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Dentists often sedate patients in order to reduce their dental phobia and stress during dental treatment. Sedatives 
are administered through various routes such as oral, inhalation, and intravenous routes.  Intravenous administration 
has the advantage of rapid onset of action, predictable duration of action, and easy titration. Typically, midazolam, 
propofol or dexmedetomidine are used as intravenous sedatives. Administration of these sedatives via infusion 
by using a syringe pump is more effective and successful than infusing them as a bolus. However, during 
intravenous infusion of sedatives or opioids using a syringe pump, fatal accidents may occur due to the clinician’s 
carelessness. To prevent such risks, smart syringe pumps have been introduced clinically. They allow clinicians 
to perform effective sedation by using a computer to control the dose of the drug being infused. To ensure 
patient safety, various alarm features along with a drug library, which provides drug information and prevents 
excessive infusion by limiting the dose, have been added to smart pumps. In addition, programmed infusion 
systems and target-controlled infusion systems have also been developed to enable effective administration of 
sedatives. Patient-controlled infusion, which allows a patient to control his/her level of sedation through 
self-infusion, has also been developed. Safer and more successful sedation may be achieved by fully utilizing 
these new features of the smart pump.
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INTRODUCTION

  A large number of patients experience pain-related fear 
and anxiety during dental treatment, which prevent 
patients from receiving proper treatment [1]. As a result, 
dentists often sedate patients to reduce this stress during 
dental treatment [2]. During the sedation, sedatives are 
administered to depress the patient’s consciousness to a 
certain level. Depending on the depth of sedation, sup-
pression of cardiovascular functions, breathing reduction 
and airway obstruction may occur [3]. Depending on the 

degree of invasiveness of the dental treatment and the 
level of the patient’s anxiety, the target sedation depth 
may be modified, and the patient’s response to the seda-
tives may vary. In some cases, patients are not able to 
reach an appropriate level of sedation, leaving both the 
patients and dentists feeling dissatisfied with the result 
[4]. Since sensitivity to sedatives varies depending on the 
level of anxiety, pain, and stress experienced by the 
patient, uniform administration of sedatives is impossible 
in most cases. Therefore, the appropriate dose as well 
as the type of sedatives should be determined before 
administration. 
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  Commonly used routes of administration include oral, 
inhalation, and intravenous routes. Intravenous admini-
stration has the advantage of fast onset of action, 
predictable duration of action, easy titration, and appli-
cability during emergencies (through the secured vein 
passage). Drugs used in dental sedation include mida-
zolam, propofol, ketamine, dexmedetomidine, alfentanil, 
and remifentanil. Although dentists intermittently admini-
ster these drugs by hand, it is more common to administer 
them using a syringe pump owing to the pharmacody-
namics of these drugs [5].
  Proper use of the syringe pump is important. Injecting 
an excessive amount of the drug, or not realizing that 
the full amount has been infused due to the absence of 
an alarm can create complications. Therefore, the concept 
of computer-controlled smart pumps that safely control 
the amount of drug administered intravenously was intro-
duced [6]. In addition, smart pumps have an internal drug 
library that provides dentists with important information 
regarding drug safety. They also help dentists in deter-
mining the right dose of a drug and in controlling the 
infusion amount to prevent excessive injection. There-
fore, smart pumps perform error-free intravenous infusion 
of high-risk drugs [7]. 
  With the advent of smart pumps, dentists can go 
beyond continuous infusion, and perform programmed 
infusion and target-controlled infusion. Recently, patient- 
controlled infusion, which allows patients to infuse seda-
tives into themselves to control their level of sedation, 
has also been introduced. Patient-controlled sedation has 
been known to require a relatively small amount of drug, 
and it has a fast recovery rate [8]. 

Basic requirements of a syringe pump

  A syringe pump used in dental sedation should be 
sufficiently accurate. The actual amount of drug infused 
into the patient should not differ from the pre-set target 
infusion amount during long-term use. Moreover, the 
pump must be light, easy, and electrically and physically 

stable to use.
  A syringe pump must be designed in a way that does 
not allow back-flow of the fluid within the syringe or 
outward flow due to the movement of a siphon. Small 
syringes (10 ml) used for infusion in pediatric patients, 
as well as large syringes (50 ml) used in adults should 
be amenable to be attached to the pump. In addition, since 
syringes of an identical capacity may still differ in their 
diameters and lengths depending on their manufacturers, 
a syringe pump must be able to adapt to different syringe 
sizes. 
  The unit of infusion rate is typically ml/h. The syringe 
pump should be able to perform micro infusion (1 ml/h) 
as well as fast infusion (over 1,000 ml/h) for patient- 
controlled sedation. The total infusion amount and rate 
should be displayed on an LCD screen. Infusion rates 
expressed as μg/kg/min (patient’s body mass is taken into 
account) are easier to control [9]. 
  A syringe pump should have a proper alarm device 
associated with drug infusion. The alarm should ring 
during unstable power supply and upon infusion com-
pletion, improper infusion due to and other operational 
errors [10]. 
  In addition, the pump should be able to operate on 
batteries in order to keep the saved data in case the main 
power supply is out. It should also be compatible with 
computers so that it can be operated through an external 
computer and the information regarding the infused drug 
and the action of the pump can be saved within the 
internal memory of the pump. The saved data can then 
be exported to the computer. Features such as automatic 
syringe size recognition and drug databases are also very 
useful [4].

The introduction of smart pumps

  When infusion pumps were first introduced in the 
1970s, they were used for cardiovascular drug infusions 
in intensive care units (ICUs). Since then, the infusion 
rate, accuracy, and dose range of these pumps have 
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List of features

1. A feature that allows the infusion rate and maximum infusion dose to be limited to certain values based on the drug type and its diluted 
concentration (eg. Midazolam 0.1 mg/ml).

2. A feature that allows the patient’s age, sex, body mass, and weight to be entered into a computer and prevents the infusion of relatively 
unsafe drugs in children or elderly.  

3. A feature that prevents excessive infusion of the drug during bolus and intermittent infusions by setting up both dose and minimum infusion 
safeguards.  

4. A feature that calculates the total infusion amount during continuous infusion, and limits the total infusion amount.
5. Drugs of different categories are given different concentrations, total dosages ( including bolus dosages ), dosage units, starting dose and dose 

limits, based on administration recommendations.
6. Bar Code Medication Administration

The infusion pump scans a barcode produced by the manufacturer or the pharmacy, and determines the appropriate type and concentration 
of medication.  

Table 1. Advanced features of smart pumps

increased, enabling their use in many areas of treatment. 
In the field of anesthesia, syringe pumps with higher drug 
infusion accuracy have been used for infusion of anes-
thetics and cardiovascular drugs during surgery, as well 
as for infusion of sedatives during dental treatment.
  With the increasing use of infusion pumps, reports of 
medical accidents due to pump malfunction or careless-
ness of doctors or nurses have also increased in number. 
Consequently, the national boards for approval of medical 
devices compelled the medical device companies to add 
alarms to their pumps in order to increase their safety. 
As a result, an alarm within the syringe pump now rings 
in case of not only pump malfunction, but also infusion 
needle occlusion, empty container, and even broken 
connecting tube [9]. Infusion pumps are now being used 
in circumstances that require precise drug infusion, 
scheduled infusion, and in patient- controlled infusion.
  Despite this protective feature, imprecise general- 
purpose infusion pump settings have incurred tragic 
results. According to the Institute of Medicine’s (IOM) 
report, Preventing Medication Errors, on the cases of 
medical accidents due to errors in drug infusion, 
1,500,0000 patients suffered damage from infusion errors 
every year, and inpatients were prone to at least one 
medication error (IOM, 2006) [11]. Among the drugs that 
are administered intravenously, anticoagulants, throm-
bolytic drug, narcotics, hormones, and sedatives pose a 
high level of danger, and their use often causes serious 
medical accidents. When infusion errors of these drugs 

were evaluated, more than one error was identified in 
67% of the drugs [12].
  As a result, smart pumps were introduced to increase 
the safety of drug administration using an infusion pump. 
They are controlled by a computer with a dose error 
reduction system (DERS), which stops the infusion when 
the infused dose crosses the safe level. The advanced 
features of smart pumps are listed in Table 1 [13].

Drug library

  In traditional infusion pumps, the user determines the 
infusion method based on the information provided by 
the clinician and the drug type. Information regarding 
drug infusion such as the rate of infusion, dose, and 
infusion time is entered into the infusion pump. During 
manual input of information into the computer, pre-
scription, dosage, and typing errors may occur, leading 
to erroneous infusion. 
  The drug library is a profile or a list of drugs that are 
listed by medical institutions or medical staff and saved 
into the infusion pump. It provides administration para-
meters specific for a certain patient. The drug library 
software that functions within the pump requires patient 
information and the drug name to be provided before the 
pump is used. In addition, it provides information regard-
ing drug dose, and helps determine the right dose of the 
medication [14].
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No Drug name Category
Concentration

Unit
Hard low limit Soft low limit Default Soft high limit Hard high limit

1 Dopamine Cardiac  0.5  0.5   1   5  10 mg/ml
2 Midazolam Anesthetic    0.5   2   5 mg/ml
3 Propofol Anesthetic 10 10  10  20  20 mg/ml
4 Remifentanil Analgesic 10 20 100 150 200 μg/ml
5 Sufentanil Analgesic  0.5  0.5   1   3   5 μg/ml

No Drug name Category
Continuous dose rate

Unit
Hard low limit Soft low limit Default Soft high limit Hard high limit

1 Dopamine Cardiac 0.01 1 5 15 50 μg/kg/min
2 Midazolam Anesthetic 0.01 0.02 0.1  0.2  0.25 mg/kg/h
3 Propofol Anesthetic 0.01 6 10 15 μg/kg/min
4 Remifentanil Analgesic 0.01 0.05  1  2 μg/kg/min
5 Sufentanil Analgesic 0.01 0.2  0.5  1 μg/kg/h

No Drug name Category
Bolus dose Unit

 Hard low limit Soft low limit Default Soft high limit Hard high limit
1 Dopamine Cardiac
2 Midazolam Anesthetic 0.01  0.5  1  2  5 mg
3 Propofol Anesthetic 0.01 10 25 40 60 mg
4 Remifentanil Analgesic 0.01  0.1  0.5  0.8  1 μg/kg
5 Sufentanil Analgesic 0.01  0.1 10 20 50 μg

Table 2. Drug library sample

Fig. 1. The user interface of the drug library editor program.  The standard drug concentration and the soft and hard limits of the drug dose are
entered here. A drug library of each drug made in this program is saved into the syringe pump and limits the drug dose during infusion.

  For instance, once a medication name is chosen, infor-
mation related to the medication (standard concentration, 
infusion rate, maximum dose, etc.) is displayed on the 
LCD screen. When the infusion dose is increased, the 
pump differentiates the limit of infusion as either soft 
alerts limit or hard alerts limit through its drug library. 
A soft alert limit allows the dentist (who performs the 
infusion) to override the limit and continue the infusion, 
whereas a hard alert limit does not allow this unless the 

drug library parameters within the pump are changed and 
re-written [13].
  In clinical settings, these drug library requirements may 
be ignored; in other words, the step of entering the drug 
name can be bypassed, and a high dose of drug can be 
infused into the patient only after setting the infusion rate 
(ml/hour). However, this method does not consider patient 
safety. A valuable resource for dentists using smart pumps 
is the Institute for Safe Medication Practices (ISMP, 2009) 
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Fig. 2. This is the LCD screen of the syringe pump control panel. The 
bolus dose (5 μg/kg), which is the loading dose, is infused for 10 minutes,
and the infusion rate is decreased to 1.0 μg/kg/min. The VTBI (volume
to be infused) is limited to 50 ml.

online publication “Proceedings from the ISMP Summit 
on the use of Smart Infusion Pumps: Guidelines for Safe 
Implementation and Use” available at www.ismp.org 
/tools/guidelines/smartpumps/printerversion.pdf.
  The drug library includes information about drug name, 
type, standard concentration, continuous infusion concen-
tration, bolus dose, bolus infusion rate, etc. The standard 
units for dose are g, mg, and μg. They can also be 
expressed as mg/ml or μg/kg, which takes into account 
the patient’s body mass or drug concentration. The units 
of infusion rate are mg/kg/h, and μg/kg/min. A standard 
sample of a drug library is shown in Table 2. Figure 1 
shows a program that creates a drug library list. A drug 
library made from such a program is saved into the 
syringe pump.

Programmed infusion

  The smart pumps were integrated with computerized 
software, which can be used to create a profile of infusion 
time and dose in the form of a program. The software 
can make use of pharmacokinetic and pharmacodynamic 
characteristics of a drug to determine the most appropriate 
drug concentration for the purpose of infusion. For 
instance, it can make the pump infuse a certain amount 
of insulin every 12 hours, or stop the infusion after a 
certain amount of time has passed. During the admini-

stration of anesthetics or sedatives, infusion of a high 
volume loading dose, followed by a low volume con-
tinuous dose is necessary. Under such circumstances, the 
computerized intelligent software creates a profile of 
infusion stages in which the drug is initially infused 
rapidly for a certain period of time, and the infusion rate 
is altered afterwards. Dexmedetomidine is one of the most 
commonly used sedatives in dental sedation. A dose of 
0.25-1 μg/kg of this sedative is infused for 10 minutes, 
after which the dose is subsequently reduced. This 
example is shown in Figure 2 [15].

Target-controlled infusion (TCI)

  Since its introduction in 1986, propofol has been used 
as the classic intravenous anesthetic agent. It has a fast 
onset of action in addition to a short recovery time. It 
can also be easily administered intravenously without the 
need for anesthetic equipment and does not contaminate 
the operation room with its anesthetic gas, as in the case 
of inhalation-based anesthetics. More importantly, pro-
pofol can be administered through target-controlled 
infusion (TCI) [16].
  The basic principle of TCI is to universally set the 
depth of sedation, i.e. the target blood concentration, and 
to adjust the dose based on the patient’s condition. An 
individualized infusion rate is calculated by a computer 
based on a pharmacokinetic model, as the infusion rate 
automatically reaches a set point by predicting the 
sedative concentration in the blood [17]. 
  Infusion of propofol through TCI is possible because 
propofol has a rapid and wide distribution within the body 
and shows fast clearance. Remifentanil, which also shows 
fast clearance, can be infused through TCI as well. 
Initially, infusion was based on a 3-compartmet phar-
macokinetic model and focused on the concentration of 
the drug in the blood. However, reaching the effect site 
concentration, which reflects drug effects due to distri-
bution throughout the blood and time delay, does not 
necessarily mean that optimal sedation has been achieved. 
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Fig. 3. An illustration of drug infusion by using target-controlled infusion
(TCI). Once the target concentration (Ct) has been set, the infusion rate
is automatically adjusted to reach the effect site concentration (Ce). 
By showing the change in concentration with time on a graph, one can
also observe the pattern of changes in the plasma concentration (Cp).

Consequently, one may adjust the settings of a virtual 
effect site compartment that can predict the effect site 
concentration of propofol, and build a 4-compartment 
model in which the effect site concentration is set as the 
target concentration, prior to performing propofol infusion 
(Fig. 3) [18].
  From the smart pump perspective, TCI is advantageous 
in that, 1) it is easy to manipulate, 2) it allows for easy 
control of sedation depth, 3) it shows an estimated drug 
concentration in the blood, 4) it has compensatory actions 
in case infusion is hindered, 5) no time-consuming 
calculations are necessary, and 6) sedation induction and 
maintenance can be performed continuously. Moreover, 
it also decreases the risk of accidents that arise due to 
confusion among clinicians due to different target concen-
trations used during sedation.
  TCI systems have been developed for propofol, alfen-
tanil, and remifentanil so far. Their target patients are 
16-100 years of age, weigh 30-150 kg, and require target 
concentrations of 0.1-15 μg/ml. Although TCI has been 
used in anesthesia induction and maintenance in adults, 
development of TCI systems of a greater diversity such 
that they can be used in various age groups may be 
possible in the future. 

Patient-controlled sedation

  In patient-controlled sedation, a patient can set the 
bolus dose and lock-out time, and press a delivery button 
to infuse the drug into himself/herself whenever necessary 
[19]. Data related to clinical experience with patient- 
controlled sedation indicate that patients are very satisfied 
with this sedation method because they were given the 
right to control the level of their anxiety or pain on their 
own [20-22].
  However, if a patient loses consciousness during 
patient-controlled sedation, he/she loses the ability to 
control himself/herself, and the feedback system falls 
apart [23]. Only well-designed drug infusion plans can 
help patients regain consciousness within a short period 
of time and restore the feedback system. This system 
always poses a risk of emergency situations such as 
airway obstruction upon excessive drug infusion. 
Therefore, patient-controlled sedation should be properly 
performed to assure patient safety. For effective sedation 
with little side effects, careful drug selection as well as 
determination of dose and lock-in time is necessary. 
  Sedatives used in patient-controlled sedation should 
have a fast onset of sedation, with an easily adjustable 
depth of sedation and duration of action. In addition, they 
should not cause any adverse effects such as cardio-
vascular inhibition or respiratory depression. A sedative 
is considered effective in patient-controlled sedation if it 
is able to bring about sedation soon after the patient 
presses a delivery button. For this reason, propofol is 
preferred over midazolam given its faster time to reach 
peak action [24]. Repeated pressing of the delivery button 
to reach the peak effect poses a risk of over-sedation due 
to repeated infusion [24]. Garip et al. administered 2 ml 
of midazolam (0.5 mg/ml) for 5 min by using the lock-out 
time method, and the result was more satisfactory than 
that of midazolam and remifentanil (12.5 μg/ml) mixed 
together [25]. However, midazolam is known to have a 
long recovery time, and may frequently cause sleepiness 
and mental derangement. Recently, cases in which dex-
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medetomidine is used have also been reported [26,27].
  A syringe pump used for patient-controlled sedation 
should infuse a fluid when a delivery button is pressed. 
The number of times the button was pressed and the 
actual infused amount should be displayed on the screen. 
Adjusting the settings of various features of the infusion 
pump is necessary for effective patient-controlled seda-
tion. Therefore, the settings related to the single dose 
amount, infusion rate, and lock-out time should be 
adjustable. A single dose can be infused in a fixed amount 
(e.g. 2 ml, 10 mg, etc.). However, setting the infusion 
amount per kg of body mass by taking into account the 
drug concentration and the patient’s body mass is also 
necessary. The maximum infusion rate of a single dose 
should be at least 1000 ml/h and must be adjustable. This 
feature that can set the infusion rate helps ensure patient 
safety. Since a delivery button may fall off of a patient’s 
hand if he/she loses consciousness, a device that fixes 
the button to the patient’s hand is also necessary. The 
alarm should produce a sound when the delivery button 
is pressed, in order to notify the patient and the medical 
staff alike. 
  The display screen should display the time elapsed 
since the delivery button was pressed, the number of 
times the button was pressed, the number of infusions, 
the remaining lock-out time, the total amount of drug 
infused, and the infusion rate, so that the patient has a 
good understanding of the situation. 

Patient-controlled sedation settings

  1) Bolus dose refers to the dose that is infused when 
the delivery button is pressed. Typically, the infusion 
amount can be set as a fixed amount, or as the amount 
per kg of body mass (mg/kg or μg/kg). 
  2) Lock-out time starts after the infusion of a single 
dose is completed. During this time, no infusion occurs 
even when the delivery button is pressed. Many studies 
have performed patient-controlled sedation without sett-
ing the lock-out time. However, setting the lock-out time 

according to the drug’s onset of action is important to 
ensure safety. For small doses, the lock-out time is 
adjusted to a short time window (0-1 minutes), and for 
large doses, it is adjusted to a long time window (3-5 
minutes)
  3) Basal infusion rate refers to the rate of continuous 
infusion. Additional amounts of the drug can be infused 
as a single dose. The basal infusion rate is rarely set in 
a patient-controlled sedation. However, setting the 
infusion rate may be helpful in preventing fluctuations 
in sedation depth [28]. 
  4) Bolus dose infusion rate refers to the rate at which 
a single dose is infused when the delivery button is 
pressed. A recently developed pump boasts of an infusion 
rate of over 1500 ml/h. While it is believed that faster 
infusion rates allow for faster onset of sedative effects, 
infusion rates of over 1500 ml/h are not favorable due 
to complications such as breathing depression and other 
side effects caused by constraint in arm-brain time and 
increased drug concentration in the blood.  
  5) Initial loading dose: It can take a long time to reach 
the target sedation depth initially. By infusing an initial 
loading dose, the target sedation depth can be achieved 
sooner. In most sedation practices, an initial loading dose 
is not infused. Instead, patients are premedicated with 
analgesics or sedatives.
  6) Maximum dose: This feature stops the drug infusion 
even when the lock-out time has passed and the patient 
has pressed the delivery button several times. This feature 
is necessary for ensuring patient safety.

Conclusion

  Various features have been added to smart pumps used 
in dental sedation to increase patient safety. They include 
an alarm and a drug library, which provides drug in-
formation and prevents excessive infusion by limiting the 
infusion dose. In addition, programed infusion systems, 
target-controlled infusion systems, and patient- controlled 
infusion systems have been developed so that dentists can 
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administer sedation more effectively. By fully utilizing 
the new features of smart pumps, more effective and safer 
dental sedation may be performed.
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