
variability after drug injection, which results in stable, 
steady-state drug concentrations [20].
  TCI pumps moderate the distribution of agents between 
compartments and allows for rapid adjustments to achieve 
the desired clinical effect [21]. The practitioner enters the 
drug, pharmacokinetic model, effect-site concentration, 
and patient characteristics, including sex, age, height, and 
weight, into TCI. The TCI pump then calculates and 
administers the bolus dose and infusion rate to achieve 
and maintain a steady-state drug concentration in the 
plasma and the effect site (brain) [5,21].
  The use of propofol and remifentanil administered by 
TCI technology are regulated for use in over 95 countries 
for anesthesia and sedation. For intravenous dental 
sedation, Health Canada has approved the use of propofol, 
remifentanil, and TCI pumps (Alaris PK infusion pump 
with TCI, CareFusion/BD, UK) for on-label use in dental 
sedation and anesthesia. However, no Canadian dental 
college has issued a permit for the use of propofol and 
remifentanil with TCI technology for moderate sedation. 
To advance important and relevant Canadian clinical 
research, dental experts from New Zealand collaborated 
with the University of Alberta, researchers as part of this 
study examining the safety of this sedation method. We 
are unaware of any dentist/dental specialist in Canada 
administering propofol and remifentanil with TCI 
technology for moderate sedation nor any Canadian 
university involved in clinical research on this topic.
  This study aimed to determine whether the controlled 
administration of propofol and remifentanil using TCI 
pump technology maintains a wide enough safety margin 
to render loss of consciousness/responsiveness unlikely 
in the dental clinic setting. We aimed to determine the 
safety and efficacy of this technique for moderate 
sedation in dentistry by establishing, identifying, and 
refining a study protocol in preparation for a more 
extensive study or replication study in Canada.
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METHODS

1. Study design and settings

  A prospective chart review of 101 patients was 
conducted in three dental offices in New Zealand, 
consisting of two oral surgeons and one general dentist. 
Oral surgeons in New Zealand have administered TCI 
sedation for over 15 years, and the two-pump TCI 
sedation process has become the Standard of Care in 
several dentist/dental specialist offices. The invited oral 
surgeons and general dentists had > 15 years of 
experience with TCI sedation. Furthermore, the 
population and demographic profile of New Zealand are 
quite similar to those of Alberta, as well as the types 
of dental surgery and general dentistry practiced. The 
participating oral surgeons/dentists abided by any 
research protocol established by the New Zealand Ethics 
Office and the University of Alberta Research Ethics 
Office.

2. Patients

  In this observational study, we included 101 patients, 
recruited between August 1, 2019, and February 1, 2020. 
There were no specific inclusion or exclusion criteria for 
patient selection. The next patient scheduled for sedation 
and consented to the study protocol was included. Dental 
procedures normally performed with sedation in each New 
Zealand office were recorded in a sedation-monitoring 
document.

3. Safety measurements

  The frequency of adverse events and side effects was 
recorded to evaluate the sedation procedure safety, using 
the Tracking and Reporting Outcomes of Procedural 
Sedation (TROOPS) Adverse Event Reporting [22]. A 
report is required for any event compromising the airway, 
circulation, neurophysiology, or patient experience on an 
intermediate or sentinel basis. A modified Ramsay score 
> 4 was used as a measure of concern for responsiveness, 
and values > 4 were considered deep sedation or general 

anesthesia. Hypoxia was defined as the sum of time 
intervals of oxygen desaturation (SpO2) of < 90%, 
hypotension as MAP < 65 mmHg that lasts for more than 
5 min and requires treatment, and bradycardia as a heart 
rate < 40 bpm that may require treatment [23].
  Additionally, brain function monitoring with processed 
electroencephalograms (pEEG) using the Bispectral index 
(BISTM, Medtronics, Inc., Minneapolis, MN, USA) was 
in place for all patients as an objective guide to determine 
the depth of sedation. Values between 60 and 80 on the 
BIS index indicated moderate sedation. A score of 60 
was used to determine the difference between moderate 
sedation and general anesthesia, and values < 60 were 
considered over-sedation [24,25]. All measurements were 
taken at 5-min intervals by a monitoring assistant.

4. Effectiveness measurements

  A five-point scale was used to determine the anxiety 
level of the patients, ranging from not anxious to 
extremely anxious. For analysis, not anxious and slightly 
anxious were categorized as mild, fairly anxious as 
moderate, and very and extremely anxious as severe. A 
patient recall and satisfaction questionnaire, as a 
non-technical outcome measure, was used to provide 
researchers with information on patients' experiences and 
perspectives. Participants were asked a series of questions 
from the patient satisfaction questionnaire immediately 
following sedation and before discharge, and again 24 
- 48 hours later in the follow-up portion of the study.
  Four different sedation time measurements were 
recorded, including sedation time, procedure time, end of 
sedation to discharge, and end of the procedure to 
discharge. These measurement were calculated to 
evaluate the effectiveness of the procedure from a clinical 
perspective. Moreover, the total dosage of the drugs 
administered and the drug Ce (concentration of the drug 
at the effect site or the brain level) concentration range 
that met the desired level of moderate sedation for dental 
surgical procedures were measured. 
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5. Sedation procedure

  Patient demographics, including sex, age, height, 
weight, body mass index (BMI), and ASA physical status 
category, were recorded, and written consent was 
obtained. All patients were moderately sedated according 
to the American Society of Anesthesiologists’ definition 
[1]. This desired sedation level was equal to the modified 
Ramsay Sedation Score of three and four, where a patient 
is responsive to loud verbal and light tactile stimuli [26].
  The study participants received the established TCI 
dental intravenous sedation consistent with each oral 
surgeon and general dentist's office protocol, which might 
be slightly different from each other. However, they all 
followed the same principles for their sedation technique 
[27-28]. Supplemental oxygen was administered to all 
patients. They were monitored by pulse oximetry, heart 
rate, nasal capnography and end-tidal CO2, Non-Invasive 
Blood Pressure (NIBP) monitoring, brain function 
monitoring (pEEG), and ECG for patients > 60 years or 
patients with a cardiac history.
  TCI sedation involved controlled administration of 
propofol and remifentanil using two Alaris PK infusion 
pumps with TCI. To control drug concentration during 
sedation, pharmacokinetic software models targeting 
effect-site (brain) concentrations were used (Schnider for 
propofol and Minto for remifentanil). An effective 
site-target concentration of 1 µg/ml for propofol and 1 
ng/ml for remifentanil were commonly administered for 
commencing sedation, which could be altered based on 
the patient's response and adequate depth of sedation. 
Verbal communication and BIS monitoring provided 
information to the clinician during the titration of 
propofol and remifentanil to obtain the desired level of 
sedation. Two TCI-trained registered nurses assisted the 
practitioner during sedation, and one nurse was solely 
responsible for monitoring the patient. The sedation score 
was recorded throughout the sedation time at 5 min 
intervals.
  Post-sedation, all patients were followed up with a 
phone call, and if there were any concerns, the patients 

were seen immediately. In the event of any problems or 
concerns after hours, the phone number of the oral 
surgeon/dentist was available on the post sedation 
instruction sheet.

6. Statistical analysis

  The IBM SPSS Statistics ver. 26 (IBM Corp., Armonk, 
NY, USA) was used to conduct all analyses. A screening 
process was conducted before analysis to determine any 
data entry errors or outliers. The independent t-test was 
used to compare variables between general dentistry and 
oral surgeon clinics, and one-way ANOVA and 
non-parametric tests were used to compare variable 
means between the three dental clinics. Interpretation of 
the results was based on a significance level of 0.05.
  The University Research Ethics Office approved this 
study, (approval number Pro00083505) and the study was 
registered at clinicaltrial.gov (NCT03995134).  

RESULTS

  During the study, 40 patients at surgeon site 1, 41 at 
surgeon site 2, and 20 at the general dentistry site were 
recruited and consented to participate successfully. A total 
of 101 sedation charts were reviewed, of which 54 and 
47 patients were men and women, respectively. After 
reviewing the charts, one patient with ASA category 3 
was excluded from the analysis. The mean age of patients 
was 40.5 ± 18.7 years, and the mean BMI, weight, and 
height were 25.6 ± 4.4, 76.8 ± 17 kg, and 172.8 ± 9.8 
cm, respectively (Table 1). The reviewed patients 
underwent various procedures, including tooth extraction, 
implant placement, oral surgery, root canal therapy, 
restorations, and cleaning.

1. Safety measures

  Five criteria for safety measures were collected from 
all patients in this study. 1) For a total of 4694 min under 
sedation, no patient had oxygen saturation below 90%. 
The minimum SpO2 was 94%, and the average SpO2 was 
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Table 1. Patients demographics and procedures details

Patient characteristics N (% /SD)

ASA category
1 76 (76)
2 17 (17)

Missing 7 (7)

Gender
Male 46 (46)

Female 54 (54)

Age
Mean 40.5 (18.7)

Median 38
Range 74 (12-86)

BMI
Mean 25.6 (4.4)

Median 25
Range 23.9 (14.2-38.1)

Weight
Mean 76.8 (17)

Median 75
Range 76 (46-122)

Height
Mean 172.8 (9.8)

Median 173
Range 52 (145-197)

Treatments

Aesthetic 3 (3)
Extraction 61 (61)

Restoration 9 (9)
Hygiene 1 (1)

Implant and Surgery 14 (14)
Root canal therapy 2 (2)

Unknown 11 (11)
ASA, American Society of Anesthesiologists; N, number; SD, standard 
deviation. 

Table 2. Summary of safety measurements

Safety measures Number of patients (%)
Hypoxia 0
Hypotension 0
Bradycardia 0

Oversedation
Bispectral index 0
Modified Ramsay score 0

99.2% 2) None of the patients reported a responsiveness 
score > 4, which means no patient lost responsiveness 
(consciousness) at any point of the procedure. 3) The 
pEEG results, show no patient had a BIS score below 
60. The average patient's minimum BIS was 77.2 ± 6.6, 
and the average BIS of all sedation times was 85.3 ± 
5.4. 4) In terms of hemodynamic changes during sedation, 
no patients required treatment for hypotension, and the 
average lowest MAP was 75.1 ± 11.8 mmHg, while the 
average for the entire sedation was 83.7 ± 11.5. 5) The 
minimum reported heartbeat was 41 bpm, with an average 
of 60.2 bpm. As we did not observe any adverse events 
during the study, no TROOP report was utilized (Table 
2). To investigate the effect of different procedures and 
patients' anxiety levels on vital signs during sedation, the 
procedures were categorized into extraction, surgery, and 
restorative, and anxiety level as mild, moderate, and 
severe. No statistically significant differences were 
observed in the different anxiety levels. However, the 

average of the lowest SpO2 and MAP values was 
significantly lower in the restorative group (Table 3).

2. Effectiveness measures

  Patient satisfaction was recorded using a six-question 
survey (their level of recall, satisfaction, meeting needs, 
and willingness to use the procedure again). The survey 
was given immediately and 24 hours after the procedure 
using a 5-point Likert response scale. One hundred 
respondents completed both surveys. Of the responses, 
96% of patients reported” agreeing or strongly agreeing” 
with the sedation technique meeting their needs in 
reducing their anxiety immediately after the procedure, 
which increased to 98% 24 h after the procedure. 95% 
of participants reported that they “agreed and strongly 
agreed” with being satisfied with the sedation 
immediately after, increasing to 99% 24 hours later. 
Eighteen% of patients reported recalling parts of the 
procedure immediately after, decreasing to 5% 24 h later.

3. Sedation timing

  The timing of the procedure was evaluated in four ways: 
sedation time, procedure time, recovery time (sedation stop 
to discharge), and discontinuation of the procedure (Table 
3). The modified Aldrete Scale was used as the discharge 
criterion. The results showed an average sedation time 
of 46.9 min with a standard deviation of 55.6 min. Of 
note, the median time was 26 min, meaning there was 
a bimodal distribution where one dentist (general dentist) 
tended to conduct procedures > 120 min (mean = 121.4 
± 84.8), and the surgeons (oral surgeons) tended to conduct 
procedures < 60 min (mean = 24.4 ± 15.8). However, 
there was no significant difference in the recovery time 
of patients in the three clinics (P = 0.34).
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Table 3. Vital signs within different procedures and anxiety levels

Procedures
P value

Anxiety
P valueExtraction Surgery Restorative Mild Moderate Severe

Mean (SD) Mean (SD)
BIS 85.2 (5.2) 87.2 (5.8) 86.7 (4.3) 0.370 85.2 (5.3) 86.9 (5.6) 82.9 (4.6) 0.061

Min BIS 77.2 (6.5) 80.3 (7.8) 77.1 (6.5) 0.345 77.5 (7.4) 78.2 (6.0) 75.1 (4.6) 0.305
SpO2 99.3 (0.9) 99.0 (1.0) 98.9 (1.1) 0.222 99.0 (1.0) 99.4 (0.9) 99.5 (0.8) 0.066

Min SpO2 98.7 (1.5) 98.2 (1.5) 97.4 (2.1)  0.032* 98.1 (1.6) 98.7 (1.8) 99.0 (1.2) 0.088
MAP  85.1 (10.9)  83.7 (14.7) 79.6 (7.6) 0.247 10.8 (2.5) 10.8 (2.9) 10.9 (2.7) 0.729

Min MAP  77.0 (10.3)  77.4 (15.0) 67.1 (9.1)  0.010*  7.1 (2.5)  7.0 (2.2)  7.2 (1.9)    0.88
HR  72.3 (13.8) 66.1 (9.3)  67.2 (11.7) 0.176  84.6 (12.3)  83.0 (12.3) 82.4 (8.0) 0.164

Min HR  61.9 (11.7) 57.8 (6.2)  55.5 (11.1) 0.108  75.6 (12.9)  74.7 (12.5) 74.1 (7.3) 0.217

BIS, Bispectral index; HR, Heart Rate; MAP, Mean Arterial Pressure; SD, Standard Deviation.

Table 4. Details of Sedation timings and comparison of different settings

Sedation timing Procedure time Sedation time Sedation stop to discharge Procedure stop to discharge
Mean (SD) 43.8 (55.7) 46.9 (55.6) 12.43 (4.43) 13 (4.70)

Median 25.00 26.00 12.00 13.00
Range 283 (4-287) 290 (0-290) 24 (3-27) 33 (1-34)

Clinics
Mean (SD)

P value
Mean (SD)

P value
Sedation time Recovery time

Surgeon 1 16.7 (7)
0.001

12.4 (5.8)
0.306Surgeon 2 38.17 (17.6) 11.88 (2.7)

General 123.80 (84.3) 13.68 (4.1)

SD, Standard Deviation.

  The 10th percentile value determined that 90% of all 
patients were under sedation for 93 min or less. The 
average procedure time was 43.8 min with a standard 
deviation of 55.7 min. The average recovery time was 
12.4 mins with a standard deviation of 4.4 min.

4. Amount of sedation drugs used

  The results showed an average initial effect-site 
concentration (Ce) of 0.96 µg/ml and 1.0 ng/ml for 
propofol and remifentanil, respectively, which increased 
to 1.63 µg/ml and 1.52 ng/ml near the end of the sedation. 
While no statistically significant difference in the initial 
Ce of drugs in dental settings, a significant difference 
was observed in all other compared variables, and the 
total dose and concentration of drugs in the general clinic 
were lower than those outside the general clinic (Table 
4 and 5).
 

DISCUSSION

  Although previous studies have shown that procedural 
sedation in dentistry is safe, identifying and managing 
risks is critical to ensuring safe sedation in a non-hospital 
setting. An adequate depth of sedation is vital because 
deeper levels of sedation can cause respiratory depression, 
airway obstruction, and cardiovascular instability. In 
dentistry, the airway is shared with the dentist and the 
protective cough reflex might be impaired due to local 
anesthesia, therefore monitoring sedation depth and 
planning for adverse events management become 
particularly important [29,30]. Herein, the sedation charts 
of 101 patients were reviewed. The participating patients’ 
ages ranged from 12 to 86 years, with a BMI of 14–38 
and ASA categories of 1 and 2. A limitation of this study 
is that we did not examine patients in ASA categories 
3 and 4; however, because most dental patients who 
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Table 5. Comparison of drugs used in different settings

Drugs
Mean (SD) 

P value
Surgery (N = 81) General (N = 18) Total Range

Propofol Ce
(μg.ml -1)

Initial  0.95 (0.15)  1.01 (0.14) 0.96 (0.15)  1.0 (0.5-1.5)
Min  0.95 (0.15)  0.64 (0.32) 0.89 (0.23)   .9 (0.2-1.1)
Max  1.83 (0.51) 1.18 (0.3) 1.70 (0.54) 2.3 (0.7-3)
Final  1.79 (0.53)  0.94 (0.37) 1.63 (0.60) 2.6 (0.4-3)

Propofol infusion rate (mg/kg)/mins  0.12 (0.05)  0.05 (0.03) 0.11 (0.05)  0.001*
Total propofol (mg) 191.9 333.26 215.56 0.012

Remifentanil Ce
(ng.ml -1)

Initial 0.97 (0.1)  1.11 (0.27) 1.00 (0.16) 1.5 (0.5-2)
Min  0.97 (0.11)  0.69 (0.33) 0.92 (0.20)  1.2 (0.2-1.4)
Max  1.72 (0.49)  1.37 (0.35) 1.66 (0.49) 1.9 (1-2.9)
Final  1.64 (0.49)  1.03 (0.41) 1.53 (0.53)  2.4 (0.5-2.9)

Remifentanil infusion rate(μg/kg)/mins   0.1 (0.04)  0.05 (0.03) 0.09 (0.04)  0.001*
Total propofol (μg) 171.4 357.67 202.91 0.004

Ce, Effect-cite concentration; N, number; SD, Standard Deviation.

received treatment in non-hospital settings were in 
categories 1 and 2, the results could be generalized [31]. 
In the general and oral surgery clinic, the participants 
received various dental procedures with different levels 
of stimulation, from oral surgeries to veneer preparation. 
Our results revealed that patients undergoing restorative 
treatment had lower minimum BIS and SpO2 averages. 
This might be due to the longer sedation duration and 
in turn the higher total dose of propofol in this group. 
Weisenberg et al. and Philips et al. reported that greater 
BIS changes from baseline and an increased risk of 
hypotensive episodes are related to higher propofol doses 
which are consistent with our findings [32,33].
  The patients were sedated for 4 min to > 4 h depending 
on the procedure and their needs and received different 
concentrations of the drugs according to patient-to-patient 
differences and the amount of procedure stimulation.
  Despite these differences, no adverse events were 
recorded in the reviewed sedation charts, demonstrating 
the flexibility of this technique in maintaining steady-state 
sedation for a wide range of procedures and sedation 
times. Furthermore, no significant difference was 
observed between the patient’s vital signs and anxiety 
levels which supports the flexibility of the technique as 
well. These findings are consistent with those of the 
previous studies [13,19,34]. 
  Ninety-five percent of the patients reported that this 

technique met their needs, and 99% were completely 
satisfied. The satisfaction rate reported in this study was 
higher than that reported by Dixon et al. [35] and 
Pourabbas et al. [36].
  Another strength of short-acting drugs utilized by TCI 
is the rapid recovery time [19,37]. The results of this 
study showed that regardless of the duration of sedation, 
the patient's recovery time was approximately 12 min. 
The patients’ average recovery time was comparable to 
that of our previous study, where we compared the 
recovery time of sedated patients with midazolam coupled 
with bolus fentanyl and TCI remifentanil. The recovery 
time in this study was slightly shorter than that in both 
groups (18 and 13 min, respectively, for the fentanyl and 
remifentanil groups) [38].
  A commonly observed adverse effect of sedation with 
propofol is hypotension [39,40], and previous studies 
have shown dose dependency of propofol’s hemodynamic 
effects [36]. Using a dual TCI pump with propofol and 
remifentanil, the dose required to obtain an adequate level 
of sedation was significantly reduced. The maximum 
propofol Ce in our study was 1.7 mg/ml, equal to the 
Ce reported by Wells et al. [20]. However, the reported 
remifentanil Ce of 1.65 ng/ml is less than the 1.86 ng/ml 
reported by them. The propofol Ce supports the findings 
of Cushion et al. [5], who reported a mean propofol Ce 
of 1.5 µg/ml to obtain an adequate depth of sedation for 
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dental procedures. Compared to our study, Berends et al. 
[23] reported an average maximum propofol Ce of 3.3 
± 1.09, which is almost twice as high as propofol Ce 
in our study. However, their study reported remifentanil 
at 0.99 ± 0.22, which is less than the results of our study. 
A higher propofol Ce may have contributed to the more 
frequent adverse events in that study, highlighting the 
importance of maintaining a proper balance between the 
concentrations of the two drugs. 
  A higher dose of drugs was administered in the general 
clinic because of longer procedures. However, the 
infusion rate (mg/kg/min for propofol and µg/kg/min for 
remifentanil) in the general clinic was 0.05 for both drugs, 
which is significantly lower than 0.12 and 0.1 for propofol 
and remifentanil administered in the surgery clinic, 
respectively. This may be due to the more intense surgical 
procedures, indicating that higher drug doses were 
required.
  In conclusion, according to the results of this study, 
TCI pumps are safe and efficacious in administering 
propofol and remifentanil for moderate sedation in 
dentistry. All patients were maintained under moderate 
sedation, with few adverse events, the benefits of early 
discharge, and home readiness. Considering that the study 
population and settings are similar to those of Alberta, 
the results of this pilot study provided sufficient data for 
evaluating the potential of applying this technique in 
Alberta and provided valuable clinical research 
experience that can be used to conduct a more extensive 
study in Canada.

AUTHOR ORCIDs

Douglas Lobb: https://orcid.org/0000-0002-8034-4836  
Masoud MiriMoghaddam: https://orcid.org/0000-0002-2631-6156  
Don Macalister: https://orcid.org/0000-0002-0297-754X
David Chrisp: https://orcid.org/0000-0002-7634-1413
Graham Shaw: https://orcid.org/0000-0002-6692-1350
Hollis Lai: https://orcid.org/0000-0002-5531-6622

AUTHOR CONTRIBUTIONS

Douglas Lobb: Conceptualization, Data curation, Formal analysis, 
Validation, Writing – review & editing

Masoud MiriMoghaddam: Formal analysis, Project administration, 
Writing – original draft

Don Macalister: Data curation, Writing – review & editing
David Chrisp: Data curation, Writing – review & editing
Graham Shaw: Data curation, Writing – review & editing
Hollis Lai: Conceptualization, Formal analysis, Methodology, Project 

administration, Software, Supervision, Writing – review & editing

ACKNOWLEDGMENT: The Authors wish to thank Drs. Don 
Macalister and David Chrisp, oral surgeons in Auckland 
and Tauranga, and Dr. Graham Shaw, the general dentist 
in Auckland, New Zealand, who significantly contributed 
to this study, and sedations were performed in their 
offices. The researchers acknowledge the pioneering work 
of Dr. Don Macalister, who, over 20 years, modified and 
refined the medical TCI-TIVA (Total Intravenous 
Anesthesia) technique to a proven TCI-TIVS (Total 
Intravenous Sedation) technique appropriate for dentistry.
DECLARATION OF INTERESTS: The authors have no 
conflicts of interest to declare.

REFERENCES

 1. American Society for Anesthesiologists (ASA). Continuum 

of depth of sedation: definition of general anesthesia and 

levels of sedation/analgesia. 2019, pp 1-2.

 2. Wiemer SJ, Nathan JM, Heggestad BT, Fillmore WJ, Viozzi 

CF, Van Ess JM, et al. Safety of outpatient procedural 

sedation administered by oral and maxillofacial surgeons: 

the mayo clinic experience in 17,634 sedations (2004 to 

2019). J Oral Maxillofac Surg 2021; 79: 990-9.

 3. Inverso G, Dodson TB, Gonzalez ML, Chuang SK. 

Complications of moderate sedation versus deep sedation/ 

general anesthesia for adolescent patients undergoing third 

molar extraction. J Oral Maxillofac Surg 2016; 74: 474-9.

 4. Saiso K, Adnonla P, Munsil J, Apipan B, Rummasak D, 

Wongsirichat N. Complications associated with 



TCI pumps for moderate sedation in dentistry

http://www.jdapm.org  27

intravenous midazolam and fentanyl sedation in patients 

undergoing minor oral surgery. J Dent Anesth Pain Med 

2017; 17: 199-204.

 5. G Cashion GT. What is the TCI dose required when using 

propofol for conscious sedation during dental procedures? 

: a retrospective study. Internet J Anesth 2014; 34: 1-5.

 6. Kapur A, Kapur V. Conscious sedation in dentistry. Ann 

Maxillofac Surg 2018; 8: 320-3.

 7. Harbuz DK, O'Halloran M. Techniques to administer oral, 

inhalational, and iv sedation in dentistry. Australas Med 

J 2016; 9: 25-32.

 8. Canadian Agency for Drugs and Technologies in Health 

(CADTH). Moderate procedural sedation in adult patients: 

Guidelines 2016.

 9. Li Y, Picheca L. Target-controlled infusion with propofol 

and remifentanil for moderate procedural sedation in 

medicine and dentistry. Ottawa (ON). 2020.

10. Nishizawa T, Suzuki H. Propofol for gastrointestinal 

endoscopy. United European Gastroenterol J 2018; 6: 

801-5.

11. Irwin MG, Wong GT, Lam SW. Taking on tiva. 1st ed. 

Cambridge, Cambridge University Press. 2020.

12. Absalom AR, Mason KP. Total intravenous anesthesia 

and target controlled infusions. A comprehensive global 

anthology. Boston, Springer. 2017.

13. Hu C, Horstman DJ, Shafer SL. Variability of 

target-controlled infusion is less than the variability after 

bolus injection. Anesthesiology 2005; 102: 639-45.

14. Shin S, Kim S. Dental treatment in patients with severe 

gag reflex using propofol-remifentanil intravenous 

sedation. J Dent Anesth Pain Med 2017; 17: 65-9.

15. Mertens MJ, Olofsen E, Engbers FH, Burm AG, Bovill 

JG, Vuyk J. Propofol reduces perioperative remifentanil 

requirements in a synergistic manner: response surface 

modeling of perioperative remifentanil-propofol inter-

actions. Anesthesiology 2003; 99: 347-59.

16. Nourbakhsh N, Kaviani N, Salari-Moghaddam R, 

Marzoughi S. Effects of remifentanil on the recovery quality 

among pediatric candidates for dental procedures under 

general anesthesia. Dent Res J 2022; 19: 15.

17. Hirayama A, Fukuda KI, Koukita Y, Ichinohe T. Effects 

of the addition of low-dose ketamine to propofol anesthesia 

in the dental procedure for intellectually disabled patients. 

J Dent Anesth Pain Med 2019; 19: 151-8.

18. VanNatta ME, Rex DK. Propofol alone titrated to deep 

sedation versus propofol in combination with opioids 

and/or benzodiazepines and titrated to moderate sedation 

for colonoscopy. Am J Gastroenterol 2006; 101: 2209-17.

19. Kisilewicz M, Rosenberg H, Vaillancourt C. Remifentanil 

for procedural sedation: a systematic review of the 

literature. Emerg Med J 2017; 34: 294-301.

20. Wells DG, Verco S, Woods B, Savage J. Dental sedation: 

the advantages of propofol and remifentanil via target 

controlled infusions. Int J Dent Oral Health 2021; 7: 1-5.

21. Struys MM, De Smet T, Glen JI, Vereecke HE, Absalom 

AR, Schnider TW. The history of target-controlled 

infusion. Anesth Analg 2016; 122: 56-69.

22. Roback MG, Green SM, Andolfatto G, Leroy PL, Mason 

KP. Tracking and reporting outcomes of procedural 

sedation (troops): standardized quality improvement and 

research tools from the international committee for the 

advancement of procedural sedation. Br J Anaesth 2018; 

120: 164-72.

23. Barends CRM, Driesens MK, van Amsterdam K, Struys 

M, Absalom AR. Moderate-to-deep sedation using 

target-controlled infusions of propofol and remifentanil: 

adverse events and risk factors: a retrospective cohort study 

of 2937 procedures. Anesth Analg 2020; 131: 1173-83.

24. Mitchell-Hines T, Ellison K, Willis S. Using bispectral index 

monitoring to gauge depth of sedation/analgesia. Nursing 

2016; 46: 60-3.

25. Haberland CM, Baker S, Liu H. Bispectral index monitoring 

of sedation depth in pediatric dental patients. Anesth Prog 

2011; 58: 66-72.

26. Gill M, Green SM, Krauss B. A study of the bispectral 

index monitor during procedural sedation and analgesia 

in the emergency department. Ann Emerg Med 2003; 41: 

234-41.

27. Al-Rifai Z, Mulvey D. Principles of total intravenous 

anaesthesia: basic pharmacokinetics and model descriptions. 

BJA Education 2015; 16: 92-7.

28. Al-Rifai Z, Mulvey D. Principles of total intravenous 



Douglas Lobb, et al

28  J Dent Anesth Pain Med  2023 February; 23(1): 19-28

anaesthesia: practical aspects of using total intravenous 

anaesthesia. BJA Education 2016; 16: 276-80.

29. Attri JP, Sharan R, Makkar V, Gupta KK, Khetarpal R, 

Kataria AP. Conscious sedation: emerging trends in 

pediatric dentistry. Anesth Essays Res 2017; 11: 277-81.

30. Australian and New Zealand College of Anaesthetists 

(ANZCA). Guideline on procedural sedation. Australian 

and New Zealand College of Anaesthetists (ANZCA) 2022; 

1-15.

31. Clough S, Shehabi Z, Morgan C. Medical risk assessment 

in dentistry: use of the american society of anesthesiologists 

physical status classification. Br Dent J 2016; 220: 103-8.

32. Phillips W, Anderson A, Rosengreen M, Johnson J, Halpin 

J. Propofol versus propofol/ketamine for brief painful 

procedures in the emergency department: clinical and 

bispectral index scale comparison. J Pain Palliat Care 

Pharmacother 2010; 24: 349-55.

33. Weisenberg M, Sessler DI, Tavdi M, Gleb M, Ezri T, 

Dalton JE, et al. Dose-dependent hemodynamic effects 

of propofol induction following brotizolam premedication 

in hypertensive patients taking angiotensin-converting 

enzyme inhibitors. J Clin Anesth 2010; 22: 190-5.

34. Kramer KJ, Ganzberg S, Prior S, Rashid RG. Comparison 

of propofol-remifentanil versus propofol-ketamine deep 

sedation for third molar surgery. Anesth Prog 2012; 59: 

107-17.

35. Dixon C, Aspinall A, Rolfe S, Stevens C. Acceptability 

of intravenous propofol sedation for adolescent dental care. 

Eur Arch Paediatr Dent 2020; 21: 295-302.

36. Pourabbas R, Ghahramani N, Sadighi M, Pournaghi Azar 

F, Ghojazadeh M. Effect of conscious sedation use on 

anxiety reduction, and patient and surgeon satisfaction in 

dental implant surgeries: a systematic review and 

meta-analysis. Dent Med Probl 2022; 59: 143-9.

37. Wells DG, Verco S, Woods B, Paterson M. Intravenous 

conscious sedation for dental surgery: bolus alfentanil with 

propofol infusion enabling early recovery after surgery with 

fast track patient discharge. Int J Dent Oral Health 2020; 

6: 1-7.

38. Lobb D, Ameli N, Ortiz S, Lai H. Comparison of the effects 

of target-controlled infusion-remifentanil/midazolam and 

manual fentanyl/midazolam administration on patient 

parameters in dental procedures. J Dent Anesth Pain Med 

2022; 22: 117-28.

39. de Wit F, van Vliet AL, de Wilde RB, Jansen JR, Vuyk 

J, Aarts LP, et al. The effect of propofol on haemo-

dynamics: cardiac output, venous return, mean systemic 

filling pressure, and vascular resistances. Br J Anaesth 2016; 

116: 784-9.

40. Ebert TJ. Sympathetic and hemodynamic effects of 

moderate and deep sedation with propofol in humans. 

Anesthesiology 2005; 103: 20-4.


