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Abstract: The combination of ketamine and propofol, commonly re-
ferred to as ketofol, is sometimes used for procedural sedation and analge-
sia in the pediatric emergency department. This article reviews the pharma-
cology, dosing, and indications, as well as adverse effects and contraindica-
tions of ketamine, propofol, and ketofol.
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TARGET AUDIENCE
This continuing medical education activity is intended for pe-

diatric practitioners who provide procedural sedation and analgesia
in the pediatric emergency department and critical care settings.

LEARNING OBJECTIVES
After completion of this article, the reader should be better

able to:

1. Explain the pharmacology, dosing, indications, and risks of
using propofol or ketamine as agents for procedural sedation
and analgesia (PSA);

2. Describe the benefits and risks of using ketamine and propofol
in conjunction, commonly known as ketofol, for PSA;

3. Summarize the literature discussing the adverse event pro-
file of using ketofol for PSA compared with alternative
sedation regimens.

P rocedural sedation and analgesia (PSA) is commonly used for
patients in the pediatric emergency department (PED) to pro-

vide sedation, analgesia, and amnesia during specific procedures.
The ideal drug for PSA is the one with the abovementioned prop-
erties along with rapid onset of action, short duration of action,
short recovery time, and minimal associated adverse events. The
purpose of PSA is to provide moderate to deep sedation as per
the American Society of Anesthesiologists definitions.1 Commonly
used drugs include propofol, ketamine, remifentanil or fentanyl,
midazolam, etomidate, nitrous oxide, and dexmedetomidine.
Single-agent sedatives are thought to be safer than a combination
of sedatives; however, combination agents may confer certain ad-
vantages.2 This review highlights existing evidence for the use of
ketamine and propofol, as well as these agents in conjunction,

commonly known as ketofol, for PSA. It is important to under-
stand each medication before using them in combination.

KETAMINE: Pharmacology
Ketamine is a non-competitiveN-methyl-D-aspartate (NMDA)

receptor antagonist.3 By blocking the binding of glutamate, keta-
mine provides sedation and analgesia, and induces amnesia or a
sense of dissociation from the immediate environment. Ketamine
is a favored anesthetic because of its safety profile and higher level
of analgesia as compared with alternative regimens. It has a rapid
onset of action for all routes of administration, but onset does vary
based on route. If ketamine is given intravenously (IV), the onset
of action is within 30 seconds; intramuscularly (IM), within 3 to
4 minutes; and intranasally (IN), within 10 minutes.3 The dura-
tion of action also varies with route of administration: IV, 5 to
10 minutes (anesthetic time, 1–2 hours); IM, 15 to 30 minutes
(anesthetic time, 3–4 hours); and IN, 45 to 60 minutes (anes-
thetic time, up to 1 hour).

KETAMINE: Dosing
It is important to note that dosing for ketamine is dependent

on the route of administration and should be based on available ac-
cess. For PSA, ketamine can be given IV, IM, or IN, and repeat doses
can be administered as needed to prolong the desired sedation. The
following dosing of ketamine is recommended for PSA as a single
agent. Intravenous dosing is recommended to start at 1 to 2 mg/kg
given as a push over 30 to 60 seconds, and if sedation is not ade-
quate after 5 to 15 minutes, repeat doses of 0.5 to 1 mg/kg can be
administered every 5 to 15 minutes. It is important to note that in-
travenous ketamine should be given over 30 to 60 seconds to avoid
respiratory depression and neurological effects that can mimic
tonic-clonic movements from enhanced skeletal muscle tone.

For intramuscular dosing, a patient can receive 3 to 5 mg/kg
IM, and if sedation is not adequate after 5 to 10 minutes, a repeat
dose of 2 to 5 mg/kg IM can be administered.3

KETAMINE: Indications and Benefits
Ketamine is an excellent agent for PSA not only because of

its pharmacodynamic and pharmacokinetic properties but also be-
cause of its preservation of cardiac and respiratory function. It is a
preferred agent in procedures that will be brief and painful, such
as difficult laceration repairs or orthopedic procedures.

The advantages of ketamine are bronchodilation with preser-
vation of airway reflexes, and preservation of, or increased, cardiac
function. The preservation of cardiac function is due to an inhibition
of catecholamine reuptake, which stimulates a sympathetic nervous
system response and increases heart rate, blood pressure, and car-
diac output. Blood pressure and heart rate should return to base-
line within 15 minutes after administration of the ketamine, which
may benefit patients with hypotension or hypovolemia. Adverse
effects of ketamine include vomiting, sialorrhea, prolonged recov-
ery period, and emergence reactions such as hallucinations, vivid
dreams, and delirium.
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KETAMINE: Risks, Adverse Events,
and Contraindications

Ketamine is typically well tolerated by patients but has warn-
ings and contraindications. Because of the stimulation in the
sympathetic nervous system that leads to temporary elevations
in heart rate, blood pressure, and cardiac output, ketamine is con-
traindicated in patients with significant hypertension. Given
such effects, it is not a favored agent for those with ischemic
heart disease. Another contraindication is a known allergy to
the drug or its inactive ingredients.

As for the pediatric population, there is awarning of pediatric
neurotoxicity. Some published studies show that after administra-
tion of anesthetic and sedatives that block NMDA receptors, there
is an increase in neuronal apoptosis in the developing brain and
can result in long-term cognitive deficits when it is used for an ex-
tended period, usually greater than 3 hours.3

Other warnings include respiratory and neurological effects.
Although ketamine typically preserves airway reflexes, it can
cause respiratory depression; therefore, resuscitation equipment
should be readily available for use. Typically, a code cart should
be stationed outside of the patient's room for each PSA. As for
neurological effects, there can be an increase in skeletal muscle
tone that can mimic tonic-clonic movements, usually related to
the rate of ketamine infusion.

PROPOFOL: Pharmacology
Propofol was first approved by the Federal Drug and Admin-

istration (FDA) in 1989 as an intravenous anesthetic for multiple
indications, including sedation and amnesia. Propofol is a short-
acting, highly lipophilic, sedative-hypnotic agent with a mecha-
nism of action that has not been well defined. It is presumed that
propofol produces the anesthetic effects by γ-aminobutyric acid
agonism. It is important to note that propofol provides only seda-
tion and amnesia, but not analgesia. Therefore, it is best used in
procedures that will be brief and painless. Propofol is an emulsion
that is currently formulated with soybean oil, egg lecithin,
disodium edetate, and glycerol,4 so it is important to clarify aller-
gies before administration. Because of its lipophilicity and large
volume of distribution, it crosses the central nervous systemmem-
branes rapidly to produce central nervous system effects, includ-
ing rapid sedation.

The onset of action is typically within 40 to 60 seconds, with
a duration of only 10 to 15 minutes depending on the dose4 and
serum concentration of the drug. Propofol can be titrated for pro-
cedural sedation; however, it is important to space each bolus dose
by 3 to 5 minutes to assess the clinical effects on the patient. As
serum concentrations build, the risk of undesirable adverse ef-
fects, such as apnea and bradycardia, increases. This rapid onset
of action and short duration of action is ideal for shorter proce-
dures, but appropriate dosing intervals are necessary to avoid
cardiorespiratory depression.

PROPOFOL: Dosing
Unlike ketamine, propofol is administered only by the intra-

venous route. For procedural sedation, propofol should be dosed
by the repeat bolus method. Children typically require higher
doses of propofol because of the larger volumes of distribution.
The initial dose is 1 to 2 mg/kg IV with a typical maximum of
100 mg/dose, followed by repeat doses of 0.5 to 1 mg/kg IVevery
3 to 5 minutes as needed for sedation.4 Each dose should be in-
fused over 30 seconds to 1 minute to reduce the risk of apnea.

PROPOFOL: Indications and Benefits
It is important to note that propofol does not provide analge-

sia. As noted above, it is best for procedures that will be brief and
painless, unless used in conjunction with an analgesic agent.
Propofol has the advantage of rapid CNS penetration, allowing
for rapid sedation, and a brief recovery period.

PROPOFOL: Risks, Adverse Events,
and Contraindications

The side effect profile of propofol is not as favorable as keta-
mine, as it has a higher risk of hypotension and apnea. The major
cardiovascular effect of propofol is hypotension, which is more
likely in patients who are hypovolemic or are receiving bolus
doses.4 The cardiac effect can cause as much as a 30% decrease
in blood pressure with minimal change in heart rate. Given such
effects, it is not a first-line agent in patients with hemodynamic in-
stability, but may be advantageous in those with ischemic heart
disease. As for the respiratory side effects, propofol is a sedative,
so there is risk of apnea. It should be administered as a slow infu-
sion or a slow bolus dose over 30 seconds to 1 minute.

Propofol is contraindicated in patients with a history of ana-
phylactic reaction to eggs, egg products, soybeans, or soy products,
as the emulsion is formulated with these inactive ingredients.4

KETOFOL: Background
Ketamine and propofol have their own advantages for seda-

tion; however, ketofol has been theorized as an improved anes-
thetic agent in short painful procedures because it mitigates the
adverse effects of the individual agents.

KETOFOL: Pharmacology
Ketofol is intended to avoid respiratory depression and to

improve hemodynamic stability as well as recovery and post-
procedural analgesia.5 Because it is presumed that the adverse
effects of the single agents are dose-dependent, the risk of adverse
events increases as serum levels increase. The use of ketofol re-
duces the serum concentrations of each drug, and therefore the
risk of unwanted adverse effects. Propofol alone has rapid CNS
penetration and provides rapid sedation with a short recovery pe-
riod, but does have the increased risk of respiratory depression and
hypotension.6 The addition of ketamine minimizes the risks of re-
spiratory depression and hemodynamic changes. Ketamine also
provides analgesic properties to supplement the anesthetic proper-
ties. The combination of the 2 medications allows lower doses of
each, which leads to respiratory and hemodynamic stability while
preserving the anesthetic or analgesic properties that each drug
has to offer.

KETOFOL: Dosing
Dosing for ketofol is usually based on a 1:1 ratio of ketamine

to propofol. For pediatrics, a weight-based dose of 0.5 mg/kg of
ketamine and 0.5 mg/kg of propofol is administered every 2 to
5 minutes as needed for sedation.7 There are numerous studies
that evaluated different ketamine-to-propofol ratios to optimize
adequate sedation with the shortest recovery time. The ratios stud-
ied range from 1:1 to 1:10, but several studies suggest a ratio of
1:1 to 1:3. For a 1:3 ratio, the dosing is 0.25 mg/kg of ketamine
and 0.75 mg/kg of propofol.

Aside from the benefits, it is likely that the rate of adverse
events is similar in either ratio of medication regimens. One retro-
spective case-series analysis reported a similar rate of adverse
events in the 1:1 ratio group compared with ratios greater than
1:1.8 This study demonstrated that it is safe and practical to use
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different ratios of ketamine to propofol and that there is not one
favored dosing regimen.

Ketamine and propofol may be given simultaneously in the
same syringe, because they are compatible medications, or may
be administered separately as intravenous bolus doses. Although
most studies have evaluated the use of ketamine and propofol
given simultaneously, there is some suggestion that independent
dosing may mitigate adverse events, given ketamine’s longer du-
ration of effect; similarly, an additional dose of propofol would
be preferable to a dose of ketofol near the end of a sedation.9 In
addition, small doses of propofol may be superior to small incre-
mental doses of ketamine, given the latter's dichotomous manner
of providing dissociation.9

KETOFOL: Indications and Benefits
As mentioned previously, ketofol is intended to optimize the

benefits of both medications, leading to improved hemodynamic
stability with improved recovery and postprocedural analgesia.5

Many studies have shown ketofol to be effective in achieving
and maintaining adequate sedation when compared with propofol
or ketamine in isolation,10–15 or to other combination agents,16–19

but the evidence regarding adverse events is inconclusive.
Table 1 summarizes the literature to date comparing ketofol

for PSA compared with either propofol or ketamine. Table 2 sum-
marizes the literature to date comparing ketofol to alternative
combination PSA regimens.

Most studies have shown no increase in respiratory eventswhen
comparing ketofol to either ketamine or propofol alone (Table 1) or
when comparing ketofol to alternative regimens such as propofol-
fentanyl.28 Only 1 small study showed a slight increase in respiratory
events when comparing ketofol with propofol-dexmedetomidine in a
pediatric population.26 Similarly, large adult studies have suggested a
lower incidence of adverse respiratory events in those patients receiv-
ing ketofol compared with those receiving propofol in isolation.30,31

Most studies of ketofol in pediatric patients also show no in-
creased risk of cardiovascular events (Table 1). In addition, when
comparing ketofol with ketamine and/or other anesthetic agents, a
recent meta-analysis by Foo et al32 found ketofol to have a lower
incidence of hypotension, but otherwise no difference in adverse
events. Ketofol may have an advantage in terms of a lower inci-
dence of nausea or vomiting compared with either medication
in isolation.7,11,12

Although literature on the effect of ketofol on agitation or
emergence reactions is scant, some smaller studies suggest ketofol
to have an improved profile compared with ketamine alone,11,23,24

whereas others show no difference.14,15,25 No studies show an in-
creased risk of agitation or emergence reaction with ketofol. Adult
studies echo this finding and have shown that the use of ketofol is
effective in minimizing emergence reactions compared with keta-
mine and propofol in isolation.33

Recovery time has also been shown in some cases to be signif-
icantly shorter with the use of ketofol compared with ketamine11,25

or propofol alone,12,14 whereas others suggest that the use of higher
doses of ketamine may prolong recovery time.7 There is some sug-
gestion that the onset of sedationmay bemore rapid in those receiv-
ing ketofol over propofol12 and better tolerated.14 In regimens with
lower ratios of ketamine-to-propofol (1:4 compared with 1:1), there
is some evidence of improved nausea/vomiting and emergence re-
actions and of shortened recovery.34

Furthermore, provider and patient satisfaction with ketofol is
often better than that of propofol or ketamine alone.10,11,31,35 One
study of adults and children evaluated the satisfaction of the pro-
vider in using ketofol versus propofol for PSA in the emergency
room, and found that the satisfaction with ketofol was higher

(95% vs 65%) as compared with propofol alone.35 Similarly, satis-
faction outside of the ED setting has been shown in other contexts,
such as in hematology patients requiring bone marrow biopsy with
minimal adverse events, dental procedures among children with
anxiety, and orthopedic procedures in rural mission trips.10,36,37

KETOFOL: Risks, Adverse Events,
and Contraindications

However, there is still risk for respiratory depression, hypo-
tension, bradycardia, and all of the above-mentioned adverse
events in the use of ketofol that are associated with use of keta-
mine and propofol as single agents. The idea of ketamine and
propofol in combination is to balance the adverse effects, using
lower dosing of eachmedication to potentially avoid those adverse
events. Unfortunately, some risk of those adverse events remains.

Although pediatric studies have showed no significant and
consistent disadvantage of ketofol (Table 1), 1 larger adult study
did find some higher rates of hypotension in the propofol arm ver-
sus the ketofol arm, but with questionable clinical significance.31

CONCLUSIONS
Ketamine and propofol are 2 agents that are commonly used

for PSA. Ketamine has benefits of preservation of cardiac and re-
spiratory function, and also provides analgesic support. Propofol
has a shorter onset of action and shorter duration of action, which
decreases time to recovery, but lacks any analgesic properties. In
addition, propofol has been shown to have a higher risk of apnea
and cardiovascular depression. Ketofol is an alternative for PSA
that seeks to maximize the benefits of each individual drug while
minimizing adverse events. Although literature remains inconclu-
sive for the use of ketofol, most literature to date suggests that
ketofol is a safe, efficacious, and well-tolerated combination, with
risks that are comparable to the individual components.

REFERENCES
1. Practice Guidelines for Moderate Procedural Sedation and Analgesia 2018:

A Report by the American Society of Anesthesiologists Task Force on
Moderate Procedural Sedation and Analgesia, the American Association of
Oral andMaxillofacial Surgeons, American College of Radiology, American
Dental Association, American Society of Dentist Anesthesiologists, and
Society of Interventional Radiology. Anesthesiology. 2018;128:437–479.

2. Khurmi N, Patel P, Kraus M, et al. Pharmacologic considerations for
pediatric sedation and anesthesia outside the operating room: a review for
anesthesia and non-anesthesia providers. Paediatr Drugs. 2017;19:
435–446.

3. Ketamine [package insert]. Lake Forest, IL: Hospira, Inc; 2021.

4. Propofol [package insert]. Princeton, NJ: Dr Reddy's Laboratory, Inc; 2017.

5. Amornyotin S. Ketofol: a combination of ketamine and propofol. J Anesth
Crit Care Open Access. 2014;1:00031.

6. Arora S. Combining ketamine and propofol (“ketofol”) for emergency
department procedural sedation and analgesia: a review.West J EmergMed.
2008;9:20–23.

7. Andolfatto G, Abu-Laban RB, Zed PJ, et al. Ketamine-propofol
combination (ketofol) versus propofol alone for emergency department
procedural sedation and analgesia: a randomized double-blind trial.
Ann Emerg Med. 2012;59:504–12.e1-2.

8. Scheier E, Gadot C, Leiba R, et al. Sedation with the combination of
ketamine and propofol in a pediatric ED: a retrospective case series
analysis. Am J Emerg Med. 2015;33:815–817.

9. Shy BD, Strayer RJ, Howland MA. Independent dosing of propofol and
ketaminemay improve procedural sedation comparedwith the combination
“ketofol”. Ann Emerg Med. 2013;61:257.

Iqbal et al Pediatric Emergency Care • Volume 38, Number 1, January 2022

32 www.pec-online.com © 2021 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

http://www.pec-online.com


10. Kip G, Atabek D, Bani M. Comparison of three different ketofol
proportions in children undergoing dental treatment. Niger J Clin Pract.
2018;21:1501–1507.

11. Shah A, Mosdossy G, McLeod S, et al. A blinded, randomized controlled
trial to evaluate ketamine/propofol versus ketamine alone for procedural
sedation in children. Ann Emerg Med. 2011;57:425–33.e2.

12. Soliman R,MofeedM,Momenah T. Propofol versus ketofol for sedation of
pediatric patients undergoing transcatheter pulmonary valve implantation:
a double-blind randomized study. Ann Card Anaesth. 2017;20:313–317.

13. Mittal N, Goyal A, Gauba K, et al. A double blind randomized trial of
ketofol versus propofol for endodontic treatment of anxious pediatric
patients. J Clin Pediatr Dent. 2013;37:415–420.

14. Schmitz A, Weiss M, Kellenberger C, et al. Sedation for magnetic
resonance imaging using propofol with or without ketamine at induction in
pediatrics—a prospective randomized double-blinded study. Paediatr
Anaesth. 2018;28:264–274.

15. Weisz K, Bajaj L, Deakyne SJ, et al. Adverse events during a randomized
trial of ketamine versus co-administration of ketamine and propofol for
procedural sedation in a pediatric emergency department. J Emerg Med.
2017;53:1–9.

16. Ülgey A, Bayram A, Güneş I, et al. Sedation for paediatric transcatheter
atrial septal defect closure: comparison of two sedation protocols. Cardiol
Young. 2014;24:880–885.

17. Seol TK, Lim JK, Yoo EK, et al. Propofol–ketamine or propofol–
remifentanil for deep sedation and analgesia in pediatric patients
undergoing burn dressing changes: a randomized clinical trial. Paediatr
Anaesth. 2015;25:560–566.

18. Joshi VS, Kollu SS, Sharma RM. Comparison of dexmedetomidine and
ketamine versus propofol and ketamine for procedural sedation in children
undergoing minor cardiac procedures in cardiac catheterization laboratory.
Ann Card Anaesth. 2017;20:422–426.

19. Chandar R, Jagadisan B, Vasudevan A. Propofol-ketamine and propofol-
fentanyl combinations for nonanesthetist-administered sedation. J Pediatr
Gastroenterol Nutr. 2015;60:762–768.

20. Chiaretti A, Ruggiero A, Barbi E, et al. Comparison of propofol versus
propofol–ketamine combination in pediatric oncologic procedures performed
by non-anesthesiologists. Pediatr Blood Cancer. 2011;57:1163–1167.

21. Canpolat DG, Yildirim MD, Aksu R, et al. Intravenous ketamine, propofol
and propofol-ketamine combination used for pediatric dental sedation: a
randomized clinical study. Pak J Med Sci. 2016;32:682–687.

22. Kinsara AF, Almehmadi AAM, Abdulmajid TJ. A study to evaluate KM/
propofol versus KM alone for procedural sedation in children. Egypt J
Hosp Med. 2017;69:2981–2985.

23. Yalcin G, Oztas N, Kip G. Evaluation of clinical effectiveness of three
different sedation protocols (intravenous propofol vs. ketamine vs.

ketofol) in anxious children. Anaesthesia, Pain & Intensive Care. 2018;
22:16–25.

24. Stevic M, Ristic N, Budic I, et al. Comparison of ketamine and ketofol for
deep sedation and analgesia in children undergoing laser procedure. Lasers
Med Sci. 2017;32:1525–1533.

25. Jalili S, Esmaeeili A, Kamali K, et al. Comparison of effects of propofol
and ketofol (ketamine-propofol mixture) on emergence agitation in
children undergoing tonsillectomy. Afr Health Sci. 2019;19:1736–1744.

26. Canpolat DG, Esmaoglu A, Tosun Z, et al. Ketamine-propofol vs ketamine-
dexmedetomidine combinations in pediatric patients undergoing burn
dressing changes. J Burn Care Res. 2012;33:718–722.

27. Canpolat DG, Yildirim MD, Kutuk N, et al. Comparison of ketamine-
propofol and ketamine-dexmedetomidine combinations in children for
sedation during tooth extraction. J Pak Med Assoc. 2017;67:693–697.

28. Khutia SK, Mandal MC, Das S, et al. Intravenous infusion of ketamine-
propofol can be an alternative to intravenous infusion of fentanyl-propofol
for deep sedation and analgesia in paediatric patients undergoing
emergency short surgical procedures. Indian J Anaesth. 2012;56:145–150.

29. Ustun YB, Atalay YO, Koksal E, et al. Thiopental versus ketofol in
paediatric sedation for magnetic resonance imaging: a randomized trial.
J Pak Med Assoc. 2017;67:247–251.

30. GhojazadehM, Sanaie S, Paknezhad SP, et al. Using ketamine and propofol
for procedural sedation of adults in the emergency department: a systematic
review and meta-analysis. Adv Pharm Bull. 2019;9:5–11.

31. Ferguson I, Bell A, Treston G, et al. Propofol or ketofol for procedural
sedation and analgesia in emergency medicine-the POKER study: a
randomized double-blind clinical trial. Ann Emerg Med. 2016;68:574–82.e1.

32. Foo TY, Mohd Noor N, Yazid MB, et al. Ketamine-propofol (ketofol) for
procedural sedation and analgesia in children: a systematic review and
meta-analysis. BMC Emerg Med. 2020;20:81.

33. Rizk SN, Samir EM. Use of ketofol to control emergence agitation in
children undergoing adenotonsillectomy. Egyptian Journal of Anaesthesia.
2014;30:13–19.

34. DaabissM, ElsherbinyM,Al Otaibi R. Assessment of different concentration
of ketofol in procedural operations. Saudi J Anaesth. 2009;3:15–19.

35. David H, Shipp J. A randomized controlled trial of ketamine/propofol
versus propofol alone for emergency department procedural sedation.
Ann Emerg Med. 2011;57:435–441.

36. da Silva PS, de Aguiar VE, Waisberg DR, et al. Use of ketofol for
procedural sedation and analgesia in children with hematological diseases.
Pediatr Int. 2011;53:62–67.

37. Weatherall A, Venclovas R. Experience with a propofol-ketamine mixture
for sedation during pediatric orthopedic surgery. Paediatr Anaesth. 2010;
20:1009–1016.

Pediatric Emergency Care • Volume 38, Number 1, January 2022 Ketofol

© 2021 Wolters Kluwer Health, Inc. All rights reserved. www.pec-online.com 33

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

http://www.pec-online.com

