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The use of herbal supplements is on the rise. From 22 to
34% of preoperative adults admit to taking them.1–3

As many as one in five patients use herbal supplements
while taking prescription medication.4 Blanck et al.5 found
that 61% of patients with a chronic disease did not discuss
their use of dietary herbal supplements with their physicians.
Furthermore, 70% of preoperative adults did not disclose
their use of herbal supplements even when specifically asked
during their preanesthetic assessment1 (Supplemental Digital
Content 1, http://links.lww.com/ASA/A189). Of 601 children

presenting for ambulatory surgery, 10.1% had taken herbal
supplements in the past and 6.4% were taking herbs
currently.6 Of these, 85% of the parents had not told their
child’s physician about the supplements and 90% had not
told their surgical team (Supplemental Digital Content 2,
http://links.lww.com/ASA/A190). Among children in this
survey who were taking herbal supplements, 16% were
using herbs that could impact perioperative care. In a survey
of parturients, 15% were using herbal supplements and 41%
of these patients did not think of the supplements as drugs.7

Because patients often do not view herbal supplements as
drugs, it is very important to ask about them specifically
when obtaining a history (Supplemental Digital Content 3,
http://links.lww.com/ASA/A191).

The Dietary Supplement Health and Education Act be-
came law in the United States in 1994.8 It is an amendment
to the Federal Food, Drug and Cosmetic Act8 and states
that the manufacturer, not the Food and Drug Admin-
istration (FDA), is responsible for the safety of the sup-
plement.8 Dietary supplements are legally considered
‘‘foods,’’ not drugs8 (Supplemental Digital Content 4,
http://links.lww.com/ASA/A192). They include vitamins,
minerals, herbs or other botanicals, amino acids, concen-
trates, metabolites, constituents, extracts, or ‘‘a dietary
substance for use by man to supplement the diet by in-
creasing the total dietary intake (e.g., enzymes or tissues
from organs or glands).’’8 All supplements carry the fol-
lowing disclaimer: ‘‘This statement has not been evaluated
by the FDA. This product is not intended to diagnose,
treat, cure, or prevent any disease.’’8 Regardless of the
pharmacological action of the supplement, according to
the Dietary Supplement Health and Education Act, only a
drug can legally make that claim.8 All supplements mar-
keted before the Dietary Supplement Health and Educa-
tion Act are included and do not need approval from the
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FDA.8 There is no official list of dietary supplements that
were marketed before October 15, 1994 nor are there rules
to limit dosage size.8 The manufacturer only needs to reg-
ister with the FDA in accordance with the Bioterrorism
act8 (Supplemental Digital Content 5, http://links.lww.
com/ASA/A193).

On December 22, 2006, the Dietary Supplement and
Nonprescription Drug Consumer Protection Act was
signed into law to act in conjunction with the Dietary
Supplement Health and Education Act.9 It took effect 1
year later and requires makers and distributers of supple-
ments to report serious adverse events to the FDA within
15 business days.9 The Dietary Supplement Current Good
Manufacturing Practices Final Rule10 was phased into law
from June 2008 to June 2010. It addresses the quality of
manufacturing plants and establishes requirements for
design and construction, cleaning, proper manufacturing
operations, quality control, testing, handling consumer
complaints, and maintaining records. It leaves test stand-
ards up to the manufacturer, not the FDA, but the manu-
facturer does need to document why a test is valid. It is up
to the manufacturer to establish specifications to meet
identity, purity, strength, composition, and limits for types
of contamination. The rule does not limit the consumer’s
access to the supplements, address the safety of in-
gredients, prove the effects on health, or certify products.

Because patients often do not view herbal

supplements as drugs, it is very important

to ask about them specifically when

obtaining a history.

The US Pharmacopeia is a voluntary, nonprofit organ-
ization that acts as the nation’s official standard-setting body
for medicines and supplements.11 It is recognized in federal
law and accepted in more than 130 countries. Certification
by the US Pharmacopeia Dietary Supplement Verification
Program indicates that the information disclosed on the la-
bel is accurate, that there are no harmful levels of con-
taminants, that the supplement will release the listed
ingredients into the body, and that the supplement has been
made in accordance with the FDA’s Good Manufacturing
Practices. These standards are enforceable with the FDA.

Much of the medical literature discussing herbal sup-
plement interactions, side effects, and toxicities is derived
from animal studies, case reports, and reports to the
FDA.12,13 Studies are impeded by lack of mandated
standardization, varying composition of many prepara-
tions in terms of active ingredients or their amounts, mis-
identified plants, contaminants, and intentional spiking
with additives.14 Some herbal compounds contain ‘‘pro-
prietary blends’’ for which the total weight of the blend is
listed on the label, but individual substance weights are not
required.15 These factors can influence the quality and

validity of herbal studies in the medical literature.14 When
reading studies on herbal supplements, the reader must be
aware of other potential problems such as small numbers
of subjects without proper blinding, placebo control, or
randomization, as well as conflicts of interest.14,16 A high-
quality study may still not adequately extrapolate to a
particular patient because of both compound and pop-
ulation variability13,14 (Supplemental Digital Content 6,
http://links.lww.com/ASA/A194).

Studies are impeded by lack of mandated

standardization, varying composition of many

preparations in terms of active ingredients

or their amounts, misidentified plants,

contaminants, and intentional spiking

with additives.

In the following review of selected herbal supplements,
please note their many ‘‘uses’’ are not necessarily supported
by scientific evidence unless stated otherwise.

EPHEDRA

Ephedra is currently illegal in the United States because of
its serious side effects, including death.17,18 The raw ma-
terials used to make it, however, are available over the
internet along with instructions.19 Despite its illegal status,
at the time of this writing, ephedra tablets with low-dose
ephedrine (10 mg as opposed to 20 mg) were found to be
available for purchase on the internet.20

Ephedra, which has been used to promote weight loss,
increase energy, and treat asthma and bronchiolitis,12 also
has a history of recreational use.21 The active ingredients of
ephedra are ephedrine, pseudoephedrine, norephedrine,
methylephedrine, and norpseudoephedrine.12 Patients tak-
ing ephedra can have a two- to three-fold increased risk of
psychiatric, autonomic, and upper gastrointestinal symp-
toms as well as heart palpitations.22 Since most ephedra
preparations contain caffeine, it is difficult to separate out
the caffeine effects with regard to the increased risk.22

Ephedra causes a dose-dependent increase in heart rate and
blood pressure.12 Ephedrine is the predominately active
compound with a1, b1, and b2 activity and indirect release
of endogenous norepinephrine.12 Ephedra has been linked
to a multitude of fatal central nervous system and cardiac
complications.12,18

A randomized, double-blind, placebo-controlled cross-
over study was conducted on 20 healthy adult volunteers
who were each given 1 g of Ephedra sinica or placebo daily
over 14 days with a 7-day washout period between treat-
ments.23 The findings showed that ephedra was able
to acutely increase heart rate and chronically enhance
sympathetic activity while depressing parasympathetic
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activity. It was concluded that ephedra may increase the
risk of cardiovascular events.

Ephedra alkaloids have been found to inhibit platelet
aggregation in vitro.24 Caffeine and aspirin amplified this
effect. It is postulated that the inhibition of platelet activity
may be an important factor in hemorrhagic stroke asso-
ciated with ephedra preparations, many of which con-
tained added caffeine and aspirin.24

As previously stated, ‘‘home-made’’ versions of ephedra
compounds are described on the internet. Todd Massey’s
Black Market Report on Ephedrine suggests some ‘‘rec-
ipes’’ of ‘‘Ephedra.’’ These can contain ephedrine from over
the counter (OTC) bronchodilators, such as Primatenes or
Vasopro, pseudoephedrine, or a combination of these
drugs along with caffeine. Occasionally, aspirin has also
been added to this mix.19 Massey has also suggested add-
ing ephedrine or pseudoephedrine to currently legal weight
loss preparations. The combination of ephedrine, caffeine,
and aspirin is often nicknamed ‘‘ECA Stack’’ and is also
currently sold on the internet25 (Supplemental Digital
Content 7, http://links.lww.com/ASA/A195).

Anesthetic considerations for ephedra are listed
in Table 1. Under anesthesia, patients taking ephedra or
home-made ephedrine preparations are at risk for intra-
operative ventricular arrhythmias, hypersensitivity myo-
carditis, and perioperative hemodynamic instability due
to tachyphylaxis and depletion of catecholamine stores
from long-term use.12 During anesthesia, only direct-
acting sympathomimetics should be used. Ephedra should
not be combined with monoamine oxidase inhibitors and
should be discontinued at least 24 hours before surgery
or anesthesia.12 Careful inquiry about alternative sources
of ephedra or ephedrine/pseudoephedrine preparations
should be made in perioperative patients.

BITTER ORANGE

Bitter orange (Citrus aurantium), a supplement that has be-
come more popular since ephedra was withdrawn from the
market, has been used for weight loss, improving athletic
performance, nasal congestion, chronic fatigue syndrome,
and gastrointestinal ailments.26–29 Historically, during an-
esthesia, oil of bitter orange peel is applied to the mask to
both eliminate the odor of ether vapor and to decrease
postoperative nausea and vomiting30 (Supplemental Digital
Content 8, http://links.lww.com/ASA/A196). There is a very
long list of other possible uses of bitter orange.28

Bitter orange contains octopamine, which is structurally
similar to norepinephrine.28,29 It also contains synephrine
ms (phenylephrine) and/or synephrine ps (oxedrine),
which are similar to epinephrine.28,29 Synephrine is asso-
ciated with elevated blood pressure and has the potential
to increase cardiovascular events, especially in patients
with preexisting cardiovascular disease.29 In addition,
bitter orange contains tyramine,31 a potent releaser of
norepinephrine that can increase blood pressure.32

The Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure names bitter orange as a cause of resistant
hypertension.33 In people using bitter orange, there have
been case reports of ischemic stroke, cardiotoxicity in-
cluding tachyarrhythmias, cardiac arrest, syncope, variant
angina, myocardial infarction, QT prolongation, ven-
tricular fibrillation, ischemic colitis, liver failure, and
death.34–41 A vasospastic origin was considered to be a
likely cause of morbidity in two separate case reports: one
describing the possible association of a bitter orange sup-
plement and an acute lateral wall myocardial infarction,39

the other reporting the possible association of a C. aur-
antium product with an ischemic stroke.34 Burke et al.42

described a case of severe exercise-induced rhabdomyo-
lysis in a previously healthy 22-year-old man with sickle
cell trait who had ingested a supplement containing syn-
ephrine, caffeine, and yohimbine. (Yohimbine is also a
cardiovascular stimulant.43) The patient’s course was
complicated by pulmonary edema, acute renal failure,
disseminated intravascular coagulation, and bilateral
compartment syndromes. The authors hypothesized that
caffeine and synephrine caused ischemic muscle injury by
vasoconstriction or vasospasm, myocyte thermoregulatory
dysfunction, toxin-associated myocyte injury, and/or
impaired calcium homeostasis causing necrosis.

Studies on the cardiovascular effects of bitter orange are
conflicting, sparse, small, biased, and often poorly de-
signed.29 Frequently, a study preparation is different from
various marketed preparations because there is no stand-
ardization. Higher amounts of synephrine or octopamine
are often ‘‘spiked’’ into preparations of bitter orange.29

In rats, C. aurantium extracts have been found to cause
a decrease in food intake as well as ventricular arrhythmias
and QRS enlargement.44 This study showed a probable
causal relationship with mortality in treated rats.

Hofstetter et al.45 reported significant increases in sys-
tolic and mean blood pressure, but no change in diastolic
blood pressure and heart rate, in healthy men receiving
intravenous oxedrine. Cardiac index and left ventricle
contractility were increased while peripheral vascular re-
sistance was decreased. Penzak et al.46 gave 12 healthy
adults freshly squeezed juice of Seville (bitter) orange and
found no hemodynamic changes. The measured quantity
of synephrine in the juice was 57mg/mL, but there was no
distinction between the ms and ps isomers. They also
stated that the bioavailability and concentration of phe-
nylephrine may not be the same between commercial

Table 1. Anesthetic Implications of Ephedra
Intraoperative ventricular arrhythmias12

Hypersensitivity myocarditis12

Tachyphylaxis12

Use direct-acting sympathomimetics12

Inquire into use of ‘‘home-made’’ versions of ephedra19

Stop use 24 h before anesthesia12
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preparations and juice. Haller et al.26 compared two cap-
sules of Xenadrine EFX, a multicomponent bitter orange
formulation (total dose containing 5.5 mg synephrine,
5.7 mg octopamine, and 239.2 mg caffeine per inves-
tigators’ analysis, and multiple other compounds in un-
specified amounts) to three tablets of Advantra Z
C. aurantium preparation (total dose 46.9 mg synephrine)
in 10 healthy adults. They found that synephrine with
caffeine (Xenadrine EFX) raised heart rate and systolic and
diastolic blood pressure. Synephrine alone (Advantra Z)
raised only heart rate. There was no distinction between
the ms or ps isomer of synephrine.

Bitter orange with caffeine is also marketed as an
exercise performance enhancer. Haller et al.27 compared a
commercial preparation, Ripped Fuel Extreme Cuts,
consisting of synephrine 21 mg and caffeine 304 mg (as per
investigators’ analysis) with placebo. Again, there was no
distinction between the ms or ps isomer of synephrine.
They found that the commercial preparation increased
both diastolic blood pressure and postprandial glucose.
There was no increase in heart rate or systolic blood pres-
sure. The diastolic pressure increase persisted after
exercise. They concluded that the specific supplement,
Ripped Fuel Extreme Cuts, may counteract the vaso-
dilatory effects of exercise and commented that people
who are sedentary, overweight, or have hypertension may
have an exaggerated cardiovascular response when taking
this supplement.

Although there has been a case report of prolonged QT
interval associated with syncope in a healthy 22-year-old
after taking Xenadrine EFX (see above),35 Min et al.47 did
not find prolonged QTc interval or hemodynamic effects
in healthy subjects taking a single dose of bitter orange
dried fruit extract. In Min’s study, the amount of bitter
orange was standardized to 27 mg of ms or ps isomer of
synephrine. If QTc prolongation is indeed caused by bitter
orange preparations, it may be due to synergistic inter-
actions with caffeine and addition of additives, partic-
ularly those with b1 and b2 activity.47 However, since their
study evaluated only a single dose of bitter orange, it
remains uncertain whether their data may be extrapolated
to patients on a long-term bitter orange regimen.

Bitter orange inhibits intestinal, but not hepatic CY-
P3A4.28,46 This may increase levels of calcium channel
blockers, chemotherapeutic agents, antifungals, and gluco-
corticoids, just to name a few.28 Tyramine and drugs that
increase adrenergic stimulation, both contained in bitter or-
ange, can cause dangerous hypertensive reactions when
combined with monoamine oxidase inhibitors.28,32 Stimu-
lant drugs such as caffeine and pseudoephedrine may cause
hypertension and serious cardiovascular effects when com-
bined with bitter orange.28 Drugs that prolong the QT in-
terval may have an additive effect.28,35 Metabolism of oral
midazolam may be decreased due to inhibition of intestinal
CYP3A4.28 This may potentially increase drug levels.

Anesthetic considerations for bitter orange are listed
in Table 2. The interaction between anesthesia and bitter

orange has not been adequately studied. Logically, bitter
orange preparations would probably have similar effects as
ephedra and patients taking these supplements may have
hemodynamic instability under anesthesia. Because of the
possibility of prolonged QTc, an electrocardiogram to
evaluate the QT interval should be considered before an-
esthetizing patients who are taking bitter orange prepara-
tions. Bitter orange should be stopped 2 weeks before
elective surgery and anesthesia.28 There is no evidence
showing that bitter orange is any safer than ephedra.28

ST. JOHN’S WORT

St. John’s wort (SJW) (Hypericum perforatum) is used for
depression, mood disorders, anxiety, heart palpitations,
menopausal mood disturbances, attention deficit hyper-
activity disorder (ADHD), obsessive compulsive disorder,
seasonal affective disorder, smoking cessation, fibromyalgia,
chronic fatigue syndrome, migraine, muscle pain, neuralgia,
sciatica, cancer, human immunodeficiency virus (HIV) in-
fection, hepatitis C, and a host of other uses.48,49 It is likely to
be effective for short-term responses to depression12,49; long-
term responses are less effective.49 It is possibly effective in
alleviating menopausal symptoms.49

There are numerous active compounds in SJW with
multiple mechanisms of action.49 The compounds hyper-
icin and hyperforin are considered to play a significant role
in activity.49 Hypericin has sigma receptor affinity and is a
receptor antagonist at g-aminobutyric acid (GABA)-A,
GABA-B, adenosine, benzodiazepine, and inositol tri-
phosphate receptors.49 Hyperforin is a potent noncom-
petitive inhibitor of synaptic reuptake of serotonin,
norepinephrine, dopamine, GABA, and glutamate.50 This
inhibition is thought to be due to an increase in free in-
tracellular sodium concentration.50 When taken with se-
lective serotonin reuptake inhibitors, SJW may possibly
induce serotonin syndrome.12,48,51 This is thought to be
due to the combined effect of serotonin reuptake in-
hibition.51 Chronic treatment with SJW extract has been
associated with down-regulation of b1-adrenoceptors in
the frontal cortex with no change in receptor affinity, up-
regulation of postsynaptic 5-HT1A with no changes in
receptor affinity, and down-regulation of dopamine D2
receptors.50 After chronic administration, the crude SJW
extract causes up-regulation of 5-HT2 receptors; however,

Table 2. Anesthetic Implications of Bitter Orange
Limited data about anesthetic interactions

Increases levels of calcium channel blockers28

Increases levels of oral midazolam28

Possibly increases heart rate and blood pressure26,27,33

Possibly increases QTc35,47

Similar to ephedra26

Stop 2wk before anesthesia28
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hyperforin-rich extract causes down-regulation of 5-HT2
receptors.50 SJW is a weak inhibitor of MAO-A and MAO-
B in vitro, but is thought to have insignificant MAO
inhibition in humans.52,53 In a recent human study, SJW
was not found to have MAO-A inhibitor activity.54

SJW is a potent inducer of many cytochrome P450 en-
zymes,48 particularly CYP3A4.55 It also increases activity
of the drug transporter P-glycoprotein, which pumps drugs
back into the intestinal lumen, increases the secretion of
drugs from the liver into bile, and facilitates drug elimi-
nation from the renal tubules55 (Supplemental Digital
Content 9, http://links.lww.com/ASA/A197). Because of
increased activity of both CYP3A4 and P-glycoprotein,
SJW has been shown to decrease cyclosporine levels by
49% and has been associated with two cases of acute
cardiac transplant rejection.12,55 These same mechanisms
have been implicated in decreased levels of HIV protease
inhibitors, digoxin, amitriptyline, theophylline, ethinyles-
tradiol, desogestrel, alfentanil, midazolam (especially
oral), lidocaine, calcium channel blockers, selective sero-
tonin reuptake inhibitors, warfarin, and many other drugs
in patients taking SJW.12,51,55

SJW has caused hypomania in depressed persons with
occult bipolar disorder, and withdrawal effects can occur
2 days to 1 week after stopping its use with symptoms sim-
ilar to withdrawal from conventional antidepressants.49

SJW has been associated with photodermatitis, neuro-
pathy, photosensitivity, restlessness, dry mouth, dizziness,
fatigue, constipation, and nausea.48,49 It can prolong nar-
cotic-induced sleep time and decrease barbiturate-induced
sleep time, and there is preliminary evidence of enhance-
ment of analgesic effects of morphine, although it does not
have analgesic effects by itself.49 Meperidine can cause
serotonin syndrome in patients taking SJW.49 A case of a
healthy woman who suffered cardiovascular collapse dur-
ing the induction of anesthesia after using SJW for 6
months56 and one of a healthy woman with delayed anes-
thesia emergence after using SJW for 3 months have been
reported.57

Anesthetic considerations for SJW are listed in Table 3.
It is recommended that this supplement be stopped at least
5 days to 2 weeks before surgery and anesthesia.12,49 SJW

has been banned in France49 and several other countries
are in the process of adding cautionary language regarding
drug–herb interaction on the labels of SJW.49

ECHINACEA

Echinacea (purple cone flower) has been used for a for a
large list of ailments including influenza, leukopenia, uri-
nary tract infections, genital herpes and other infections,
hepatocellular and colorectal cancer, and ADHD.58 Echi-
nacea has been shown to be possibly effective in prevention
and treatment of the common cold,58–61 and recurrent
vaginal candidiasis.58 People have used it for herpes sim-
plex virus infections, but it is likely ineffective.58 Echinacea
can have immunostimulatory, immunosuppressive, or anti-
inflammatory effects depending on the part of the plant used
and the method of extraction.60,62 Since there is no official
standardization of herbal preparations, it is impossible to
predict the specific effects of each echinacea product.61 Echi-
nacea may decrease the effect of cyclosporine and ste-
roids.48,63 Patients awaiting organ transplant should avoid
taking echinacea.12 Echinacea use in liver transplant patients
has been associated with increased transaminase levels, which
resolved after its discontinuation.64 Use for more than 8
weeks places patients at potential risk for immunosuppression
with a theoretical risk of poor wound healing and increased
opportunistic infections.12,48,65

There is a reported case of severe thrombotic thrombo-
cytopenic purpura in a previous healthy 32-year-old that
was believed to have been caused or exacerbated by Echi-
nacea pallida.66 The patient responded to a combination of
supportive treatment and plasmapheresis.

A previous review by Miller67 stated that the use of
echinacea for more than 8 weeks or in conjunction with
steroids, amiodarone, methotrexate, or ketoconazole may
be associated with hepatotoxicity, but no data were given
to support this statement. Kocaman et al.68 reported a case
of acute cholestatic autoimmune hepatitis in a 45-year-old
approximately 1 month after beginning echinacea therapy.
Laboratory studies showed increased transaminases, cho-
lestatic enzymes, immunoglobulin G, and anti-smooth
muscle antibody. Markers for viral hepatitis, cerulo-
plasmin, iron and ferritin levels, and a1-antitrypsin level
were unremarkable. After echinacea was discontinued, the
transaminases and cholestatic enzymes decreased. They
hypothesized that echinacea may cause the breakdown of
‘‘autoimmunity self-control’’ in the liver. Animal studies
have given somewhat mixed results. Rusu et al.69 found
E. pallida to have some hepatocurative and hepato-
protective effects with carbon tetrachloride intoxication in
adult rats over 1 week. Smalinskiene et al.70 found in a
study conducted on mice that long-term (6 weeks) intra-
peritoneal injections of Echinacea purpurea liquid extract
combined with cadmium increased the cadmium concen-
tration in blood, liver, and kidney compared with injecting
cadmium alone. In addition, they found that the echinacea
extract decreases liver mitotic activity induced by

Table 3. Anesthetic Implications of St. John’s Wort
Decreases plasma levels of alfentanil, oral midazolam, lidocaine,
calcium channel blockers, theophylline, digoxin, and warfarin12,49,55

Decreases cyclosporine levels-Possible transplant rejection12,55

Possible cardiovascular collapse with anesthesia56

Possible delayed emergence57

Increases narcotic-induced sleep time49

Increases morphine analgesia49

MeperidineþSJW-Serotonin syndrome49

Decreases barbiturate sleep49

Stop 5 d to 2wk before anesthesia12,49
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cadmium and increases apoptotic activity of liver cells.
Zitkevicius et al.71 performed a somewhat similar mouse
study, using oral ingestion as opposed to intraperitoneal
injection. Over an 8-week period, mice that drank a
cadmium chloride solution mixed with echinacea extract
had higher levels of cadmium in the liver, kidneys, spleen,
and blood than those that drank cadmium chloride alone.
As with the Smalinskiene study, they noted that there was
more liver apoptosis when cadmium was combined with
echinacea than when cadmium was given alone. The mice
that drank echinacea alone did not have increased apop-
tosis compared with the controls. Jacobsson et al.72

reviewed a 20-year period of adverse reactions involving
complementary and alternative medicine products re-
ported to the Swedish Medical Products Agency. They
found 967 suspected reactions of which 8.1% involved
echinacea and 7.3% involved echinacea plus ginseng. Nine
cases of liver complications, including one death, were at-
tributed to echinacea and two cases of liver complications
were attributed to echinacea plus ginseng. The death was
associated with echinacea use over several months.
Reviewing the aforementioned reports and animal studies,
it appears that there may be some soft evidence that echi-
nacea can cause liver damage if used for a longer period of
time, as stated by Miller. As per the Rusu study, at shorter
durations (7 days) echinacea may possibly be hepato-
protective. While existing data are insufficient to prove
that echinacea is hepatotoxic, it would be prudent to
exercise caution in patients taking echinacea over a long
period of time. Echinacea should be stopped as far in ad-
vance as possible for patients who are to undergo surgery
that may compromise hepatic function or blood flow.12

Anesthetic considerations for echinacea are listed
in Table 4. Echinacea can potentiate the toxicity of barbi-
turates.1 Echinacea appears to inhibit CYP1A2 activity,73

which may increase the levels of many drugs including
acetaminophen, amitriptyline, clopidogrel, clozapine,
diazepam, estradiol, olanzapine, ondansetron, propanolol,
theophylline, verapamil, and warfarin.58 Echinacea
inhibits intestinal CYP3A activity and induces hepatic
CYP3A activity, which does not affect plasma levels of

midazolam taken orally but lowers midazolam levels after
intravenous administration by about 20%.58,73

GARLIC

Garlic (Allium sativum) has been extensively studied and
shown to possibly be effective in treatment and prevention
of atherosclerosis, colorectal cancer, gastric cancer, and
tick bites, and when applied externally can effectively treat
various tinea infections.74 Two recent meta-analyses found
that garlic can reduce blood pressure in hypertensive pa-
tients, yet maintain blood pressure in normotensive pa-
tients.75,76 There is contradictory evidence on its effects on
serum lipid and cholesterol levels.74

Garlic has fibrinolytic activity, inhibits platelet
aggregation in a dose-dependent irreversible fashion,
may prolong prothrombin time, and may enhance the ef-
fects of warfarin.12,48,74,77–79 Although several authors
caution against combining garlic and warfarin,48,67,74,80–82

two very small studies show that it may possibly be safe.83,84

The first, a double-blind, randomized, placebo-controlled
study of 48 patients, sponsored by a nutritional supplement
company, showed no increase in hemorrhage in patients
who were given aged garlic extract for 12 weeks while they
were taking warfarin.83 The second study included 12
healthy subjects and evaluated the effects of a single dose of
warfarin given to subjects taking placebo, cranberry, or
enteric coated garlic.84 The garlic did not affect platelet
aggregation or the pharmacodynamics or pharmacokinetics
of warfarin. There were, however, only 4 subjects who
actually received garlic. The paucity of data regarding the
safety of garlic combined with warfarin mandates extreme
caution or avoidance of this combination.

A spontaneous epidural hematoma in an 87-year-old
man with heavy garlic use has been reported.85 The patient
took no other anticoagulant or antiplatelet drugs. It was
hypothesized that he had a transient garlic-induced platelet
disorder because he had a normal platelet count, pro-
longed bleeding time, normal prothrombin time and par-
tial thromboplastin time, normal liver enzymes, and
normal urea levels. Other case reports of bleeding asso-
ciated with garlic use are consistent with probable platelet
dysfunction.86–89 A case report of a hematoma after aug-
mentation mammoplasty revealed that the patient had a
prolonged clotting time, which normalized 1 week after
she discontinued garlic.90 In vitro studies have shown
multiple mechanisms by which garlic can inhibit platelet
aggregation, such as cyclooxygenase inhibition, sup-
pression of calcium mobilization within platelets, raising
cyclic adenosine monophosphate levels, increasing nitric
oxide synthetase activity that increases the availability of
platelet nitric oxide, increasing antioxidant levels, and in-
hibiting the exposure of fibrinogen to the GPIIb/IIIa fibri-
nogen receptor.91 Beckert et al.92 found no change in
platelet function in 10 volunteers given a garlic supplement
for 2 weeks. The dosage and supplement facts were
not stated. Kiesewetter et al.93 showed that 800 mg of

Table 4. Anesthetic Implications of Echinacea
Decreased effect of cyclosporine and steroids12,48,63

Possible transplant rejection12,64

Possible decreased wound healing and increased infection with
long-term use12,48,65

Possible liver toxicity with long-term use67,68,70–72

May increase levels of diazepam, ondansetron, propranolol,
theophylline, verapamil, and warfarin58,73

Decreases plasma levels of midazolam after intravenous
administration58,73

Increases barbiturate toxicity1

Stop in patients undergoing liver surgery or manipulation12
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powdered garlic tablets, given to 10 healthy subjects daily,
decreased platelet aggregation continuously over a 4-week
period. Values returned to their prestudy levels after a 4-
week washout period. This was a single measurement after
garlic termination so it is impossible to say from this study
how long it took for platelet aggregation to return to nor-
mal. Bordia et al.94 found 6 g of garlic oil to have no effect
on platelet aggregation in patients given a single dose, but
this same dose given daily for a month decreased platelet
aggregation, suggesting that a slow buildup of garlic oil
can take place over time. Scharbert et al.95 found that so-
cially acceptable doses of raw garlic (4.2 g) as part of a
meal taken daily for up to 1 week may be unlikely to cause
perioperative bleeding. The difference in findings is
attributed to using fresh garlic as opposed to processed
garlic.95 The active organosulfur compounds increase in
potency and bioavailability when garlic is processed.95

Gadkari and Joshi,79 however, found that 10 g of raw
garlic taken daily over 2 months did increase clotting time.
Scharbert et al.95 argue that this is a much higher dose than
that found in full-flavor dishes. Garlic may potentiate
other platelet-inhibiting drugs and supplements.74,96

Anesthetic considerations for garlic are listed in Table 5.
Garlic oil can inhibit CYP2E1 by 30%, thus possibly in-
creasing levels of acetaminophen, ethanol, theophylline,
and inhalational anesthetics.74 There is inconsistent
information on the effects of garlic on CYP3A4, which
can affect levels of calcium channel blockers, chemo-
therapeutic agents, glucocorticoids, cisapride, alfentanil,
fentanyl, lidocaine, and midazolam.74 Because of potential
irreversible platelet inhibition, it is recommended to stop
garlic supplements 7 to 15 days before surgery or anes-
thesia.12,86,88 Other than the standard preoperative nil per
os rules, it is probably not necessary to withhold meals
containing socially acceptable doses of unprocessed garlic
before surgery and anesthesia.95

GINKGO BILOBA

Ginkgo biloba is advertised as a memory enhancer.97 It is
used for dementia, circulatory improvement, asthma, an-
gina, colds, peripheral vascular disease, cerebral in-
sufficiency, eye problems, vertigo, erectile dysfunction, to
prevent drunkenness, premenstrual syndrome, and Rey-

naud syndrome.12,97 In children it is often used to treat
ADHD.97 It has been found to possibly be effective in age-
related memory impairment, cognitive function, dementia,
diabetic retinopathy, glaucoma, intermittent claudication,
premenstrual syndrome, Reynaud syndrome, and verti-
go.12,97 It contains flavonoids that act as antioxidants,
terpenoids (ginkgolides), and organic acids, which may all
act synergistically with one another.12,97,98 Ginkgo has
been reported to decrease vasospasm and cause arterial
dilatation.97,98

Ginkgo reduces blood viscosity, antagonizes platelet ac-
tivating factor, and inhibits thromboxane synthetase.97,98

There have been multiple case reports of bleeding associated
with its use intracranial, nasal, hemorrhoidal, ocular, sur-
gical, and postsurgical bleeding.12,48,97,99–106 In a double-
blind, placebo-controlled, crossover study of six healthy
patients, Chung et al.107 found that the ginkgolide mixture
BN 52063 inhibited platelet aggregation induced by pla-
telet activating factor in platelet-rich plasma. In vitro,
ginkgolide B, A, C, and J were found to inhibit platelet
activating factor–induced aggregation of human platelets,
but at about 100 times the blood concentration that would
be achieved after oral intake of the G. biloba extract EGb
761.108 In a study by Kudolo et al.,109 a 3-month course of
EGb 761 in 12 healthy volunteers was shown to inhibit
arachidonic acid–mediated platelet aggregation and
thromboxane B2 production. This study was a random-
ized, double-blind, placebo-controlled, two-arm crossover
study in which each arm lasted 2 months. A recent meta-
analysis of 1,985 adults in 18 randomized controlled
studies did not find a higher bleeding risk in patients taking
G. biloba extract.110 Half of the studies in this meta-
analysis examined EGb 761 while the others just looked at
‘‘G. biloba extract preparations.’’ Only one study had low
bias risk. Many of the studies included in this meta-anal-
ysis had ‘‘limited availability of relevant outcome data’’ in
that bleeding was only assessed as a secondary outcome
and these results were often inadequately covered in the
articles. Even though the authors of the meta-analysis
concluded that standardized dry extracts of G. biloba did
not increase the risk of bleeding, they also stated that ad-
ditional research is ‘‘urgently indicated’’ to assess the ef-
fects of nonstandardized extracts. Because there is no true
standardization of G. biloba supplements in the United
States and many other countries, one should assume that a
patient taking Ginkgo may be at increased risk
of bleeding. Patients should probably be advised not
to combine Ginkgo with antiplatelet or anticoagulant
drugs.97,99,102,109

Ginkgo seeds contain large amounts of ginkgotoxin, a
neurotoxic antivitamin B6 that can cause seizures and
death.97,111 Smaller amounts of ginkgotoxin have been
found in ginkgo leaves.97,111 The antidote is pyridox-
ine.97,111 G. biloba may lower the seizure threshold and
decrease the efficacy of anticonvulsants.97,112

Case reports have associated G. biloba with dysrhyth-
mias including ventricular tachycardia and paroxysmal

Table 5. Anesthetic Implications of Garlic
Oil inhibits acetaminophen, theophylline, and inhalational anesthetics72

Inconsistent effects on CYP3A4 which can effect calcium channel blockers,
alfentanil, fentanyl lidocaine and midazolam in unknown ways72

Probable platelet inhibition—Reports of intraoperative and postoperative
bleeding74,85–91,93,94,96

Stop garlic supplements 7–15d before anesthesia and surgery12,86,88

Socially acceptable doses of unprocessed garlic in meals need not be
stopped other than for NPO duration93

NPO¼ nil per os.
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atrial fibrillation.113,114 Ginkgo has MAO inhibitor ac-
tivity and may potentiate other MAO inhibitors.98 It in-
creases the bioavailability of cyclosporine, midazolam,
propanolol, theophylline, and omeprazole.98

Anesthetic considerations for G. biloba are listed
in Table 6. It is recommended that patients on G. biloba
stop taking this supplement at least 36 hours12 to 2
weeks97 before surgery to prevent bleeding problems.

KAVA KAVA

For centuries, this ‘‘intoxicating pepper’’ (Piper methysti-
cum) has been used in ceremonial rituals of Pacific Is-
landers.115 The multiple uses of kava include treatment for
anxiety disorders, stress, ADHD, insomnia, restlessness,
epilepsy, psychosis, depression, headaches, migraines,
chronic fatigue syndrome, respiratory tract infections, tu-
berculosis, cancer prevention, musculoskeletal pain, blad-
der cancer, urinary tract infections, uterine inflammation,
venereal disease, menstrual pain, vaginal prolapse, and as
an aphrodisiac.116 Topically kava has been used for lep-
rosy, promotion of wound healing, analgesia, otitis media,
abscesses, canker sores, and toothaches.116 In children, it is
mostly used to treat ADHD and for its ‘‘calming’’ ef-
fects.116,117 Kava is possibly effective in treating anxiety,
benzodiazepine withdrawal, and menopausal anxiety.116

Animal studies have shown kava to have nonopiate an-
algesic, anticonvulsive, and antispasmodic effects, and to
act as a central muscle relaxant.118–120

The pharmacological activity is from the action of at
least 18 kavalactones (kava pyrones).121 Lactones in the
dried herb have about 3.5% activity. Activity increases to
30% in commercial extractions via ethanol and to 70% in
commercial extractions via acetone.116 Kava has sedative
effects that may relate to a possible increase in the number
of GABA-binding sites, possible dopamine antagonism,
and a controversial effect on benzodiazepine re-
ceptors.116,122 Psychotropic effects may be due to
norepinephrine reuptake inhibition.116 It prolongs the
open state of sodium channels, which may cause local an-
esthetic activity, and it may have calcium channel blocker
activity.122 Kava may affect the limbic system.116 Kava
inhibits COX-1 and COX-2 enzymes, thereby having an-
tiinflammatory action.116

Kava dermopathy has been seen with heavy con-
sumption.115 Long-term kava use has been associated with
overall poor health, low body weight, reduced protein

levels, puffy face, hematuria, increased red blood cell vol-
ume, decreased platelets and lymphocytes, and possible
pulmonary hypertension.116

At least 100 cases of hepatotoxicity have been reported
in patients taking kava.116 Most occurred in patients tak-
ing the ethanol or acetone preparation for at least 3 to 4
weeks, but there have been reports of hepatotoxicity in
patients taking the aqueous preparation, including one
patient who had only used aqueous kava in a ceremonial
ritual on vacation.116,123,124 The use of kava has led to
severe hepatocellular necrosis, requiring liver trans-
plantation in some cases and causing death in others.121

These findings agree with those of Fu et al.,125 who showed
direct effects of kavain on rat livers displaying severe vas-
cular and endothelial damage as compared with control
livers (Supplemental Digital Content 10, http://links.
lww.com/ASA/A198). Switzerland, Germany, France, the
United Kingdom, and Canada have taken various actions
ranging from consumer warnings to banning kava from the
marketplace.126 In 2002, the FDA sent out a Consumer
Advisory and Letter to Healthcare Professionals in the
United States describing the potential risks of severe liver
injury from the use of kava.126

Anesthetic considerations for kava are listed in Table 7.
They include the potential to cause perioperative hypo-
tension due to decreased systemic vascular resistance and
direct myocardial depression through sodium or calcium
channel inhibition.122 Cyclooxygenase inhibition from
kava may lead to decreased renal blood flow with possible
renal insufficiency, platelet dysfunction, and increased risk
of bleeding.122 Kava can increase the effects of barbitu-
rates and benzodiazepines.116,122 It can cause anxiolysis
without amnesia 122 and may have a synergistic interaction
with opioids that can lead to unexplained decreases in
blood pressure.122 Kava has MAO-B inhibitor activity,
which indicates that caution should be exercised with the
use of indirect sympathomimetics and opioids.122 Kava
may cause prolonged postoperative sedation.122 It is rec-
ommended to stop kava 2 weeks before elective surgery
and anesthesia.116,122

Two excellent sources to use as references are

Natural Medicines Comprehensive Database

(http://www.naturaldatabase.com), which

contains detailed monographs on a myriad of

herbal supplements, and the US FDA’s website

(http://www.fda.gov), which contains

regulatory information and reports of

adverse events.

Table 6. Anesthetic Implications of Ginkgo biloba

Increases levels of cyclosporine, midazolam, propranolol, and
theophylline98

Possible increased risk of bleeding12,48,97–110

May decrease seizure threshold97–110

Stop 36 h to 2wk before surgery12,97
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CONCLUSIONS

Several commonly used herbal supplements are discussed
in this chapter, but there are thousands more. It is imper-
ative that anesthesia providers question patients directly
regarding their use of herbal supplements, and understand
the pharmacology, drug interactions, and anesthetic
implications of their patients’ herbal supplements. Two
excellent sources to use as references are Natural Medi-
cines Comprehensive Database (http://www.naturaldata
base.com), which contains detailed monographs on a
myriad of herbal supplements, and the US FDA’s website
(http://www.fda.gov), which contains regulatory infor-
mation and reports of adverse events (Supplemental Digi-
tal Content 11, http://links.lww.com/ASA/A199).
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