Table 3-1. Summary of Study Design and Outcomes Evaluated in Whole Animal Studies (23 feeding and 3 infusion studies) *

	Author, Year
	Omega-3 Arm(s)
	Control Arm*
	Animals
	Outcomes Evaluated

	
	
	
	
	VF
	VT
	VPB
	AS
	Deaths
	IS
	TSR
	VFT

	Feeding studies:
	
	
	
	
	
	
	
	
	
	
	

	Omega-3 PUFAs vs Omega-6 PUFAs
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Abeywardena, 1995
	Soybean, MaxEPA(
	SSO
	Rats
	√
	√
	√
	√
	√
	
	
	

	Anderson, 1996
	MaxEPA(
	Safflower
	Rats
	√
	√
	√
	√
	
	
	
	

	Charnock, 1992
	Fish oil
	SSO
	Monkeys
	√
	
	
	
	
	
	
	√

	Charnock, 1991
	Fish oil
	SSO
	Rats
	√
	√
	√
	√
	
	
	
	

	Hock, 1990
	Menhaden
	Corn
	Rats
	√
	
	
	√
	√
	
	
	

	Hock, 1987
	Menhaden
	Corn
	Rats
	
	
	√
	
	√
	
	
	

	Isensee, 1994
	Linseed, Fish oil
	Corn
	Rats
	√
	√
	
	
	
	√
	√
	

	McLennan, 1995
	Canola, Soybean
	SSO
	Rats
	√
	√
	√
	√
	√
	
	
	

	McLennan, 1992
	Tuna
	SSO
	Monkeys
	√
	
	
	
	
	
	
	√

	McLennan, 1993
	Fish oil
	SSO
	Rats
	√
	√
	√
	√
	√
	
	√
	

	McLennan, 1990
	Tuna
	SSO
	Rats
	√
	√
	√
	√
	√
	
	√
	

	McLennan, 1988
	Tuna
	SSO
	Rats
	√
	√
	
	√
	√
	√
	
	

	McLennan, Bridle, 1993
	Fish oil
	SSO
	Monkeys
	√
	
	
	
	
	
	
	√

	Omega-3 PUFAs vs MUFAs
	
	
	
	
	
	
	
	

	McLennan, 1996
	EPA-e, DHA-e, EPA-e+DHA-e
	Olive
	Rats
	√
	
	
	√
	
	
	
	

	Omega-3 PUFAs vs SFAs
	
	
	
	
	
	
	
	

	al Makdessi, 1995
	Sardine
	Coconut
	Rats
	
	
	
	
	
	√
	√
	

	Chen, 1994
	Fish oil
	Coconut
	Rabbits
	
	
	√
	
	√
	
	
	

	Hartog, 1987
	Mackerel
	Lard
	Piglets
	√
	√
	√
	
	√
	
	
	

	Pepe, 1996
	Fish oil
	Sheep fat
	Rats
	√
	√
	√
	
	
	
	
	√

	Yang, 1993
	Fish oil
	Butter
	Rats
	√
	√
	
	
	
	
	
	

	Omega-3 PUFAs vs Chows
	
	
	
	
	
	
	
	

	Culp, 1980
	Menhaden
	Friskies Dinner
	Dogs
	
	
	√
	
	√
	√
	
	

	Kinoshita, 1994
	EPA-e
	Oriental Yeast Co.
	Dogs
	√
	√
	√
	√
	
	
	
	

	Oskarsson, 1993
	MaxEPA(
	Chows
	Dogs
	
	
	
	
	
	√
	
	

	Otsuji, 1993
	EPA-e
	Oriental Yeast Co. 
	Dogs
	
	
	
	
	√
	√
	√
	

	
	Total =
	
	
	17
	12
	12
	10
	11
	6
	5
	4

	Infusion studies:
	
	
	
	
	
	
	
	
	
	
	

	Omega-3 PUFAs vs Omega-6 PUFAs
	
	
	
	
	
	
	
	

	Billman, 1999
	Albumin-bound ALA, EPA, DHA
	Soybean or saline
	Dogs
	√
	
	
	
	
	
	
	

	Billman, 1994
	Fish oil emulsion
	Soybean
	Dogs
	√
	
	
	
	
	
	
	

	Omega-3 PUFAs vs Chows
	
	
	
	
	
	
	
	

	Lo, 1991
	ALA
	Buffer
	Dogs
	
	√
	√
	
	
	
	
	

	
	Total =
	
	
	2
	1
	1
	
	
	
	
	


SSO = sunflower seed oil; VF=ventricular fibrillation; VT=ventricular tachycardia; VPB=ventricular premature beats; AS=arrhythmia score; IS=infarct size; VFT=ventricular fibrillation threshold, measured only in VF inducible animals; TSR =length of time in normal sinus rhythm; EPA-e = EPA esters; DHA-e = DHA esters

* For the purposes of our evidence review, only optimal comparison group was chosen. See Chapter 2: Methods.
Table 3-2. Summary Of Study Design And Outcomes Evaluated In Whole Animal/Isolated Organ 

	And Cell Studies
Author


	Species
	Stage
	Sex
	Omega-3
	Ctrl
	Omega-3
	Omega-3
	ICU
	ICH
	IPIM
	BEP
	CP



	Croset, 1989a
	Mouse
	W
	M
	STD+DHA-DOSE
	STD
	
	
	
	
	√
	
	

	Croset, 1989b
	Mouse
	W
	M
	ALAe 
	OO+SAF
	EPAe
	DHAe
	
	
	√
	
	

	Benediktsdottir, 1988
	Rat
	A
	M
	CLO
	CO
	
	
	
	
	√
	
	

	Demaison, 1993
	Rat
	W
	M
	LIN
	SF
	
	
	
	
	
	
	√

	Karmazyn, 1987
	Rat
	W
	M+F
	STD+CLO
	STD
	
	
	
	
	√
	√
	

	Laustiola, 1986
	Rat
	W
	M
	STD+CLO
	STD
	
	
	
	
	
	
	√

	Leifert, 2000
	Rat
	YA
	M
	FO
	LARD
	
	
	√
	
	
	
	√

	Minarovic, 1997
	Rat
	YA
	M
	FO
	HF
	
	
	√
	√
	
	
	

	Taffet, 1993
	Rat
	YA
	F
	CO+MenO
	CO
	
	
	
	
	√
	
	

	Maixent, 1999
	Rat
	A
	M
	STD+FO
	STD
	
	
	
	
	√
	
	

	Chen, 1994
	Rabbit
	A
	M
	HC+FO
	HC
	
	
	
	
	√
	
	

	Heard, 1992
	Rat
	A
	M
	SAF+MenO
	SAF
	
	
	
	
	
	
	√

	Gudmundsdottir, 1991
	Rat
	A,O
	M
	CLO
	CO
	
	
	√
	
	
	
	

	Reig, 1993
	Rat
	YA
	M
	HF+FO
	HF
	
	
	
	
	
	√
	√

	Ku, 1997
	Rat
	O
	F
	HC+EPA
	HC
	HC+DHA
	
	
	
	
	
	√

	Honen, 2002
	Rat
	A
	M
	FO
	RO
	
	
	
	
	√
	
	

	Leifert, 2001
	Rat
	A
	M
	FO
	SF
	
	
	
	
	√
	
	√

	Pepe, 1999
	Rat
	A,O
	M
	FO
	N-6
	
	
	
	
	√
	
	

	Swanson, 1989
	Mouse
	W
	M
	SAF+MenO
	SAF+CO
	
	
	
	
	√
	
	

	Gillis, 1992
	Rabbit
	W
	ND
	FO
	SAF
	
	
	
	
	
	√
	

	Kinoshita, 1994
	Dog
	A
	ND
	STD+EPAe
	STF
	
	
	
	
	√
	
	

	
	
	
	
	
	
	
	
	3
	1
	12
	3
	7


ICU=ion currents; ICH=ion channels; IPIM=ion pumps and ion channels; BEP=basal electromechanical parameters; CP=contractile parameters.
	A=Adult
	HC=high cholesterol
	RO= rapeseed or canola oil

	ALAe= Esterified alpha linoleic acid
	HF=high fat
	SAF=safflower oil

	CLO=cod liver oil
	LIN=linseed oil
	SF=saturated fat

	CO=corn oil
	MenO= menhaden oil
	STD=standard chow

	EPAe= Esterified eicosapentaenoic acid
	N-6=nOmega-6 fatty acid
	W= weanling

	FO=fish oil
	O= old
	YA=Young adult

	
	OO=olive oil
	


Table 3-3. Summary of Study Design and Outcomes Evaluated in Isolated 

Organ and Cell Studies

	Author
	Species
	Stage*
	ICU
	ICH
	IPIM
	BEP
	CP

	Bogdanov, 1998
	Rat
	Adult
	√
	
	
	√
	

	Courtois, 1992
	Rat
	W
	
	
	
	
	√

	De Jonge, 1996
	Rat
	W
	
	
	
	
	√

	Hallaq, 1990
	Rat
	W
	
	
	√
	
	√

	Hallaq, 1992
	Rat
	W
	
	√
	√
	
	√

	Honore, 1994
	Mouse
	W
	√
	√
	
	
	

	Jahangiri, 2000
	Rat
	Adult
	
	
	
	
	√

	Kang, 1994
	Rat
	W
	
	
	
	
	√

	Juan, 1987
	Guinea pig
	Adult
	
	
	
	
	√

	Xiao, 2002
	Ferret
	Adult
	√
	
	
	
	

	Kang, 1996
	Rat
	W
	
	
	√
	
	√

	Leifert, 1999
	Rat
	Adult
	√
	
	
	
	

	Leifert, 2000
	Rat
	Adult
	
	
	
	
	√

	Rodrigo, 1999
	Rat, guinea pig
	ND
	√
	
	
	
	√

	MacLeod, 1998
	Rat, guinea pig
	Adult
	√
	
	
	
	√

	O’Neill, 2002
	Rat
	Not sure
	√
	
	√
	
	

	Durot, 1997
	Rat
	W
	
	
	
	√
	√

	Grynberg, 1988
	Rat
	W
	
	
	
	√
	√

	Kang, 1995a
	Rat
	W
	
	
	
	√
	

	Kang, 1997
	Rat
	W
	
	√
	
	
	

	Li, 1997
	Rat
	W
	
	
	
	
	√

	Negretti, 2000
	Rat
	ND
	√
	
	√
	
	√

	Pepe, 1994
	Rat
	2-3 mo
	√
	
	√
	
	√

	Phillipson, 1985
	Dog
	ND
	
	
	√
	
	

	Phillipson, 1987
	Dog
	ND
	
	
	√
	
	

	Grynberg, 1996
	Rat
	W
	
	
	
	√
	√

	Kang, 1995b
	Rat
	W
	
	
	
	
	√

	Fournier, 1995
	Rat
	W
	
	
	
	√
	√

	Grynberg, 1995
	Rat
	W
	
	
	
	
	√

	Ferrier, 2002
	Guinea pig
	Adult
	√
	
	
	
	√

	Reithman, 1996
	Rats
	W
	
	
	
	√
	√

	Ponsard, 1999
	Rats
	W
	
	
	
	
	√

	Xiao, 1997
	Rats
	Adult
	√
	
	√
	
	

	Xiao, 1995
	Rats
	W
	√
	
	
	
	

	Goel, 2002
	Pig
	Adult
	
	
	√
	
	

	Vitelli, 2002
	Rats
	Adult
	
	
	√
	
	

	Weylandt,1996
	Rats
	W
	
	
	
	√
	

	Rinaldi, 2002
	Rats
	Adult
	
	
	√
	√
	

	Bayer, 1979
	Cat
	Adult
	
	
	
	√
	

	Total
	
	
	12
	3
	12
	10
	23

	ICU=ion currents; ICH=ion channels; IPIM=ion pumps and ion channel movement ; BEP=basal electromechanical parameters; CP=contractile parameters.


*Stage: ND=no data; W = weanling  

Table 3-4. Total Deaths in Ischemia-Reperfusion-Induced Arrhythmia: Comparison of Rats Fed Omega-3 Fatty Acids With Controls Fed Omega-6 PUFA Oils

	Author, Year
	Omega-3 Arms
	Dosage,

g/100 g
	Duration
	Omega-3 Fatty Acids
	Control
	RR

(95% CI)
	Experiment Protocols

	
	
	
	
	Event
	Total
	Event
	Total
	
	

	ALA Oils

	Abeywardena, 1995
	Soybean
	0.4
	9 months
	2
	18
	1
	18
	2.0

(1.5-20)
	5-min ischemia; 

10-min reperfusion

	McLennan, 1995
	Soybean
	1.1
	5 weeks
	3
	10
	2
	10
	1.5

(0.32-7.1)
	5-min ischemia; reperfusion

	McLennan, 1995
	Soybean
	1.1
	5 weeks
	2 *
	13
	2 †
	14
	1.3

(0.25-6.8)

0.20

(0.01-3.7)


	15-min ischemia; reperfusion

	McLennan, 1995
	Canola
	1.2
	5 weeks
	0
	10
	2
	10
	1.3

(0.25-6.8)

0.20

(0.01-3.7)


	5-min ischemia; reperfusion

	McLennan, 1995
	Canola
	1.2
	5 weeks
	3 ‡
	16
	2 †
	14
	1.1

(0.18-6.6)
	15-min ischemia; reperfusion

	Meta-analysis:  Total subjects = 133
	10
	67
	9
	66
	1.2

(0.51-2.6)
	Random-effect model

	Fish Oils (EPA+DHA)

	Hock, 1987
	Menhaden
	1.0
	4 weeks
	2 ‡
	13
	2 ‡
	14
	1.1

(0.18-6.6)
	15-min after ischemia without reperfusion

	Hock, 1990
	Menhaden
	1.0
	4 weeks
	5
	21
	13
	22
	0.40

(0.17-0.93)
	15-min ischemia; 

24 h reperfusion

	McLennan, 1993
	Fish oil
	2.6
	12 weeks
	0
	10
	1 *
	12
	0.39

(0.02-8.7)
	5-min ischemia; 

5-min reperfusion

	McLennan, 1993
	Fish oil
	2.6
	12 weeks
	0
	14
	1 *
	13
	0.31

(0.01-7.0)
	15-min ischemia; 

5-min reperfusion

	Abeywardena, 1995
	MaxEPA(
	3.3
	9 months
	0
	18
	1
	18
	0.33

(0.01-7.7)
	5-min ischemia; 

10-min reperfusion

	McLennan, 1988
	Tuna
	3.7
	12 months
	0
	10
	0
	10
	1.0

(0.02-46)
	15-min ischemia;

reperfusion

	McLennan, 1990
	Tuna
	3.7
	18 months
	0
	7
	0
	7
	1.0

(0.02-45)
	15-min ischemia; reperfusion

	Meta-analysis:  Total subjects = 169
	7
	83
	18
	86
	0.47

(0.23-0.93)
	Random-effect model


RR = risk ratio = (omega-3 FA event rate)/(control’s event rate)

* All deaths occurred during ischemia procedure

† One death occurred during ischemia procedure

‡ Deaths were observed 15-min after ischemia procedure without reperfusion
Figure 3-1. Total deaths in ischemia-reperfusion-induced arrhythmia: comparison of rats fed, alpha linolenic acid (ALA) with controls fed omega-6 PUFA oils
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Figure 3-2. Total deaths in ischemia-reperfusion-induced arrhythmia: comparison of rats fed fish oils with controls fed omega-6 PUFA oils
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Table 3-5. Sensitivity Analysis on Total Deaths In Ischemia-ReperfusionIinduced Arrhythmia: Comparison of Rats Fed Fish Oil With Controls Fed Omega-6 PUFA Oils
Table 3-6. Total VF Deaths: Comparison of Monkeys Fed Tuna Fish Oil With Controls Fed Sunflower Seed Oil (Omega-6 PUFA) *

	Author, Year
	Omega-3 Arms
	Dosage,

g/100 g
	Duration
	Omega-3 Fatty Acids
	Control
	Experiment Protocols

	
	
	
	
	Event
	Total
	Event
	Total
	

	McLennan, 1992
	Tuna
	2.8
	30 months
	0
	16
	3
	13
	Control condition, ischemia, and isoproterenol (0.5 ug/kg body weight/minute) models 


* Total ventricular fibrillation (VF) deaths were combined in control condition, ischemia, and isoproterenol models. 

Table 3-7. Ventricular Tachycardia in Ischemia-Induced Arrhythmias: Comparison of Rats Fed Omega-3 Fatty Acids With Controls Fed Omega-6 PUFA Oils

	Author, Year
	Omega-3 Arms
	Dosage,

g/100 g
	Duration
	Omega-3 Fatty Acids
	Control
	RR

(95% CI)
	Experiment Protocols

	
	
	
	
	Event
	Total
	Event
	Total
	
	

	ALA Oils

	Abeywardena, 1995
	Soybean
	0.4
	9 months
	8
	18
	7
	18
	1.1

(0.53-2.5)
	5-min ischemia

	McLennan, 1995
	Soybean
	1.1
	12 weeks
	8
	13
	13
	14
	0.66

(0.42-1.0)
	15-min ischemia

	McLennan, 1995
	Canola
	1.2
	12 weeks
	12
	16
	13
	14
	0.81

(0.591.1)
	15-min ischemia

	Isensee, 1994
	Linseed
	5.2
	10 weeks
	6
	10
	4
	9
	1.4

(0.56-3.3)
	20-min ischemia

	Meta-analysis:  Total subjects = 112
	34
	57
	37
	55
	0.82

(0.65-1.0)
	Random-effect model

	Fish Oils (EPA+DHA)

	Charnock, 1991
	Fish oil
	2.1
	12 months
	7
	10
	10
	10
	0. 71

(0.41-1.1)
	15-min ischemia

	McLennan, 1993
	Fish oil
	2.6
	12 weeks
	5
	14
	12
	13
	0.39

(0.19-0.79)
	15-min ischemia

	Isensee, 1994
	Fish oil
	3.0
	10 weeks
	0
	10
	4
	9
	0.10

(0.01-1.7)
	20-min ischemia

	Abeywardena, 1995
	MaxEPA
	3.3
	9 months
	1
	18
	7
	18
	0.14

(0.02-1.1)
	5-min ischemia

	McLennan, 1988
	Tuna
	3.7
	12 months
	2
	10
	8
	10
	0.25

(0.07-0.90)
	15-min ischemia

	McLennan, 1990
	Tuna
	3.7
	18 months
	4
	7
	4
	7
	1.0

(0.40-2.5)
	15-min ischemia

	Meta-analysis:  Total subjects = 136
	19
	69
	45
	67
	0.49

(0.29-0.83)
	Random-effect model


Figure 3-3. Ventricular tachycardia in ischemia-induced arrhythmias: comparison of rats fed alpha linolenic acid (ALA) with controls fed omega-6 PUFA oils
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Figure 3-4. Ventricular tachycardia in ischemia-induced arrhythmias: comparison of rats fed fish oils with controls fed omega-6 PUFA oils
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Table 3-8. Ventricular Tachycardia in Reperfusion-Induced Arrhythmias: Comparison of Rats Fed Omega-3 Fatty Acids With Controls Fed Omega-6 PUFA Oils

	Author, year
	Omega-3 Arms
	Dosage,

g/100 g
	Duration
	Omega-3 Fatty Acids
	Control
	RR

(95% CI)
	Experiment Protocols

	
	
	
	
	Event
	Total
	Event
	Total
	
	

	ALA oils

	Abeywardena, 1995
	Soybean
	0.4
	9 months
	13
	17
	7
	18
	2.0

(1.0-3.7)
	5-min Ischemia; 

10-min Reperfusion

	McLennan, 1995
	Soybean
	1.1
	12 weeks
	9
	10
	7
	10
	1.3

(0.82-2.0)
	5-min Ischemia; 

10-min Reperfusion

	McLennan, 1995
	Soybean
	1.1
	12 weeks
	7
	11
	9
	13
	0.92

(0.52-1.6)
	15-min Ischemia; 

10-min Reperfusion

	McLennan, 1995
	Canola
	1.2
	12 weeks
	7
	10
	7
	10
	1.0

(0.56-1.8)
	5-min Ischemia; 

10-min Reperfusion

	McLennan, 1995
	Canola
	1.2
	12 weeks
	4
	13
	9
	13
	0.44

(0.18-1.1)
	15-min Ischemia; 

10-min Reperfusion

	Meta-analysis:  Total subjects = 125
	40
	61
	39
	64
	1.1

(0.73-1.6)
	Random-effect model

	Fish Oils (EPA+DHA)

	Anderson, 1996
	MaxEPA
	41% of TT FAs
	8 weeks
	3 *
	8
	3 *
	6
	0.75

(0.23-2.5)
	20-min ischemia; reperfusion

	McLennan, 1993
	Fish oil
	2.6
	12 weeks
	6
	10
	10
	12
	0.72

(0.41-1.3)
	5-min Ischemia; 

5-min Reperfusion

	McLennan, 1993
	Fish oil
	2.6
	12 weeks
	3
	14
	8
	12
	0.32

(0.11-1.0)
	15-min ischemia; 

5-min reperfusion

	Abeywardena, 1995
	MaxEPA
	3.3
	9 months
	4
	18
	7
	18
	0.57

(0.20-1.6)
	5-min ischemia; 

10-min reperfusion

	McLennan, 1988
	Tuna
	3.7
	12 months
	5
	10
	8
	10
	0.63

(0.31-1.3)
	15-min ischemia; reperfusion

	McLennan, 1990
	Tuna
	3.7
	18 months
	5
	7
	6
	7
	0.83

(0.48-1.5)
	15-min ischemia; 

10-min reperfusion

	Meta-analysis:  Total subjects = 132
	26
	67
	42
	65
	0.68

(0.50-0.91)
	Random-effect model


TT FAs = total fatty acids; RR = risk ratio; VF = ventricular fibrillation; VT = ventricular tachycardia 

* Sustained VT and/or VF were excluded from the analyses

Figure 3-5. Ventricular tachycardia in reperfusion-induced arrhythmias: comparison of rats fed alpha linolenic acid (ALA) with controls fed omega-6 PUFA oils
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Figure 3-6. Ventricular tachycardia in reperfusion-induced arrhythmias: comparison of rats fed fish oils with controls fed omega-6 PUFA oils
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Table 3-9. Ventricular Fibrillation in Ischemia-Induced Arrhythmias: Comparison of Rats Fed Omega-3 Fatty Acids With Controls Fed Omega-6 PUFA Oils

	Author, Year
	Omega-3 Arms
	Dosage,

g/100 g
	Duration
	Omega-3 Fatty Acids
	Control
	RR

(95% CI)
	Experiment Protocols

	
	
	
	
	Event
	Total
	Event
	Total
	
	

	ALA oils

	McLennan, 1995
	Soybean
	1.1
	12 weeks
	5
	13
	6
	14
	0.90

(0.36-2.2)
	15-min ischemia

	McLennan, 1995
	Canola
	1.2
	12 weeks
	7
	16
	6
	14
	1.0

(0.45-2.3)
	15-min ischemia

	Isensee, 1994
	Linseed
	5.2
	10 weeks
	4
	10
	4
	9
	0.90

(0.31-2.6)
	20-min ischemia

	Meta-analysis:  Total subjects = 76
	16
	39
	16
	37
	0.95

(0.56-1.6)
	Random-effect model

	Fish Oils (EPA+DHA)

	Charnock, 1991
	Fish oil
	2.1
	12 months
	0
	10
	6
	10
	0. 08

(0.00-1.2)
	15-min ischemia

	McLennan, 1993
	Fish oil
	2.6
	12 weeks
	0
	14
	5
	13
	0.08

(0.01-1.4)
	15-min ischemia

	Isensee, 1994
	Fish oil
	3.0
	10 weeks
	1
	10
	4
	9
	0.22

(0.03-1.7)
	20-min ischemia

	McLennan, 1988
	Tuna
	3.7
	12 months
	0
	10
	1*
	10
	0.33

(0.02-7.3)
	15-min ischemia

	McLennan, 1990
	Tuna
	3.7
	18 months
	1
	7
	2
	7
	0.50

(0.06-4.3)
	15-min ischemia

	Meta-analysis:  Total subjects = 100
	2
	51
	18
	49
	0.21

(0.07-0.63)
	Random-effect model


* Estimated from graph

Figure 3-7. Ventricular fibrillation in ischemia-induced arrhythmias: comparison of rats fed alpha linolenic acid (ALA) with controls fed omega-6 PUFA oils
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Figure 3-8. Ventricular fibrillation in ischemia-induced arrhythmias: comparison of rats fed fish oils with controls fed omega-6 PUFA oils
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Table 3-10. Ventricular Fibrillation in Reperfusion-Induced Arrhythmias: Comparison of Rats Fed Omega-3 Fatty Acids With Controls Fed Omega-6 PUFA Oils

	Author, Year
	Omega-3 Arms
	Dosage,

g/100 g
	Duration
	Omega-3 Fatty Acids
	Control
	RR

(95% CI)
	Experiment Protocols

	
	
	
	
	Event
	Total
	Event
	Total
	
	

	ALA Oils

	Abeywardena, 1995
	Soybean
	0.4
	9 months
	4
	17
	2
	18
	2.1

(0.44-10)
	5-min ischemia; 10-min reperfusion

	McLennan, 1995
	Soybean
	1.1
	12 weeks
	5
	10
	5
	10
	1.0

(0.42-2.4)
	5-min Ischemia; Reperfusion

	McLennan, 1995
	Soybean
	1.1
	12 weeks
	3
	11
	3
	13
	1.2

(0.30-4.7)
	15-min ischemia; reperfusion

	McLennan, 1995
	Canola
	1.2
	12 weeks
	1
	10
	5
	10
	0.20

(0.03-1.4)
	5-min ischemia; reperfusion

	McLennan, 1995
	Canola
	1.2
	12 weeks
	0
	13
	3
	13
	0.14

(0.01-2.5)
	15-min ischemia; reperfusion

	Isensee, 1994
	Linseed
	5.2
	10 weeks
	6
	10
	7
	9
	0.77

(0.42-1.4)
	20-min ischemia; 20-min reperfusion

	Meta-analysis:  Total subjects = 144
	19
	71
	25
	73
	0.84

(0.52-1.3)
	Random-effect model

	Fish Oils (EPA+DHA)

	Anderson, 1996
	MaxEPA(
	41% of TT FAs
	8 weeks
	1 *
	8
	2 *
	6
	0.38

(0.04-3.2)
	20-min ischemia; reperfusion

	Hock, 1990
	Menhaden
	1.2
	4 weeks
	1 †
	7
	9 †
	10
	0.16

(0.03-0.99)
	15-min ischemia; 

6-hr reperfusion

	McLennan, 1993
	Fish oil
	2.6
	12 weeks
	1
	10
	3
	12
	0.40

(0.05-3.3)
	5-min ischemia; 

5-min reperfusion

	McLennan, 1993
	Fish oil
	2.6
	12 weeks
	0
	14
	1
	12
	0.29

(0.01-6.5)
	15-min ischemia; 

5-min reperfusion

	Isensee, 1994
	Fish oil
	3.0
	10 weeks
	4
	10
	7
	9
	0.51

(0.22-1.2)
	20-min ischemia; 

20-min reperfusion

	Abeywardena, 1995
	MaxEPA(
	3.3
	9 months
	1
	18
	2
	18
	0.50

(0.05-5.0)
	5-min ischemia; 

10-min reperfusion

	McLennan, 1988
	Tuna
	3.7
	12 months
	0
	10
	3
	10
	0.14

(0.01-2.5)
	15-min ischemia; reperfusion

	McLennan, 1990
	Tuna
	3.7
	18 months
	2
	7
	2
	7
	1.0

(0.19-5.2)
	15-min ischemia; reperfusion

	Meta-analysis:  Total subjects = 168
	10
	84
	29
	84
	0.44

(0.25-0.79)
	Random-effect model


TT FA = total fatty acids; VT = ventricular tachycardia; VF = ventricular fibrillation

* Sustained VT and/or VF were excluded from the analyses

† VT or VF (%)
Figure 3-9. Ventricular fibrillation in reperfusion-induced arrhythmias: comparison of rats fed alpha linolenic acid (ALA) with controls fed omega-6 PUFA oils
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Figure 3-10. Ventricular fibrillation in reperfusion-induced arrhythmias: comparison of rats fed fish oils with controls fed omega-6 PUFA oils
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Table 3-11. Ventricular Fibrillation in Induced Arrhythmia: Comparison of Monkeys Fed Fish Oils With Controls Fed Sunflower Seed Oil (Omega-6 PUFA)

	Author, Year
	Omega-3 Arms
	Dosage,

g/100 g
	Duration
	Omega-3 Fatty Acids
	Control
	VFT ¶
	Experiment Protocols

	
	
	
	
	Event
	Total
	Event
	Total
	
	

	Electrical-Stimulation Arrhythmias †

	McLennan, Bridle, 1993
	Fish oil
	1.8
	16 weeks
	6
	10
	5
	9
	+133% *
	Electrical stimulation in control condition

	Charnock, 1992
	Fish oil
	2.4
	16 weeks
	8%
	ND
	13%
	ND
	NS
	Electrical stimulation in control condition

	McLennan, 1992
	Tuna
	2.8
	30 months
	10
	16
	8
	13
	NS
	Electrical stimulation in control condition

	Electrical-Stimulation Arrhythmias in Ischemic Hearts †

	McLennan, Bridle, 1993
	Fish oil
	1.8
	16 weeks
	10
	10
	9
	9
	+79% *
	Electrical stimulation + 5-min ischemia

	Charnock, 1992
	Fish oil
	2.4
	16 weeks
	Nil
	ND
	13%
	ND
	NS
	Electrical stimulation + ischemia

	McLennan, 1992
	Tuna
	2.8
	30 months
	12
	16
	8
	13
	NS
	Electrical stimulation + 5-min ischemia

	Electrical-Stimulation Arrhythmias With Isoproterenol †

	McLennan, Bridle, 1993
	Fish oil
	1.8
	16 weeks
	3
	10 ‡
	7
	9 ‡
	+55% *
	Electrical stimulation + 30-min isoproterenol (0.5 ug/kg BW/min)

	McLennan, Bridle, 1993
	Fish oil
	1.8
	16 weeks
	5
	10 ‡
	9
	9 ‡
	+75%
	Electrical stimulation + 30-min isoproterenol (2.0 ug/kg BW/min)

	McLennan, 1992
	Tuna
	2.8
	30 months
	7
	16
	10
	13
	NS
	Electrical stimulation +  30-min Iisoproterenol (0.5 ug/kg BW/min)


ND = no data; BW = body weight; min = minute; VFT = ventricular fibrillation threshold, measured only in VF inducible animals; NS = no significant difference compared to controls

* P<0.05 compared to control animals

† Same monkeys underwent electrical stimulation in control condition, 5 minutes after ischemia. procedure, and 30 minutes after restoration of coronary blood flow during the infusion of isoproterenol.

‡ Same monkeys injected 0.5 ug/kg BW/min isoproterenol, then the dosage of isoproterenol was increased to 2.0 ug/kg BW/min.

¶ An increase in VFT is a desirable outcome for antiarrhythimic effects. See Chapter 2: Methods for the effects expressed as percent change.

Table 3-12. Ventricular Premature Beats/Complex, Infarct Size, Arrhythmia Score and Length of Time in Normal Sinus Rhythm: Comparison of Rats Fed Omega-3 Fatty Acids With Controls Fed Omega-6 PUFA Oils

	Author, Year
	Omega-3 Arms
	Dosage,

g/100 g
	Duration
	Total N
	Arrhythmia Outcomes 1
	Experimental Protocols

	
	
	
	
	
	VPB
	AS 2
	IS
	TSR 3
	

	ALA Oils

	Abeywardena, 1995
	Soybean
	0.4
	9 months
	36
	+176%
	+107%*
	-
	-
	5-min ischemia; 10-min reperfusion

	McLennan, 1995
	Canola
	1.1
	5 weeks
	30
	-13%
	-11%
	-
	-
	15-min ischemia

	
	
	
	
	
	-43%
	-64%
	-
	-
	10-min reperfusion

	McLennan, 1995
	Canola
	1.1
	5 weeks
	20
	-19%
	–41%*
	-
	-
	5-min ischemia; 

10-min reperfusion

	Isensee, 1994
	Linseed
	5.2
	10 weeks
	20
	-
	-
	NS
	NS
	20-min ischemia

	McLennan, 1995
	Soybean
	1.2
	5 weeks
	27
	-14%
	-18%
	-
	-
	15-min ischemia

	
	
	
	
	
	-2%
	-12%
	-
	-
	10-min reperfusion

	McLennan, 1995
	Soybean
	1.2
	5 weeks
	20
	+34%
	+30%
	-
	-
	5-min ischemia; 

10-min reperfusion

	Fish Oils (EPA+DHA)

	Anderson, 1996
	MaxEPA
	41% of TT FAs
	8 weeks
	14
	-31%
	-54%
	-
	-
	20-min ischemia; reperfusion

	Hock, 1990
	Menhaden
	1.0
	4 weeks
	17
	-
	-77%† 
	-
	-
	15-min ischemia; 

6-hr reperfusion

	Hock, 1987
	Menhaden
	1.0
	4 weeks
	23
	NC
	-
	-
	-
	15-min after ischemia w/o reperfusion

	Charnock, 1991
	Fish oil
	2.1
	12 months
	20
	-72%*
	-59%*
	-
	-
	15-min ischemia

	McLennan, 1993
	Fish oil
	2.6
	12 weeks
	27
	-10%
	-41%*
	-
	+12%
	15-min ischemia

	
	
	
	
	
	-31%
	-63%*
	-
	+2%
	5-min reperfusion

	McLennan, 1993
	Fish oil
	2.6
	12 weeks
	22
	-27%
	-48%
	-
	+16%
	5-min ischemia; 

5-min reperfusion

	Isensee, 1994
	Fish oil
	3.0
	10 weeks
	20
	-
	-
	NS
	Increased*
	20-min ischemia

	Abeywardena, 1995
	MaxEPA
	3.3
	9 months
	36
	-13%
	-40%
	-
	-
	5-min ischemia; 

10-min reperfusion

	McLennan, 1990
	Tuna
	3.7
	18 months
	14
	+6%

-24%*
	NS

NS
	-
	-5%

+21%
	15-min ischemia

10-min reperfusion

	McLennan, 1988
	Tuna
	3.7
	12 months
	20
	-
	NS

-44%*
	+7%, NS
	-
	15-min ischemia

reperfusion


TT FAs = total fatty acids; VPB = ventricular premature beats/complex; IS = infarct size/size of ischemia zone; AS = arrhythmia score (according to Curtis et. al.); TSR =length of time in normal sinus rhythm; ISO = Isoproterenol

- Not reported   NS = no significant difference compared to controls

* P<0.05 compared to controls    † P<0.01 compared to controls

1 See Methods for the effects expressed as percent change.
2 AS in all studies were calculated according to Curtis et al [Cardiovascular Research 22, 656-665], except Hock, 1990 used a modified method

3 An increase in TSR is a desirable outcomes for antiarrhythmic effects.

Table 3-13. Arrhythmic Effects in Studies Comparing Omega-3 Long-Chain PUFAs with α Linolenic Acid

	Author, Year
	Omega-3 Arms
	Dosage,

g/100 g
	Duration
	Animal
	Sample Size
	Arrhythmia Outcomes
	Experimental Protocols

	
	
	
	
	
	
	Deaths
	VT
	VF
	VPB 

/10 min
	IS
	AS
	TSR ¶, min
	

	Abeywardena, 1995
	Soybean
	0.4
	9 months
	Rats
	18
	11%
	76%
	23%
	298
	-
	3.1
	-
	5-min ischemia

10-min reperfusion

	
	MaxEPA
	3.3
	9 months
	Rats
	18
	0%
	22%
	5%
	94
	-
	0.9
	-
	

	Isensee, 1994
	Linseed
	5.2
	10 weeks
	Rats
	10
	-
	60%

-
	40%

60%
	-
	35%*

-
	-
	5.5*†
-
	20-min ischemia

20-min reperfusion

	
	Fish oil
	3.0
	10 weeks
	Rats
	10
	-
	0%

-
	10%

40%
	-
	36%*

-
	-
	10*†
-
	20-min ischemia

20-min reperfusion


VT = ventricular tachycardia; VF = ventricular fibrillation; VPB = ventricular premature beats; IS = infarct size/size of ischemia zone; 

AS = arrhythmia score (according to Curtis et. al.); TSR = length of time in normal sinus rhythm; min = minute

- Not reported    * estimated value from figures    † p<0.05 between groups

¶  An increase in TSR is a desirable outcomes for antiarrhythmic effects

Table 3-14. Total Deaths in Ischemia-Reperfusion-Induced Arrhythmias: Comparison of Animals Fed Fish Oil (EPA+DHA) With Controls Fed Saturated Fats

	Author, year
	Omega-3 Arms
	Dosage,

g/100 g
	Duration
	Omega-3 Fatty Acids
	Control
	Experiment Protocols

	
	
	
	
	Event
	Total
	Event
	Total
	

	Rabbits

	Chen, 1994
	Fish oil
	5.2 %kcal
	2 weeks
	3 *
	12
	5 *
	14
	10-min ischemia; 

1-hr reperfusion

	Chen, 1994
	Fish oil
	5.2 %kcal
	2 weeks
	6 †
	14
	8 †
	15
	1-hr ischemia; 

4-hr reperfusion

	Piglets

	Hartog, 1987
	Mackerel
	0.6
	16 weeks
	1
	7
	0
	6
	5-min ischemia; 

10-min reperfusion


* Two deaths in each group occurred during reperfusion

† 50% deaths occurred during ischemia; 50% occurred during reperfusion

Table 3-15. Ventricular Tachycardia in Ischemia-Reperfusion-Induced Arrhythmias: Comparison of Animals Fed Fish Oil With Controls Fed Saturated Fats

	Author, Year
	Omega-3 Arms
	Dosage,

g/100 g
	Duration
	Omega-3 Fatty Acids
	Control
	Experiment Protocols

	
	
	
	
	Event
	Total
	Event
	Total
	

	Rats

	Pepe, 1996
	Fish oil
	5.2
	16 weeks
	7 †
	20
	14 †
	20
	15-min ischemia; 

10-min reperfusion

	Piglets

	Hartog, 1987
	Mackerel
	0.6
	16 weeks
	2 *
	7
	1 *
	6
	5-min ischemia; 

10-min reperfusion


1 All events occurred during ischemia procedure

† Some events occurred during ischemia; some occurred during reperfusion

Table 3-16. Ventricular Fibrillation in Ischemia-Reperfusion-Induced Arrhythmias: Comparison of Animals Fed Fish Oil With Controls Fed Saturated Fats

	Author, Year
	Omega-3 Arms
	Dosage,

g/100 g
	Duration
	Omega-3 Fatty Acids
	Control
	Experiment Protocols

	
	
	
	
	Event
	Total
	Event
	Total
	

	Rats

	Pepe, 1996
	Fish oil
	5.2 %kcal
	16 weeks
	0
	20
	16
	20
	15-min ischemia; 

10-min reperfusion

	Yang, 1993
	Fish oil
	5.4 %kcal
	5 days
	3 *
	8
	7 *
	9
	15-min ischemia; 

10-min reperfusion

	Piglets

	Hartog, 1987
	Mackerel
	0.6
	16 weeks
	3 †
	7
	0
	6
	5-min ischemia; 

10-min reperfusion


* VT (%) or VF (%). All events occurred during reperfusion

† Some events occurred during ischemia; some occurred during reperfusion

Table 3-17. Ventricular Premature Beats in Ischemia-Reperfusion-Induced Arrhythmias: Comparison of Animals Fed Fish Oil With Controls Fed Saturated Fats

	Author, Year
	Omega-3 Arms
	Dosage,

g/100 g
	Duration
	Animals
	Total N
	VPB 1
	Experiment Protocols

	Ischemia-Induced Arrhythimas

	Chen, 1994 2
	Fish oil
	5.2 %kcal
	2 weeks
	Rabbits
	22
	-50% 
-35%
	10-min ischemia

1-hr ischemia

	Hartog, 1987
	Mackerel
	0.6
	16 weeks
	Piglets
	13
	+53%
	5-min ischemia

	Pepe, 1996
	Fish oil
	5.2 %kcal
	5 days
	Rats
	40
	-73%*
	15-min ischemia

	Reperfusion-Induced Arrhythimas

	Chen, 1994 2
	Fish oil
	5.2 %kcal
	2 weeks
	Rabbits
	22
	0%
-25%
	10-min ischemia; 1-hr reperfusion

1-hr ischemia; 4-hr reperfusion

	Hartog, 1987
	Mackerel
	0.6
	16 weeks
	Piglets
	13
	-65%*
	15-min ischemia; 10-min reperfusion


VPB = ventricular premature beat

*P<0.05

1 See Chapter 2: Methods for the effects expressed as percent change

2 Study results were biased by excluding more subjects who died from arrhythmias in the control group
Table 3-18. Total Deaths in Induced Arrhythmias: Comparison of Dogs Fed EPA and/or DHA With No Treatment Controls

	Author, Year
	Omega-3 Arms
	Dosage,

g/100 g
	Duration
	Omega-3 Fatty Acids
	Control
	Experiment Protocols

	
	
	
	
	Event
	Total
	Event
	Total
	

	Culp, 1980
	Menhaden
	3.3 %kcal
	5~7 weeks
	3
	10
	5
	17
	Coronary artery thrombosis induced by electrical stimulation

	Otsuji, 1993
	EPA ester
	1.0
	8 weeks
	0
	10
	5
	15
	Coronary artery ligation (or ischemia) 


Table 3-19. Ventricular Premature Beats/Complex, Infarct Size, Arrhythmia Score and Areas at Risk of Arrhythmias: Comparison of Dogs Fed EPA and/or DHA With No Treatment Controls

	Author, Year
	Omega-3 Arms
	Dosage,

g/100 g
	Duration
	Total N
	Arrhythima Outcomes 1
	Experimental Protocols

	
	
	
	
	
	VPB
	AS 3
	IS
	ARAr
	

	Kinoshita, 1994
	EPA ester
	1.0
	8 weeks
	20
	-44%*
	-55% †
	-
	-
	3-hr ischemia

	Culp, 1980
	Menhaden
	3.3 %kcal
	5~7 weeks
	27
	Decreased
	-
	-52%
	-
	Electrical stimulation

	Otsuji, 1993 2
	EPA ester
	1.0
	8 weeks
	20
	-
	-
	-40%†
	NS
	Ischemia

	Oskarsson, 1993
	MaxEPA
	1.0
	6 weeks
	22
	-
	-
	-55%*
	NS
	90-min ischemia; 30-min reperfusion


VPB = ventricular premature beats/complex; IS = infarct size/size of ischemia zone; AS = arrhythima score (according to Curtis et al, 1987); TSR =length of time in normal sinus rhythm; ARAr = areas at risk of arrhythmias; ISH = ischemia
- Not reported   NS = no significant difference compared to controls

* P<0.05 compared to controls    † p<0.01 compared to controls

1 See Chapter 2: Methods for the effects expressed as percent change

2 Study results were biased by excluding more subjects who died from arrhythmias in the control group
Table 3-20. Effects of Intravenously Infused Omega-3 Fatty Acids on Ischemia-Induced or Spontaneous Arrhythmias in Mongrel Dogs

	Author, Year
	Omega-3 Arms (N)
	Dosage
	Controls (N)
	Results
	Experiment Protocols

	Billman, 1994
	10 ml fish oil conc  (n=4), or 5 ml fish oil + 5 ml Tg conc (n=4)
	Fish oil conc.: 70% EPA+DHA

T conc.: 

65% EPA+DHA
	Saline (n=3) or lipid emulsion (n=5)
	 N
VF incidence

Fish oil infusion 
  8
13%*

Controls
  8
100%

*P<0.005 compared to controls
	Exercise-ischemia (2-min) test

	Billman, 1999
	Albumin-bound

ALA (n=8)

EPA (n=7)

DHA (n=8)
	98% EPA

91% DHA

>99% ALA

No data on the amount (ml) infused
	SBO lipid emulsion, containing 7%~8% ALA (n=7)
	N
VF incidence

ALA
8
25%*

EPA
7
29%*

DHA
8
25%*

Controls
7
100%

*P<0.05 compared to controls
	Exercise-ischemia (2-min) test

	Lo, 1991
	ALA (n=8) 1
	1, 5, 10, 20, 30, or 60 mg/kg
	Control buffer, pH 8.1 (no lipids)
	Eight dogs were infused control buffer or different doses of ALA. No events of VT or VPB were observed when infusing control buffer, or ALA up to 10 mg/kg.
	Normal condition

	
	
	
	
	ALA (mg/kg)
	20 
	30
	60
	

	
	
	
	
	VPC

VT
	25%

13%
	75%*

38%
	88%*

63%*
	

	
	
	
	
	*P<0.05 compared to control buffer
	


Tg = triglyceride; VF = ventricular fibrillation; VPC = ventricular premature complex; VT = ventricular tachycardia; conc = concentrate; SBO = soybean oil

1 A left atrial injection instead of intravenous injection was used as the route of administration in this study

Sensitivity Analysis - Sequential Dropping of One Study


Random Effects Model - Risk Ratio (D&L method)





                   	Study   		Total   	Risk      	      95% CI


Study Dropped 	Year  	Size     	   N     	Ratio   	Low     	High   	2P





Hock		1987   	27     	142     	0.41    	0.19   	0.86	0.018   


Hock		1990    	43     	126     	0.64    	0.19    	2.14  	0.47    


McLennan	1993   	22     	147     	0.47   	0.23    	0.96  	0.038   


McLennan	1993    	27     	142    	0.48    	0.24   	0.97  	0.041   


Abeywardena	1995    	36     	133    	0.48   	0.23    	0.97  	0.040   


McLennan	1990   	14     	155     	0.46   	0.23   	0.92  	0.028   
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