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Introduction
Moderate	 sedation	 is	 required	 for	
transesophageal	 echocardiography	 (TEE)	
as	 it	 is	 a	 semi‑invasive	 procedure,	 to	 ease	
discomfort	 while	 introducing	 the	 TEE	
probe	 into	 the	 patient’s	 esophagus,	 reduce	
gag	 reflex,	 and	 minimize	 hemodynamic	
perturbations	 in	 cardiac	 patients.[1]	
Various	 agents	 including	 benzodiazepines,	
opioids	 are	 currently	 being	 used	 in	
echocardiography	 (ECHO)	 laboratories	
for	 sedation.	 However,	 it	 has	 been	
shown	 that	 these	 drugs	 cause	 respiratory	
depression	 putting	 the	 patient	 at	 risk	 for	
aspiration	 and	 hypoxemia.[2]	 Other	 agents	
which	 have	 been	 used	 for	 outpatient	
procedures	 such	 as	 endoscopic	 retrograde	
cholangiopancreatography	 (ERCP),	
electroconvulsive	 therapy	 (ECT),	
orthopedic,	 ophthalmic,	 and	 gynecological	
procedures	 requiring	 moderate	 sedation	 are	
dexmedetomidine,	 propofol,	 ketamine,	 and	
combination	of	benzodiazepines	with	opioids	
such	as	alfentanil	and	remifentanil.[3‑5]

Dexmedetomidine	 is	 a	 selective	 alpha	
2	 adrenergic	 receptor	 agonist	 that	 has	
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Abstract
Background:	Moderate	sedation	is	required	for	out‑patient	transesophageal	echocardiography	(TEE).	
Our	objective	was	 to	 compare	 the	 effect	 of	Ketofol	 and	dexmedetomidine	 for	outpatient	procedural	
sedation	in	diagnostic	TEE	with	a	hypothesis	that	Ketofol	would	be	as	effective	as	dexmedetomidine.	
Patients and Methods:	 Fifty	 adult	 patients	 of	 age	 group	 18‑60	 years	 with	 atrial	 septal	 defect,	
rheumatic	 valvular	 heart	 disease	 undergoing	 diagnostic	 TEE	 in	 the	 outpatient	 echocardiography	
laboratory	were	randomized	into	two	groups,	group	D	and	group	KF.	GROUP	D:	Dexmedetomidine	
infusion	 ‑200	μg	 in	 20	ml	 normal	 saline.	GROUP	KF:	Ketofol	 infusion:	 (ketamine:	 propofol,	 1mg:	
3	mg	in	20	ml	syringe).	Loading	dose	of	drug	at	1ml/kg/hour	IV	till	Ramsay	sedation	score	(RSS)	≥	
3	achieved	followed	by	maintenance	infusion	at	0.05	ml/kg/hour	till	end	of	procedure.	Results:	The	
primary	outcome	‑	 time	 to	achieve	Ramsay	sedation	score	≥	3	was	significantly	 lesser	with	Ketofol	
as	 compared	 to	 Dexmedetomidine	 260[69]	 seconds	 vs	 460	 [137],	 (p	 value<0.05).	Conclusion:	 In	
out‑patient	 setting,	 ketofol	 is	 favourable	 over	 dexmedetomidine	 for	 sedation	 regimen	 for	 diagnostic	
TEE	as	lesser	time	is	taken	to	achieve	optimal	sedation	with	lesser	hemodynamic	perturbations,	post	
procedure	complications	and	better	cardiologist	satisfaction.
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sedative,	 analgesic,	 and	 anxiolytic	
properties.[6,7]	 It	 has	 been	 used	 in	
sedation	 in	 TEE	 and	 ERCP,	 and	 it	 was	
found	 that	 dexmedetomidine	 provides	
effective	 sedation	 with	 better	 maintenance	
of	 hemodynamic	 profile	 during	 the	
procedure.[3,4]

Ketofol	 is	 a	 combination	 of	 ketamine	
and	 propofol.	 Ketamine	 is	 an	 N‑methyl	
D‑aspartate	 receptor	 antagonist	 with	 the	
properties	of	sedation,	analgesia,	and	amnesia	
without	 causing	 respiratory	 depression.	
Its	 drawbacks	 are	 vomiting	 and	 recovery	
agitation.	 Propofol	 has	 rapid	 onset	 and	 fast	
recovery	time	from	sedation	but	is	inadequate	
as	 a	 sole	 agent	 in	 semi‑invasive	 procedures	
as	 it	 lacks	 analgesic	 properties.	 It	 induces	
cardiovascular	 depression	 and	 hypotension	
in	a	dose‑dependent	manner	and	also	causes	
apnea.[8]	 The	 untoward	 effects	 of	 ketamine	
and	 propofol	 are	 reduced	 and	 balanced	
by	 each	 other	 as	 a	 combination	 (ketofol)	
producing	 synergistic,	 smoother	 sedation	
with	 a	 favorable	 hemodynamic	 profile.[8,9]	
Ketofol	has	been	used	in	proportions	of	1:1–
1:10	 (ketamine:propofol),	 and	 it	 has	 been	
shown	 that	 1:3	 has	 a	 better	 advantage	 in	
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procedural	 sedation.[10]	 Ketofol	 has	 been	 used	 in	 ECT,	
pediatric	 cardiac	 catheterization,	 ERCP,	 dressings	 for	
burns,	 short	 procedural	 sedation	 for	 lumbar	 puncture,	 and	
bone	 marrow	 aspiration	 in	 various	 combinations	 and	 has	
shown	 adequate	 sedation	 with	 balanced	 hemodynamic	
parameters.[4,5,9,11]

Dexmedetomidine	 has	 been	 used	 in	 diagnostic	 TEE	 in	 a	
previous	 study.[3]	 Although	 ketofol	 was	 used	 in	 cardiac	
catheterization,	 a	 thorough	 literature	 search	 failed	 to	 show	
any	 study	 using	 ketofol	 for	 TEE.	 Diagnostic	 TEE	 is	 an	
outpatient	 procedure	 (mean	 time:	 15	 min)	 and	 requires	
optimal	 sedation	 and	 as	 cardiac	 patients	 are	 at	 greater	 risk	
for	 decompensation	 with	 administration	 of	 sedatives,	 it	 is	
aimed	 to	minimize	 hemodynamic	 perturbations.	Therefore,	
in	 the	 present	 study,	we	 propose	 to	 compare	 the	 effects	 of	
dexmedetomidine	 and	 ketofol	 in	 outpatient	 sedation	 for	
TEE.	 We	 hypothesize	 that	 ketofol	 would	 be	 as	 effective	
as	 dexmedetomidine	 for	 outpatient	 procedural	 sedation	
in	 diagnostic	 TEE.	 The	 primary	 aim	 of	 the	 study	 was	 the	
time	 to	 achieve	 Ramsay	 sedation	 score	 (RSS)	 ≥3	 and	 the	
secondary	 objectives	 were	 the	 hemodynamic	 parameters,	
need	 for	 rescue	sedation,	postprocedure	complications,	and	
patient	and	cardiologist	satisfaction	score.

Materials and Methods
This	 study	 was	 a	 prospective,	 randomized,	 double‑blinded	
study.	 It	 was	 conducted	 in	 ECHO	 laboratory	 of	Advanced	
Cardiac	Centre,	Postgraduate	Institute	of	Medical	Education	
and	 Research,	 Chandigarh.	 This	 study	 was	 conducted	
between	 July	 2015	 and	 June	 2016	 after	 approval	 by	 the	
Institute	 Ethics	 committee	 (INT/IEC/2015/817),	 clinical	
trials	registration	(ID:	NCT02867930),	and	patient’s	written	
informed	 consent.	 Fifty	 adults	 of	 age	 group	 18–60	 years	
with	 atrial	 septal	 defect,	 rheumatic	 heart	 disease	 (mitral	
stenosis,	 mitral	 regurgitation,	 aortic	 stenosis,	 and	 aortic	
regurgitation)	 were	 included	 in	 the	 study.	 Those	 with	
atrial	 fibrillation	 with	 fast	 ventricular	 rate,	 symptomatic	
bradycardia,	 congestive	 cardiac	 failure,	 body	 mass	
index	 >30,	 esophageal	 stricture	 or	 tumor	 or	 laceration,	
history	 of	 gastrointestinal	 surgery,	 or	 history	 of	 dysphagia,	
active	 esophagitis,	 and	 peptic	 ulcer	 disease	were	 excluded	
from	the	study.

Patient preparation

Diagnostic	 TEE	 was	 done	 on	 outpatient	 basis.	
Preanesthetic	 evaluation	 was	 done	 to	 assess	 patient’s	
demographics,	 present	 and	 past	 medical	 history,	 general	
physical	 examination,	 and	 laboratory	 investigations.	
Patient	 was	 informed	 about	 the	 procedure	 and	 the	
intervention	 to	 be	 done	 in	 the	 study	 and	written	 informed	
consent	 was	 taken.	 All	 patients	 were	 kept	 fasting,	 8	 h	
for	 solid	 foods	 and	 2	 h	 for	 clear	 liquids.	 Patients	 were	
randomized	 into	 two	 groups	 as	 Group	 D	 (n	 =	 25)	
(Dexmedetomidine	group)	and	Group	KF	(n	=	25)	(ketofol	
group)	using	computer‑generated	numbers	and	blinding	was	

done	 with	 sealed	 opaque	 envelope	 technique.	 The	 patient,	
the	 primary	 investigator,	 and	 the	 cardiologist	 performing	
the	TEE	were	blinded	to	the	study	drug.

Plan of intervention

The	area	was	equipped	with	pipeline	oxygen	supply,	airway	
and	resuscitation	devices,	and	suction	equipment.	Monitoring	
was	done	with	spectra	slim	clarity	monitor	(Clarity	Medical	
Private	 Limited,	 India)	 and	 electrocardiogram,	 heart	
rate	 (HR),	 pulse	 oximetry,	 noninvasive	 blood	 pressure,	
end‑tidal	 carbon	 dioxide	 were	 measured.	 End‑tidal	 carbon	
dioxide	 was	 measured	 through	 sampling	 line	 attached	 to	
nasal	 prongs.	 20‑G	 intravenous	 (IV)	 access	 was	 obtained	
for	 drug	 and	fluid	 administration.	Drug	 to	 be	 administered	
was	 prepared	 by	 assistant	 who	 was	 not	 involved	 in	 the	
direct	 clinical	 management	 of	 the	 patient	 in	 our	 study.	
The	 syringe	 (Dispo	 Van	 20cc,	 Hindustan	 Syringes	 and	
Medical	 Devices	 Limited,	 India),	 high‑pressure	 tubing,	
and	 infusion	 line	 were	 covered	 with	 silver	 paper.	 Both	
bolus	 and	 maintenance	 doses	 were	 administered	 through	
syringe	 infusion	 pump	 (Injectomat	 Agilia	 infusion	 pump,	
Fresenius	Kabi,	France).

Group	D:	dexmedetomidine	(Dextomid,	Neon	Laboratories,	
India)	was	prepared	as	200	µg	in	20	ml	syringe	(10	µg/ml).

Group	 KF:	 ketofol	 was	 prepared	 in	 a	 proportion	 of	
ketamine:	 propofol,	 1:3	 with	 1.3	 ml	 of	 ketamine	 (Aneket,	
Neon	 laboratories,	 India)	 (50	 mg/ml)	 and	 19	 ml	 of	
propofol	 (1%)	 (Nirfol	 1%,	 Nirlife,	 India)	 in	 20	 ml	
syringe	(final	concentration	of	ketamine	3.2	mg	+	propofol	
9.5	mg/ml).

Monitors	 were	 attached	 and	 baseline	 HR,	 systolic	 (SBP)	
and	diastolic	blood	pressure	(DBP),	oxygen	saturation,	and	
end‑tidal	carbon	dioxide	values	were	recorded	by	anesthetist	
blinded	to	the	drug	administered.	Oxygen	was	administered	
through	nasal	prongs	at	4	L/min;	sampling	port	of	end‑tidal	
carbon	 dioxide	 was	 attached	 to	 the	 nasal	 prongs	 at	 the	
nostril.	 Ringer’s	 lactate	 drip	 was	 started	 at	 10	 ml/kg/h.	
After	loading	dose	of	1	ml/kg/h,	IV	drug	was	administered,	
patients	 were	 assessed	 every	 30	 s	 using	 RSS.[12]	 When	
a	 sedation	 score	 of	 ≥3	 was	 achieved,	 it	 was	 considered	
adequate	 for	TEE	 probe	 insertion.	Once	 adequate	 sedation	
was	 obtained	with	 the	 bolus,	 infusion	 rate	 at	 0.05	ml/kg/h	
was	 maintained	 at	 a	 constant	 rate	 till	 end	 of	 procedure.	
Wong‑Baker	facial	pain	score	(FPS)[13]	was	used	during	the	
procedure	 to	 assess	 analgesia	 as	 there	 would	 be	 difficulty	
in	 communicating	with	 the	 patient	 to	 ask	 about	 pain	 score	
during	 sedation	 after	 TEE	 probe	 insertion.	 RSS,	 HR,	 SBP	
and	 DBP,	 end‑tidal	 carbon	 dioxide,	 oxygen	 saturation,	
and	 pain	 score	 were	 noted	 at	 six	 stages:	 T0	 ‑	 presedation	
baseline,	T1	 ‑	 immediately	 before	 probe	 insertion,	T2	 ‑	 at	
probe	 insertion,	T3‑10	min	 after	 probe	 insertion,	T4	 ‑	 end	
of	 procedure,	 and	 T5	 ‑	 postprocedure	 at	 recovery	 area.	 If	
patient	 or	 cardiologist	 was	 not	 satisfied	 with	 adequacy	 of	
sedation	or	FPS	≥4,	 rescue	 sedation	was	given	with	25	µg	
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fentanyl	 (Verfen,	Verve	Healthcare	Limited,	 India)	boluses.	
The	 other	 variables	 noted	 during	 the	 procedure	 were	 total	
drug	dose	administered,	total	procedure	time	which	was	the	
time	after	the	patient	has	achieved	RSS	≥3	to	the	completion	
of	TEE	(not	 including	 the	 time	 taken	 to	achieve	RSS	≥3.),	
any	 coughing/gagging,	 complications‑desaturation,	 apnea,	
hypotension,	 and	 need	 for	 vasopressor/bradycardia/assisted	
ventilation,	 myoclonus,	 and	 pain	 on	 injection	 during	
procedure.

Hypotension	 was	 defined	 as	 20%	 below	 baseline	 BP	 and	
was	 to	be	managed	by	fluid	bolus/injection	mephentermine	
0.1	 mg/kg	 IV.	 Apnea	 was	 defined	 as	 the	 cessation	 of	
respiration	 and	 absence	 of	 ETCO2	 trace	 for	 >20	 s.	
Desaturation	was	defined	as	SpO2	<90%.	Bradycardia	was	
defined	 as	HR	 <50beats/min	 and	was	 to	 be	managed	with	
injection	 atropine	 0.02	 mg/kg.	 Assisted	 ventilation	 was	
defined	 as	 need	 for	 mask	 ventilation/airway	 devices.	 At	
the	 end	 of	 procedure,	 the	 drug	 infusion	 was	 stopped	 and	
these	 variables	 were	 noted:	 total	 recovery	 time	 taken	 as	
time	 from	 when	 infusion	 was	 stopped	 to	 time	 to	 achieve	
modified	 Aldrete	 score	 (MAS)	 ≥9[14]	 and	 postprocedure	
incidence	 of	 nausea,	 vomiting,	 psychomimetic	 effects,	
pain,	 recovery	 agitation,	 and	 patients’	 and	 cardiologists’	
satisfaction	scores[3]	[Annexure	1].

Statistical analysis

Sample	 size	 was	 estimated	 based	 on	 a	 previous	 study	
on	 ERCP[4]	 that,	 in	 two	 groups,	 the	 difference	 in	 time	
to	 achieve	 RSS	 was	 0.8	 min	 (In	 Group	 D,	 12.4	 and	
Group	KF	13.2	with	standard	deviation	of	0.8).	ERCP	has	
a	similar	level	of	semi‑invasive	procedure	with	endoscope	
insertion,	 and	 hence	 it	 was	 used	 as	 the	 reference	 for	
sample	 size	 calculation.	 The	 sample	 size	 came	 out	 to	
be	 22	 participants	 per	 group	 at	 a	 power	 of	 90%	 and	
confidence	 interval	 of	 95%.	 For	 possible	 dropouts,	
it	 was	 decided	 to	 include	 10%	 extra	 participants,	 so	
finally	 it	 was	 decided	 to	 include	 25	 participants	 per	
group.	 Normality	 of	 quantitative	 data	 was	 checked	 by	
Kolmogorov–Smirnov	 tests	 of	 normality.	 Student’s	
t‑test	was	 applied	 for	 comparison	 of	 two	 groups.	Mann–
Whitney	 U‑test	 was	 used	 for	 statistical	 analysis	 of	
skewed	 continuous	 variables	 or	 ordered	 categorical	 data.	
Time	 to	 achieve	 RSS	 ≥3,	 total	 procedure	 time,	 recovery	
time,	 and	 the	 total	 drug	 administered	 were	 analyzed	 by	
Mann–Whitney	 test.	 Proportions	 were	 compared	 using	
Pearson’s	 Chi‑square	 test.	 For	 comparison	 (time‑related	
variables)	 of	 hemodynamics,	 repeated	 measure	 ANOVA	
was	applied.	All	statistical	 tests	were	 two‑sided	and	were	
performed	 at	 a	 significance	 level	 of	 α	 =	 0.05.	 Analysis	
was	 conducted	 using	 SPSS	 for	 Windows	 (version	 22.0;	
SPSS	Inc.,	Chicago,	IL,	USA).

Results
Fifty	 patients	 were	 enrolled	 and	 randomized	 into	
two	 groups:	 Group	 D	 –	 dexmedetomidine	 group	 and	

Group	KF	–	 ketofol	 group	 of	 25	 patients	 in	 each	 group.	
There	 was	 no	 loss	 to	 follow‑up	 and	 25	 patients	 in	 each	
group	were	 analyzed.	The	 demographic	 data	 in	 both	 the	
groups	 were	 comparable	 and	 well	 matched	 [Table	 1].	
The	 primary	 outcome	 ‑	 time	 to	 achieve	 RSS	 ≥3	 was	
significantly	less	in	Group	KF	260[69]	seconds	compared	
to	 Group	 D	 460[137]	 seconds	 [Figure	 1].	 There	 was	 a	
significant	 decrease	 in	 HR	 from	 baseline	 in	 Group	 D.	
In	 Group	 KF,	 there	 was	 no	 significant	 change	 in	 HR	
trend	from	baseline.	On	comparing	the	groups,	there	was	
a	 significant	 difference	 at	 time	 points	 T2,	 T3,	 T4,	 and	
T5	 between	 Group	 D	 and	 Group	 KF	 with	 lower	 HR	 in	
Group	D	 [Figure	2].	 In	Group	D,	 there	was	a	 significant	
decrease	 in	 SBP	 and	 DBP	 from	 baseline	 at	 T3	 and	
T4,	 but	 there	 was	 no	 significant	 change	 in	 trend	 from	
baseline	 in	 Group	 KF	 [Figure	 3].	 In	 both	 groups,	 there	
was	 no	 significant	 change	 in	 trend	 of	 oxygen	 saturation	
or	 end‑tidal	 carbon	 dioxide	 from	 baseline	 [Table	 2].	
There	 FPSs	 were	 comparable	 in	 both	 groups.	 The	 total	
drug	 administered	 in	 Group	 D	 ‑	 6.95	 ml	 (69	 ±	 29	
µg	 of	 dexmedetomidine)	 was	 significantly	
more	 than	 Group	 KF	 ‑	 4.72	 ml	 (45	 ±	 10.7	 mg	
propofol	 +	 15	 ±	 3.6	 mg	 ketamine).	 There	 was	 no	
significant	 difference	 in	 the	 total	 procedure	 time	 and	
recovery	 time	 in	 both	 groups	 [Table	 3].	 There	 was	 no	
need	 for	 rescue	 sedation	 in	 either	 of	 the	 groups.	 There	
was	 no	 significant	 difference	 in	 the	 complications	 such	
as	 coughing/gagging,	 desaturation,	 apnea,	 hypotension,	
and	 need	 for	 vasopressor/bradycardia/assisted	
ventilation,	 myoclonus,	 and	 pain	 on	 injection	 during	
procedure.	 The	 incidence	 of	 bradycardia	 in	 Group	 D	
was	 2/25	 (8%)	 [Table	 4].	 The	 patient	 satisfaction	 score	
in	 the	 both	 groups	 was	 comparable	 but	 the	 cardiologist	

Table 1: Demographic
Variable Group D Group KF
Age	(years) 32.16±10.8 32.28±9.83
Weight	(kg) 55.84±11.53 58.28±13.82
Height	(cms) 158.16±6.58 158.44±8.01
BMI 22.15±3.32 23.01±4.22
Sex	(male:female) 11:14 11:14
ASA	status	II:	III 23:2 22:3
Comorbidities 3/25	(chronic	

smoker‑1,	
hypertension‑2)

3/25	(DM‑1,	
hypertension‑1,	

hypothyroidism‑1)
Diagnosis	ASD/MS/MR/
AS/AR/others

11/9/3/2	(others:	
VHD	+	VSD‑1,	
VHD	+	IE‑1)

12/7/4/2	(others:	
VHD	+	IE‑1,	

VHD	+	DORV	‑1)
Variables	expressed	in	mean±SD,	ratios,	numbers.	Student’s	
t‑test	was	applied.	ASA:	American	Society	of	Anaesthesiologists,	
DM:	Diabetes	mellitus,	VHD:	Valvular	heart	disease,	
VSD:	Ventricular	septal	defect,	IE:	Infective	endocarditis,	
DORV:	Double	outlet	right	ventricle,	ASD/MS/MR/AS/
AR:	Atrial	septal	defect/mitral	stenosis/mitral	regurgitation/
aortic	stenosis/aortic	regurgitation,	BMI:	Body	mass	index,	
Group	D:	Dexmedetomidine	(10	µg/ml),	Group	KF:	Ketofol	with	
proportion	of	ketamine:	propofol,	1:3,	SD:	Standard	deviation
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Discussion
Time to achieve Ramsay sedation score ≥3

The	 primary	 outcome	 of	 the	 study	 was	 the	 time	 to	
achieve	 (RSS)	≥3	with	dexmedetomidine	 and	ketofol	 (1:3)	
in	 diagnostic	 TEE.	 The	 results	 in	 our	 study	 have	 shown	
that	 the	 time	 to	 achieve	 RSS	 ≥3	 is	 significantly	 lesser	 in	
Group	 KF	 compared	 to	 Group	 D.	 This	 may	 be	 attributed	
to	 the	 slower	 onset	 of	 action	 of	 dexmedetomidine.	
Yağan	 et	 al.	 showed	 that	 ketofol	 ‑	 1:2	 took	 lesser	
time	 (8.93	 ±	 1.72	 min)	 to	 achieve	 sedation	 compared	 to	
dexmedetomidine	(16.1	±	2.67	min)	 in	patients	undergoing	
cataract	 surgery.[15]	 Hassan	 compared	 dexmedetomidine	
and	 ketofol	 (1:1)	 in	 ERCP	 and	 found	 the	 time	 to	 achieve	
RSS	 ≥3	 with	 dexmedetomidine	 (12.4	 ±	 1.1	 min)	 and	
ketofol	 (13.2	 ±	 0.5	 min)	 to	 be	 comparable.[4]	 These	
differences	 in	 results	 are	 because	 of	 various	 ratios	 of	
ketamine	 and	 propofol	 combination	 used.	 Larger	 part	
of	 propofol	 in	 ketofol	 leads	 to	 faster	 onset	 and	 offset	 of	
sedative	effect.

Heart rate, systolic and diastolic blood pressure

Our	 study	 showed	 that	 patients	 in	 Group	 D	 showed	
lower	 HR.	 Hassan	 had	 also	 found	 lower	 HR	 with	
dexmedetomidine	 infusion	 but	 no	 change	 with	 ketofol	
infusion	 (1:1)	 in	 ERCP,[4]	 and	 our	 results	 were	 consistent	
with	 their	 finding.	 This	 reduction	 in	 HR	 is	 due	 to	
increase	 in	 vagal	 tone,	 reduced	 levels	 of	 circulating	
norepinephrine,[6,16]	 with	 dexmedetomidine.	 McCutcheon	
et	 al.	 compared	 the	 effects	 of	 dexmedetomidine	 infusion	
to	 midazolam	 and	 fentanyl	 in	 56	 patients	 undergoing	
carotid	 endarterectomy	 under	 cervical	 plexus	 block	
and	 found	 that	 dexmedetomidine	 was	 associated	 with	
lesser	 need	 of	 interventions	 to	 treat	 tachycardia	 and	
hypertension	 associated	 with	 the	 procedure.[17]	 The	 effect	
of	 dexmedetomidine	 on	 HR	 may	 prove	 more	 suitable	 for	
a	 few	 specific	 procedures	 such	 as	 carotid	 endarterectomy	

Table 2: End‑tidal carbon dioxide (mmHg) at T0–T5
Time Group D P‑value 

from T0 
within 

group D

Group KF P‑value 
from T0 
within 

group KF

P‑value 
between 
groups

T0 34.08±2.91 34.48±1.35 0.53
T1 33.64±2.19 1.0 34.52±1.78 1.0 0.13
T2 33.92±1.73 1.0 34.12±1.96 1.0 0.70
T3 33.88±1.56 1.0 33.56±1.80 0.07 0.51
T4 33.96±1.67 1.0 33.6±1.63 0.19 0.44
T5 33.8±1.87 1.0 33.44±1.44 0.07 0.45
Values	expressed	as	mean±SD,	Student’s	t‑test	was	applied.	
Group	D:	Dexmedetomidine	(10	µg/ml),	Group	KF:	Ketofol	with	
proportion	of	ketamine:	propofol,	1:3.	In	both	the	groups,	there	
was	no	significant	change	in	trend	of	end‑tidal	carbon	dioxide	from	
baseline.	T0:	Presedation	baseline,	T1:	Immediately	before	probe	
insertion,	T2:	At	probe	insertion,	T3:	10	min	after	probe	insertion,	
T4:	End	of	procedure,	T5:	Post	procedure	at	recovery	area,	
SD:	Standard	deviation

Table 3: Total drug administered in ml, total procedure 
time in seconds, and recovery time in seconds (modified 

aldrete score ≥9)
Parameter Group D Group KF P
Total	drug	administered	(ml) 6.95	(2.99) 4.72	(1.13) 0.00*
Total	procedure	time	(sec) 1080	(181) 950	(300) 0.11
Recovery	time	(sec) 161	(93) 160	(58) 0.49
Values	expressed	as	median	(interquartile	range)	
Mann–Whitney	test	applied.	*P≤0.05	and	considered	statistically	
significant.	There	was	no	significant	difference	in	the	total	
procedure	time	and	recovery	time	in	both	groups.	There	was	
no	need	for	rescue	sedation	in	either	of	the	groups.	Group	D:	
Dexmedetomidine	(10	µg/ml),	Group	KF:	Ketofol	with	proportion	
of	ketamine:	propofol,	1:3

satisfaction	 score	 was	 significantly	 better	 in	 Group	 KF	
compared	to	Group	D	[Figure	4].

Figure 2: Heart rate in beats per minute. Values expressed as mean ± standard 
deviation, Student’s t-test was applied. *P ≤ 0.05 and considered statistically 
significant. Group D: Dexmedetomidine (10 µg/ml), Group KF: Ketofol 
with proportion of ketamine: propofol, 1:3. T0 - presedation baseline, 
T1 - immediately before probe insertion, T2 - at probe insertion, T3-10 min 
after probe insertion, T4 - end of procedure, T5 - postprocedure at recovery 
area

Figure 1: Time to achieve Ramsay sedation score ≥3. Values expressed 
as median (inter-quartile range) Mann–Whitney test applied. *P ≤ 0.05 and 
considered statistically significant. Group D: 460[137], Group KF: 260[69], 
P = 0.00* Group D: Dexmedetomidine (10 µg/ml). GROUP KF: Ketofol with 
proportion of ketamine: propofol, 1:3
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more	 than	 procedural	 sedation	 in	 patients	 with	 cardiac	
disease	 where	 these	 hemodynamic	 perturbations	 are	 best	
avoided	 as	 decreasing	 the	 HR	 may	 prove	 deleterious	 in	
cardiac	 disease.	 Patients	 in	 ketofol	 group	 showed	 more	
stability	 in	 HR	 which	 is	 due	 to	 the	 countered	 actions	 of	
sympathomimetic	 effect	 of	 ketamine	 and	 hemodynamic	

depression	 of	 propofol.	 In	 our	 study,	 Group	 D	 showed	 a	
trend	of	reduction	in	SBP	and	DBP	as	compared	to	baseline,	
whereas	 Group	 KF,	 there	 was	 no	 significant	 difference	
from	baseline.	Hypotension	was	 the	most	common	adverse	
event	 with	 dexmedetomidine	 infusion	 as	 seen	 in	 patients	
undergoing	 a	 range	 of	 surgical	 and	 diagnostic	 procedures	
under	 regional	 anesthesia	 such	 as	 orthopedic,	 vascular	
stents,	 breast	 biopsy	 under	 sedation,	 and	 mechanical	
ventilation.[18,19]	 This	 finding	 is	 due	 to	 modulation	 of	
catecholamine	 release	 resulting	 in	 sympatholytic	 effect.	
Hypertension	 with	 initial	 infusion	 of	 dexmedetomidine	
occurs	due	to	α‑mediated	vasoconstriction,[20]	but	it	was	not	
seen	in	our	study.	In	pediatric	cardiac	catheterization,	lesser	
hypotension	was	found	with	ketofol	(3:1)	 in	comparison	to	
propofol.[21]	 Hassan	 showed	 lower	 mean	 arterial	 pressure	
with	dexmedetomidine	compared	to	ketofol	(1:1)	in	ERCP.[4]	
These	findings	suggest	that	addition	of	ketamine	to	propofol	
causes	better	hemodynamic	stability	and	lesser	incidence	of	
hypotension.	These	findings	 suggest	 that	 ketofol	may	have	
a	 clinical	 advantage	 over	 dexmedetomidine	 in	 controlling	
hemodynamics.

Respiratory parameters

The	 advantage	 of	 dexmedetomidine	 in	 moderate	 sedation	
is	 the	absence	of	 respiratory	depression.	Ketamine‑induced	
sympathoadrenal	 activation	 also	 leads	 to	 improved	
ventilation.	 Patient	 getting	 propofol	 sedation	 for	
extracorporeal	 shock	 wave	 lithotripsy	 had	 significantly	
slower	 respiratory	 rate	 compared	 to	 dexmedetomidine.[22]	

Table 4: Secondary outcome variables
Complication Group D Group KF P
Coughing 2/25 2/25 1.0
Gagging 1/25 3/25 0.29
Hypotension ‑ ‑
Desaturation/apnea ‑ ‑
Bradycardia 2/25 0/25 0.15
Need	for	assisted	
ventilation

‑ ‑

Myoclonus ‑ ‑
Pain	on	injection 0/25 3/25 0.07
Nausea/vomiting ‑ ‑
Recovery	agitation ‑ ‑
Psychomimetic	effects ‑ ‑
(Values	expressed	as	proportions),	Compared	using	Pearson’s	
Chi‑square	test.	Group	D:	Dexmedetomidine	(10	μg/ml),	
Group	KF:	Ketofol	with	proportion	of	ketamine:	propofol,	
1:3.	The	incidence	of	bradycardia	in	Group	D	was	2/25	(8%)

Figure 3: Systolic blood pressure and diastolic blood pressure at time 
points T0–T5. Values expressed as mean ± standard deviation, Student’s 
t-test was applied. *P ≤ 0.05 and considered statistically significant. 
Group D: dexmedetomidine (10 µg/ml), Group KF: ketofol with proportion 
of ketamine: propofol, 1:3. In Group D, there was a significant decrease in 
systolic blood pressure and diastolic blood pressure from baseline at T3 and 
T4 but there was no significant change in trend from baseline in group KF. 
T0 - presedation baseline, T1 - immediately before probe insertion, T2 - at 
probe insertion, T3-10 min after probe insertion, T4 - end of procedure, 
T5 - postprocedure at recovery area

Figure 4: Satisfaction scores. Expressed as percentage, *P ≤ 0.05 and 
considered statistically significant. Group D: dexmedetomidine (10 µg/ml), 
Group KF: Ketofol with proportion of ketamine: propofol, 1:3
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Badrinath	 et	 al.	 studied	 the	 effect	 of	 ketofol	 on	 hundred	
patients	 undergoing	 breast	 biopsy	 and	 showed	 that	 small	
dose	ketamine	combined	with	propofol	improves	ventilation	
during	sedation.[23]	Whereas	Daabis	et	al.	compared	ketofol	
1:1	 and	 4:1	 concentrations	 in	 hundred	 patients	 undergoing	
short	 procedural	 sedation	 and	 a	 slight	 increase	 in	 end‑tidal	
carbon	dioxide	was	seen	in	both	the	groups	pointing	toward	
mild	 respiratory	 depression	 with	 ketofol.[24]	 In	 our	 study,	
there	was	no	 incidence	of	desaturation;	all	 the	patients	had	
an	oxygen	saturation	of	≥97%	 throughout	 the	procedure	 in	
both	 the	 groups.	The	 end‑tidal	 carbon	dioxide	 values	were	
within	 normal	 range	 and	 showed	 no	 significant	 difference	
between	 the	 groups.	 Hence,	 as	 regards	 to	 respiratory	
stability,	 both	 dexmedetomidine	 and	 ketofol	 (1:3)	 fare	
equal	in	our	study.

Facial pain score and recovery time

Wong‑Baker	 FPS	 was	 comparable	 in	 both	 the	 groups	
with	 no	 additional	 requirement	 of	 rescue	 sedation	
(fentanyl	 bolus)	 during	 the	 procedure	 suggesting	 adequate	
analgesia	 by	 both	 the	 drugs.	 Analgesic‑sparing	 properties	
of	 dexmedetomidine	 have	 been	 observed	 in	 patients	
undergoing	 elective	 surgery	 under	 regional	 anesthesia	
getting	 intraoperative	 sedation	 with	 dexmedetomidine,	
and	 it	 was	 observed	 that	 they	 had	 significantly	 lesser	
opioid	 requirement	 for	 postoperative	 pain	 compared	 to	
propofol	group.[25]	Similarly,	ketofol	sedation	 in	emergency	
department	 showed	 adequate	 procedural	 sedation	 and	
analgesia	with	low‑dose	ketamine	added	to	propofol.[26]

In	 our	 study,	 the	 recovery	 time	 ‑	 time	 to	 achieve	 (MAS)	
≥9	 was	 comparable	 in	 both	 the	 groups	 which	 was	
approximately	 2.6	 min.	 A	 dosing	 simulation	 study	 by	
Coulter	 et	 al.	 showed	 faster	 recovery	 time	 with	 a	 dosing	
combination	 of	 1:3	 ‑	 ketamine:	 propofol	 with	 predicted	
recovery	 of	 13	 min	 with	 infusion	 regimen.[10]	Wang	 et	 al.	
showed	 a	 recovery	 time	 of	 8	 min	 with	 ketofol	 (1:3)	 for	
medical	termination	of	pregnancy	and	Khutia	et	al.	showed	
a	 recovery	 time	 of	 13	 min	 with	 IV	 ketofol	 infusion	 (1:2)	
regimen	 in	 emergency	 short	 procedures	 in	 children.[27,28]	
Hassan	 showed	 no	 difference	 in	 recovery	 times	 between	
dexmedetomidine	 infusion	 and	 ketofol	 (1:1)	 infusion	 in	
patients	 undergoing	ERCP	with	modified	Aldrete	 score	 ≥9	
achieved	 in	11.4	±	0.5	min	 in	dexmedetomidine	group	and	
12.5	±	1.8	min	in	ketofol	group.[4]	The	faster	recovery	time	
in	 our	 study	may	 be	 attributed	 to	 lesser	 dose	 of	 ketamine	
used	as	compared	 to	other	 studies.	The	 initial	higher	MAS	
within	 5	 min	 could	 be	 due	 to	 the	 stimulus	 of	 TEE	 probe	
removal.	 The	 exact	 values	 of	 MAS	 were	 not	 measured	
at	 different	 time	 points	 after	 probe	 removal	 in	 our	 study;	
hence,	we	cannot	comment	on	the	drug	prolonged	effect.	In	
a	 study	of	propofol	 sedation	 for	TEE,	 the	MAS	was	<9	 in	
propofol	group	up	to	30	min.[29]

Satisfaction scores and complications

In	 the	 present	 study,	 we	 observed	 that	 the	 patient	
satisfaction	 score	 in	 both	 the	 groups	 was	 comparable	 and	
there	 was	 better	 cardiologist	 satisfaction	 in	 ketofol	 group	
compared	 to	dexmedetomidine.	This	 is	similar	 to	 the	study	
by	 Hassan	 which	 showed	 greater	 patient	 and	 endoscopist	
satisfaction	 with	 ketofol	 compared	 to	 dexmedetomidine	
in	 ERCP.[4]	 Different	 studies	 have	 shown	 similar	 or	 better	
patient	 satisfaction	 scores	 with	 dexmedetomidine	 as	
compared	 to	 propofol	 (nasotracheal	 fiber‑optic	 intubation)	
or	 midazolam	 (TEE)	 but	 recall	 of	 the	 endoscopy	 was	
more	 in	 the	 dexmedetomidine	 group.[3,30]	 Higher	 patient	
and	 physician	 satisfaction	 was	 seen	 with	 ketofol	 sedation	
compared	 to	 ketamine‑midazolam	 for	 endobronchial	
ultrasound‑guided	 biopsy	 or	 to	 propofol	 in	 procedural	
sedation	in	emergency	department	with	no	complications	of	
emergence	and	hypersalivation.[31‑33]

In	 our	 study,	 there	 was	 no	 need	 for	 assisted	 ventilation,	
no	 incidence	 of	 desaturation,	 or	 apnea	 in	 both	 the	 groups.	
There	were	no	significant	differences	in	complications	such	
as	 gagging,	 coughing,	 hypotension	 requiring	 vasopressor	
administration,	 pain	 on	 drug	 administration,	 nausea,	 and	
vomiting.	 Mortero	 et	 al.	 showed	 that	 a	 small	 dose	 of	
ketamine	added	 to	propofol	can	attenuate	propofol‑induced	
hypoventilation	 when	 used	 for	 day‑care	 and	 ambulatory	
surgeries.[34]	Akin	 et	 al.	 showed	 no	 incidence	 of	 apnea	 in	
ketofol	 group	 compared	 to	 propofol	 group	 in	 pediatric	
cardiac	 catheterization.[21]	 Frey	 et	 al.	 compared	 propofol	
and	ketofol	 (1:3)	as	bolus	 in	sedation	for	 retrobulbar	block	
procedures	 and	 found	 the	 need	 for	 airway	 interventions	
was	18	in	propofol	group	versus	9	 in	ketofol	group.[35]	The	
incidence	 of	 nausea	 and	 vomiting	 in	 adults	 with	 ketamine	
is	 5%–15%.	 However,	 the	 antiemetic	 effects	 of	 propofol	
effectively	 counterbalance	 this	 adverse	 effect.	 A	 20	 min	
procedural	 sedation	 with	 ketofol	 dosing	 regimen	 of	 1:3	
and	1:4	was	associated	with	 longest	 antiemetic	duration	of	
65–70	min.[10]

There	 was	 no	 incidence	 of	 psychomimetic	 effects	 and	
recovery	agitation	in	both	the	groups	in	our	study.	Children	
undergoing	 lumbar	 puncture	 or	 bone	 marrow	 aspiration	
biopsy	 using	 1:2	 and	 1:3	 ketofol	 concentrations	 showed	
that	 the	 combination	 of	 1:3	 had	 lower	 psychomimetic	
effects	 and	was	 associated	with	 a	 shorter	 recovery	 time.[11]	
The	incidence	of	recovery	agitation	with	ketamine	in	adults	
is	 10%–20%,	 but	 in	 a	 study	 with	 ketofol	 for	 emergency	
procedural	sedation,	the	incidence	was	3.6%	only.[26]	Martin	
et	al.	 conducted	a	study	on	postsurgical	 intensive	care	unit	
sedation	 with	 dexmedetomidine	 and	 found	 the	 incidence	
of	 bradycardia	 to	 be	 9%	 compared	 to	 placebo	 (2%).[36]	
This	 is	 comparable	 to	 our	 study	 where	 the	 incidence	 of	
bradycardia	was	8%	in	dexmedetomidine	group	(2/25).	The	
comparison	of	antisialogogue	property	of	dexmedetomidine	
and	 the	 effect	of	 excessive	 salivation	with	ketamine	which	
may	 cause	 desaturation	 as	 complication	 cannot	 be	 exactly	
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determined	 as	 insertion	 of	 TEE	 probe	 itself	 causes	 an	
increase	in	salivation	which	may	be	a	confounding	variable	
for	the	response	to	the	drugs.

Limitations

In	 our	 study,	 there	 was	 no	 control	 group	 of	 standard	 of	
care	 of	 sedation	 such	 as	 midazolam,	 propofol,	 or	 only	
local	anesthetic	 spray	comparison	 to	dexmedetomidine	and	
ketofol.	 End‑tidal	 carbon	 dioxide	 measurement	 through	
sampling	 line	 attached	 to	 nasal	 prongs	 might	 not	 give	 an	
accurate	value	as	 there	was	no	definitive	airway	used.	BIS	
was	 not	 measured	 in	 our	 study,	 so	 a	 quantitative	 analysis	
of	 the	 depth	 of	 sedation	 was	 not	 known.	 Future	 scope	 of	
the	 study	 is	 to	 compare	 different	 proportions	 of	 ketofol	 in	
sedation	in	diagnostic	TEE.

Conclusion
Ketofol	 infusion	 (1:3)	 is	 a	 better	 sedation	 regimen	 for	
outpatient	 diagnostic	 TEE	 compared	 to	 dexmedetomidine	
as	 lesser	 time	 is	 taken	 to	 achieve	 optimal	 sedation,	
faster	 awakening	 with	 no	 hemodynamic	 perturbations,	
postprocedure	 complications,	 and	 better	 patient	 and	
cardiologist	satisfaction.
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Annexure
Annexure 1: Cardiologist Satisfaction Questionnaire

Reference:	Self	made
	 1.	 Was	the	level	of	sedation	adequate	at	the	time	of	probe	insertion?
	 2.	 Was	the	level	of	sedation	adequate	at	the	time	of	imaging?
	 3.	 Was	any	part	of	the	procedure	worse	for	imaging	than	the	rest	of	the	procedure?
	 4.	 Would	you	recommend	this	sedation	for	this	procedure	to	anyone	else?
	 5.	 Would	you	accept	the	same	kind	of	sedation	for	your	patient	when	you	perform	it	the	next	time?

Satisfaction score

Score Response
1 Excellent
2 Good
3 Fair
4 Poor


