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ABSTRACT

Purpose of review

Ambulatory procedural sedation is used to relieve anxiety, pain and discomfort in a broad 

spectrum of patients during many types of diagnostic or therapeutic procedures. This 

review focuses on recent comparative studies of commonly used and new drugs for adult 

ambulatory sedation.

Recent findings

Midazolam and propofol are commonly used for ambulatory sedation. Their 

pharmacological properties offer many advantages and there is much experience with 

their use. Ketamine can be a useful addition to hypnotic drugs but the advantage of the 

use of ketofol ( a mixture of propofol and ketamine) is, although often practiced, difficult 

to assess. Dexmedetomidine is a relatively new sedative drug and many studies suggest 

advantages. New findings about its effects, however, show that the hemodynamic 

consequences of the use of dexmedetomidine may last for several hours. New sedative 

drugs for procedural sedation are still being developed: remimazolam has many properties 

that would make it an ideal sedative and has been studied in a phase III study.

Summary

The properties that would constitute the ideal sedative have yet to be combined in one 

drug. The selection of the drugs used for ambulatory sedation depends on many factors 

such as procedure type, patient characteristics and the expectations of patients and the 

health care provider. Because of this, the literature cannot yet provide a definitive answer 

to the question which drug is best selected in a specific situation.

2.1 Introduction

Ambulatory procedural sedation is used to facilitate tolerance of diagnostic or therapeutic 

procedures that are either unpleasant, painful or both. The aim of ambulatory sedation 

is to alleviate anxiety, minimize pain and maximize amnesia. It is practiced by health care 

providers from many specialties over a wide range of procedures and for many patients 

categories. Sedation is considered to be a drug-induced continuum of decreasing 

consciousness ranging from anxiolysis to deep sedation, along with decreasing nociception. 

When selecting a sedative it should be taken into account that progression through this 

continuum increases the likelihood of cardiopulmonary compromise. Therefore caregivers 

should select the drugs they use with care. Finding the sweet spot between potency, 

safety and comfort has been the object of many comparative studies of sedatives and of 

the development of new sedative drugs.

The ideal drug for adult ambulatory sedation has a short time to onset combined with a 

rapid and consistent recovery profile to make it easily titratable within the desired range of 

the sedation continuum. It also produces a predictable, that is dose-dependent, hypnotic 

and amnesic effect. Furthermore, use of that drug in sedative concentrations should 

ideally be devoid of adverse hemodynamic, respiratory and metabolic consequences. 

Lastly, to ensure a rapid and pleasant recovery leading to quick discharge from the hospital 

there should be minimal hangover effect and nausea.

Pharmacologically this translates into a drug with linear kinetics, a short t
1/2keO

, a context 

insensitive half-time and rapid clearance through non-organ dependent metabolism. 

Pharmacodynamically the ideal drug should have a predictable dose-response relation 

targeting only receptors involved in consciousness and nociception, and it should be free 

from interactions with other drugs and have minimal other side effects.

Currently midazolam, propofol, ketamine, dexmedetomidine and remifentanil are the 

drugs most commonly used for ambulatory sedation. Remimazolam and soft-analogues 

of etomidate are being tested to evaluate their role in ambulatory sedation. Each of these 

drugs has one or more of the above properties but considering the number of studies that 

compare sedative drugs’ speed, safety and reliability it would seem that the search is still 

ongoing for the best drug to be selected for ambulatory sedation.

2.2 Midazolam

Midazolam is one of the most popular drugs used for sedation. In many studies it is 

regarded as the gold standard against which other drugs are compared. This is in part 

due to the relatively rapid onset and offset times of this drug and because it is considered 

by many to have a wide margin of hemodynamic safety. It has, however, a relatively long 

t
1/2keO

: the time it takes for plasma levels of midazolam to equilibrate with the brain has 

2



26 27

Drug selection for ambulatory procedural sedationChapter 2

been estimated to be approximately 9 minutes.47 If clinicians administer additional boluses 

before the time to peak effect has passed, this may result in over titration which becomes 

apparent only after considerable time. When this happens in the context of shorter 

procedures, the maximal effects may only occur in the recovery period after stimulation 

has ended. Although midazolam is known and popular because of its wide margin of safety, 

repeated dosages of midazolam should only be given with this knowledge in mind to avoid 

complications such as hypoventilation, airway obstruction, hypoxia and hypotension.

2.3  Propofol

Propofol is very frequently used for sedation. It has both a rapid onset and offset time 

and can be titrated very precisely either by hand or by using TCI technology. Combined 

with its short context sensitive half time of 3 mins (after short infusions)48 and hardly 

any hangover effect, it has many of the traits of the ideal sedative. It has a narrow 

therapeutic window though: it causes hypotension and respiratory depression at effect 

site concentrations close to those needed for ambulatory sedation. The EC50 for doses 

producing respiratory depression are 3.99 µg.ml-1 and this is close to the doses needed 

to cause a depression in BIS to 50 or lower.49 The use of TCI infusions facilitates precise 

control over sedation depth but it has not yet been approved by the FDA. A new model 

for propofol that can be used in a broader spectrum of patients than previous models 

has been developed recently.50 When compared to traditional sedatives (midazolam, 

meperidine, scopolamine, fentanyl or combinations thereoff) propofol used for sedation 

during gastrointestinal endoscopy has been found to be associated with better sedation, 

more patient cooperation and shorter recovery periods, without increasing the frequency 

of cardiopulmonary complications.51

Its short duration of action makes it suitable for very short procedures requiring deep 

sedation such as electrocardioversion (ECV). It is often used for this purpose but according 

to a recent review of anesthetic practices for ECV’s there is insufficient evidence to 

recommend a change in the anesthetic practice of using either propofol, etomidate, 

midazolam or thiopentone for ECV.52 Recovery from propofol sedation is rapid and leads 

to minimal hangover effect. One study concluded that propofol may be preferable to 

midazolam for ERCP because of a better recovery profile.53

One major disadvantage of propofol is the pain it can cause when injected intravenously. 

Propofol and its derivatives are still under investigation because the current formulation 

is water insoluble and so is formulated in a lipid emulsion which can be unstable, facilitate 

microbial contamination and be the cause of pain on injection. Many possible solutions to these 

problems have been investigated without yielding a definitive solution and the development 

of these drugs has been discontinued. A new water soluble ester-linked propofol prodrug, 

HX0969, has been tested in animals but no studies in humans have been executed.54

2.4 Ketamine

The unfavorable side effects of hallucinations, delirium and a prolonged recovery have 

for some time mostly limited the use of ketamine as a mono-anesthetic to those areas 

of the world where cardiopulmonary safety and ease of use take precedence over 

patient comfort. In combination with propofol, however, it is now being used worldwide, 

especially for short procedural sedation, for instance in the emergency department. 

The combination of propofol and ketamine, nicknamed ketofol, is associated with an 

attenuation of the sympathicomimetic effects of ketamine and a lower incidence of 

emergence reactions.

Studies of the addition of (es-)ketamine to propofol for procedural sedation in settings 

other than the emergency department are inconclusive on the supposed benefits of 

“ketofol” over propofol alone. In a review comparing ketofol to propofol only for use 

in sedation, Jalili et al. found that ketofol use was associated with lower incidence of 

respiratory and hypotensive side effects than the use of propofol alone.55 Yet a larger 

blinded study by Ferguson et al. not included in this analysis did not confirm that the 

addition of ketamine to propofol has the supposed protective effect with regards to the 

respiratory safety.56 It has also been found that the use of ketofol (compared to propofol 

with alfentanil) is associated with longer times required to reach adequate sedation. 

Although the results were statistically significant, the difference between the groups 

was less than one minute.57 Recovery times of patients treated with ketofol may be longer 

than those of patients receiving propofol and fentanyl.58 Ketofol has been compared to 

dexmedetomidine for its use as a sedative during TEE. Its use was associated with less 

time required to achieve optimal sedation and lesser hemodynamic changes, and better 

cardiologist satisfaction.59

Since ketofol is a mixture of propofol and (es-)ketamine without a fixed formulation, 

studies reporting on the use of ketofol should be interpreted and compared with caution. 

Studies using racemic ketamine or the es-enantiomere esketamine are difficult to compare 

because the latter is twice as potent as racemic ketamine. There is also no consensus on 

the ideal ratio and mixtures; ratios of 1:1 to 1:10 of ketamine:propofol can be found in the 

literature. Although there is a lot of experience with the use of ketofol, dose-finding studies 

are lacking. Furthermore, ketofol has to be mixed by caregivers prior to administration. 

Since (es-)ketamine comes in different concentrations, as does propofol, this practice has 

the potential of causing dosing errors. The use of ketamine is widespread in emergency 

departments but its popularity rests mainly on experience rather than evidence.
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2.5 Dexmedetomidine

Dexmedetomidine is a novel drug that only recently has been registered for use in 

procedural sedation in Europe by the EMA. Its alpha-2 agonism brings about sedative and 

anxiolytic, as well as analgesic properties.60 Dexmedetomidine has potential advantages 

over midazolam. It has been shown in several studies to increase both patient or operator 

satisfaction.61, 62 Better cooperation of the patient, no anxiety and agitation resulting from 

a paradoxical reaction to midazolam and ease of administration have been mentioned as 

reasons for these results.

Several factors limit its use in ambulatory sedation. Dexmedetomidine has profound and 

complex effects on blood pressure after rapid infusion. It can cause an initial episode of 

hypertension followed by hypotension. The hypertensive effect can be avoided by infusing 

the loading dose over a 10 minute period. A recent study of the hemodynamic effects of 

dexmedetomidine has shown that the hypotensive effects can last for several hours after 

cessation of the infusion.45 Dexmedetomidine’s relatively long duration of action may lead 

to slower recovery. The development of a new PKPD model, however, may allow tighter 

control over these effects while targeting the desired depth of sedation.

One of the frequently cited advantages of dexmedetomidine is its lack of respiratory 

compromise. Nonetheless, studies comparing dexmedetomidine with careful midazolam 

administration, show similar incidences to respiratory complications.61 Moreover, in a study 

comparing the effects of dexmedetomidine and propofol on ventilation, dexmedetomidine 

has been shown to have an effect on both hypoxic and hypercapnic regulation of breathing 

that is similar to propofol. Furthermore, it caused a comparable degree of upper airway 

obstruction and episodical apnea.44

Dexmedetomidine reduces the incidence of delirium among elderly patients requiring 

sedation during an ICU admission.46 This property combined with limited ventilatory 

depression and maintained hemodynamic stability with careful administration, might make 

it a useful sedative for frail elderly people. Currently, there is only limited data concerning 

the use of dexmedetomidine in this population. Elderly people are more prone to the 

unwanted side-effects of sedative agents and the loading doses of dexmedetomidine 

needed for adequate sedation within 10 minutes have been shown to lie well above the 

dosages that led to hemodynamic instability in this group of patients.63, 64 In spite of the 

above mentioned caveats, dexmedetomidine is rapidly gaining popularity as a procedural 

sedative.

Dexmedetomidine can be a useful sedative for cardiac catheterization procedures. 

Sedation is required in these procedures to help the patient through prolonged periods 

of immobility during the procedure and during electrophysiological diagnostic phases 

lying still is very important. The discomfort caused by the supine position on the 

diagnostic table requires some form of analgesia, but during prolonged periods this can 

be difficult to maintain with opioid analgesia without causing respiratory depression. 

Dexmedetomidine has a mild analgesic effect together with its sedative properties. 

Concerns have been raised about its potential to prevent or terminate arrhythmias but 

the use of dexmedetomidine has been found not to be associated with a reduction in 

PSVT inducibility but it did increase the incidence of intraprocedural hypotension.65

2.6 Remifentanil

Remifentanil is used in combination with hypnotic sedatives to provide a very potent form 

of analgesia without long lasting side effects.62, 66, 67 Because remifentanil is hydrolyzed 

rapidly by abundantly available plasma and tissue esterases, it has a very short duration 

of action. Its metabolite GI90291 has very low potency and is considered to be inactive. 

Combined with its t
1/2keO

 of 1.3 minutes it is very titratable. This should be done with 

caution however as the combination of remifentanil with a hypnotic with potent 

respiratory depressant properties can lead to rapid compromise of respiration. Precise 

titration of remifentanil in combination with propofol can be achieved by using target-

controlled infusions (TCI). Moerman et al. compared TCI with manually administered 

remifentanil combined with propofol for colonoscopy, and found that TCI administration of 

remifentanil was associated with decreased propofol dosages as well as a lower incidence 

of apnea and respiratory depression.68

LaPierre et al. investigated the effects of different concentration pairs of propofol and 

remifentanil. For upper gastroendoscopic procedures the use of lower remifentanil target 

concentrations in combination with higher propofol concentrations resulted in the highest 

likelihood of blocking the response to the esophageal instrumentation without causing 

intolerable ventilatory depression.69Remifentanil can be used as an analgesic component 

in conjunction with a hypnotic or as a standalone sedative drug. The latter use may lead 

to more rapid recovery because of remifentanil’s fast metabolism.70, 71

2.7 Remimazolam

Remimazolam is a benzodiazepine developed, like remifentanil, as a so-called ‘soft drug’ 

that undergoes rapid metabolism by abundantly available plasma and tissue esterases. 

Therefore the process is organ independent and in the case of remimazolam leads to a 

first order pharmacokinetic profile which is independent of body weight and elimination 

clearance.72 A recent study into its usability for procedural sedation has shown a safety 

profile comparable to midazolam. There was a higher procedural success rate in the 

remimazolam groups and patients in these groups reached adequate sedation depths 

faster than the patients in the midazolam group.73 Together with its rapid time of onset 
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and the possibility to reverse the clinical effects with flumazenil this drug has the potential 

to find a niche in ambulatory sedation next to propofol and midazolam. Remimazolam 

has many properties that could make it very suitable for procedural sedation. Trials are 

ongoing to study how the effects of these properties compare with those of the known and 

often used drugs propofol and midazolam. In one recent study sedation for colonoscopy 

with remimazolam was associated with less hypotension, more rapid recovery and less 

use of fentanyl.74 Remimazolam is still currently under investigation in phase III trials.

2.8 Etomidate and its congeners

Etomidate offers the possibility to provide sedation while maintaining relative 

hemodynamic and respiratory stability.75 It has a rapid onset and but there is large 

population variability in the recovery profile. It has however, a strong potential to cause 

significant adrenal insufficiency and nausea and vomiting. Several etomidate congeners 

have been developed in an attempt to limit or prevent the adrenal suppression with 

the most recent being cyclopropyl-methoxycarbonylmetomidate (ABP-700).76 To date 

none of the etomidate analogues have been developed far enough to be used in clinical 

practice.

2.9 Conclusion

Over the past decennia midazolam, propofol, ketamine, dexmedetomidine and remifentanil 

have become the most frequently used drugs for ambulatory sedation. They all display one 

or more of the properties that would make it an ideal drug for ambulatory sedation but 

each also has its own limitations. The newer drug remimazolam has many properties that 

could make it an ideal sedative and it is actively being studied in adult ambulatory sedation. 

Each of these drugs has advantages and disadvantages. Selection of the best drug for a 

specific patient-procedure combination should be based on knowledge of these facts.
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