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Abstract

Purpose This narrative review provides an overview of

the complementary and alternative medicine (CAM)

therapies that anesthesiologists and pain management

practitioners commonly encounter along with

recommendations for evaluation and implementation.

Source A literature search of PubMed was performed

using the comprehensive MeSH term, ‘‘Complementary

Therapies OR Dietary Supplements’’, and a search was

conducted of the various licensing organizations and books

published on the topics of CAM and integrative medicine.

Principal findings In North America, the most commonly

encountered CAM therapies include 1) manipulation and

procedural therapies; 2) herbs, nutritional supplements

(nutraceuticals), and dietary therapies; and 3) mind-body

and energy therapies. Controversy exists regarding many

of these therapies, particularly those with a higher risk of

harm, such as chiropractic manipulation, acupuncture, and

nutraceutical use. Several well-conducted studies were

analyzed to show how research in CAM can control for

placebo responses. Practical considerations are provided

for patients and practitioners interested in pursuing or

already employing CAM in perioperative and chronic pain

management settings.

Conclusions Complementary and alternative medicine

therapies in general may provide a useful adjunct in the

management of chronic pain. Nevertheless, many patients

are not aware of the risks and benefits of individual

therapies. In the perioperative setting, the most concerning

CAM therapy is the use of herbs and other supplements

that may produce physiologic and metabolic derangements

and may interact with prescription medications. Resources

exist to aid pain specialists, anesthesiologists, and patients

in the evidence-based utilization of CAM therapies.

Résumé

Objectif Ce compte rendu narratif propose une vue

d’ensemble des traitements de médecine complémentaire

et alternative (MCA) que les anesthésiologistes et les

spécialistes de la douleur rencontrent fréquemment ainsi

que des recommandations pour leur évaluation et leur mise

en œuvre.

Source Une recherche de la littérature dans PubMed a

été réalisée en utilisant le terme MeSH global

« Complementary Therapies OU Dietary Supplements »

(Traitements complémentaires OU suppléments

alimentaires), et une recherche a été effectuée à propos

des divers organismes de brevet et des livres publiés au

sujet des MCA et de la médecine intégrative.

Constatations principales En Amérique du Nord, les

traitements de MCA les plus fréquemment rencontrés sont

1) les traitements de manipulation et procéduraux; 2) les

herbes, les suppléments nutritionnels (nutraceutiques) et

les traitements alimentaires; et 3) les thérapies corps-esprit

et énergétiques. La controverse existe concernant nombre
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de ces traitements, particulièrement ceux présentant un

risque plus élevé d’effets néfastes, tels que la manipulation

chiropratique, l’acupuncture et l’utilisation de

nutraceutiques. Plusieurs études rigoureuses ont été

analysées afin de montrer comment la recherche en MCA

peut tenir compte des réponses placebo. Nous offrons des

considérations pratiques destinées aux patients et aux

médecins intéressés à continuer à ou employant déjà des

techniques de MCA dans des contextes périopératoires ou

de prise en charge de la douleur chronique.

Conclusion Les traitements de médecine complémentaire

et alternative en général peuvent être un ajout utile pour

prendre en charge la douleur chronique. Toutefois, bon

nombre de patients ne connaissent pas les risques et les

bienfaits des traitements individuels. Dans le contexte

périopératoire, le traitement de MCA le plus préoccupant

est le recours à des herbes ou d’autres suppléments qui

pourraient provoquer des déséquilibres physiologiques ou

métaboliques et pourraient interagir avec les médicaments

prescrits. Il existe des ressources à la disposition des

spécialistes de la douleur, des anesthésiologistes et des

patients concernant l’utilisation des traitements de MCA

fondés sur des données probantes.

The use of complementary and alternative medicine

(CAM) has gradually risen in many countries, along with

an increased demand for skilled practitioners and evidence-

based assessment and a push towards assimilation into

mainstream medical practices.1,2 As a result, the idea of

‘‘integrative medicine’’ has developed, which involves

incorporating CAM therapies to better patients’ emotional

and physical well-being while simultaneously continuing

more conventional treatments. In particular, CAM

therapies seem to be gaining acceptance within the field

of pain management. This may be due in part to the

subjective nature of pain experiences, which are heavily

influenced by psychosocial situations and emotional well-

being.3

Imagine you are a patient who is about to undergo a

procedure. You are a little nervous. You enter a waiting

area and find yourself bathed in your favourite colour of

soft warm light. You close your eyes and breathe deeply,

taking in the pleasant aromas around you. You are soothed

by the sounds of your favourite calm and meditative music.

You smile as your anesthesiologist greets you and gently

explains all the steps of the procedure, making you feel

safe, secure, and protected. The music continues as you are

taken to your procedure room. Any anxiety you had

dissipates as you allow yourself to drift confidently into the

healing hands of your providers.

As a patient, you have just experienced aspects of

integrative medicine. As a reader, you have just

experienced guided imagery. This example touches on

several CAM modalities that are easy to implement: music

therapy, aromatherapy, guided imagery, and meditation.

Some of these modalities may have already been integrated

into your practice without your conscious awareness.

Arguments have been made regarding the validity of

CAM therapies and whether their effects are

distinguishable from placebo. For some of these

therapies, such as those exemplified above, the risk to

benefit ratio is so low that rigorous investigation may not

be warranted prior to implementation.

Other CAM modalities exist that are far more

controversial in terms of risk and benefit, requiring a

comprehensive evidence-based review of how each of

these therapies can be best utilized. Chiropractic and spinal

manipulation, for example, is often used for various pain

syndromes, despite some literature reviews that fail to

show any benefit over sham procedures and also show the

potential for harm.4,5 Another heavily investigated therapy

is acupuncture, which is generally considered more

invasive and carries with it the potential for adverse events.

The goal of this narrative review is to provide a broad

overview of the types of CAM therapies most commonly

encountered by anesthesiologists and pain management

practitioners. It is not our intent to provide a systematic

review of the literature, as each individual therapy warrants

its own systematic review. Nevertheless, where

appropriate, we attempt to summarize relevant Cochrane

systematic reviews and meta-analyses for anesthesiologists

and pain management practitioners. The number of reviews

regarding individual CAM therapies continuously grows as

medical systems become more integrated and therapies

move from ‘‘alternative’’ into ‘‘mainstream’’. This review

provides a summary of relevant information for

practitioners within the specialty and subspecialties of

anesthesiology and pain management.

We focus on three broad categories of CAM therapy: 1)

manipulation and procedural therapies; 2) herbs, nutritional

supplements (nutraceuticals), and dietary therapies; and 3)

mind-body and energy therapies. Within these categories, the

primary emphasis is on the therapies that generate the most

controversy due to their risk to benefit potential, i.e.,

acupuncture, chiropractics, and herbal/nutraceutical therapy.

Many therapies exist that do not fall exclusively into any of

these categories and will not be as thoroughly addressed. We

also examine several well-conducted studies to exemplify

how to optimize CAM research by controlling for placebo

responses and provide clinically relevant practical

considerations for both patients and practitioners who are

either interested in pursuing or already employing CAM.
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For this review, we performed a literature search of

PubMed and a search of the various licensing organizations

and books published on the topics of CAM and integrative

medicine. We searched the PubMed database using a list of

pertinent keywords, and we reviewed nutraceuticals,

vitamins, and other micronutrient/functional foods as they

relate to the perioperative period. Search terms (MeSH)

included ‘‘Complementary Therapies OR Dietary

Supplements’’. We focused on recently published, highly

cited, randomized controlled trials, human studies,

translational animal studies, and reports relating to the

perioperative period, in particular, those reporting adverse

outcomes. Articles in languages other than English were

excluded from our search.

Categories of complementary and alternative medicine

The term, CAM, has been used to encompass the wide

variety of therapies that are outside the scope of

conventional medicine. In a systematic review of surveys

in the United Kingdom, it was found that, on average, the

prevalence of CAM usage in one year was 41.1%, and the

average prevalence of use in a lifetime was 51.8%.6

National surveys of the frequency of CAM usage have

investigated anywhere from five to 36 different therapies.

Some types of CAM are all-inclusive alternative medical

systems that address multiple aspects of well-being, such as

diet, lifestyle, and mental and emotional health. Other

types of CAM offer treatments directed only at specific

symptoms or diseases.7,8 Table 1 comprises a non-

exhaustive list of therapies that are currently not

emphasized by most traditional mainstream medical

education programs. We loosely categorized these

therapies into three separate groups. The Centers for

Disease Control and Prevention and the National Center for

Health Statistics conducted the National Health Interview

Survey (NHIS) to ascertain the approximate frequency of

usage of each CAM therapy by the US population.7,9

Manipulation & procedural therapies

Manipulation and procedural therapies include massage,

chiropractic manipulation, and acupuncture. Massage and

neuromuscular release involve manipulating soft tissues.

The claimed benefits from massage are broad, but they

primarily include inducing a sense of well-being,

relaxation, and improved blood flow to affected areas.

Chiropractic manipulation involves attempting to perform

spinal and joint adjustments with purported benefits that

include influencing the body’s nerves and natural defenses,

although sufficient evidence to support these claims is still

lacking. Both therapies are commonly used in the treatment

of pain syndromes. Indeed, 8.6% of the US adults on the

2007 NHIS survey responded that they visited a

chiropractor in the last 12 months.7 Acupuncture, one of

the branches of traditional Chinese medicine (TCM), is

based on a theoretical flow of ‘‘Qi energy’’ along

‘‘meridians’’ throughout the body. In 2007, 1.4% of US

adults responded that they received acupuncture treatment

in the last 12 months.7 There has been intense interest in its

benefits and efficacy, leading to extensive study by

evidence-based medical practitioners.

A 1998 National Institutes of Health (NIH) consensus on

acupuncture concluded that acupuncture is effective for

adult postoperative and chemotherapy-induced nausea and

vomiting as well as for postoperative dental pain.10 In

addition, it has been reported to be variably effective for

several other pathological states, including addiction,

asthma, carpal tunnel syndrome, fibromyalgia and other

myofascial pain syndromes, headaches, low back pain,

menstrual cramps, osteoarthritis, and tennis elbow.10

Acupuncture has been used successfully in a variety of

chronic pain conditions ranging from osteoarthritis to

chronic migraines.8,11,12 There is some evidence that

acupuncture may be beneficial for idiopathic headache as

well.13 Acupuncture combined with non-narcotic

analgesics may obviate the need for opioid therapy and

reduce side effects associated with higher dosages of

medication.14 Assertions in recently performed literature

Table 1 Non-exhaustive list of different forms of complementary

alternative medicine (CAM) and the percentage of the US population

older than 18 yr who used each therapy in a one-year period

Manipulation & Procedural Therapies Usage in US (%)

Acupuncture 1.4

Chiropractics 8.6

Massage 8.3

Nutraceutical & Dietary Therapies

Herbal Remedies 17.7

Special Diets 3.6

Megadose Vitamins 2.8

Homeopathy 1.8

Mind-body & Energy Therapies

Prayer 43

Guided Imagery 2.2

Biofeedback 0.2

Hypnosis 0.2

Meditation 9.4

Yoga 6.1

Tai Chi 1.0

Energy Healing 0.5

Usage statistics gathered from NHIS surveys conducted in the United

States (2002, 2007)

NHIS = National Health Interview Survey
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reviews suggest that acupuncture may be effective for

peripheral joint osteoarthritis, neck pain, tension-type

headaches, migraine prophylaxis, and labour pain

(Table 2). For example, in 2011, Lee and Ernst published

an analysis of Cochrane reviews that thoroughly addresses

the specific evidence on acupuncture for pain.12,15-20 They

found that most of the evidence for the effect of

acupuncture in pain related to migraines, neck disorders,

tension-type headaches, and peripheral joint osteoarthritis.

They also noted a lack of effect for rheumatoid arthritis and

inconclusive results for some other types of pain,

suggesting that acupuncture is effective for some types of

pain but clearly not all.

Mind-body & energy therapies

The group of mind-body and energy therapies is the most

frequently used subtype of CAM.7 The 2002 NHIS survey

showed that 43% of US adults used prayer specifically for

their own health in the past 12 months.9 There is some

evidence to suggest that certain mind-body and energy

therapies may be helpful for stress reduction and reducing

pain intensity (Table 3). There are many types of mind-

body and energy therapies with various intended purposes.

Guided imagery employs positive detailed mental

imagery to relax the patient. It has been commonly

applied for the treatment of chronic medical conditions

Table 2 Summary of select Cochrane systematic reviews and meta-analyses for manipulation & procedural therapies relevant to anesthesia and

pain management

CAM Therapy Condition

Treated

Number of

Trials Analyzed

Primary Outcomes Measured Results Reference

Acupuncture Peripheral joint

OA

11, 16 Pain and joint function ? (12) (107)

Tension HA 11 HA days, pain scores ? (17)

Migraine HA 22 HA days, pain scores ? (18)

PONV 40 Nausea, vomiting, need for rescue

antiemetics

? (108)

Pregnancy-

related pain

26 Low back and pelvic pain ? (109)

Labour pain 13 Pain intensity, analgesic use, patient

satisfaction

? (15)

Fibromyalgia 9 Pain, physical function, fatigue, sleep,

total well-being, stiffness

?/- (8)

Low back pain 35 pain score, function ?/- (110)

Shoulder pain 9 Pain, time to maximum pain relief,

range of motion

?/- (111)

Rheumatoid

arthritis

2 Pain, ESR, CRP, number of swollen

joints, reduction of analgesics

- (112)

Depression 30 Depression scores, self-reported

remission of depression

- (113)

Chiropractic &

Spinal

Manipulation

Neck pain 27 Pain, function, patient satisfaction ? for short-term; no evidence

available for long-term

(114)

Chronic low

back pain

26 Pain, disability, back-related function,

patient satisfaction

? for short-term;

?/- for long-term

(115)

Acute low back

pain

20 Pain, back specific functional status,

patient perception

?/- (4)

Massage Cancer pain 12 Pain ? (116)

Fibromyalgia 10 Pain, fatigue, stiffness, anxiety,

depression, sleep

? for short-term; ?/- for long-

term

(117)

Neck pain 15 Pain, function, disability ?/- (118)

Elbow and

knee

tendinitis

2 Pain, function, quality of life, patient

satisfaction, adverse events

?/- (119)

CAM = complementary and alternative medicine; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; HA = headache; OA =

osteoarthritis; PONV = postoperative nausea and vomiting; ? = positive evidence (low-strong), sufficient research has been performed to support

the therapy for the selected indication; ?/- = inconclusive, more studies need to be performed before evidence of benefit can be assessed; - =

negative evidence (low-strong), sufficient research has been performed to conclude that the therapy should not be supported for the selected

indication
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such as headaches, anxiety, stress, and hypertension.

Biofeedback employs simple monitors, such as

electromyography and pulse oximetry, to provide

feedback on normally unconsciously regulated bodily

functions. The intent of biofeedback is to ‘‘teach’’

patients how they can consciously control parameters

such as respiratory rate, temperature, muscle tone, and

heart rate.7 Hypnotists claim to induce patients into an

altered state of consciousness by using a combination of

relaxation and intense focus on certain objects or ideas.

Practitioners of hypnosis describe hypnosis as an attempt to

modulate attention and preconscious brain processes in

order to suggest changes in perception, behaviours or

disease states. Actually, cortical activity has been shown to

be altered during hypnosis.9 The work of Dr. Alan Cyna

has provided evidence to suggest the role of

communication and the power of suggestive words in

altering patients’ perception of unpleasant sensations.21-23

In meditation, patients strive to suspend their ‘‘normal’’

flow of thoughts for a period of time in an attempt to

reduce their stress levels and slow their vital signs.

Mindfulness is a form of meditation that encourages the

Table 3 Summary of select systematic reviews and meta-analyses for mind-body and energy therapies relevant to anesthesia and pain

management

CAM

Therapy

Condition Treated Number

of Trials

Analyzed

Primary Outcomes Measured Results Reference

Hypnosis Disability-related

pain

10 Pain, depression, medication usage ? short-term (120)

Perioperative

effects

26 Pain, post-op anxiety, pain medication

requirement, nausea

? for anxiety and pain (121)

Labour pain 7 Pain, analgesic use, patient satisfaction ?/- (122)

Mind-body

therapies

Fibromyalgia* 61 Physical functioning, pain, and low

mood

? for psychological interventions; ?/- for

biofeedback, mindfulness, movement and

relaxation therapies

(123)

Anxiety in

pregnancy§
8 Anxiety ? (124)

Chronic pain in

older adults�
20 Pain relief and function in adults C 50

yr old with non-malignant pain

? for OA pain using progressive muscle

relaxation & guided imagery; ? for pain

relief using tai chi, yoga, hypnosis, and

progressive muscle relaxation; ?/- for

others

(25)

Mindfulness Perioperative

effects

26 Pain, postoperative anxiety, pain

medication requirement, nausea

? for anxiety and pain (121)

Labour pain 7 Pain, analgesic use, patient satisfaction ?/- (122)

Chronic pain 10 Reduction of pain symptoms,

improvement of depressive

symptoms, coping

?/- (125)

Adult pain 24 Pain intensity, analgesic usage ? for Reiki, correlates with practitioner’s

experience level

(126)

Tai Chi Chronic

musculoskeletal

pain

7 Pain, physical performance, disability,

tension, satisfaction with general

health

? for pain and disability in arthritis; ?/- for

others

(25)

Rheumatoid

arthritis

4 Activities of daily living, tender and

swollen joints and patient global

overall rating, range of motion

? for lower extremity range of motion; ?/-

for all others

(127)

Yoga Chronic low back

pain

10 Pain, back-specific disability, global

improvement

? for short-term & long-term (128)

Spinal (back &

neck pain)

6 Pain, function ? for short-term; ?/- for long-term (129)

CAM = complementary and alternative medicine; OA = osteoarthritis. ? = positive evidence (low-strong), sufficient research has been

performed to support the therapy for the selected indication; ?/- = inconclusive, more studies need to be performed before evidence of benefit

can be assessed; - = negative evidence (low-strong), sufficient research has been performed to conclude that the therapy should not be supported

for the selected indication.*Mind-body therapies included psychological therapies, biofeedback, mindfulness, movement therapies, and

relaxation strategies. Energy healing therapies included healing touch (HT), therapeutic touch (TT), and Reiki. §Mind-body therapies included

autogenic training, biofeedback, hypnotherapy, imagery, meditation, prayer, auto-suggestion, tai chi, and yoga. �Mind-body therapies included

biofeedback, progressive muscle relaxation, meditation, guided imagery, hypnosis, tai chi, qi gong, and yoga
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non-judgmental acceptance of emotions, thoughts, and

sensations in the ‘‘present moment’’ without the need for

immediate action.24

Energy healing uses objects or human touch with claims

of changing the flow of energy through the body. Some

examples of energy therapies include laying hands, reiki or

healing touch, acupuncture, qi gong (tai chi), and magnetic

therapy.7,9

Yoga and tai chi combine mind-body, energy, and

physical therapies. Both involve combining a set of slow,

controlled body movements with mental focus with the

purpose of improving energy/blood flow, relaxation,

balance, physical strength, and overall health.9 Most tai

chi studies have focused on its use in musculoskeletal pain,

specifically osteoarthritis25-27 and fibromyalgia.28 In

addition, tai chi has been studied for its use in fall

prevention and as an adjunct for rehabilitation in patients

with heart failure.29 Limitations of these studies include

small sample sizes, large dropout rates, and absence of a

double-blind study design.25,26,28 In all the studies

reviewed, there were no adverse effects from the use of a

tai chi exercise program (Table 3). Similar studies show

the benefits of yoga for pain relief.30

Herbals, supplements, nutraceuticals & dietary

therapies

Herbals, dietary supplements, nutraceuticals, vitamins,

functional foods, and diet-based therapies are among the

most widely used forms of CAM in the US.7,9 According to

the most recent US census, they are used by approximately

18% of Americans.1 A number of studies show the

incidence of herbal medication use to be approximately

20-25% among perioperative patients.31-36 This number

may actually be much higher, as many patients do not

consider these supplements to be ‘‘medications’’, which

can lead to inadvertent underreporting to physicians.37

Consequently, it is best that physicians specifically ask

their patients about the use of herbal and vitamin

supplements. Their uses are broad, ranging from self-

directed use for health promotion to supervised nutritional

supplementation in a hospital setting for critically ill

patients or those with digestive disorders (e.g., pancreatitis

or inflammatory bowel disease).38,39 We refer the reader to

more comprehensive reviews of commonly used herbal

supplements,33 vitamin therapy,40 and diet41 and their

potential for adverse events.

The term, nutraceutical, is derived from joining the

terms nutrition and pharmaceutical. Nutraceuticals can be

defined simply as any substance that may be considered a

food or part of a food that provides medical and health

benefits. The importance of food as medicine varies among

cultures. Historically, this concept has received more

attention in India (e.g., Ayurvedic medicine) and China

(e.g., TCM); however, evidence of this concept is also

present in Western cultures, perhaps with more of an

emphasis on symptomatic relief (e.g., chicken soup). Diet

and dietary supplements have well-known health benefits

for disease prevention (e.g., heart disease, colon cancer,

diabetes, vitamin deficiency), and failure to achieve proper

nutrition is an often underdiagnosed etiology for chronic

disease.

Both pharmaceutical and nutraceutical therapies

embody the concept that disease can be mitigated (and

good health promoted or restored) through the application,

ingestion, inhalation, etc. of an exogenous substance.

Vitamins are considered vital nutrients that organisms

cannot synthesize. Foods obviously contain vitamins, but

they may also contain substances known to specifically

influence health or disease. Drugs/pharmaceuticals are

defined by the existence of a physiologic effect, and Health

Canada defines natural health products as vitamins,

minerals, herbs, traditional medicines, probiotics, and

other ingestible substances that are considered safe for

consideration as a non-prescription product. In the US,

nutraceuticals, dietary supplements, herbal remedies, and

traditional medicines are all treated separately from food,

vitamins, and pharmaceuticals. The main difference

between food, vitamins, nutraceuticals, and

pharmaceuticals is in the way they are marketed and

regulated Although some patients consult trained herbalists

and functional medicine practitioners for insight into

therapy, a 1997 survey by Eisenberg et al. revealed that

85% of herbal use was patient-directed, and this percentage

increased to 95% on the 2002 NHIS survey.37

Many patients participate in special diets (e.g.,

macrobiotic, Atkins, Zone) for the purpose of weight

loss, nutrient supplementation, energy balance, and general

wellness.42 Some patients with pain conditions that are

difficult to treat, e.g., interstitial cystitis, have considered

diets where vitamin C and other potential irritants may be

eliminated, but these diets should be implemented only

under a physician’s supervision.43 Some patients take

vitamin doses in excess of the recommended daily

allowance in order to treat a specific condition (Table 4)

and not as a general health supplement.7 Patients may be

unaware of the potential side effects and drug interactions

that vitamins, nutraceuticals, and dietary therapies can

cause. Importantly, medical providers need to include a

thorough investigation of their patients’ nutritional and

dietary intake and be alert for problems that may arise from

excessive use or deficiency.

Many natural health products studied prospectively and

in randomized controlled trials demonstrate safety and

efficacy when taken in recommended doses for their

intended purpose, but physicians and patients must be wary
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of the potential risks associated with these products

(Table 5). The induction of hepatic enzymes is involved

in some of the most serious adverse events related to

nutraceuticals.44,45

Patients’ use of herbal medications can have twofold

significance during the perioperative period. First, these

supplements are most often used to treat an underlying

condition or as prevention. This should be kept in mind as

the medical history is taken. For example, garlic has been

marketed to regulate cholesterol levels and maintain

normal blood pressure; therefore, it would be prudent to

ask the patient about a personal or family history of

hypertension and hypercholesterolemia. Second, many of

these supplements can have significant side effects or

interactions with prescription medications; consequently,

patients may need to discontinue their use prior to surgery

(Table 5).

Anesthesiologists must therefore inquire about the

potential use of natural health products due to the known

effects on arousal/sedation, coagulation, hemodynamics,

and metabolism. There is also the potential for

pharmacokinetic effects of these supplements on the level

of pain medications, antibiotics, or neuromuscular blockers

as well as the potential for toxicity at high doses. It is

recommended that physicians research the potential

consequences of supplemental therapies. Furthermore,

physicians in the US and Canada are encouraged to report

any suspected adverse events related to their use either to the

Federal Drug Administration (i.e., MedWatch) or Health

Canada’s Adverse Reaction Database (MedEffectTM).

Table 4 Select vitamin supplements, indications and anesthetic considerations

RDA/

DV/

UL�

Indications (evidence) Anesthetic considerations

Vitamin

C

(mg)

90/60/

2,000

Mitigation of cold severity and CPRS (130,131).

Also taken for: cancer prevention, cognitive health.

Can cause high blood pressure. Can interfere with

metabolism of blood-thinning drugs, blood pressure

medications, opioids, and other drugs via induction of

cytochrome P450 enzymes. Can interfere with blood

glucose control (132).

Vitamin

D (lg)

15/5/

100

Bone health (133).

Also taken for: asthma, inflammation control, fibromyalgia.

Arterial hardening, constipation, nausea, can cause high

blood pressure, interfere with blood glucose levels (134).

Vitamin

E

(mg)

15/10/

1,000

The evidence for Vitamin E supplementation for

cardiovascular disease, liver disease, or to promote

cognitive health is not convincing (135-137).

Also taken for: general cancer prevention/treatment.

Increases risk of bleeding. Can interfere with metabolism of

blood-thinning drugs, blood pressure medications, opioids,

and other drugs via induction of cytochrome P450

enzymes (132).

Thiamin

(mg)

1.2/1.3/

ND

Nutritional deficits associated with alcoholism or metabolic

disorders (138).

Also taken for: joint problems, diabetic complications.

Can cause low blood pressure and drowsiness. Can interfere

with metabolism of blood-thinning drugs, blood pressure

medications, opioids, and other drugs via induction of

cytochrome P450 enzymes. Can interfere with blood

glucose control (132).

Niacin

(mg)

16/23�/

35

Cholesterol lowering agent (139).

Also taken for erectile dysfunction, osteoarthritis, skin

conditions.

Associated with anaphylaxis and arrhythmias. Can interfere

with metabolism of blood-thinning drugs, blood pressure

medications, opioids, and other drugs via induction of

cytochrome P450 enzymes. Can interfere with blood

glucose control (132).

Vitamin

B6

(mg)

1.7/1.8/

100

Nutritional deficits, sideroblastic anemia (140).

Also taken for: attention deficit hyperactive disorder,

cognitive health, cardiovascular health, fertility.

Associated with hypotension and arrhythmias. Can interfere

with metabolism of blood-thinning drugs, blood pressure

medications, opioids, and other drugs via induction of

cytochrome P450 enzymes. Can interfere with blood

glucose control (132).

Folate

(lg)

400/

220/

1,000

Prevention of neural tube defects (141).

Also taken for: cancer prevention, cognitive health.

Associated with hypotension. Can interfere with blood

glucose levels (142).

Vitamin

B12

(lg)

2.4/2/

ND

Nutritional deficits, specific anemias (143).

Also taken for: diabetic neuropathy, depression, cognitive

health, sleep regulation.

Can cause high blood pressure and rash. Can result in

reduced gut absorption of antibiotics, blood pressure

medications, H2 blockers, oral opioids, and proton pump

inhibitors (144).

�US recommended daily allowance (RDA), Canadian daily values (DV), and tolerable upper limits (UL) per dietary reference intake reports

available online via www.nap.edu. �Daily value in niacin equivalents. CRPS = complex regional pain syndrome; ND = no data
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Table 5 Select herbals and dietary supplements, indications, and anesthetic considerations

Common Sources Indications (evidence) Anesthetic considerations Recommendations for

perioperative period

Alpha lipoic

acid (ALA)

Diet especially red

meat, synthetic

versions

available as

pill/pastille.

Diabetic complications especially

neuropathy (145). Also taken for:

general cancer prevention and

treatment.

Hypoglycemia and arrhythmias are

possible (132).

n/a; ALA is an

endogenous

antioxidant.

Amino acids

(e.g.,

arginine)

Dairy, meat

products,

pill/pastille,

liquids, infusions

Presumably for nutritional deficits. Also

taken for muscle gain, diabetic

neuropathy, depression, cognitive

health, sleep regulation.

Allergic reactions, inflammation, and

anaphylaxis are possible.

Hyperkalemia, hypoglycemia,

hypertension, and heart attack risk

(146).

n/a; endogenous

substance. Avoid

overdose.

Chamomile Herbal tea Anxiolysis (147). Also taken for

reducing sore throat.

Potential to increase sedative effect of

anesthetics. Can interfere with

metabolism of blood-thinning drugs,

blood pressure medications, opioids,

and other drugs via induction of

cytochrome P450 enzymes (132).

Cease ingestion 7

days prior to

surgery (34).

Chondroitin Pill/pastille Joint health (148). Also taken for

cardiovascular health and urinary

problems.

Can interfere with metabolism of blood-

thinning drugs, blood pressure

medications, opioids, and other drugs

via induction of cytochrome P450

enzymes (149).

n/a; endogenous

substance

Echinacea Pill/pastille, juice Cold prevention (150). Arrhythmias, allergic reactions,

decrease wound healing, leukopenia

(151).

Avoid in the

perioperative

period.

Ephedra / Ma

Huang

Energy drinks,

pill/pastille, diet

tea

Weight-loss, performance enhancement

(152).

Also taken for asthma treatment, CNS

stimulatory effects.

Arrhythmias, hypertension,

cardiovascular instability, coronary/

aortic aneurysm, rhabdomyolysis

(151).

Cease ingestion 24 hr

prior to surgery

(34).

Garlic Pill/pastille,

powder,

common food

Cardiovascular health (153). Also taken

for cold prevention.

Hypotension. Can interfere with

metabolism of blood-thinning drugs,

blood pressure medications, opioids,

and other drugs via induction of

cytochrome P450 enzymes (132).

Cease ingestion 7

days prior to

surgery (34).

Gingko Biloba Pill/pastille, fleshy

seeds are edible

Cognitive health and memory problems

(154). Also taken for stroke recovery,

anxiety, and schizophrenia.

Can interfere with metabolism of blood-

thinning drugs, blood pressure

medications, opioids, and other drugs

via induction of cytochrome P450

enzymes. Risk of serotonin syndrome

(132).

Cease ingestion 36 hr

prior to surgery

(34).

Ginseng Pill/pastille, herbal

teas, energy

drinks

Blood glucose control (155). Also taken

for cardiovascular health, sexual

vitality, CNS stimulatory effects.

Can interfere with metabolism of blood-

thinning drugs, blood pressure

medications, opioids, and other drugs

via induction of cytochrome P450

enzymes. Can interfere with blood

glucose control (132).

Cease ingestion 7

days prior to

surgery (34).

Glucosamine Pill/pastille Joint health (148) Can interfere with metabolism of blood-

thinning drugs, blood pressure

medications, opioids, and other drugs

via induction of cytochrome P450

enzymes (149).

n/a; endogenous

substance

Grapefruit Common Fruit There is minimal data on its effects on

weight loss and cardiovascular health

(156). Also taken for general

antioxidant properties and cancer

prevention.

Can interfere with metabolism of blood-

thinning drugs, blood pressure

medications, opioids, and other drugs

via induction of cytochrome P450

enzymes. (132)

Avoid large changes

in daily

consumption in the

perioperative

period.
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Controversies

In general, most of the controversies surrounding CAM are

related to a lack of agreement on mechanisms of action and

an assumed lack of validity. There is also difficulty in

blinding in the investigations of many of the manipulative

therapies such as chiropractics, massage, and acupuncture.

Furthermore, medical practitioners are often cautious of the

lack of regulatory control for CAM. Nevertheless, there are

ways to ensure quality within some of these modalities. For

example, Dr. Edzard Ernst has spent much of his career

performing evidence-based CAM research in order to

ensure critical thinking and prevent the use of potentially

harmful therapies that have been put into practice solely on

Table 5 continued

Common Sources Indications (evidence) Anesthetic considerations Recommendations for

perioperative period

Guarana Energy drinks,

pill/pastille, diet

tea

Weight-loss, performance enhancement

(157).

Also taken for depression, alertness.

Arrhythmias, hypertension,

cardiovascular instability (158).

Cease ingestion 24 hr

prior to surgery

(34).

Kava-kava Herbal tea,

pill/pastille

Anxiolysis (159). Also taken for

depression.

Potential to increase sedative effect of

anesthetics.

Cease ingestion 24 hr

prior to surgery

(34).

Melatonin Pill/pastille Preoperative anxiety (160-162). Also

taken for insomnia.

Potential to increase sedative effect of

anesthetics

n/a; endogenous

substance

Other omega-3

fatty acids

(e.g., fish

oil, flaxseed

oil)

Pill/pastille, also as

an oil applied to

food

Cognitive (162) and cardiovascular

health (163). Also taken for general

antioxidant properties and cancer

prevention.

Can interfere with metabolism of blood-

thinning drugs, blood pressure

medications, opioids, and other drugs

via induction of cytochrome P450

enzymes. Can interfere with blood

glucose control (132).

Avoid large changes

in daily

consumption in the

perioperative

period.

Probiotics Pill/pastille,

various cultured

foods (e.g.,

yogurt)

Immune health (164,165). Also taken for

allergies, skin disorders, and

gastrointestinal symptoms.

Suspected risk of hypotension,

interference with gut absorption of

antibiotics. Risk to those with

immune dysfunction.

Avoid large changes

in daily

consumption in the

perioperative

period.

Red yeast rice Pill/pastille,

condiment

Cholesterol lowering agent (101). Allergic reactions, inflammation, and

gastrointestinal disturbances are

possible. May interfere with

cytochrome P450 enzymes (166).

Avoid large changes

in daily

consumption in the

perioperative

period.

Saw palmetto Pill/pastille There is some evidence of Saw Palmetto

having mild benefit in urinary

symptoms associated with benign

prostatic hyperplasia (167). Also taken

for other urinary problems.

Anti-platelet properties. Can interfere

with metabolism of blood-thinning

drugs, blood pressure medications,

opioids, and other drugs via induction

of cytochrome P450 enzymes (132).

Cease ingestion 7

days prior to

surgery (34).

St. John’s

Wort

Pill/pastille, Depression (168). Also taken for anti-

inflammatory properties.

Can interfere with metabolism of blood-

thinning drugs, blood pressure

medications, opioids, and other drugs

via induction of cytochrome P450

enzymes. Risk of serotonin syndrome

(66).

Cease ingestion 5

days prior to

surgery (34).

Valerian Root Pill/pastille, herbal

tea

Insomnia (169). Also taken for

anxiolysis.

Potential to increase sedative effect of

anesthetics.

Tapering the dose

before surgery can

reduce the risk of

withdrawal

symptoms.

Yerba Mate Herbal teas, energy

drinks

Weight loss (158). Also taken for CNS

stimulatory effects.

Can cause hypertension, cardiovascular

instability.

Cease ingestion 24 hr

prior to surgery

(34).

Yohimbine� Pill/pastilles

energy drinks

Erectile dysfunction (170). Also taken

for sexual vitality, CNS stimulatory

effects.

Can cause hypertension, cardiovascular

instability.

Cease ingestion 7

days prior to

surgery (34).

�Yohimbine hydrochloride is available as a prescription drug in the United States. CNS = central nervous system
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the basis of belief rather than on sound evidence.46,47 A

discussion of some controversies within CAM research

follows along with examples of ways to help critically

evaluate these therapies.

Mechanisms of action

Studies examining inflammatory mediators, pain pathways,

positron emission tomography scans, functional magnetic

resonance imaging, and a host of possible mechanisms of

action have ultimately shown that CAM therapies,

including acupuncture, purportedly work through

complex and pleiotropic mechanisms that target multiple

pathways. This in itself is difficult to accept by those with a

rigid desire to identify singular unifying mechanisms. It is

just as hard to dissect CAM therapy down to one specific

molecule as it is to package pain into one singular

experience. Nevertheless, several theories for mechanisms

of action have become more widely accepted in the

medical literature, specifically for acupuncture and its

effects on pain.

The theories surrounding acupuncture’s mechanisms are

multifactorial, involving various central nervous system

pathways that include endogenous opioids and serotonergic

and noradrenergic/adrenergic systems.48-52 In the 1980s,

Pomeranz et al. showed an opioid effect of

electroacupuncture that was reversed using naloxone.53,54

They also showed acupuncture-induced A-beta and C

afferent fibres signalling in the spinal cord, resulting in the

release of endogenous opioids (e.g., dynorphin and

enkephalin) that can suppress nociception.55 The

endogenous opioid theory for acupuncture has been

tested and reaffirmed over time.56-62

Validity of data

In addition to the lack of mechanistic understanding for

CAM therapies, there is an assumed lack of validity, which

may be due to difficulty in designing truly double-blinded

randomized controlled trials. Sham controls now exist for

studies of acupuncture, e.g., needling at non-acupuncture

points, superficial insertion of needles, or non-insertion of

needles via attachment to a skin-coloured adhesive

bandage. Nevertheless, the idea of blinding is difficult

due to the argument that de qi - the threshold stimulus on

needle insertion that describes the ‘‘propagation of

sensation along channels’’ - is required to create

neuromodulation and produce a truly effective

acupuncture treatment.63,64 The patient experiences de qi

as a soreness or an aching feeling that sometimes radiates

in what seems to be the path of a traditional acupuncture

meridian. The acupuncturist experiences the feeling of a

needle being engaged or ‘‘catching a hook’’.65-67 Other

energy therapies shown to have some benefit in both acute

and chronic pain, e.g., repetitive transcranial magnetic

stimulation, have also encountered difficulties in

developing appropriate sham controls.68-72 Physical

modalities, such as chiropractic and massage, are equally

difficult to blind, since the subjects under study can clearly

discern whether they are truly receiving a massage or

spinal manipulation. Furthermore, even a light touch can

illicit changes in the limbic system, making it difficult to

design a true control for physical modalities.73

Despite controversy over a lack of adequate blinding

and potential intellectual biases against acupuncture and

other complementary therapies, evidence exists to support

these therapies even at the mechanistic level.14,74-76 For

example, several animal models have shown a therapeutic

effect for acupuncture and other CAM therapies.

Furthermore, since animals likely do not understand the

difference between true vs sham therapies, we can infer

that they are not likely to exhibit a placebo response.71-81

Some argue that acupuncture is no better than placebo

since a few human studies showed no significant difference

between sham needling and true acupuncture—ignoring

the effects of needle insertion itself.82 Nevertheless,

blinding attempts with non-penetrating shams are

possible in humans. For example, one study of

acupuncture used needle insertion through adhesive

bandages vs the appearance of a needle in a bandage but

no true insertion. Study results showed a significantly

increased benefit with acupuncture in reducing fatigue,

pain, and anxiety in fibromyalgia patients.63 When the

patients were surveyed regarding whether they had

received true acupuncture, they were unable to discern

whether they had received true or sham acupuncture

despite the lack of needle penetration. As clinicians, we

must judiciously analyze the design of any study, CAM or

otherwise, and search for appropriate controls before

validating the asserted conclusions.

Over the last four decades, arguments concerning the

lack of adequate controls have stressed the potential

psychological effects of acupuncture, claiming that any

observable benefit is due primarily to placebo responses.83

In contrast, some proponents of CAM embrace the

experience as critical for healing and ask whether a

placebo effect is really something to be avoided in

evaluating therapeutic responses. If the combined

psychological and physiological effects from an

alternative treatment are beneficial for patients while

exposing them to minimal risk, is it possible that this

may be the best available treatment? A student of Franz

Anton Mesmer, the father of modern hypnotism, once

commented, ‘‘If Mesmer has no other secret than that he

has been able to make the imagination exert an influence

upon health, would he not still be a wonder doctor? If
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treatment by the use of the imagination is the best

treatment, why do we not make use of it?’’84,85

Regulation of supplements

Although blinding for herbal therapies and other non-

vitamin non-mineral natural products is easy enough in

clinical trials, these treatments are already widely used and

readily accessible in the consumer marketplace. While

much of the world differs in terms of regulatory action, the

authors are most familiar with the US and therefore use it

as our primary example. The US Food and Drug

Administration (FDA) regulates dietary supplements

under the Dietary Supplement Health and Education Act

(1994). In contrast to regulations for pharmaceuticals, the

FDA does not require proof of safety or efficacy; instead, it

provides guidance only for manufacturers of ingestible

food products that are marketed as reducing the risk of

disease. Advertising with specific disease-related claims is

prohibited, but manufacturers are encouraged to produce

evidence of health benefits. Functional claims of reported

benefits are legally required to contain a disclaimer

acknowledging that the FDA has not evaluated these

claims and that the product ‘‘is not intended to diagnose,

treat, cure, or prevent any disease’’. The FDA classifies

herbal medications and vitamins as dietary supplements,

and under this designation, these supplements can be

produced, marketed, and sold without demonstrating either

safety or efficacy.

The popular use of dietary supplements with different

regulations and a potential for medication interactions, side

effects, and adverse events has become an area of concern

for many physicians. It is known that commonly ingested

supplements (e.g., fish oil, flax seed oil, garlic, ginger,

gingko, chamomile, and others) can affect coagulation

(Table 4). Theoretically, this could result in some degree of

cardioprotection, but it can also lead to easy bruising and

bleeding.33 Perhaps most importantly, many of these

supplements can interfere with the metabolism of other

perioperative medications through the cytochrome P450

system, notably the popular ‘‘antidepressant’’ herb

Hypericum perforatum (St. John’s Wort).86 Some

estimates show that more than 70% of prescription

medications are susceptible to these interactions. This can

lead to decreased bioavailability and therefore

subtherapeutic doses of prescription medications co-

administered with St. John’s Wort.86 Furthermore, when

individuals purchase supplements, there is an unknown

quantity of effective ingredient and variable or unknown

dosing due to variability among manufacturers.87

In the US, Canada, and Europe, additional controversy

also exists over the availability, marketing, and use of

nutraceuticals.88 Until 2004, when the Natural Health

Products Regulations (NHPR) in Canada took effect, the

provisions of the Food and Drugs Act made strict

distinctions between substances, requiring classification

as either food or drug. This dichotomy forced nutraceutical

manufacturers to either make no health claims about their

product or undergo the more stringent regulations for

drugs. Since then, over 55,000 applications for natural

health product licenses have been granted with

recommended health uses. The passage of the NHPR was

intended to focus on the safety, marketing, and

manufacturing of substances sold over the counter

without a prescription. Despite these changes, some may

consider the required paperwork onerous and limiting to

innovation, and controversy persists.89,90

In the US, most natural health products and

nutraceuticals are regulated as dietary supplements, as

there is no legal meaning to the terms nutraceutical,

functional food, or natural health products. In North

America, a delicate balance has yet to be struck between

consumer health protection from an unregulated market

and stifling new product development. Nevertheless, many

manufacturers appear to favour stricter regulation of

clinical claims, chemical purity, and good manufacturing

practices in order to inspire greater confidence in the

industry; in collaboration with the NIH Office of Dietary

Supplements, the Dietary Supplement Laboratory Quality

Assurance Program was launched.91

Regulation of providers

Another area of contention results from the viewpoint that

CAM practitioners are held to a lesser standard of care than

that of conventional medicine practitioners. Nevertheless,

while malpractice claims against massage therapists,

chiropractors, and acupuncturists occur less often than

claims against traditional practitioners and often involve

less serious injuries, CAM practitioners are still subject to

the ethical and legal implications of their practice.92

Indeed, there are risks related to these interventions, e.g.,

chiropractic manipulation may be associated with

significant risks, including arterial dissection leading to

stroke (approximate incidence = 0.005%), epidural

hematoma, disc herniation, and myelopathy.93-97 Some

have argued that these adverse events are not causally

related but rather only associations and that the benefits of

chiropractic manipulation may still outweigh the risks.98,99

The most common side effects of acupuncture are syncope

and nausea, with the most common serious risks being

pneumothorax and infection.100,101

Before integrating CAM as part of their practice,

physicians must critically evaluate the literature for the

physiological mechanisms in the setting of their training.

This is necessary to reduce the risk of misdiagnosis,
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treatment failure, and misrepresentation.85 Over a decade

ago, The Federation of State Medical Boards issued Model

Guidelines for the Use of Complementary and Alternative

Therapies in Medical Practice.102 Accordingly, prior to

licensing a practitioner, many state boards now require

CAM practitioners to provide a copy of the informed

consent form they intend to use. One way to ensure quality

of care is to refer patients only to those individuals who

have the appropriate certification and licensure for their

practice—whether acupuncture, chiropractic, massage, or

other integrative medicine techniques.

Conclusions: practical information for anesthesiologists

and pain physicians

Anesthesia providers will most commonly be exposed to

CAM in two scenarios: 1) in the care of a perioperative

patient already employing CAM, and 2) as an adjunct in

the management of acute or chronic pain. In the

perioperative setting, patients should always be

questioned regarding their use of CAM in order to

develop an appropriate anesthetic plan. For patients

interested in using CAM as an alternative to conventional

pharmacotherapy for pain, a multimodal approach should

be developed to address the pain, including nutritional,

physical, energy, and mind-body therapies.

While some manipulation and procedural therapies carry

the potential for adverse reactions, the rates of serious

adverse events, though not negligible, are relatively

low compared with conventional medical

therapies.93,94,100,101,103 When the risk to benefit ratio is

low, then it may be appropriate to continue with a therapy.

On the other hand, when evidence exists to show that the

cost or risk of a particular therapy is greater than the

evidence for benefit, it is the physician’s responsibility to

advise the patient against further use of that treatment.

Although physical exercise should generally be

encouraged, some patients may be unable to tolerate even

the gentle low-impact movements of tai chi and some

forms of yoga. These individuals may benefit from other

mindfulness exercises, including cognitive behavioural

therapy, biofeedback, meditation, and hypnosis. Art

therapy and music therapy may also help these patients

to desensitize wind-up of the central nervous system.

Movement and breathing to self-selected music has been

shown to improve global function, sleep, and pain in some

syndromes.85,104,105 Again, these therapies are relatively

low-risk and underutilized by both physicians and patients

in the treatment of the psychological and physical aspects

of chronic pain.

Low-risk therapies, such as guided imagery and mindful

meditation (including prayer), can almost always be

considered, since these may aid in self-management of

pain and anxiety. Similarly, in the perioperative setting,

while it is not necessary to have formal training in

hypnosis, communicating with patients in a soothing and

reassuring manner can bring about beneficial results.21-23

Other CAM therapies for pain may also offer surprising

benefit at minimal risk to those patients who are amenable.

These therapies should probably be tried prior to initiation

of opioid therapy or more invasive procedures for chronic

pain.

The appropriate certification and credentials should be

obtained for potentially harmful procedural therapies such

as acupuncture, chiropractic treatment, ultrasound, and

magnetic stimulation. Physicians should encourage their

patients to inquire about CAM practitioners’ credentials in

order to ensure they have completed the appropriate

training. For example, acupuncturists and chiropractic

practitioners can obtain licensure and board certification

in their respective practices to assure that baseline

standards of care are met. The Academic Consortium for

Complementary and Alternative Health Care (ACCAHC)A

attempts to maintain a list of accrediting agencies and

testing and certification organizations for the various

licensed CAM professions.106 Although no licensure is

required for other less invasive therapies, such as

biofeedback or hypnosis, appropriate certification can be

obtained. Theoretically, referral to individuals with such

credentials may decrease the risk of adverse events and

improve quality of care.

Physicians should always question patients regarding

their use of nutraceutical and herbal supplements and be

aware of potential pharmaceutical interactions. While

nutraceuticals, herbals, and dietary supplements can be

difficult to assess for efficacy and quality control, evidence-

based resources do exist. A branch of the US NIH, The

National Center for Complementary and Alternative

Medicine (NCCAM), provides fact sheets about

commonly used herbs on their website (https://nccih.nih.

gov/health/herbsataglance.htm). The NCCAM also pro-

vides current information on acupuncture and other

commonly used modalities. Physicians may, if their

knowledge base allows, make recommendations on sup-

plements. Nevertheless, it may be advisable to collect a file

of articles regarding the literature and evidence supporting

the use of such therapies prior to their initiation. Due to the

potential for polypharmacy in chronic pain patients, it may

be inadvisable to add supplements unless simultaneously

tapering a separate prescription medication. Large varia-

tions in the active ingredients (and the resulting dose) may

be present;31 as a result, clinicians should ask patients to

bring in the actual bottles so they can determine the

A The ACCAHC website can be found at http://accahc.org/.

80 A. Woodbury et al.

123

https://nccih.nih.gov/health/herbsataglance.htm
https://nccih.nih.gov/health/herbsataglance.htm
http://accahc.org/


quantity (and possibly the quality) of what is being

ingested. To assess for quality control, the NIH maintains a

database of products by main ingredients and brand (http://

www.dsld.nlm.nih.gov/dsld/). Another potential resource

for clinicians is the Natural Medicines Comprehensive

Database (http://naturaldatabase.therapeuticresearch.com/).

For those who wish to incorporate integrative medicine

into their own practice or refer patients to quality CAM

practitioners, formal training is available and can lead to

certification, licensing, and credentialling in some fields,

e.g., acupuncture, chiropractic treatment, massage therapy,

and naturopathic medicine. Whether or not

anesthesiologists and pain management physicians choose

in-depth training, they should stay abreast of available

therapies in order to counsel patients regarding potential

risks, benefits, and pharmaceutical interactions.
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