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PREVENTION, DIAGNOSIS, AND TREATMENT OF HEART DISEASE  are covered 

in this issue of the Oklahoma Heart Institute Magazine.  

Dr. Eric Auerbach discusses the use and benefits of omega-3 fatty acids 

(fish oils) for the prevention and treatment of cardiovascular disease.  

Exercise has also become a mainstay for a healthy lifestyle.  Dr. Wayne 

Leimbach, Jr. highlights the value of even a simple exercise program.  Dr. Raj 

Chandwaney introduces the OHI magazine readers to a recently described 

cardiomyopathy.  Finally, Dr. Craig Cameron discusses the common problem 

of PVCs, along with when to worry and when to treat.

Also provided in this issue is a single page advertisement listing OHI’s 

noninvasive screening tests, which are available to the public.  These tests 

allow for cardiovascular screening when insurance plans fail to cover 

prevention and screening.  

We hope you enjoy these articles and welcome any comments or 

suggestions regarding the magazine content.

 

Sincerely, 

Wayne N. Leimbach Jr., MD

Editor, Oklahoma Heart Institute Magazine

To Our  Readers
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 but most 
feel they don’t have the time, 
or they think they can’t do the 
exercise activity level needed to 
get any benefit.  In addition, the 
recommendations in the media vary 
greatly and often reflect a particular 
sales pitch for exercise equipment, 
a workout program, or a health club 
membership.

So what does the scientific data 
say regarding how much someone 
should exercise to lead a healthier 
life?

First, some people question how 
much benefit someone actually 
gains from routine exercise.  
Wouldn’t living longer be a good 
incentive to exercise?  

Dr. Steven Blair at the Cooper 
Clinic in Dallas, Texas, has 
evaluated greater than 70,000 
individuals with maximal exercise 
treadmill testing since 1970.  
Maximum exercise treadmill tests 
were performed at baseline on all 
patients, and the majority had follow 
up exercise treadmill tests over the 
subsequent years.  He divided the 

I KNOW I SHOULD EXERCISE, 
BUT…..!

continued on page 6

By Wayne N. Leimbach, Jr.,  MD FACC, FSCAI, FCCP, FAHA

Exercising even to 
a moderate level of 
fitness can substantially 
decrease all cause 
mortality.  

continued on page 6
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subjects into three categories: the 
“unfit” (lower 20 percent based on 
time on the treadmill adjusted for 
gender and age), the “moderately 
fit” (the next 40 percent of patients 
based on time on the treadmill), 
and the “high fitness” group (which 
included the top 40 percent based on 
time on the treadmill).  He collected 
the mortality rates during the 18 
years of follow up for both men 
and women based on whether they 
were initially found to have a low, 
moderate, or high level of fitness on 
the initial treadmill testing.   

He found a greater than 50 
percent reduction in mortality 
for women by just being in 
the moderately fit group as 
compared to the low fit group, and 
moderately fit men had an even 
greater reduction as compared to 
the low fit group  (Figure 1).

In addition, people who initially 
tested as “unfit” on the first 
exam and remained in the “unfit” 
category at follow up exams had a 
two-fold higher mortality rate than 
those who initially tested as unfit 
on the first exam, but then tested 
moderately fit on the follow up 
exams (Figure 2).  

For those subjects who tested 
fit on both the initial and follow 
up treadmill tests, there was a 

60 percent lower mortality rate as 
compared to the unfit group, so 
exercising even to a moderate level 
of fitness can substantially decrease 
all cause mortality.  

Many people think you have to 
jog or run a marathon to make a 
difference.  The real question for 
them is how little can I do to make a 
difference in my health and my life.  

Dr. Timothy Church, Director 
of the Pennington Biomedical 
Research Center at Louisiana State 
University measured the effects of 
different doses of physical activity 
on cardiopulmonary fitness among 
sedentary, overweight, or obese 
postmenopausal women.  Women 
were randomly assigned to one of 
four groups.  The first group was a 
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non-exercising group, which served 
as a control.  The second group 
was a low exercise group that 
walked 72 minutes a week.  The 
third group was a moderate level 
exercising group that walked 136 
minutes per week, and the fourth 
group was a high level exercise 
group that walked 192 minutes per 
week.  After six months, the control, 
non-exercising group experienced 
a 1.7 percent decrease in physical 
fitness as compared to a 3.8 
percent, 6.7 percent, and 9.1 percent 
improvement in fitness for the low, 
moderate, and high exercise level 
groups respectively (Figure 3).

His findings showed that just a 10 
minute walk seven days a week not 
only prevented the deterioration in 
fitness that was seen in the non-
exercising group, but the 10 minute 
a day walk produced a measurable 
increase in fitness in just six 
months.  

So, the smallest amount 
of exercise time to produce a 
measurable benefit in health is a 10 
minute walk seven days a week.  

Studies have also demonstrated 
that exercise is a very effective 
treatment for depression.  A study 
by Dunn, et al in the American 
Journal of Preventative Medicine 
demonstrated that 80 minutes per 
week of brisk walking produced 
remission of depression in about 26 
percent of patients.  Those patients 
who walked 180 minutes per week 
(approximately a 25 minute walk a 

day) had a 41 percent remission rate 
for their depression.  This is similar 
to or better than the results seen for 
many antidepressant medications  
(Figure 4).

The United States Government 
has produced a Physical Activity 
Guideline similar to what the 
government has done in regards 
to nutritional recommendations.  
The guideline recommends that 
adults accumulate two hours and 
30 minutes a week of moderate 
intensity exercising, which would 
include walking.  This amounts 
to a 30 minute per day walk for 
five days a week.  Multiple studies 
have now shown that 30 minutes of 
walking five days a week produces 
a significant improvement in health 
(Table 1).  These guidelines are 
available on the internet at www.
health.gov/paguidelines/.  It should 
be noted that increasing the 
exercise activity either in duration 
or intensity produces additional 
health benefits.  The guidelines also 
recommend muscle strengthening 
activities two or more days a week.

In addition to improving overall 
quality of life and decreasing 
mortality, adding exercise to 
one’s lifestyle is the most effective 
way to lose weight.  Dr. Church’s 

Multiple studies have 
now shown that 30 
minutes of walking 
five days a week 
produces a significant 
improvement in health.

continued on page 8
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recommendations for weight loss 
based on his and others research is 
30 minutes of moderate to vigorous 
intensity exercise on most days of the 
week and then, if you continue to gain 
weight, to eat less or exercise more, 
or both.  By exercising 45 minutes a 
day most days of the week and eating 
500 calories less each day, one should 
expect to lose consistently one to 
two pounds per week.  It should be 
realized that not only will weight loss 
occur, but muscle mass will increase.  
This is why weight loss is only one 
to two pounds per week.  However, 
the person will weigh less and be 
signifi cantly healthier. 

It is important to remember how 
effi ciently our body burns calories.  
Thirty minutes of walking burns 

135 calories in women and 200 
calories in men.  A Snickers candy 

bar has 266 calories.  
It is important to 
remember one has to 
burn 3,500 calories to 
lose one pound.  

The advantages 
of incorporating an 
exercise program 
into one’s lifestyle 
are enormous.  
Table 1, from the 
U.S. Government 

Guideline, lists the numerous benefi ts 
of physical activity based on current 
scientifi c evidence, including living 
longer.  

Most everyone knows they should 
exercise, but most don’t realize that 
even a 10 minute walk once a day 
produces a substantial benefi t.  So 
there is no need to buy any special 
exercise equipment or join a health 
club unless you want to do more.  It is 
important to remember that it is far 
better and easier to maintain good 
health than try to regain it once it is 
lost.
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INTRODUCTION
Noncompaction of the ventricular 

myocardium is a cardiomyopathy 
believed to be caused by arrest of 
the normal embryogenesis of the 
myocardium.  This diagnosis can be 
found with other congenital cardiac 
defects, but was also only recently 
described as an isolated defect 
involving the left ventricle.  This 
isolated form of the disease was 
originally described by Chin, et al. 
in 1990 and has been labeled with 
the term isolated noncompaction of 
the ventricular myocardium.  This 
article introduces the reader to this 
disease by describing its etiology, 
epidemiology, clinical manifestations, 
diagnosis, management, and 
prognosis.

ETIOLOGY
During normal embryonic 

development, the myocardium 
is a loose network of interwoven 
fibers separated by deep recesses 
that link the myocardium with the 
left ventricular cavity.  Gradual 
compaction of this spongy meshwork 
of fibers and trabeculated recesses 
occurs between weeks five and eight 
of embryonic life.  This process 
proceeds from the epicardium to 
endocardium, and from the base to the 
apex in the ventricle.  Noncompaction 
of the ventricular myocardium is a 
rare finding believed to be caused 
by arrest of this normal process of 
endomyocardial morphogenesis.  

Noncompaction of the ventricular 
myocardium was first described in 
association with other congenital 
anomalies, such as obstruction of 
the right or left ventricular outflow 

tracts, complex cyanotic congenital 
heart disease, and coronary artery 
anomalies.  Isolated noncompaction 
of the ventricular myocardium 
is characterized by persistent 
embryonic myocardial morphology 
found in the absence of other 
cardiac anomalies.

Both familial and sporadic 
forms of noncompaction have been 
described.  In the original report 
of isolated noncompaction of the 
ventricular myocardium, which 
primarily involved children, familial 
recurrence was seen in half of 
patients.  Familial recurrence was 
seen in 18 percent of patients in the 
largest reported adult population 
with isolated noncompaction of 
the ventricular myocardium.  This 
report was limited by incomplete 
screening of siblings that may 
account for the lower percentage 
of familial recurrence that was 
observed.  

Although genes responsible 
for the sporadic forms of isolated 
noncompaction of the ventricular 
myocardium have not been 
identified, genes responsible for 
some familial cases have been 
described.

EPIDEMIOLOGY
The initial case series of isolated 

noncompaction of the ventricular 
myocardium describes only eight 
patients.  The median age at 
diagnosis is seven years old (range 
11 months to 22 years).  The largest 
published case series of patients 
with isolated noncompaction of 
the ventricular myocardium is 
comprised of 62 patients and reports 

a mean age of 50 years old (range 18 
to 75 years).  The prevalence was .014 
percent of patients referred to the 
echocardiography laboratory.   The 
true prevalence is unknown, as this 
represented a population referred to 
a tertiary care hospital for abnormal 
echocardiographic findings or 
congestive heart failure.  Additionally, 
echocardiography may not be 
sensitive enough to establish the 
diagnosis of isolated noncompaction 
of the ventricular myocardium in 
patients who are found to have poor 
endocardial definition due to technical 
limitations.

Isolated noncompaction of the 
ventricular myocardium is currently 
categorized as an unclassified 
cardiomyopathy by the World Health 
Organization.  A growing body of 
literature on the characteristic 
features of isolated noncompaction of 
the ventricular myocardium has led 
some to call for its designation as a 
distinct cardiomyopathy.

CLINICAL MANIFESTATIONS
A triad of heart failure symptoms, 

arrhythmias, and embolic events are 
the major clinical manifestations 
observed in patients with isolated 
noncompaction of the ventricular 
myocardium.  Heart failure symptoms 
vary among patients, ranging from 
asymptomatic left ventricular 
dysfunction to severe disabling 
congestive heart failure.  Over 70 
percent of the patients in the largest 
series had symptomatic congestive 
heart failure.  

Diastolic dysfunction in isolated 
noncompaction of the ventricular 

continued on page 10

By Raj H. Chandwaney, MD, FACC, FSCAI

Noncompaction of the Ventricular
Myocardium
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myocardium may be related to both 
abnormal relaxation and restrictive 
filling caused by the numerous 
prominent trabeculae.  The etiology of 
systolic dysfunction is uncertain, but 
evidence suggests that subendocardial 
hypoperfusion and microcirculatory 
dysfunction play a role.

Arrhythmias are common 
in patients with ventricular 
noncompaction.  Atrial fibrillation 
occurs in at least 25 percent of adults, 
and  ventricular tachyarrhythmias 
occur in almost 50 percent of patients.  
Sudden cardiac death seems to 
account for almost half of the deaths 
reported in published case series.  
Supraventricular tachycardias and 
complete heart block have been 
reported less frequently.

ECG abnormalities are also 
common in patients with isolated 
noncompaction of the ventricular 
myocardium but are not specific.  
These resting ECG abnormalities may 
include left ventricular hypertrophy, 
repolarization abnormalities, inverted 
T waves, ST segment abnormalities, 
axis shifts, intraventricular conduction 
abnormalities, AV block, and Wolf-

Parkinson-White syndrome.
The occurrence of 

thromboembolic events, including 
cerebrovascular accident, transient 
ischemic attacks, pulmonary 
embolism, and mesenteric 
infarction seems to occur in about 
one third of patients.  Embolic 
complications may be related to 
the development of thrombi in the 
extensively trabeculated ventricle, 
depressed systolic function, and/or 
development of atrial fibrillation.  

Also of note, an association 
of neuromuscular disorders was 
observed in 82 percent of patients 
in the largest published case 
series of patients with isolated 
noncompaction of the ventricular 
myocardium and neuromuscular 
disorders.  

Table 1 summarizes the clinical 
manifestations of patients with 
isolated noncompaction of the 
ventricular myocardium in five 
different published case series.

DIAGNOSIS
The diagnosis of isolated 

noncompaction of the ventricular 

myocardium has typically been 
made by echocardiography.  This 
author believes that the disease 
may currently be under diagnosed 
due to a lack of awareness of this 
clinical entity and the technical 
limitations of echocardiography 
to provide adequate endocardial 
definition.  Therefore, cardiac 
MRI may ultimately be the test of 
choice to establish the diagnosis 
of isolated noncompaction of the 
ventricular myocardium.  Imaging 
of the ventricle reveals multiple 
ventricular trabeculations with 
deep intertrabecular recesses.  
Isolated noncompaction of 
the ventricular myocardium 
is diagnosed when the above 
findings are present in the 
absence of coexisting cardiac 
lesions and coronary artery 
anomalies are excluded.

Investigators have 
described the abnormally 
thickened myocardium as a 
two layered structure with 

a normally compacted epicardial 
layer and a thickened endocardial 
layer.  A quantitative evaluation  to 
establish the diagnosis of isolated 
noncompaction of the ventricular 
myocardium is performed by 
determining the ratio of maximal 
thickness of the noncompacted 
to compacted layers measured at 
end systole in a parasternal short 
axis view.  A ratio greater than 
2.0 is considered diagnostic for 
noncompaction of the ventricular 
myocardium (See Figure 1).

MANAGEMENT
Treatment focuses on the triad 

of major clinical manifestations 
associated with the disease, which 
include congestive heart failure, 
arrhythmias, and systemic embolism.  
Although no randomized studies 
are available to guide therapeutic 
decisions in these patients, standard 
congestive heart failure treatments 
including ace inhibitors, beta-blockers, 
and diuretics are believed to be 
beneficial for patients suffering from 
heart failure symptoms.  Cardiac 

continued on page 15
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transplantation has been used for 
patients with severe left ventricular 
systolic dysfunction and severe 
congestive heart failure symptoms 
refractory to medical therapy.  

Ambulatory holter/ECG monitoring 
should be performed annually 
because of the high frequency of 
ventricular arrhythmias, sudden 
cardiac death, and atrial fibrillation.  
Physicians should have a low threshold 
to refer these patients for implantable 
cardiac defibrillators.  Some patients 
with isolated noncompaction of the 
ventricular myocardium who have 
severe heart failure symptoms, severe 
left ventricular systolic dysfunction, 
and intraventricular conduction 
abnormalities may benefit from 
biventricular devices. 

Preventing thromboembolic 
complications is also an important 
aspect of care.  Although no 
randomized studies are available, 
some authors recommend long-term 
anticoagulation (warfarin targeted 
to an INR of 2.0 to 3.0) for all patients 
with isolated noncompaction of the 
ventricular myocardium, whether or 

not any thrombus has been found 
and whether or not atrial fibrillation 
is present.

Neurological and musculoskeletal 
evaluations are also recommended 
because of the high percentage of 
associated neuromuscular disorders 
reported in patients.

Finally, screening of first-degree 
relatives is recommended with 
echocardiography or possibly 
cardiac MRI if echocardiographic 
endocardial definition is inadequate, 
because of the familial association 
that has been described in 
individuals with this disease.

PROGNOSIS
Although the true prognosis 

for patients with isolated 
noncompaction of the ventricular 
myocardium is uncertain and 
probably varies, nearly 60 percent 
of the patients described in one 
large series had undergone heart 
transplantation or died within six 
years after initial diagnosis.  Certain 
clinical characteristics seem to be 
present more often in those who 

did not survive than in those who did.  
These include higher left ventricular 
end diastolic diameter on presentation, 
New York Heart Association class 
three or four, permanent atrial 
fibrillation, and bundle branch block 
on ECG.  Patients with these high-
risk features certainly warrant more 
aggressive therapies.  

CONCLUSIONS
Noncompaction of the ventricular 

myocardium is a cardiomyopathy 
believed to be caused by arrest 
of the normal embryogenesis of 
the myocardium.  Although this 
disease is currently believed to be 
rare, increased awareness of the 
disease and the increased sensitivity 
to diagnose noncompaction of the 
ventricular myocardium that is now 
possible with cardiac MRI will likely 
lead to the discovery that this disease 
is actually more prevalent than we 
currently realize.  Common clinical 
manifestations include the triad of 
congestive heart failure, arrhythmias, 
and systemic thromboembolism.  
Although the prognosis for some 
patients with isolated noncompaction 
of the ventricular myocardium can 
be poor, proposed therapies are likely 
to benefit patients suffering from this 
disease.
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Evaluation and Management of 

By Craig S. Cameron, MD, FACC

remature ventricular 
complexes (PVCs) are 
commonly encountered 

in clinical practice.  Often, they 
are asymptomatic and represent a 
benign condition.  For some patients, 
however, PVCs may be the initial 
sign of underlying heart disease or 
may be a harbinger of more sinister 
arrhythmias.  In approaching the 
patient with PVCs, the clinician must 
consider the following:  (1) whether 
there is underlying heart disease, 
(2) the frequency and severity of 
symptoms, (3) the frequency and 
complexity of PVCs, and (4) whether 
ventricular tachycardia has been 
documented.   

PVCs are observed in 
approximately 1 percent of apparently 
healthy individuals by ECG and 40-75 
percent of individuals by 24-48 hour 
ambulatory monitoring.  Frequent 
and complex ventricular ectopy 
has an estimated prevalence of 1-4 

percent in the general population.1  
For patients with structural heart 
disease, increasing frequency and 
complexity of ventricular ectopy has 
been associated with increased risk 

of sudden death (Figure 1).2  In the 
absence of structural heart disease, 
however, even frequent and complex 
PVCs are generally associated 
with a benign prognosis.1 Thus, 
initial risk stratification of a patient 
with apparently frequent PVCs 

may begin with an echocardiogram 
(or alternate imaging modality) to 
assess cardiac structure and 24 hour 
holter monitor to quantitate PVC 
burden.  Additionally, stress testing 
should be considered in patients 
with traditional cardiovascular risk 
factors or symptoms to suggest 
angina.  Suppression of ventricular 
ectopy during exercise may signify an 
excellent prognosis.  Approximately 
90 percent of individuals with 
sustained ventricular tachycardia 
have some form of structural heart 
disease.  Patients with ventricular 
ectopy and structural heart disease 
require more aggressive therapy to 
reduce the risk of sudden death, and 

in many cases should be considered 
for an implantable cardioverter-
defibrillator.

Patients without structural heart 
disease are deemed as having an 
“idiopathic” ventricular arrhythmia.  
The most common form of idiopathic 

Long-term prognosis 
is excellent in patients 
with RVOT tachycardia.
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ventricular tachycardia is right 
ventricular outfl ow tract (RVOT) 
tachycardia.  RVOT tachycardia is 
more common in women and usually 
presents between the ages of 20 and 

40. PVCs arising from the RVOT 
(Figure 2) have a characteristic 
appearance, with QRS complexes 
assuming a left bundle branch 
(LBBB) morphology with an 

inferiorly-directed axis (Figure 3).  
Patients may present with isolated 
PVCs or salvos of nonsustained 
ventricular tachycardia causing 
palpitation, lightheadedness, or 
syncope.  Ventricular bigeminy may 
not allow for adequate ventricular 
fi lling, effectively halving the heart 
rate. This, in turn, may confound pulse 
monitors and produce nonspecifi c 
symptoms, such as fatigue.  Exercise, 
emotional stress, and stimulants 
(including caffeine) may all trigger 
RVOT ectopy.  Many reports suggest 
that long-term prognosis is excellent 
in patients with RVOT tachycardia.  
Sudden death is rare in patients with 
preserved biventricular function.3

Thus, treatment is generally directed 
at controlling patient symptoms.  
Reducing caffeine intake or avoiding 
other stimulants may be suffi cient.  
Beta-blockers, calcium channel 
blockers, and antiarrhythmic drugs 
have all been used to suppress RVOT 
tachycardia with varying degrees 
of success.  Catheter ablation is 
highly effective in eliminating the 
arrhythmogenic focus in RVOT 
tachycardia and should be considered 
in symptomatic individuals who do not 
tolerate or wish to take medications.  
Three-dimensional electroanatomic 
mapping systems may be used to 
assist in localizing the region of 
earliest activation to target for ablation 
(Figure 4).  Approximately 10 percent 
of outfl ow tract PVCs arise from a 

ARVD has a poor prognosis and often requires an 
implantable cardioverter-defi brillator to protect 
against sudden death.  Distinguishing RVOT 
tachycardia from ARVD is extremely important.

continued on page 18
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structure adjacent to the RVOT, such 
as the left ventricular outflow tract 
or aortic cusps.  These less common 
variants of outflow tract tachycardia 
are also amenable to catheter ablation, 
but require more extensive mapping 
and special care to avoid unwanted 
collateral damage.  

PVCs arising from the RVOT are 
not always benign.  Arrhythmogenic 
right ventricular dysplasia (ARVD) is 
a cardiomyopathy characterized by 
progressive fibrofatty infiltration of the 
right ventricle and subsequent chamber 
dilatation.  Patients with ARVD may 
have ventricular arrhythmias originating 
from the RVOT, masquerading as 
idiopathic outflow tract VT.  ARVD has 
a poor prognosis and often requires an 
implantable cardioverter-defibrillator 
to protect against sudden death.  
Given the disparity in prognosis, 
distinguishing RVOT tachycardia from 
ARVD is extremely important but can be 
difficult to do, as both conditions may 
demonstrate abnormalities in the RVOT 

by cardiac MRI.4  
In two uncommon conditions, 

“idiopathic” PVCs represent a 
more malignant condition.  First, 
idiopathic PVCs have, on rare 
occasion, been shown to initiate 
polymorphic ventricular tachycardia 
or ventricular fibrillation.  These 
ectopic beats have a short coupling 
interval, occasionally falling in 
the T wave of the preceding beat.  
Catheter ablation of these triggers 
is effective, thus prompting many to 
advocate a more aggressive approach 
in individuals with syncope and 
short-coupled PVCs.5   Second, very  
frequent PVCs have been associated 
with left ventricular dilatation 
and development of a reversible 
cardiomyopathy.  Elimination of the 
PVCs with medication or catheter 
ablation results in improvement of 
left ventricular function.6

In summary, PVCs are common 
in normal healthy individuals, as 
well as in those with underlying 

heart disease.  In the absence of 
structural heart disease the prognosis 
is excellent, and treatment is directed 
at managing patient symptoms when 
present.  The most common form of 
idiopathic ventricular arrhythmia is 
RVOT tachycardia, which may be cured 
with catheter ablation.  Rarely, idiopathic 
PVCs may trigger ventricular fibrillation 
or result in a reversible cardiomyopathy.  
In some cases, evaluation by an 
electrophysiologist may be required 
to differentiate the benign PVC from a 
potentially life-threatening variant.  In 
addition, an electrophysiologist may be 
able to achieve complete elimination 
of symptoms with a single, minimally-
invasive ablation procedure.
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ish oil supplements are 
popular. With articles in 
the mainstream press 

increasingly publicizing the potential 
health benefits of fish and fish oils, 
Americans have embraced the 
message. Annual fish oil sales grew 
nearly twenty-fold, from $35 million 
in 1995 to over $600 million in 2007.

While some controversies persist, 
enthusiasm for omega-3 fatty acid 
supplementation is not misplaced.  
Randomized controlled trials have 
demonstrated that the omega-3 
fatty acids eicosapentaenoic acid 
(EPA) and docosahexaenoic acid 
(DHA) effectively reduce rates of 
sudden cardiac death and major 
cardiovascular events.  At higher 
dosages, these agents lower serum 
triglyceride levels, with potency 
comparable to prescription 
medications such as fibrates.  In 
the case of fish oils, these benefits 
can be achieved safely, without 
concerns over toxicities or drug-drug 
interactions.

Despite common use and wide 
availability, questions often arise 
regarding appropriate use of 
omega-3 fatty acids.  In fact, the 
availability of so many options, 
including fish consumption, over-
the-counter supplements, and 
prescription medication, has created 
this confusion.  This manuscript 
will briefly review the omega-3 
fatty acids, the clinical evidence 
supporting their use, and their 
mechanisms of action.  Practical 
considerations for appropriate 
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supplementation or therapy will then 
be discussed. 

Foods vary in the amounts and 
types of fats they contain.  Within any 
given food source, there are likely to 
be a number of different fatty acids 
in different concentrations.  Fatty 
acids are described chemically 
based on bonds between carbon 
atoms.  Saturated fatty acids have 
no double bonds, monounsaturated 
fatty acids have one double bond, 
and polyunsaturated fatty acids have 
multiple double bonds.  In the case 
of polyunsaturated fatty acids, there 
are several whose first double bond 
occurs three carbons away from the 
“omega” end of the molecule (referred 
to as omega-3 fatty acids) and many 
whose first double bond occurs in the 
sixth position (omega-6 fatty acids).

Three omega-3 fatty acids are 
found in the human diet.  Alpha-
linolenic acid (ALA) is common in 
plants.  It is abundant in flaxseed and 
also found in high concentration in 
walnuts and other tree nuts.  ALA is 
considered an “essential” fatty acid 
because it is not synthesized in the 
human body and must be consumed 
in foods.  The other two omega-3 fatty 
acids, EPA and DHA, are referred to 
as “marine omega-3s” because they 
are common in fish and seafood.  The 
human body does have enzymes that 
convert ALA to EPA, and EPA to 
DHA.  However, the activities of these 
enzymes are variable, and overall less 
than 5 percent of ALA is converted 
to EPA, with even less converted to 
DHA.  Thus, ALA supplementation is 
not an efficient means of increasing 
EPA and DHA levels, and it is these 
marine omega-3 fatty acids that have 
been most consistently associated 
with cardiovascular benefit.

Two large clinical trials have 
established the safety and efficacy 
of marine omega-3 fatty acids.  The 
Gruppo Italiano per lo Studio della 
Sopravvivenza nell’Infarto Miocardico 
(GISSI)-Prevenzione study, published 
in 1999, randomized 11,323 patients 
with recent myocardial infarction 
to omega-3 fatty acid ethyl esters (1 

capsule per day providing 850 mg 
of DHA and EPA) or usual care.  
Treatment significantly reduced 
risk of death from any cause by 28 
percent, and reduced the risk of 
sudden cardiac death by 45 percent 
at four months.  In the Japan EPA 
Lipid Intervention Study (JELIS), 
published in 2007, 18,645 patients 
with hypercholesterolemia were 
randomly assigned to either statin 
alone or statin plus pure EPA (1.8 
g/d).  During the 5-year study, major 
adverse cardiovascular events 
were 19 percent lower in the EPA 

group.  In both GISSI-Prevenzione 
and JELIS, the benefits of marine 
omega-3 fatty acid supplementation 
were demonstrated in populations 
receiving aggressive care with 
aspirin, statins, beta-blockers, and 
angiotensin converting enzyme 
inhibitors.

In both GISSI-Prevenzione and 
JELIS, adverse events attributed to 
omega-3 supplementation occurred 
infrequently, and at rates similar to 
placebo.  Omega-3 fatty acids are 
not metabolized by the cytochrome 
P-450 system, and no significant 
interactions with statins or other 
medications have been demonstrated.  
The prescribing information for 
the prescription omega-3 fatty 
acid formulation Lovaza lists an 
increase in bleeding time (though 
not exceeding normal limits) as an 
effect of the medication.  Studies of 
marine omega-3 fatty acids in patients 
treated with warfarin and aspirin 
have not demonstrated any clinically 
meaningful increase in bleeding risk.  
Still, temporary discontinuation of 
omega-3 fatty acids in settings of 
acute hemorrhage seems prudent.

GISSI-Prevenzione and JELIS both 
utilized marine omega-3 fatty acids, 
in amounts of 850 mg and 1.8 g daily, 
respectively.  Other clinical trials 
examining fish consumption, ALA 
supplementation, and dietary ALA 
content, have shown less consistent 
results than with direct marine 
omega-3 supplementation, though 
with an overall trend towards benefit.

At higher dosages of three to 
four grams daily, omega-3 fatty 
acids reduce serum triglyceride 
levels in a dose-dependent fashion.  
Reductions up to 47 percent have 
been demonstrated in severe 
hypertriglyceridemia.

Beyond their role as a source of 
calories, polyunsaturated fatty acids 
serve as precursors for cell signaling 
molecules called eicosanoids.  Two 
competing eicosanoid cascades 
derive from the two major families 
of polyunsaturated fatty acids.  
Omega-6 fatty acids are metabolized 
into arachidonic acid, which in 
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turn leads to pro-inflammatory and 
pro-thrombotic prostaglandins, 
leukotrienes, and thromboxanes. 
Conversely, EPA is metabolized 
into anti-inflammatory and anti-
thrombotic factors.  

Humans are believed to have 
evolved on a diet containing a 
one to one ratio of omega-6 to 
omega-3 fatty acids, resulting in a 
balance of pro-inflammatory and 
anti-inflammatory metabolites.  
Paleolithic hunter-gatherers would 
have subsisted largely on game meat 
rich in omega-3 fatty acids, which 
are abundant in wild grasses.  In the 
post-industrial era, however, animals 
are fed grains rather than grasses, 
resulting in meats that have a much 
higher ratio of omega-6s to omega-3s.  
Additionally, grains rich in omega-
6s, which were not widely available 
in pre-agricultural societies, are 
staple foods in contemporary diets.  
The typical western diet now has a 
ratio of omega-6 to omega-3 intake 
of 16:1.  The prevalence of vascular 
disease in the western world, then, 
may be a result of this alteration 
in fatty acid intake compared to 
evolutionary norms.  The high ratio of 
omega-6 to omega-3 fatty acids in the 
contemporary diet appears to favor 
thrombosis over thrombolysis and 
inflammation over anti-inflammation.

Despite the simplicity and 
scientific plausibility of the idea that 
the benefit of omega-3 fatty acids 
results from their use as precursors 
for anti-inflammatory cytokines, 
available data do not support this 
notion.  Specifically, reducing the 
ratio of omega-6 to omega-3 intake 
by curtailing omega-6 consumption 
has not been shown to have clinical 
benefit.  In fact, the replacement 
of saturated fats and trans-fats 
with omega-6 polyunsaturated fats 
does have literature support.  The 
positive effects of omega-3 fatty 
acids appear to result from simple 
and absolute supplementation, 
rather than from achieving a certain 
ratio of omega-3 to omega-6.  Still, 
the mechanism of benefit may be 
related to cytokine metabolites.  
Omega-3 supplementation has been 

associated with reduced levels 
of interleukin-6, interleukin-
1ß, tissue necrosis factor- , 
and adiponectin.  Nonetheless, 
omega-3 supplementation does 
not consistently lower levels of 
C-reactive protein.

The benefits of EPA and DHA 
may also result from their roles 
as cell membrane phospholipids.  
The activities of membrane-
bound proteins, such as protein 
receptors and ion channels, are 
modified by the concentrations of 
EPA and DHA in the membranes.  
Indeed, the quantity of DHA in 
cellular phospholipids is inversely 
correlated to cardiovascular risk.

Finally, marine omega-3 fatty 
acid supplementation is associated 

with decreased resting heart 
rate and improved post-exercise 
heart rate recovery, suggesting 
that increased vagal tone could 
mediate anti-arrhythmic benefits.  
In addition to reduced rates of 
sudden cardiac death, marine 
omega-3 fatty acid supplementation 
has been shown to reduce rates of 
atrial fibrillation following coronary 
artery bypass surgery.

The triglyceride lowering effect 
of marine omega-3 fatty acids may 
also contribute to their benefits 
for risk reduction.  Triglyceride 
lowering is probably mediated 
by reduced hepatic synthesis 
of very low-density lipoprotein 
(VLDL), and increased VLDL 
catabolism.  Marine omega-3s 
appear to suppress hepatic VLDL 
production by several mechanisms.  
Increased VLDL catabolism occurs 
through an increase in activity of 

lipoprotein lipase (LPL), the enzyme 
that converts VLDL into LDL.  Fibric 
acid derivatives, such as gemfibrozil, 
also increase LPL activity.  This can 
have the effect of increasing low-
density lipoprotein (LDL) cholesterol, 
especially in patients with very high 
triglycerides.  As with fibric acid 
therapy, however, the increase in LDL 
cholesterol is not associated with an 
increase in apolipoprotein-B or with 
an increase in LDL particle number, 
and is associated with an increase 
in LDL size.  This increase in LDL 
cholesterol, then, does not confer 
increased cardiovascular risk.  Even 
with the increase in LDL cholesterol, 
the result of therapy is a net reduction 
in non-HDL cholesterol, due to 
reductions in total cholesterol, VLDL, 
and their remnants.

The American Heart Association 
(AHA) recommends daily intake 
of about one gram per day of EPA 
and DHA combined, for secondary 
prevention of cardiac events in 
patients with known coronary 
disease.  Two servings per week of an 
oily fish, such as salmon, providing 
about 500 mg per day of EPA plus 
DHA, is recommended for primary 
prevention in people without vascular 
disease.  The AHA recommends two 
to four grams daily of EPA plus DHA 
for treatment of hypertriglyceridemia, 
but the upper end of this range will 
generally be required for effective 
therapy.

Because EPA and DHA may be 
obtained through a variety of means, 
including consumption of seafood, 
nonprescription formulations, and a 
prescription formulation, effective 
therapy requires an understanding of 
these many options.

Omega-3 fatty acids persist in 
cell membranes for weeks after 
consumption, and thus intermittent 
bolus dosing, such as twice weekly 
intake of fish or fish oil, provides the 
same benefits as daily consumption 
of lower doses.  Obtaining omega-3s 
from fish generally requires intake 
of cold-water fish such as salmon, 
mackerel, herring, halibut, or tuna.  

continued on page 22

Annual fish oil sales 
grew nearly twenty-fold, 
from $35 million in 1995 
to over $600 million in 
2007.
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However, some fresh-water fish have 
high amounts of omega-3s, including 
farmed lake herring, lake trout, 
freshwater salmon, and whitefish.  
Canned fish and seafood high in 
omega-3s include sardines, anchovies, 
salmon, shrimp, and tuna (See Table 
1.)  Frying the fish largely negates 
health benefits.

Despite the wide variety of fish and 
seafood rich in the marine omega-
3s, obtaining the recommended 
secondary prevention dosage of one 
gram daily is difficult to do through 
diet alone.  Large amounts of fish 
consumption may also result in 
exposure to environmental toxins 
such as mercury, polychlorinated 
biphenyls (PCB’s), and dioxin.  These 
concerns are especially applicable to 
women who are pregnant or planning 
to become pregnant.

Omega-3 fatty acid supplements 
provide an alternative that permits 
higher dosages of EPA and DHA, 
with the possibility of eliminating 
exposure to environmental toxins.  
The main limitations to such 
supplementation are “fish burps” and 
mild gastrointestinal side effects.  
These problems can be minimized via 
appropriate manufacturing processes.  
For example, the prescription 
formulation Lovaza is prepared as 
an ethyl ester and combined with 
antioxidants such as vitamin E.  These 
measures improve stability, shelf 
life, and tolerability.  Additionally, 
because of its prescription status, 
Lovaza is tested by regulatory 
agencies, including evaluation for 
environmental toxin contaminants.  
For nonprescription formulations, 
keeping capsules frozen can improve 
tolerability.  (Lovaza should not be 
frozen, but can be kept refrigerated.)

Over- the- counter formulations 
can have cost advantages compared 
to Lovaza.  However, they are not 
regulated by the Food and Drug 
Administration (FDA) regarding 
intended ingredients, and regarding 
potential contaminants.  The United 
States Pharmacopeia (USP) can 
verify that a nonprescription product 
contains the stated ingredients and 
is free of harmful contaminants.  

However, USP verification is a 
voluntary process to which many 
manufacturers do not submit.

In addition to considering USP 
verification, the consumer of 
nonprescription fish oil products 
also needs to carefully evaluate 
the EPA and DHA content per 
capsule.  A product marketed as 
containing “1000 mg fish oil” in 

each capsule will often have only 
300 mg of DHA and EPA, which 
are the fatty acids proven to have 
benefit.  Such a formulation would 
require ingestion of three capsules 
daily for secondary prevention, 
and ten or more capsules daily for 
treatment of elevated triglycerides.  
Perceived cost savings can dissipate 
if large numbers of capsules are 
required to obtain a therapeutic 
dosage.  Some formulations do not 
break down the fatty acid content 
on the label at all, so that EPA and 
DHA content are not discernible.  
These products should be avoided.  
By comparison, Lovaza provides 
465 mg EPA and 375 mg DHA, for 
a total dose of 840 mg of EPA and 
DHA combined per capsule.  Four 
capsules, then, provides an effective 
triglyceride lowering dose of 3.36 
grams, which would require eleven 
to twelve capsules with many of the 
nonprescription formulations.

In summary, clinical trials have 
demonstrated consistent benefits to 
omega-3 fatty acid supplementation 
for individuals with vascular 
disease, including reduction in all 
cause mortality. Mechanisms of this 
benefit may include alterations in 

cell membrane function that occur 
as omega-3 fatty acid concentrations 
increase within the membranes, 
production of anti-thrombotic 
and anti-inflammatory cytokines 
for which omega-3 fatty acids are 
precursors, and possibly even an 
increase in vagal tone, which could 
explain anti-arrhythmic properties.

The key to effective 

supplementation is to focus on 
the sum of EPA and DHA that is 
obtained from whatever source of 
omega-3s is selected.  Reading labels 
carefully for DHA and EPA content 
is essential.  EPA and DHA intake 
should average about one gram daily 
for prevention and risk reduction, 
and three to four grams daily for 
triglyceride lowering.

A more sophisticated approach 
to dosing omega-3 supplementation 
could be direct measurement of cell 
membrane omega-3 concentration.  
A blood test for determination of 
EPA and DHA concentration within 
erythrocyte membranes is now 
commercially available.  Limited 
data confirm that the highest cell 
membrane concentrations of EPA 
and DHA are associated with the 
lowest cardiovascular event rates.

Clinical trials have demonstrated consistent 
benefits to omega-3 fatty acid supplementation 
for individuals with vascular disease, including 
reduction in all cause mortality.
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5 Easy Ways to Live Longer
According to the American Heart Association, many 
people experience no symptoms before having a 
heart attack or stroke. 

A series of simple screening tests by trained experts 
in cardiovascular disease can identify problems before 
symptoms develop, preventing issues down the road.  
The cost is low.  The tests are simple and fast.  
Aren’t you worth it?

Carotid Artery Evaluation
Strokes rank 3rd among all causes of death 
behind diseases of the heart and cancer. To 
assess your risk for stroke, an ultrasound 
probe is placed on your neck to screen for 
blockages in your carotid arteries which 
supply blood to the brain. This is also a 
marker of heart attack risk. 15 minutes, $40

Cardiac Function Evaluation
To analyze cardiac function and calculate 
your Ejection Fraction (the amount of blood 
your heart is able to pump), an ultrasound 
probe will be positioned at various locations 
on your chest. 15 minutes, $40

Abdominal Aorta Evaluation
Most abdominal aneurysms are asymptomat-
ic. They’re the 10th leading cause of death 
in males over 55. To screen for aneurysm, 
an ultrasound probe is used to analyze 
your abdominal aorta. 15 minutes, $40

Ankle/Brachial Index
Blood pressures are obtained from your 
legs and arms to screen for peripheral artery 
disease. It not only assesses circulation to 
the legs, but also is a marker of heart 
attack risk. 15 minutes, $40

Cardiac Calcium Score
Coronary plaque can build up silently for 
years, and if untreated can cause blockages 
and heart attacks. This test measures the 
calcifi ed plaque in the coronaries and is an 
indirect measure of the total amount of 
plaque in the coronaries. A multi-slice 
CT scanner takes a series of pictures of your 
heart in just a few seconds. 15 minutes, $99

Screening Tests 
That Can Save 
Your Life and 
Prevent Heart 
Attack and Stroke

1

2
3
4
5

No physician referral required. 
Open to the general public. 
Evening appointments available.

Call today for your appointment! 

918.592.0999
Exclusively at Oklahoma Heart Institute

The Cardiovascular Screening Program is provided by 
Oklahoma Heart Institute, a trusted name in Northeast 
Oklahoma for more than 20 years.

www.OklahomaHeart.com

Living Longer Just Got Easier.
It’s fast, accurate, painless and 

you don’t need a physician’s referral.

Combine Screenings and Save: 
Schedule screenings 1 - 4 

and receive a $20 discount.
OHI-FLY-1209-0011
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