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Curriculum in Cardiology
omplementary and alternative medicine in
ardiovascular disease: A review of biologically
ased approaches

elly L. Miller, MD,a Richard S. Liebowitz, MD,a and L. Kristin Newby, MD, MHSb Durham, NC

ackground The use of complementary and alternative medical (CAM) practices in the United States is growing
apidly. In this manuscript, we review some of the most commonly used biologically based approaches, including herbs,
upplements, and other pharmacological therapies, that are encountered in caring for patients with cardiovascular dis-
ase, focusing on potential effects, adverse effects, and treatment interactions.

ethods Between November 2002 and April 2003, we searched Medline and the National Center for Comple-
entary and Alternative Medicine (NCCAM) web site and its various references and several complementary medicine text
ooks. The key words used were: “cardiovascular diseases,” “coronary disease,” “heart failure, congestive,” “comple-
entary and alternative medicine,” “complementary therapies,” “drug interactions,” and “plants, medicinal.” A keyword

earch of each individual supplement identified was also performed. Additionally, we relied on expert opinion in the
eld.

esults Potentially serious adverse effects and interactions with conventional cardiovascular therapies exist for many
erbs and supplements. There are currently scarce mechanistic data and very limited data on the effect of CAM therapies
n clinical outcomes.

onclusions Randomized clinical trials with adequate power to detect effects of CAM therapies on clinical out-
omes and safety are needed. Until these data are available, clinicians must be aware of the increasing use of CAM ap-
roaches by their patients and the potential for interactions with conventional therapies and should focus on treatment
ith proven, evidence-based strategies. (Am Heart J 2004;147:401–11.)
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Complementary and alternative medical (CAM) prac-
ices are those healthcare and medical practices that
re not currently an integral part of conventional medi-
ine and not routinely taught in western medical
chools.1 CAM therapies include, but are not limited
o, meditation, yoga, relaxation/hypnosis, acupuncture,
piritual healing, chiropractic care, massage, and nutri-
ional and naturopathic remedies.
Until a decade ago, no one realized how quickly the

se of CAM practices was growing within the frame-
ork of the US health care system. A 1990 survey by

isenberg et al showed that 34% of US adults used at
east 1 unconventional therapy and estimated that $13
illion was spent out-of-pocket for “alternative” thera-
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ies every year.1 A later survey showed that between
990 and 1997, CAM therapy use increased 25%, and
he numbers of Americans taking herbs nearly quadru-
led.2 Further, �30% of patients told their physicians
bout their use of CAM therapies, risking potentially
angerous interactions between supplements and con-
entional drugs.
According to a 1998 survey, the best predictor of
atients seeking alternative practitioners was the alter-
ative provider’s congruence with their own philoso-
hies on health and wellness. Dissatisfaction with con-
entional healthcare was not predictive of CAM
herapy use. Patients who sought out CAM treatments
enerally were female, white, and had more education,
ore money, and more chronic illness than the gen-

ral population.3

Because of the rapid growth of CAM practices, the
ational Center for Complementary and Alternative
edicine (NCCAM) was established by Congress in

998 as 1 of the 27 institutes and centers of the Na-
ional Institutes of Health. It has an annual budget of
ore than $100 million, and its mission is to support
igorous research on CAM therapies, train researchers
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n CAM practices, and disseminate information to the
ublic and professionals on which CAM modalities
ork, which do not, and why. Thus far, most of the

esearch by the NCCAM has focused on biologically
ased methods. However, they have also supported
esearch on acupuncture, chiropractic, and mind-body
nteractions. For 2003, the NCCAM made it a priority
o elucidate mechanisms of action and to conduct
mall, well-developed phase I and II clinical trials.4

verview of CAM practices
Reviewing data for all types of CAM is a broad and

rowing topic. The list of practices that are considered

Table I. Overview of selected alternative medical systems and
practices

lternative medical
systems

Traditional Chinese medicine-Uses traditional
methods of acupuncture, herbs, diet and
nutrition, exercise stress reduction and
lifestyle counseling, and massage to help
restore and balance your Qi, or vital life
energy.

Ayurveda-A 5000 year-old system of mind-
body medicine from India that uses herbs,
nutrition, meditation, yoga and massage.

Naturopathy-A system with a focus on
prevention, believing the body has the
power to heal itself and practitioners keep
these powers strong and help them along
when necessary. There are 3 accredited
schools in the US and 1 in Canada.

Homeopathy-Practitioners use very dilute
preparations of natural substances to cure
disease, so dilute that there is often no
trace of the original substance in the
solution, but the solvent has been
postulated to contain some “memory.”
Homeopaths believe “like cures like.”

ind-body
interventions

Meditation
Stress reduction techniques
Yoga
Biofeedback
Hypnosis and imagery

iologically-based
treatments

Herbs
Vitamins
Minerals/chelation therapies
Other supplements

anipulative/body-
based methods

Chiropractic
Osteopathy

nergy therapies Light therapy
Sound/music therapy
Acupuncture
Magnetic therapy
Therapeutic touch
Reike-A method that originated in Tibet,

rediscovered in Japan. A healing technique
were energy flows from the practitioners
hands into the energy field of the client’s
body.
o be CAM practices changes continually as practices t
nd therapies that are proven safe and effective be-
ome accepted as “mainstream” healthcare. Table I
rovides an overview of selected alternative medical
ystems and practices and a framework in which clini-
ians can reference CAM. The remainder of this re-
iew will focus on biologically based CAM therapies
or cardiovascular disease. Although not a comprehen-
ive review of all available biological treatments, we
ill address a select group on the basis of how com-
only they are used and how much research and data

re available. Additional literature assessing spirituality,
ind-body approaches, and energy therapies (specifi-

ally acupuncture) for prevention and treatment of
ardiovascular disease will not be addressed, nor will
itamin supplementation. Tables II and III provide
verviews of the more commonly used dietary supple-
ents for the treatment of both non-cardiovascular

nd cardiovascular disease, respectively, and their po-
ential interactions with other more standard therapies.

mportant drug/herb interactions with
elected cardiovascular medications
Recognizing that nearly 25% to 50% of Americans

se some form of alternative approach to healthcare
including herbal preparations), it is important to ask
atients specifically about their use of CAM therapies
nd to be informed of potential herb/drug and herb/
erb interactions. Although not an exhaustive list of

nteractions, this section focuses on potential conse-
uences of interactions between commonly used herbs
nd cardiovascular drugs.

arfarin and antiplatelet therapy
Many herbs interact with warfarin or alter platelet

unction such that the risk of bleeding is potentially
ncreased in patients treated with warfarin or conven-
ional antiplatelet therapy while using these herbal
gents. In most cases, the potential for increased
leeding is hypothetical; however, there have been
umerous case reports of increased bleeding tendency

n patients taking herbal supplements with or without
he concomitant use of warfarin. Because of what is
nown about the effects of these herbs on platelet
unction and markers of coagulation, their use should
e avoided in patients requiring warfarin or other con-
entional antiplatelet therapy. Table II outlines these
erbal agents, their CAM uses and the basis of their
otential interactions.5–23

miodarone
Amiodarone, used primarily for treatment of atrial

brillation and life-threatening ventricular arrhythmias,
as numerous potential adverse effects, including pho-
osensitivity, hepatotoxicity, pulmonary fibrosis, and

hyroid disorders. Its metabolism is complex, and mul-
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iple drug-drug interactions, including but not limited
o some statins, warfarin, and digoxin, are well known.
herefore, extreme care should be taken to avoid
erbal remedies that may further interact with amioda-
one in this complex milieu.
Echinacea is used primarily for treating and prevent-

ng uncomplicated upper respiratory tract infections
uch as the common cold. Because hepatotoxic effects
ay be associated with persistent use, caution should

sed be when echinacea is taken in conjunction with
ther potentially hepatotoxic drugs such as amioda-
one or other commonly used agents like statins, which
ay also, in rare cases, result in hepatotoxicity.23

Kava-containing compounds, used to treat anxiety

Table II. Commonly used herbal agents for noncardiovascular co
cardiovascular drugs

erbal Agent CAM properties

everfew Prophylactic for migraine head

arlic Antispasmodic, antiseptic, prom
hypocholesterolemic, vasoac

inger Antiemetic, antispasmodic
inko biloba Treatment of Alzheimer’s disea

ashen Chinese herb with various card
inseng Mood enhancer, improve vigor
t John’s Wort (Hypericum perforatum) Depression

Table III. Common biologically-based complementary and altern
potential interactions with standard pharmacotherapy

iological agent CAM properties/u

itamin E Anti-oxidant; prevention of card
disease. Data unclear on effic

oEnzyme Q10 Anti-oxidant and free radical sc
to treat heart failure, hyperten
myopathies.

awthorn (Crataegus species) Treatment of heart failure and a
-Carnitine Involved in cellular energy prod

supplement in nutritional defic
possible role in heart failure a
myocardial infarction.

olicosanol Believed to inhibit cholesterol sy
in South America as hypocho

ed rice yeast Typical HMG-CoA reductase inh

ugulipid Lipid-lowering through blocking
hormone receptor, farnesoid
nd insomnia, have been implicated in at least 11 c
ases of fulminant hepatic failure requiring transplanta-
ion in the United States and Europe since 1999.24 This
ed to the US Food and Drug Administration (FDA) ad-
isory against the use of kava in patients with underly-
ng liver disease, and this herb should be avoided in
atients taking potentially hepatotoxic drugs. Kava-
ontaining compounds have already been removed
rom the market in several European countries.

igoxin
Numerous herbs have been identified as containing

igoxin-like substances, and therefore they may poten-
iate digoxin effects.23,25

Kyushin, a Chinese medicine from Japan, (1 of the

: Uses and potential mechanisms for interaction with

Effects on coagulation/bleeding

Inhibits platelet aggregation; inhibits release of serotonin
from platelets and leukocytes

kocytosis,
perties

Inhibits epinephrine-induced in vitro platelet aggregation,
small study showing inhibition of ex-vivo platelet
aggregation.

Inhibits thromboxane synthetase; prolongs bleeding time
Ginkolide B component inhibits platelet activating factor

with decreased arachidonate-independent platelet
aggregation. 5 reports of clinical bleeding: 2 subdural
hematomas; 1 each increased bleeding time,
intracerebral hemorrhage, subarachnoid hemorrhage

Increased INR in patients on stable warfarin dose
Increased INR in patients on stable warfarin dose
Decreased INR in patients on stable warfarin dose

edicine therapies used in cardiovascular disease: Indications and

Potential drug interactions

lar Increased bleeding with antithrombotic and antiplatelet
agents. May decrease efficacy of statins.97

; used
nd

Decreased efficacy of chemotherapeutics and
radiation.

Procoagulant; lowers INR in patients on stable
coumadin dose.

ias. Digoxin-like effects; potential interaction with digoxin.
Limited data on drug interactions.

Used
mic.

Limited data on drug interactions.

Drug interactions with macrolides, ketoconazole,
protease inhibitors, verapamil, cyclosporine, and
others.

Decrease bioavailability of diltiazem and propranolol.
nditions

/uses

aches

otes leu
tive pro

se

iac uses
ative m

ses

iovascu
acy.
avenger
sion, a

rrhythm
uction,
iency,
nd

nthesis.
lesterole
ibitor.

nuclear
X.
omponents of which is chan su, the dried venom of
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he Chinese toad Bufo bufo gargarizans cantor)
ross-reacts with digoxin assays and also purportedly
as digoxin-like actions.26,27 Chinese silk vine (Perip-

oca sepium), a toxic plant that contains cardiac glyco-
ides, has occasionally been misidentified as Siberian
inseng (Eleutherococcus senticosus), which has led to
nterference with digoxin assays.28,29 Such assay inter-
erence could result in potentially serious conse-
uences if dose adjustments were made on the basis
f levels obtained in the setting of use of these agents.
St. John’s wort (Hypericum perforatum) decreases

erum levels of digoxin through induction of a p-glyco-
rotein drug transporter.30 In a single-blind, placebo-
ontrolled trial, after 10 days of taking St. John’s wort,
he amount of digoxin in the body was reduced
25%.30 Uzarae radix (uzara root) in large doses has

een found to have digoxin-like cardiac effects, so ad-
itive effects may be encountered.31

Potentially serious adverse effects of herbal therapies
ay also result from lack of standardization and regula-

ion of preparation and packaging. In the case of
igoxin reactions and interactions, it was found that
arious lots of plantain (used as an herbal laxative)
ere adulterated with potentially toxic woolly fox-

love. This discovery resulted in withdrawal of certain
roducts from the market, and an FDA advisory.32,33

yclosporine
Cyclosporine, used for immunosuppression after or-

hotopic heart transplantation, is subject to many drug-
rug interactions. The interaction with diltiazem, re-
ulting in increased cyclosporine levels, has been used
s cyclosporine-sparing, and for patients who have un-
ergone heart transplantation and have hypertension,

f diltiazem is used, cyclosporine doses must be re-
uced.
Although now shown in a randomized trial to be less

ffective than once touted, the use of St. John’s wort
s an herbal treatment for depression and mood distur-
ance continues.34 Several reports have documented
n unexpected interaction with cyclosporine, reducing
yclosporine levels and resulting in acute rejection.35

In summary, the use of herbal remedies should be
ndertaken with extreme caution in patients concur-
ently receiving prescription medications for the man-
gement of a variety of cardiovascular disorders, be-
ause serious and potentially life-threatening treatment
nteractions may result.

erbs and supplements with potential
oles in the treatment of cardiovascular
isease
oenzyme Q10 (ubiquinone)
Coenzyme Q10 (CoQ10) is a vitamin-like, fat-soluble
uinone found in high concentrations in the mitochon- a
ria of the heart, liver, and kidney, where it is impor-
ant for cellular mitochondrial respiration. CoQ10 acts
n part as a redox link between flavoproteins and cyto-
hromes, which are needed for oxidative phosphoryla-
ion and adenosine triphosphate (ATP) synthesis.36

hus, it is essential for energy production. It is also an
ntioxidant and free radical scavenger with membrane
tabilizing properties. It is metabolized to ubiquinol,
hich prolongs the antioxidant effect of vitamin E.36

CoQ10 has been used to treat congestive heart fail-
re (CHF), angina, and hypertension, to prevent car-
iotoxicity associated with doxorubicin, for immune
timulation in individuals with HIV/AIDS, and for treat-
ent of muscular dystrophy. It is also used to prevent

tatin-induced myopathy and has FDA Orphan Drug
tatus for mitochondrial cytopathies, including mito-
hondrial myopathy, encephalopathy, lactic acidosis,
nd stroke-like episodes (MELAS), myoclonic epilepsy
ith ragged red fibers (MERRF), and Kearns-Sayre.37 It

s usually given orally in a dose from 50 mg twice a
ay to100 mg 3 times a day. Reported adverse effects
re limited to gastrointestinal distress.
Potential drug interactions with CoQ10 include addi-

ive blood pressure-lowering effects with antihyperten-
ive agents and negative interaction between CoQ10
or any antioxidant) and radiation therapy and chemo-
herapeutic agents (eg, alkylating agents) working
hrough oxidative stress.37,38 CoQ10 is also reported to
ave vitamin K-like procoagulant effects, lowering in-
ernational normalized ratios to subtherapeutic levels
n patients who were previously stable when receiving

arfarin.39–41

CoQ10 in congestive heart failure. It is postu-
ated that the depletion of CoQ10, demonstrated in
ndomyocardial biopsies of patients with CHF, may
ontribute to heart failure. The extent of myocardial
oQ10 deficiency correlates with the clinical severity
f heart failure.42–45 CoQ10 has been commonly used

n the treatment of CHF in Italy and Japan for many
ears, but supporting data are mixed. A meta-analysis
f 8 randomized trials from 1984 to 1994 showed im-
rovement in cardiac output (CO), stroke volume (SV),
nd left ventricular ejection fraction (LVEF), but was
nable to address clinical end points.46

In 1 of the earliest placebo-controlled trials, Morisco
t al randomized 641 patients who were in New York
eart Association (NYHA) class III to IV to receive 2
g/kg of CoQ10 daily or placebo.45 There were no

ignificant differences in medical therapy in the
roups, but only half of all patients were treated with
ngiotensin-converting enzyme inhibitors (ACEI).
here was statistically significant improvement in func-

ional class after 3, 6, and 12 months in the treatment
roup, but no change in functional class in the control
roup. Decreased episodes of pulmonary edema and

rrhythmias and a reduction in hospitalizations (20% in
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he CoQ10 group vs 40% in the placebo group) also
ccurred with CoQ10 treatment.
In the Italian Muticenter Study on the Safety and Effi-

acy of Coenzyme Q10 as Adjunctive Therapy in Heart
ailure, 2664 patients were treated in an open, non-
omparative 3-month post-marketing observational
tudy.47 Improvement in clinical end points, including
yanosis, edema, rales, insomnia, and dizziness, were
eported. No mention was made of interrator reliability
n these measures, and no mortality or hospitalization
ate data were provided.
In a double-blind, crossover designed Scandinavian

rial, 79 patients with CHF were randomized to receive
00 mg/day of CoQ10 or placebo for 3 months.48 Bal-
nced randomization was used for ischemic versus
on-ischemic etiology and treatment with or without
CEI. There was significant improvement in LVEF on

he basis of multigated acquisition (MUGA) scans (P �
025), and slight but non-significant increase in maxi-

al exercise capacity. Further, CoQ10 treatment re-
ulted in significant decreases in scores for dyspnea (P

.007) and leg fatigue (P � .04). According to the
uality of life questionnaire, the total score (P � .016),
hysical activity level score (P � .048), and life satis-

action score (P � .016) increased significantly during
oQ10 treatment.
Two recent studies investigated the effects of CoQ10

n a background of more contemporary treatment for
HF. Watson et al performed a randomized, double-
lind, crossover trial of 30 patients with an LVEF
35% (mean, 26 � 6%), all of whom were given the
aximum dose of ACEI and most of whom were given

iuretics and digoxin.49 Patients were randomized to
eceive 33 mg of CoQ10 three times a day or placebo
or 12 weeks, followed by a 1-week washout period;
hen they were crossed over. Echocardiograms and
ight heart catheterizations were done at baseline and
he end of each treatment period. A Minnesota “living
ith heart failure” questionnaire was completed twice
uring the study. The investigators found no improve-
ent in LVEF, wedge pressure, cardiac index, or qual-

ty of life scores after 3 months of treatment. Doubling
f plasma CoQ10 levels was demonstrated in the ac-
ive treatment group, but replenishment of myocardial
tores was not evaluated (ie, no biopsy). The study did
ot evaluate clinical outcomes.
A similar study performed at the University of Mary-

and enrolled 55 patients in a randomized, double-
lind, placebo-controlled trial examining LVEF and
eak O2 consumption with exercise.50 Similarly, there
as no benefit on intermediate end points after 6
onths of treatment. The study was underpowered to

etect differences in clinically meaningful end points.
In summary, after reviewing the literature on CoQ10

se for adjuvant treatment of CHF, it is reasonable to

onclude that it is safe. However, it is impossible to t
raw conclusions about efficacy, with several fair-qual-
ty studies showing some benefit, 2 well-designed but
nderpowered trials showing no benefit on intermedi-
te end points, and limited data from all studies on
linically meaningful end points. Until larger, random-
zed studies, powered for differences in clinically

eaningful end points such as quality of life, mortality,
nd days hospitalized are completed, it is premature to
ecommend routine CoQ10 use in CHF management.
CoeQ10 for the prevention of statin-induced
yopathy. Reductions in cardiovascular events and

mproved survival with lipid-lowering therapy are un-
isputed. 3-hydroxy, 3-methylglutaryl coenzyme-A
HMG-CoA) reductase inhibitors (statins) competitively
nhibit the conversion of HMG-CoA to mevalonate, a
recursor to CoQ10 synthesis. Several studies have
hown that statins reduce plasma CoQ10 levels dose-
ependently in patients with hyperlipidemia and that
upplementation with CoQ10 has no effect on the lip-
d-lowering effect of statins.51,52 This is especially rele-
ant in CHF, in which there is some evidence that
oQ10 supplementation leads to improvement in inter-
ediate outcomes. To date, there have been no ran-

omized trials of CoQ10 supplementation in patients
reated with statins that look at either changes in out-
omes for CHF or myopathy. Because of the antioxi-
ant effects of its metabolite, ubiquinol, another poten-
ial benefit of CoQ10 supplementation could be
ecreased oxidation of low-density lipoprotein (LDL)
holesterol, leading to a reduction in this more athero-
enic molecule.
CoQ10 for the treatment of angina and hyper-

ension. One small study demonstrated a mild im-
rovement in time to ST-segment depression and total
xercise time in patients with known coronary artery
isease (CAD) who were randomized to receive
oQ10 therapy,53 and 3 small trials in hypertension
howed a modest, but probably clinically insignificant,
lood pressure reduction in patients receiving adjuvant
oQ10 therapy.38,54,55 There have been no studies of

he effects on clinical outcomes in these groups, and
he data are much too limited to recommend CoQ10
or routine treatment of angina or hypertension.

olicosanol
Policosanol is a naturally derived compound devel-

ped in Cuba and now used in �25 countries in South
merica and the Caribbean to lower LDL and total
holesterol levels. Policosanol is a combination of ali-
hatic alcohols derived most commonly from sugar
ane wax by means of hydrolytic cleavage and subse-
uent purification. The major components are octaco-
anol (62.9%), also present in wheat germ oil and
ther vegetable oils, triacontanol (12.6%), and hexaco-
anol (6.2%).56,57 The hypothesized mechanism of ac-

ion of policosanol involves inhibition of cholesterol
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iosynthesis in a step between acetate and mevalonate
nd via an increase in LDL cholesterol receptor-depen-
ent processing.58 There is no evidence for direct inhi-
ition of HMG-CoA reductase.59

The bulk of research on policosanol has occurred in
uba. A recent review by Gouni-Berthold et al high-

ighted this research, noting the efficacy of this com-
ound, fewer adverse reactions than statins, and the
ttractiveness of a naturally-occurring compound to a
ublic desiring alternatives to synthetically derived
rugs.56 Several studies, which investigated 5 to 10
g/day of policosanol, suggest a lipid-lowering effect

f approximately 15% for total cholesterol and 20% for
DL cholesterol that can be increased to 30% with
oses �20 mg/day.56 Lipid-lowering effects are similar
o those with 10 mg/day of pravastatin, 20 mg/day of
ovastatin, and 10 mg/day of simvastatin.60–63 Maximal
ffects occur after 6 to 8 weeks and are maintained in
tudies lasting �1 year.64,65 In addition the reduction
f LDL and total cholesterol levels, investigators have
emonstrated a significant increase in high-density li-
oprotein (HDL) cholesterol levels in patients with
yslipidemia and type 2 diabetes mellitus.66

In addition to its anticholesterolemic effects, polico-
anol has pronounced antiplatelet effects in both ani-
al models and in human volunteers via a decrease in

hromboxane B2 and an increase in prostacyclin lev-
ls.56,67–71 It has also been hypothesized to effect
mooth muscle proliferation, prevent LDL cholesterol
xidation, and reduce development of atherosclerotic

esions.56 Adverse effects are infrequent and include
eight loss, polyuria, and headache.56 Because most

tudies were done in 1 Cuban center on a very se-
ected population, it is difficult to generalize these re-
ults to a worldwide population. Also, there have been
o studies of the effects of this agent on clinically
eaningful outcomes. Therefore, more studies are

eeded to confirm its place in alternative management
f dyslipidemia.

ed rice yeast
Red rice yeast has been a food staple and folk rem-

dy in the Far East for thousands of years. It was noted
n the 1970s that a product of the yeast, Monacolin K
lovastatin), inhibited HMG-CoA reductase.72 The con-
entration of lovastatin in red rice yeast varies, but
verages 0.4% by weight.
In the preliminary report of a multicenter study of

87 subjects presented by Rippe et al at the 39th An-
ual Conference on Cardiovascular Disease Epidemiol-
gy and Prevention in Orlando, Fla, in 1999, red rice
east lowered total cholesterol levels 16.4%, LDL cho-
esterol levels 21.0%, triglyceride levels 24.5%, and the
otal cholesterol to HDL cholesterol ratio 17.7% and
ncreased HDL cholesterol levels 14.6%. Although its

eported adverse effects are few, including gastrointes- i
inal upset, headaches, and dizziness, red rice yeast
ust be considered to be a typical HMG-CoA reduc-

ase inhibitor, and caution should be exercised for po-
ential adverse effects, including rhabdomyolysis. Simi-
arly, drug interactions should be considered to be
dentical to those with lovastatin, which requires cau-
ion when combined with niacin, macrolides, cyclo-
porine, ketoconazole, and many other agents. Prod-
cts range in their recommended dosage from 2.5 to
0 mg/day of lovastatin-equivalent.

ugulipid(Commiphora mukul)
Guggul is derived from the mukul myrrh tree in In-

ia. It has played a role in traditional Indian medicine
Ayurveda) for thousands of years and is used in treat-
ng arthritis and digestive, skin, and menstrual prob-
ems. Today, guggul is used as a lipid-lowering agent
elieved to work by blocking a nuclear hormone re-
eptor activated by bile acids, the farnesoid X recep-
or, in liver cells.73 In a small randomized, double-
linded, placebo-controlled trial, 50 mg of gugulipid or
lacebo capsules twice-daily for 24 weeks were com-
ared as adjuncts to a fruit- and vegetable-enriched

ow-fat diet in 61 patients with hypercholesterol-
mia.74 Gugulipid decreased the total cholesterol level
1.7%, LDL cholesterol level 12.5%, triglyceride levels
2.0%, and the total cholesterol to HDL cholesterol
atio 11.1% from the post-diet levels. Levels were un-
hanged in the placebo group. The HDL cholesterol
evel was unchanged in both groups. Adverse effects
ncluded headache and mild gastrointestinal com-
laints. This trial was underpowered and much too
hort to detect differences in clinical outcomes.
For patients with hypercholesterolemia and estab-

ished CAD or appropriate risk factors, statins are
learly superior treatment. However, in patients with
ild hyperlipidemia who are advised to undergo life-

tyle modifications to manage cholesterol, gugulipid
ay be an acceptable supplement to diet and exercise.
owever, 1 potential drug interaction must be consid-
red; when guggul is used concomitantly with dilti-
zem or propranolol, there may be a reduction in the
ioavailability of these drugs and therefore, decreased
linical efficacy.75

-carnitine
Carnitine is a quaternary amine, synthesized from
ethionine and lysine and found mainly in skeletal and
eart muscle, where it plays a key role in energy pro-
uction.37 It transports free fatty acids, the preferred
ubstrate for oxidative metabolism in the heart, into
he mitochondria, preventing the build-up of toxic
atty acid esters during ischemic conditions.76,77

L-carnitine is FDA-approved for replacement therapy

n primary and secondary L-carnitine deficiency be-
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ause of inborn errors of metabolism and in L-carnitine
eficiency caused by hemodialysis.37 It also has myriad
ff-label uses, including nutritional supplementation
or patients who are anorexic, strict vegetarians, or
egans, treatment of valproate-induced hepatotoxicity,
nhancement of athletic performance, improvement of
at use in preterm infants on total parenteral nutrition
TPN), and treatment of acute myocardial infarction
MI).37,78 Its main adverse effects are GI upset and sei-
ures in high doses. It is supplied intravenously (50–
00 mg/kg/day) or orally (2–6 g/day).37

Carnitine and the myocardium. In ischemic myo-
ardium, carnitine depletion occurs rapidly, leading to
he accumulation of cardiotoxic fatty acid esters.76,77

n animal models, exogenous L-carnitine improves car-
iac metabolism and left ventricular (LV) function dur-

ng ischemia.79 Studies show LV dilation after MI is a
owerful predictor of functional deterioration, heart

ailure, and death, and the most important determi-
ants of post-MI LV remodeling are infarct size, degree
f residual stenosis in the infarct-related artery, and

nfarct zone viability.78,80–82 In addition to early reper-
usion therapy and ACEI use, metabolic intervention
ith L-carnitine replacement may represent a thera-
eutic approach for preventing LV dilatation by im-
roving mechanical function in viable myocytes sur-
ounding the infarct zone.
The Carnitina Ecocardiografia Digitalizzata Infarto
iocardico (CEDIM) trial was a 36-center, randomized,
ouble-blind, placebo-controlled study that enrolled
72 patients �80 years old within 24 hours of sustain-

ng an anterior MI.82Among the exclusion criteria were
revious MI, valvular or congenital heart disease, car-
iomyopathy, absence of sinus rhythm, and left bundle
ranch block. Patients were assigned to receive pla-
ebo or carnitine (9 g/day intravenously for 5 days)
hen oral carnitine (2 to 3 g/day) or placebo for 12
onths. Approximately 80% of the patients in both

roups received thrombolytic therapy, two thirds
ithin 3 hours of symptom onset. Only 8% of patients
ere treated with ACEI. Primary outcomes were LV

ystolic and diastolic volumes and LVEF. At 3, 6, and
2 months, there was a significant decrease in LV sys-
olic and diastolic volumes, but no change in LVEF and
o difference in clinical outcomes, including death.
In the Survival and Ventricular Enlargement (SAVE)

rial, 2231 patients with acute MI and LVEF �40%
ithout overt heart failure, were randomized to re-

eive captopril (50 mg three times a day) or placebo
nd observed for 42 months. The all-cause mortality
ate was 19% lower in the captopril group.83 In an
chocardiographic substudy, there was similar attenua-
ion of LV dilation as in the CEDIM trial.81 It is un-
nown whether the combination of ACEIs, L-carnitine,

nd early reperfusion would provide even better out- m
omes. The CEDIM-2 trial plans to enroll 4000 patients
o answer that question.
In addition to the potential role of carnitine in acute

schemia, there is a large body of literature suggesting
role for carnitine in chronic cardiomyopathy, on the
asis of the principles of metabolism and energy trans-
ort.84 The role of carnitine in children with dilated
ardiomyopathy is well defined, but evidence in adults
s lacking.85 Rizos studied 80 adults, aged 48 to 50
ears, with non-ischemic cardiomyopathy, NYHA
lasses III to IV, and LVEF �35%. Patients were ran-
omized to receive either L-carnitine (2 g/day) or pla-
ebo and observed for 3 years. The study was un-
linded after 3 months of treatment. Results included
on-significantly lower mortality rates with treatment
1 death vs 6 deaths in the placebo group) and im-
roved hemodynamics and maintenance of sinus
hythm.86 To date, this is the largest trial of carnitine
n cardiomyopathy, with the longest follow-up.

A recent small, double-blind trial investigated the
ombination of carnitine, CoQ10, and taurine (a
nique amino acid critical in intracellular calcium ho-
eostasis) in a cocktail called MyoVive in patients
ith known CAD who were scheduled for elective
ypass graft surgery.87 Forty-one patients with an LVEF
40% were randomly assigned to receive the supple-
ent or placebo. Radionuclide ventriculography was
erformed at randomization and before surgery. The
ean period of supplement treatment was 29.7 �

0.2 days, and the mean period for receiving placebo
as 30.2 � 9.6 days. Surgical myocardial biopsies, ad-

usted for protein content, revealed increased stores of
arnitine, CoQ10, and taurine in biopsies from patients
eceiving MyoVive. Also noted was a decrease in LV
nd-diastolic volume (�7.5 � 21.7 mL) in the supple-
ent group and an increase (10.0 � 19.8 mL) in in LV

nd-diastolic volume in the placebo group (P �
037).87

awthorn (crataegus)
For thousands of years, Chinese medicine has used

he leaf and flower of the crataegus plant for treating
HF and other cardiovascular diseases, including ar-

hythmias.37 Specialized leaf and flower extracts, LI132
nd WS1442, have been studied. The constituents re-
ponsible for their pharmacological effects are fla-
onoids and procyanidins. These compounds have a
tandardized concentration of procyanidins (18%).37

dverse effects include nausea, GI upset, fatigue,
weating, palpitations, and agitation. There are poten-
ial additive effects with digoxin, coronary vasodilators
nitrates, adenosine, theophylline), and cardiac glyco-
ides like oleander and Siberian ginseng.
Hawthorn and heart failure. Crataegus Special

xtract WS1442 is widely used in Germany for treat-

ent of mild CHF. It is thought to have a wider thera-



p
f
d
d
m
t
p
a
c
c
h
p
c
d
a

r
p
e
c
r
t
t
o
N
T
(
p
m
e
p
p

E

(
t
t
a
w
p
s
c
l
t
s

l
e
t
d
r
s
t
d

i
t
r
b

t
d
r
m
c
t
l
e
w
l
t
r
t
I
T
c
c
b
t
E
b
m
M
t
e

C

t
i
b
b
o
s
s
e
c
s
s
f
p
m
a
d
e

R

American Heart Journal
March 2004

408 Miller, Liebowitz, and Newby
eutic window and less renal clearance and is pre-
erred to digoxin. Experimental models show dose-
ependent increased myofiber shortening and
ecreased ischemia-induced ventricular arrhyth-
ias.88,89 Brixius et al and Münch et al showed a posi-

ive inotropic effect of WS1442 in human LV muscle
reparations obtained from explanted failing hearts
nd a digitalis-like effect on Na�/K�-ATPase in human
ardiac muscle tissue.90,91 Although the pharmacologi-
al action of WS1442 is unknown, several mechanisms
ave been suggested, including cAMP-independent
ositive inotropy, digoxin-like effect, peripheral and
oronary vasodilation, protection against ischemia-in-
uced ventricular arrhythmias, and antioxidative and
nti-inflammatory properties.92

Most crataegus studies in humans were of short du-
ation and conducted in Germany. In a meta-analysis
ublished in 1996, in NYHA class I-III CHF, crataegus
xtract yielded improvement in symptoms beyond pla-
ebo, with no increase in adverse events.93 Recently, a
andomized, multicenter, double-blind, placebo-con-
rolled trial was undertaken to investigate the long-
erm effects of WS1442 (900 mg/day) on a background
f contemporary medical therapy in patients with
YHA class II to III symptoms and a LVEF �35%.92

he primary outcome is time to first cardiac event
cardiac death, non-fatal MI, or hospitalization for CHF
rogression). Secondary outcomes include all-cause
ortality rate, quality of life, NYHA class, LVEF by

chocardiography, and hospitalization costs. The first
atients were entered in October 1998, and �1600
atients have been randomized.

DTA chelation therapy and CAD
The American College for Advancement in Medicine

ACAM), a professional association that supports chela-
ion therapy, estimates that �800,000 visits for chela-
ion therapy were made in the United States in 1997
lone. One theory suggests that EDTA chelation might
ork by directly removing calcium found in fatty
laques. Alternatively, the process of chelation may
timulate the release of hormones that in turn cause
alcium removal from plaques or cause cholesterol
evel lowering. A third theory is that EDTA chelation
herapy reduces the damaging effects of oxidative
tress on blood vessel walls, reducing inflammation.4

To date, none of these theories has been tested in a
arge, randomized clinical outcomes trial, and adequate
arlier research is lacking to verify the safety and effec-
iveness of EDTA chelation therapy. The bulk of evi-
ence supporting EDTA chelation therapy is from case
eports and case series. There are 12 published de-
criptive studies and 5 randomized, controlled clinical
rials of EDTA chelation for atherosclerotic vascular

isease showing no significant difference in direct or
ndirect measurements of disease severity and subjec-
ive measures of improvement.94 None of these studies
eported rates of mortality, non-fatal events, or cere-
rovascular events.
In a more recent randomized clinical trial, 84 pa-

ients with known CAD and predictable ST-segment
epression on treadmill testing were randomized to
eceive EDTA chelation therapy (33 treatments in 3
onths) or placebo.95 Both groups had significant in-

reases in exercise time to ischemia at the 27-week
readmill test, and there was improvement in quality of
ife scores in both groups, with no significant differ-
nces between active treatment and placebo. There
ere also no differences in the rates of death, revascu-

arization, or other clinically significant end points, but
he trial was underpowered to detect this. Because all
andomized clinical trials have been underpowered,
he NCCAM and the National Heart, Lung, and Blood
nstitute have launched the Trial to Assess Chelation
herapy (TACT). TACT is the first large-scale, multi-
enter study to address the safety and efficacy of EDTA
helation therapy for patients with CAD.96 This place-
o-controlled, double-blind trial will recruit 2372 par-
icipants aged �50 years with prior MI to test whether
DTA chelation therapy, high-dose vitamin therapy, or
oth are effective in secondary prevention. The pri-
ary end point is a composite of all-cause mortality,
I, stroke, hospitalization for angina, and revasculariza-

ion. It will begin enrolling participants in 2003 and is
xpected to take 5 years to complete.

onclusions
Many patients use CAM therapies for both preven-

ion and treatment of a wide variety of disease states,
ncluding cardiovascular disease. There is a developing
ody of literature that suggests some approaches may
e beneficial as adjuncts to conventional management
f cardiovascular disease, but no evidence exists to
upport their role as primary treatment. There is
carce mechanistic data and very limited data on the
ffect of CAM therapies on meaningful clinical out-
omes. More randomized clinical trials with adequate
ample sizes to detect effects on clinical outcomes and
afety are needed. Additionally, the potential is great
or adverse effects and interactions with commonly
rescribed medicines used in conventional manage-
ent of cardiovascular disease. Clinicians must be

ware of these potential interactions and, until further
ata are available, focus on treating patients in a safe,
vidence-based manner.
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rterial switch operation after mustard procedures in adult patients
ith transposition of the great arteries: Is it time to revise our

trategy?
runo S. Benzaquen, MD, Gary D. Webb, MD, Jack M. Colman, MD, and Judith Therrien, MD
oronto, Ontario, Canada
ackground After the Mustard or Senning procedure, adults with
ransposition of the great arteries may have right ventricular failure and
equire consideration of new therapies. A 2-stage arterial switch operation
ASO) may be performed as an alternative to heart transplantation. This
rocedure is relatively successful in children, but little is known about the
-stage ASO in adults. We report our experience in adults undergoing
ulmonary arterial banding as the first stage of a planned 2-stage arterial
witch procedure after a failed Mustard operation.

ethods and results Three adult patients with systemic right
entricular failure late after Mustard procedures embarked, through pulmo-
ary artery banding, on a course toward a 2-stage arterial switch at the
oronto General Hospital. Baseline clinical characteristics as well as pre-
perative hemodynamics were reviewed. Immediate perioperative and
ere also recorded. Two patients were banded acutely such that their

orphologic left ventricular to right ventricular (LV/RV) systolic pressure

atios were �0.65 after the initial banding procedure. The subpulmonary

eft ventricle failed in both cases. In contrast, the third patient had a more

radual approach to pulmonary artery banding (PAB), with an initial

V/RV pressure ratio of 0.5, which eventually led to a successful conver-

ion to an arterial switch procedure.

onclusions Our evidence suggests that in adult patients expected

o undergo a 2-stage arterial switch procedure after a failed Mustard op-

ration, acute PAB achieving near-systemic subpulmonary LV pressure

eads rapidly to ventricular failure and failure of this treatment strategy. A

ore gradual approach to PAB may be required to achieve a successful
utcome. (Am Heart J 2004;147:e8.)
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