
Special(K(and(Milk(of(Amnesia:((
A(Balanced(Breakfast?!

!
Ketamine!plus!Propofol!(“Ketofol”)!for!
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Procedural!Seda9on!

•  4!main!emergency!department!procedures!
1.  Orthopedic!manipula9ons!
2.  Cardioversion!
3.  Incision!&!drainage!(I&D)!
4.  ForeignNbody!removal/inser9on!(e.g.!chest!tube)!

•  Can!be!distressing!±!painful!
•  Procedural!seda9on!is:!
–  Provision!of!seda9on!±!analgesia!to!enable!tolerability!of!
unpleasant!procedures!

–  without!compromising!cardiorespiratory!func9on!



Procedural!Seda9on:!Our!Op9ons!

Seda&ves!
–  Propofol!
– Midazolam!
–  Ketamine!
–  Etomidate!

!
Combina&ons:!
–  Ketamine!+!propofol!(“Ketofol”)!

±!Analgesic!(controversial)!
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Why!consider!Ketofol?!



Propofol! Ketamine!

Seda9ve!quality! •  GABAergic!seda9on!
!  Seda9on!
!  Amnesia!

•  Dissocia9ve!seda9on!
!  Seda9on!
!  Analgesia!
!  Amnesia!

VITALS! "!BP,!HR!
"  RR/apnea,!SpO2!

#!BP,!#!HR!

CNS! Recovery!agita9on/hallucina9ons!
HEENNT! •  DoseNdependent!loss!of!airway!

patency!
•  Horizontal!nystagmus!
•  Hypersaliva9on/excessive!

secre9ons!
•  Airway!protec9on!preserved!

RESP! #!ETCO2/!PaCO2!

GI/ABDO/
LIVER/HEME!

Not!emetogenic!(can!treat!
ketamineNinduced!vomi9ng)!

Recovery!emesis!

MSK/EXTREM/
DERM!

•  Loss!of!muscle!tone!
•  Pain!on!injec9on!

Muscle!toned!preserved,!enhanced!

Ketamine!vs!Propofol!
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Our!Clinical!Ques9on!
P! In!adult!presen9ng!to!the!emergency!department!who!require!seda9on!for!a!

procedural!interven9on,!

I! does!the!combina9on!of!ketamine!+!propofol!

C! vs!
•  Propofol!
•  Midazolam!±!fentanyl!
•  Ketamine!
•  Or!any!permuta9on!of!the!above!or!other!agents!

O! Improve!or!worsen:!
•  Mortality,!serious!adverse!events!
•  Overall!sa9sfac9on!with!regimen!(pa9ent,!physician,!nurse)!

•  Seda9on!efficacy!
(onset,!dura9on,!
need!for!repeat!
dosing)!

•  Agita9on!&!other!acute!psychiatric!outcomes!
•  Hemodynamic!stability!
•  Ven9la9on!
•  GI!distress!
•  Muscular!rigidity!

T! During!&!immediately!following!procedure!(as!applicable)!



Search!Strategy!
Databases! •  PubMed!

•  EMBASE!
•  CENTRAL!
•  Cochrane!Database!of!Systema9c!Reviews!
•  Interna9onal!Pharmaceu9cal!Abstracts!

Search!
Terms!

•  (procedur*!OR!conscious)!AND!seda9on!
•  (ketamine!AND!propofol)!OR!ketofol!

Further!
considered!if!

•  Adults!(at!least!50%!of!included!pa9ents)!
•  Set!in!emergency!department!

Results! •  5!systema9c!reviews!
•  No!metaNanalysis!

•  5!RCTs!!
•  1!prospec9ve!case!series!



Ketofol!Dosing!Strategies!in!RCTs!
1.   SingleNsyringe!1:1!K+P!
– N=3!

2.  Single!dose!of!K,!followed!by!P!induc9on!&!PRN!
– N=1,!not!discussed!further!due!to!significant!risk!of!
bias!

3.  Single!dose!of!subNseda9ve!K,!followed!by!P!
induc9on!&!PRN!
– N=1,!not!discussed!further!(compared!ketamine!
analgesic!proper9es)!



RCT!1:!Phillips!2010!!
D! •  SingleNcentre,!“singleNblind”!RCT!

P! •  n!=!28!
•  ≥21!y,!procedure!requiring!seda9on!

I! 1.  K!+!P!12.5!mg!(each)!IV!ini9ally,!then!5!mg!q10N20!sec!un9l!sedated!
2.  Propofol!0.5N1.5!mg/kg!IV!ini9ally,!then!5!mg!q10N20!sec!un9l!sedated!

O! •  Safety:!!
o  Hemodynamic:!Ini9al!SBP,!SBP!change!from!baseline,!SBP!nadir!
o  Respiratory:!Propor9on!experiencing!respiratory!depression!(SpO2!<90%!or!

airway!interven9on)!
o  Presence/absence!of!emergency!phenomena!
o  Other!nega9ve!event!

•  Seda9on!
o  Length!of!seda9on!amer!lase!dose!
o  Total!dosage!of!medica9on!required!during!procedure!

J"Pain"Pallial"Care"Pharmacother"2010;24:349855."



Internal!Validity:!Phillips!2010!!
Selec9on!bias! •  Sequence!genera9on! ComputerNgenerated!

•  Alloca9on!concealment! ?!

Performance!
&!detec9on!
bias!

•  Blinding!of!anyone?! ?!

Aori9on!bias! •  Addressed!incomplete!outcome!data! No!LTFU;!ITT!analysis!

Repor9ng!bias! •  Free!from!selec9ve!outcome!
repor9ng?!

?!



Results:!Phillips!2010!!
Outcome! Ketofol!wins?!(KP!vs!P)!

Safety!

•  Ini9al!SBP! 139.9!mm!Hg!overall!

•  SBP!change!from!baseline! N1.6%!vs!N12.5%!

•  SBP!nadir! 139.5!mm!Hg!vs!118.3!mm!Hg!

•  Propor9on!experiencing!respiratory!depression! No!difference!

•  Presence!of!emergency!phenomena! 0%!vs!0%!

•  Other!nega9ve!event! None!reported!

Efficacy!outcomes!

•  Length!of!seda9on!amer!last!dose! No!difference!

•  Total!propofol!dose!required! ~1!mg/kg!vs!1.9!mg/kg!



Booom!Line!for!Phillips!2010!

•  High!risk!of!bias!

•  Beoer!hemodynamic!stability?!



RCT!2:!Neja9!2011!!
D! •  SingleNcentre,!“doubleNblind”!RCT!

P! •  n!=!62!
•  ≥18!y!(median!25!y)!
•  ASA!class!INII!
•  Procedure!requiring!seda9on!

I! Both!administered!as!single!vials!to!desired!seda9on!level:!
1.  Ketamine!+!propofol!

•  Median!received:!1.125!mg/kg!of!each!
2.  Midazolam!+!fentanyl!

•  Median!received:!M!0.04!mg/kg!+!F!2!mcg/kg!

O! 1.  Time!to!seda9on,!pa9ent!pain!severity!(VAS),!prac99oner!sa9sfac9on!
2.  Seda9on!level!(Ramsay!Seda9on!Scale),!change!in!SpO2!&!vital!signs,!AE!rates!

Acad"Emerg"Med"2011;18:80086."



Internal!Validity:!Neja9!2011!
Selec9on!bias! •  Sequence!genera9on! ComputerNgenerated!

•  Alloca9on!concealment! Anesthesiologist!not!
involved!in!trial!prepared!

study!pack!

Performance!
&!detec9on!
bias!

•  Blinding!of!pa9ent! Iden9cal!vials,!then!
sedated!

•  Blinding!of!clinician,!data!collector,!&!
outcome!adjudicator!

•  Syringes!covered!in!
aluminum!foil!

•  No!aoempt!to!blind!to!
AEs!

Aori9on!bias! •  Addressed!incomplete!outcome!data! No!LTFU;!ITT!analysis!

Repor9ng!bias! •  Free!from!selec9ve!outcome!
repor9ng?!

?!



Results:!Neja9!2011!
Outcome! Ketofol!wins?!(KP!vs!MF)!

Safety!

•  HR!change!from!baseline! No!difference!

•  SBP!change!from!baseline! +4!mm!Hg!vs!0!mm!Hg!

•  Propor9on!of!pa9ents!experiencing!SpO2!<90%! 3%!vs!35%!

•  Propor9on!needing!bag!mask!ven9la9on! 3%!vs!3%!

•  Propor9on!experiencing!emergence!reac9on! 29%!vs!“less”!

Efficacy!

•  Time!to!seda9on!(1o)! No!difference!

•  Change!in!pa9ent!pain!severity!(1o)! 0!vs!+3!

•  Seda9on!level! Not!clearly!reported!

Physician!sa&sfac&on!(1o)! No!difference!



Booom!Line!for!Neja9!2011!

•  High!risk!of!bias!

•  Ketofol!benefit/risk!uncertain!
–  Less!SpO2!<90%!

•  but!no!difference!in!bagNmask!ven9la9on!
•  Clinical!significance!uncertain!

– More!emergence!reac9ons!
–  ?Less!pain!

•  Can’t!rule!out!performance!bias!!
–  Issue!with!prac99oner!rather!than!seda9ve!



RCT!3:!Andolfaoo!2012!!
S! •  Lions!Gate!Hospital!Emergency!Department!(single!centre)!

P! •  n!=!284!
•  ≥14!y!(median!48N54!y)!
•  ASA!class!INIII!(97%!ASA!I!or!II)!
•  Procedure!requiring!seda9on!

o  60%!orthopedic,!15N20%!incision!&!drainage,!15%!cardioversion!

I! 1.  SingleNvial!ketamine/propofol!0.375!mg/kg!IV!(of!each)!ini9ally,!then!0.188!
mg/kg!IV!(of!each)!q1!min!PRN!

2.  Propofol!0.75!mg/kg!IV!ini9ally,!then!0.!375!mg/kg!IV!q1!min!PRN!
•  Both!to!target!deep!seda9on!(Ramsay!Seda9on!Score![RSS]!≥5)!

C! •  No!preN/procedural!oxygena9on!unless!O2!desatura9on!
•  No!analgesia!<30!min!prior!to!procedural!seda9on!

Ann"Emerg"Med"2012;59:504–12.""



Primary!Outcome:!Andolfaoo!2012!!
O! Respiratory!event!requiring!interven&on!(as!per!Quebec!criteria)!

Ann"Emerg"Med"2012;59:504–12.""



Secondary!Outcomes:!Andolfaoo!2012!!
O! ADRs!(requiring!interven&on!or!interfering!with!procedure)!

•  VITALS:!Hypotension,!bradycardia!
•  CNS:!Recovery!agita9on!
•  GI:!Vomi9ng!
•  MSK/DERM:!Muscular!rigidity,!rash!
•  Unexpected!seda9onNrelated!hospitaliza9on!
•  Use!of!reversal!agents!for!opioids/BZDs!
!
Seda&on!parameters!
•  Induc9on!9me!
•  Seda9on!efficacy!
•  Seda9on!consistency!(RSS!<5!during!procedure!or!need!for!repeat!dosing)!
•  Total!medica9on!dosage!
•  Seda9on!9me!
•  Recovery!9me!
•  Procedural!seda9on!
!
Physician,!nurse!&!pa&ent!sa&sfac&on!(VAS!1N10,!10!=!very!sa&sfied)!



Internal!Validity:!Andolfaoo!2012!
Selec9on!bias! •  Sequence!genera9on! ComputerNgenerated!

•  Alloca9on!concealment! RN!not!involved!in!
recruitment!or!care!of!

study!subjects!

Performance!
&!detec9on!
bias!

•  Blinding!of!pa9ent! Iden9cal!vials,!then!
sedated!

•  Blinding!of!clinician,!data!collector,!&!
outcome!adjudicator!

Sunglasses!to!blind!
nystagmus,!nothing!for!

muscle!tone!

Aori9on!bias! •  Addressed!incomplete!outcome!data! No!LTFU;!ITT!analysis!

Repor9ng!bias! •  Free!from!selec9ve!outcome!
repor9ng?!

Inconsistencies!between!
ClinicalTrials.gov!

protocol,!methods!&!
reported!results!



Results!
Outcome! Ketofol! Propofol! NNT/NNH! RR!(95%!CI)!

Death! 0%! 0%! N!

Unplanned!hospital!
admission!

0%! 0%!

ADRs!

•  Respiratory!events!!!!
(1o!outcome)!

30%! 32%! N! 0.93!(0.66N1.32)!

•  Recovery!agita9on! 7%! 0%! NNH!14!

•  Hypotension! 0%! 0.7%! N! N!

•  Muscular!rigidity! 0%! 1%! N! N!

•  Bradycardia,!vomi9ng,!
use!of!opioid/BZD!
reversal!agent!

Not!reported!



Results!
Outcome! Ketofol! Propofol! NNT/NNH! RR!(95%!CI)!

Seda&on!parameters!

•  Consistent!(RSS!≥5!for!
procedure!+!no!need!
for!reNdose)!

54%! 35%! 5!
!

1.57!(1.20N2.06)!

•  Procedural!agita9on! 3.5%! 11%! 14! 0.33!(0.12N0.89)!

•  Total!medica9on!dose! 0.7!mg/kg!
each!

1.5!mg/kg!

•  Induc9on!9me,!
efficacy,!seda9on!9me,!
recovery!9me!!

No!difference!



External!Validity:!Andolfaoo!2012!
Sezng! •  Lions!Gate!Hospital,!North!

Vancouver!
•  Local!!

Pa9ents! •  Procedures!
o  60%!orthopedic!

reduc9ons!!
o  20%!I&D!

•  Comorbidi9es!
o  97%!ASA!class!INII!

•  Mostly!very!painful,!moderateN
dura9on!procedures!

•  Rela9vely!healthy!individuals!(in!
prac9ce,!ASA!≥3!typically!sent!to!
OR)!

Interven9ons! •  Ketofol!1:1!0.375!mg/kg!IV,!
then!0.188!mg/kg!IV!PRN!

•  Propofol!0.75!mg/kg!IV,!
then!0.375!mg/kg!IV!

•  Doses!previously!demonstra9ng!
good!seda9on!

•  Wide!varia9on!in!interN
ins9tu9onal!prac9ce!!
o  e.g.!some!sites!use!propofol!

1N1.5!mg/kg,!then!0.5!mg/kg!



Booom!Line!of!Andolfaoo!2012!

•  Moderate!level!of!bias!

•  Did!not!show!that!Ketofol!is!safer!from!a!
respiratory!perspec9ve!

•  Any!other!Ketofol!benefits/risks?!
–  Possibly!lower!risk!of!procedural!agita9on!&!dipping!
below!target!seda9on!level!
•  Can!easily!be!influenced!by!clinician!performance!bias!

– Higher!rate!of!recovery!agita9on!



Conclusion!&!Applica9on!
•  Greater!acquisi9on!cost!

•  Ketofol!offers!no!clear!advantage!versus!propofol!or!other!studied!
comparators!

•  Addi9onal!considera9on:!
–  No!commerciallyNavailable!“Ketofol”!–!risk!of!prepara9on!errors!

•  2!different!ketamine!vial!sizes!(10!mg/mL,!50!mg/mL)!

•  Seda9on!regimen!should!be!selected!based!on!pa9ent!
characteris9cs!
–  Ketamine!(alone)!good!op9on!for:!

•  Pa9ent!has!history!of!substance!abuse!(higher/unpredictable!propofol!dose!
requirements)!

•  Longer!procedures,!such!as!I&D!!
–  Ketamine!dura9on!of!seda9on:!10N15!min!
–  Propofol!dura9on!of!seda9on:!3N5!min!



Ques&ons?!



ReNCap!of!Major!Trial!Limita9ons!
PICO! Interven&ons!

•  Varia9on!in!doses!used!

•  Varia9on!in!dosing!strategies!

Outcomes!

•  Wide!varia9on!in!outcome!defini9ons!
o  e.g.!Different!SpO2!&!ETCO2!cutoffs!

•  Significant!subjec9vity!in!certain!outcome!defini9ons!
o  e.g.!When!to!perform!an!interven9on!for!a!respiratory!event!

•  No!consistency!in!results!between!trials!



ReNCap!of!Major!Trial!Limita9ons!
Internal!

validity!

•  Overall!inadequate!descrip9on!of!trial!design!

•  Blinding!–!ques9onable!

o  Is!it!even!possible!to!blind!for!ketamine’s!dis9nct!pharmacologic!profile?!

Results! •  Many!outcomes!assessed!&!sta9s9cal!tests!conducted!(mul9plicity)!

•  Ques9onable!clinical!importance!of!sta9s9cally!significant!results!

o  Clinically!important!adverse!outcomes!(e.g.!intuba9on,!death)!too!

infrequent!to!assess!interven9on!effect!

External!

validity!

•  Applicable!

o  Most!emergency!departments!follow!similar!selec9on!



Fun!Youtube!Videos!!

•  Ketamine!seda9on!in!a!pediatric!pa9ent:!
hop://www.youtube.com/watch?
v=ERb5OT__bvE!



Adult!Ketofol!Observa9onal!Evidence!
D! Prospec9ve!consecu9ve!case!series!

P! •  728!adults!receiving!procedural!seda9on!in!singleNcentre!ED!

•  Lions!Gate!Hospital!(Jul!2005!to!Dec!2009)!

I! Ketamine!+!propofol!single!syringe!1:1!mixture!(median!dose!0.7!mg/kg!of!each)!

O! Successful!seda9on:!98%!

!

Median!recovery!9me:!14!min!

!

Median!staff!sa9sfac9on:!10/10!

Recovery!agita9on:!3.6%!!

!

New!hypotension:!0.1%!!

!

Need!for!bagNmask!ven9la9on:!2.9%!

!

Vomi9ng:!0.1%!

Acad"Emerg"Med"2011;18:237–45.""
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