
TABLE 1: Various routes of administration of ketamine 
	Route of administration
	Bioavailability
	Time taken to achieve peak concentration
	Reference 

	Intravenous
	100%
	Within seconds
	Zanos 2018
(40)

	Intramuscular
	93% (adults)
41% (children)
	5-30 min
15-30 min
	Clements 1982
(29)
Hornik 2018
(41)

	Oral 
	16-29%
	20-120 min 
	Rolan 2014
(42)

	Intranasal
	45-50%
	20-30 min
	Malinovsky 1996
(37)

	Intrarectal
	25-30%
	20-30 min
	Yanagihara 2003
(39)





TABLE 2: Prospective studies of ketamine for cancer pain in children
	Reference 
	Study design
	Population (n)
	Type of malignancy
	Dose and route
	Outcomes 
	Adverse effects 
	Conclusion 
	Remark 

	Klepstad 2001 
(70)
	Case report
	1 (12-year -old girl)
	Cervical spinal tumor
	IV, 36-410 mg/day
	Subjective relief in pain, the patient remained awake and interactive until her death 67 days after starting ketamine
	Increase in myoclonic movements
	Ketamine may be effective in children with severe neuropathic pain; maybe feasible in-home care setting
	Ketamine infusion was continued at home for the last 29 days of the patient’s life

	Tsui 2004
(71)
	Case report
	1 (2-year-old girl)
	Metastatic neuroblastoma
	100-200 mcg/kg/hr IV infusion
	Reduction in pain until her death 3 weeks later
	None reported
	Ketamine may be an effective analgesic in children with advanced poorly controlled cancer pain
	-

	Finkel 2007
(62)
	Retrospective review
	11 children and adolescents
	Variety of cancer types
	0.1-1 mg/kg/h IV infusion
	Reduction in pain and requirement of opioids in 8/11 (73%) patients; improved interactiveness of patients
	None reported
	Promising role of ketamine for the treatment of children with intractable cancer pain
	-

	Ugur 2008
(72)
	Case report
	1 (4-year-old boy)
	Retroperitoneal malignant mesenchyme tumor
	3 mg/kg/day in three divided doses orally
	Pain intensity decreased from 8-9 to 0-1 on a 10-point pain scale
	None reported
	Oral ketamine may be a simple, acceptable and inexpensive option for severe cancer pain
	Home treatment. Need for morphine decreased from 16 mg/day to 6 mg/day

	Conway 2009
(61)
	Case series
	2 (11-year- old boy, 19-year-old girl)
	Relapsed AML in boy, metastatic osteosarcoma in girl)
	0.05-4.1 mg/kg/hr IV infusion
	Reduction in pain in both patients with improvement in function and quality of life
	Sleepiness, urinary retention, hallucinations 
	Ketamine can be a safe and effective modality to help control end-of-life pain
	Home treatments also are done for 2 weeks (boy) and 5 weeks (girl) safely

	Taylor 2014 
(59)
	Retrospective case review
	14 children
	13 patients with various malignancies, 1 neonate with epidermolysis bullosa
	Patient-controlled analgesia (PCA) (0.014-0.308 mg/kg/hr) 
	All patients reported subjective pain relief with ketamine; discharge to home hospice in 79% patients
	No adverse events in 79% (11/14) patients. Others developed dizziness, hallucination, sleepiness (2), disorientation (1), slurred speech (1), agitation (1), myoclonic jerks (1), hemorrhagic cystitis (1)
	Ketamine PCA is an effective, well-tolerated therapy for opioid-refractory neuropathic pain in pediatric end-of-life care
	Dose escalation of opioids was prevented in 64% of patients

	Sheehy 2017
(73)
	Longitudinal cohort study
	230 patients;46/230 patients (13%) had malignancy
	Malignancy profile not specified
	Subanaesthetic dose IV (exact dose not specified)
	Pain score reduction from 6.64 at baseline to 4.38 on day of discontinuation of ketamine (p<0.001). 
Greater reduction in pain score in children with cancer pain
	No records of psychomimetic side effects
	Subanaesthetic doses of IV ketamine is useful to pain reduction in children, including cancer-related pain, in inpatient settings
	In overall 52% patient, there was a ≥20% reduction in opioid dose

	Courade 2019
(60)
	Prospective multicentre observational trial
	38 patients (aged 2-24 years)
	Solid cancer (28/38), leukemia (9/38), data not available (1/38) 
	Initial IV infusion rate 0.01-0.2 mg/kg/h, mean infusion rate 0.04 mg/kg/hr 
	Mean pain score reduction decreased from 6.7 to 4.3 on a 10-point scale (p<0.001) from day 1 to day 3
	Nausea (3/38), Hallucinations (6/38), Nightmares (5/38), Mood disorders (8/38), Drowsiness (8/38), poor tolerance (9/38)
	Low doses of ketamine may be useful for improving the treatment of refractory pain in children with cancer
	The opioid-sparing effect in 4/38 patients


IV: Intravenous; IM: Intramuscular


TABLE 3: Prospective trials of ketamine for procedural pain or sedation in children with cancer (sample size≥10)
	Reference 
	Study design
	Population
	Treatment and doses
	Outcomes 
	Adverse effects 
	Conclusion 

	Marx 1997
(86)
	Randomized double-blind crossover trial
	22 children aged 24-178 months
	IV ketamine (1.5 mg/kg), midazolam (0.05 mg/kg) and atropine (0.01 mg/kg) vs meperidine (2 mg/kg) and midazolam (0.1 mg/kg), followed by crossover to the other arm
	In ketamine-midazolam arm as compared to meperidine-midazolam arm:
-lesser procedural distress (p<0.05)
-earlier readiness for procedures and more rapid recovery
	Fewer adverse effects in ketamine arm (hypoxia 17% vs 82%, hypotension 16% vs 55%, and bradypnea 0% vs 39%)
	Ketamine-midazolam produces superior sedation for painful oncological procedures in children as compared to meperidine-midazolam

	Pellier 1999
(80)
	Prospective descriptive study
	92 children aged 3 days to 18 years (226 procedures)
	IV midazolam 25 mcg/kg and ketamine 0.5-2 mg/kg 
	Satisfactory analgesia in 89/92 patients
	No complications
	Midazolam-ketamine is safe and effective for pain management in pediatric oncological procedures

	Shewale 2000
(84)
	Randomized control trial
	18 children (1-5 years) undergoing radiotherapy (RT) sessions for cancer treatment
	10 children (49 sessions) received oral ketamine (8-15 mg/kg)
8 children (28 sessions) received IM ketamine (6 mg/kg) 
	Onset time and recovery time longer in the oral arm as compared to IM arm (p<0.001). More interruption of RT in the oral arm
	Vomiting (6/49 in oral, nil in IM); Desaturation (1/49 in oral, 4/28 in IM)
	Oral ketamine is inferior to IM ketamine for children undergoing RT 

	Heinz 2006
(87)
	Randomized double-blind trial
	83 patients aged 1-14 years of age
	IM ketamine (4 mg/kg) and atropine (0.01 mg/kg) vs IM ketamine (4 mg/kg) and placebo
	Hypersalivation 11.4% in atropine vs 30.8% in placebo (OR 0.29); transient rash 22.7% in atropine vs 5.1% in placebo (OR 5.44); vomiting 9.1% in atropine vs 25.6% in placebo (OR 0.29)
	No serious adverse effects noted
	Ketamine sedation was successful and well-tolerated. Atropine as an adjunct reduces Hypersalivation, may reduce vomiting 

	Borker 2006
(76)
	Prospective descriptive study
	16 children (55 procedures) aged 4-18 years
	IV midazolam (0.05-0.1 mg/kg) and IV ketamine (0.5-1 mg/kg) to all children
	Procedural sedation and analgesia successfully achieved in all cases
	Transient hypoxia (5/55), vomiting (3/55), dizziness (3/55), disinhibition with crying spells (4/55)
	Procedural sedation with ketamine and midazolam is safe and effective and can be successfully administered by non-anesthesiologists

	Bhatnagar 2008
(82)
	Randomized trial
	60 children aged 1-10 years
	IM ketamine (6 mg/kg), IM midazolam (0.05 mg/kg) and IM atropine (0.02 mg/kg) vs oral ketamine (10 mg/kg), oral midazolam (0.2 mg/kg) and oral atropine (0.05 mg/kg)
	Optimum sedation was noted in all children in both groups; mean observer-rated pain during procedure 8.33 in IM, 9.33 in oral (p=0.89)
	Vomiting (1/30 in IM, nil in oral), nystagmus (14/30 in IM, 7/30 in oral), hallucinations (9/30 in IM, 7/30 in oral); overall no significant difference in adverse events 
	An oral mixture of ketamine, midazolam, and atropine provides sedation compared to that given IM

	Chiaretti 2011
(77)
	Prospective randomized study
	121 children with acute lymphoblastic leukemia
	IV ketamine 0.5 mg/kg and IV propofol 2 mg/kg for induction (group K) vs IV propofol 2 mg/kg for induction (group P)
Further doses of 0.5-1 mg/kg propofol given in both groups as needed
	Satisfactory sedation achieved in all patients; mean propofol dose 3.9 mg/kg in group K and 5.1 mg in group P (p<0.001); mean recovery time longer in group P (20 min vs 8 min, p=0.002)
	Hypotension (11% in group K and 39% in group P, p<0.001), desaturation <88% (1/59 in group K, 7/62 in group P, p=0.05)
	Propofol-ketamine combination is superior to propofol alone for procedural sedation in terms of pain control and hemodynamic profile

	Monsereenusorn 2015
(88)
	Randomized double-blind crossover trial
	55 children aged 1-18 years
	IV ketamine 1 mg/kg vs IV fentanyl 1 mcg/kg
	Satisfaction score (on a scale 0-10) was higher in fentanyl arm (9.44 vs 8.89, p=0.007); less pain was noted in fentanyl arm (1.55/10 vs 2.44/10, p=0.002)
	Hallucination (ketamine 5/55, fentanyl none), nausea (ketamine 26/55, fentanyl 5/55), vomiting (ketamine 20/55, fentanyl 2/55)
	IV fentanyl is superior to IV ketamine in terms of patient satisfaction and pain control for procedural sedation in children with cancer

	Abdolkarimi 2016
(89)
	Randomized double-blind crossover trial
	57 children aged 5-15 years 
	IV pethidine (1 mg/kg) and IV midazolam (0.1 mg/kg) vs IV ketamine (1 mg/kg) and IV midazolam (0.1 mg/kg)
	Pain score was lesser in ketamine group as compared to pethidine group at 10 min and 30 min (p<0.05)
	Incidence of nausea and vomiting not significantly different between the groups 
	Ketamine is superior to pethidine for analgesia during oncological procedures

	Chayapathi 2018
(79)
	Randomized partially-blinded controlled trial
	152 children aged 1-12 years
	IV ketamine 2 mg/kg and IV midazolam 0.2 mg/kg (group A) vs IV propofol 2.5 mg/kg (group B)
	Failure of sedation was seen in no patient in group A and 9/76 in group B (p=0.002); mean depth of sedation greater in group A, mean time to sedation and recovery shorter in group B
	Emergence symptoms (38/76 in group A, 7/76 in group B, p<0.01)
	Ketamine-midazolam is better than propofol concerning safety and efficacy for procedural sedation

	Rayala 2019
(90)
	Randomized blinded placebo-controlled trial
	52 children aged 4-15 years undergoing lumbar puncture
	Oral ketamine 0.8 mg/kg vs placebo
Topical analgesia (EMLA) given to all
	Self-reported pain score 2/10 in ketamine arm vs 4/10 in the placebo arm (p=0.046)
Caregiver-reported pain score 2/10 in ketamine arm and 3.5/10 in the placebo arm (p=0.033)
	Dizziness (2/26 in ketamine arm), nausea (1/26 in ketamine arm)
	Low dose oral ketamine is safe and effective for procedural analgesia during a lumbar puncture

	Rayala 2019
(83)
	Non-randomized placebo-controlled single-blinded trial with three trial groups
	87 children aged 4-15 years undergoing bone marrow aspirations (BMA)
	Oral ketamine 1 mg/kg (group K) vs oral ketamine 1 mg/kg and oral midazolam 0.2 mg/kg (group KM) vs placebo (group P)
	Mean self-reported pain score 4/10 in group K, 4/10 in group KM, 3.5/10 in group P (p=0.56)
Mean caregiver-reported pain score 4/10 in group K, 5/10 in group KM, 4/10 in group P (p=0.54)
	Somnolence (20/29 in group K, 10/29 in group KM, 4/29 in group P)
No psychological side-effects
	No significant effect on BMA-related procedural pain of oral ketamine or oral ketamine/midazolam mixture as compared to placebo





TABLE 4: Summary of various studies of ketamine mouthwash in severe oral mucositis pain in cancer patients
	References 
	Study Design 
	Population 
	Treatment and doses
	Results and conclusion 

	Slatkin
2003
(96)
	Case report 


	1 adult with intractable mucositis pain

	Ketamine 
oral rinse (20 mg/dose), every 3 hours as needed

	-Reduction in pain score (decrease in pain score from 7 to less than 4 on a 10-point scale) 
-There was a decrease in opiate dose requirement
-There may be a possible role of topical ketamine in oral mucositis pain

	Ryan 2009
(97)
	Retrospective 


	8 adults with refractory mucositis pain

	Ketamine mouthwash (20 mg/5 mL), every 4 hours as needed
	-An improvement in mucositis pain was seen in 5 out of 8 patients.
-Ketamine swish and expectorate may be a viable treatment option in refractory mucositis pain

	Shillingburg
2017
(98)
	Open-label, prospective


	30 adults with grade-III and Grade-IV oral mucositis


	Ketamine mouthwash
20 mg/5 ml four times daily and every 4 hours as needed
	-A statistically significant reduction in pain scores of 2 and 3 points (10-point scale) was achieved after 1-hr and 3 days, respectively
-Ketamine mouthwash resulted in clinically
meaningful and statistically significant reduction in pain scores

	Prakash2020
(99)
	Randomized double-blind placebo-controlled trial

	44 children 
(8-18 years)
	Ketamine mouthwash (4 mg/ml solution; dose 1 mg/kg) or a placebo mouthwash
	-Ketamine mouthwash at a dose of 1 mg/kg did not significantly reduce OM pain 
-It did not decrease the need for rescue pain medication
-Further research is warranted to test higher doses of ketamine for a clinically significant effect


OM: Oral mucositis
