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T
his study examined the preop-
erative use of complementary
and alternative medicines by
surgical patients at the Univer-
sity of Colorado Health Sci-

ences Center, Denver. After a literature
review, the alternative medicines were
classified by similar mechanisms of
action with anesthetic drug pharmacody-
namics that may contribute to synergis-
tic, additive, or antagonistic drug
interactions acting on related recep-
tors.1(pp377-387) Certain herb or dietary
supplements may interact with anesthetic
drugs to alter the hemostatic process,
possibly resulting in excessive surgical
bleeding; other alternative medicines
may cause adverse cardiovascular, seda-
tive, or electrolyte effects.2 To prevent
adverse botanical-anesthetic drug inter-
actions, the American Society of Anesthe-
siologists (ASA) suggests the discontinu-
ation of all herbal medicines at least 2
weeks before surgery.3 The potential drug
interactions juxtaposed between preoper-
ative alternative medicines and anesthetic
drugs may compromise patient safety in
the paradigms of both conventional and
alternative therapies.

Herbal remedies commonly are con-
sumed preoperatively by surgical
patients,2,4,5 which may pose significant
yet undefined patient safety risks. The
frequent use and lack of patient com-
munication about alternative medicines
increases the probability of interactions
between these self-prescribed vernacu-
lar medicines and anesthetic drugs. One
study found that 70% of surgical
patients who consumed preoperative
alternative medicines did not disclose
use during anesthetic interview,5 and
other studies of nonsurgical patients
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similarly report that the use of alterna-
tive medicines often is not revealed to
physicians.6

A paucity of extant research is avail-
able to quantify adverse risks of herb-
drug or dietary supplement interac-
tions, especially in combination with
the pharmacology of an anesthetic.7

The interactions of herbs or dietary
supplements with pharmaceutical
drugs may be plausibly theorized by the
pharmacodynamic properties of the
substances. Reviews of human clinical
trials or case reports are preferred to
discern herb-drug interactions com-
pared to extrapolation inferred from in
vivo or in vitro animal studies or from
studies of isolated herbal constituents
in contrast with studies of the whole
herb. Pending definitive pharmacoki-
netic and pharmacodynamic models,
herb-drug interactions are predictive
and may differ from future clinical trials
of botanical and pharmaceutical combi-
nations because the pharmacodynamic
effects of isolated herbal components
may differ from the action of the whole
herb, leading to inaccurate theoretical
assumptions.8,9(pp24-25)

Methods
• Data collection. After institutional

review board approval, outpatients
undergoing elective surgery were sur-
veyed about their use of complementary
and alternative medicines during the 2
weeks before surgery. Surgical patients
were advised to discontinue herbal
medicines by advanced nurse practi-
tioners during preanesthetic screening
during the 2 weeks before surgery.
From June 30 to September 9, 2000, a
panel of registered nurses collected
questionnaires after randomly selecting
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subjects by the toss of a coin. On admission to day
surgery, patients were invited to complete self-report
questionnaires with no identifying information. Of
the 500 distributed data instruments, 496 (99.2%)
were completed and returned. A retrospective check
of anesthesia records from the previous and subse-
quent months suggested that this hospital-based pop-
ulation was a representative sample of outpatients
undergoing elective surgery throughout the year in
our department.

• Data instrument. The computerized data instru-
ment used a descriptive design listing the common
names of herbs, vitamins, dietary supplements, and
homeopathic medicines without requiring dose infor-
mation or frequency of use. To ensure subject partici-
pation, response validity, and anonymity, data on sub-
jects’ alternative medicine disclosure to anesthesia
providers was not requested. Construct, face and con-
tent validity and reliability of the data instrument was
verified from literature review and the database from
the previous year’s survey2 after consultation with a
statistician and an herbal toxicologist (C. Vojir, PhD
verbal communication, University of Colorado Health
Sciences Center School of Nursing. Denver, Colo,
March 2000, and Francis Brinker, ND, phone and
email communication, Program in Integrative Medi-
cine, University of Arizona School of Medicine, Tuc-
son, Ariz, October 13, 2000). The data instrument
listed choices for the common names of 100 herbs, 47
dietary supplements, 13 vitamins, and 33 homeo-
pathic medicines, although common foods were omit-
ted as options as herbal medicines. The demographic
variables were age, sex, education, ethnicity, self-
report ASA health status, and surgical case type.

• Statistics. All raw data were scanned into a statis-
tical database (SPSS 10.0 for Windows, 1999, SPSS,
Inc, Chicago, Ill) and converted into nominal vari-
ables. Medicines handwritten on the instrument were
included in the database as variables. The frequencies
of alternative medicines were analyzed individually
and in groups of herbs, vitamins, dietary supple-
ments, and homeopathic medicines.

The common and scientific names of the alterna-
tive medicines were indexed from 1990 to 2000 in the
National Center for Complementary and Alternative
Medicine CAM Citation Index, as well as the MED-
LINE, International Pharmaceutical Abstracts, and
PubMed databases. The literature search also focused
on file-drawer review and reputable pharmacognosy
texts. The alternative medicines then were classified
according to categories of pharmacodynamic effects
on coagulation, blood pressure, cardiac, sedative, or
electrolyte variables. Alternative medicines were

grouped into syntaxes to define the occurrences of
values that were counted within cases. Descriptive
statistics analyzed simple frequencies and cross-tabu-
lations. The Pearson χ2 analyses tested differences in
demographic variables between groups consuming
herbs, vitamins, dietary supplements, or homeopathic
remedies and groups who did not.

Results
• Types of alternative medicines. During the 2 weeks

before surgery, 364 patients (73.4%) took alternative
medicines such as herbs, vitamins, dietary supple-
ments, or homeopathic remedies. Two or more types
of alternative medicines (range, 2-44 types per
patient) were combined by 287 patients (57.9%). Of
the respondents, 186 (37.5%) reported taking 1 or
more of 62 different herbs; 154 patients (31.0%) com-
bined multiple herbs (range, 2-13 herbs per patient).
The most commonly consumed herbs were garlic
(13%) and herbal teas (11%). Echinacea and cran-
berry each were taken by 7% of patients. Peppermint
was consumed by 4%.

The consumption of 14 types of vitamins was
reported by 292 patients (58.9%) who took up to 14
types of vitamins. Multiple combinations of vitamins
(range, 2-12 vitamins per patient) were taken by 173
patients (34.9%). Most commonly consumed were
multivitamins (41%) and vitamin C (28%) or E
(25%). Of the respondents, 224 (45.2%) took dietary
supplements (36 types reported), most commonly cal-
cium (25%) or glucosamine (11%). Multiple combi-
nations of dietary supplements (range, 2-19 types per
patient) were consumed by 144 patients (29.0%). Six
surgical patients (1.2%) took homeopathic medicines,
specifically arnica (0.8%), aconitum (0.4%), phospho-
rus (0.4%), sulfur (0.4%), and calendula (0.2%).

• Classification of alternative medicines. Two hun-
dred patients (40.3%) consumed alternative medi-
cines that inhibit the coagulation cascade, as listed in
Table 1. Seventy-six patients (15.3%) combined mul-
tiple alternative medicines affecting coagulation
(range, 2-10 medicines per patient). Alternative med-
icines that affect blood pressure were consumed by
162 patients (32.7%) (Table 2). Sixty-eight patients
(13.7%) consumed multiple substances that affect
blood pressure (range, 2-6 medicines per patient).
Medicines with cardiac effects were taken by 99
patients (20.0%) (see Table 2), with 7% combining
multiple types of these medicines (range, 2-6 types
per patient). Alternative medicines with sedative
effects were taken by 83 surgical patients (16.7%)
(Table 3). Multiple combinations of medicines with
sedative effects (range, 2-6 medicines per patient)
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Pharmacodynamic effect Alternative medicine

Inhibit platelet aggregation Bilberry, bromelain, cayenne, celery, dan shen, dandelion, dong quai, evening
primrose, feverfew, fish oil, garlic, ginger, gingko, ginseng, horse chestnut,
kava, licorice, reishi mushroom, red clover, turmeric, vitamin E

Increase bleeding time Evening primrose, fish oil, garlic

Contain coumarins Celery, chamomile, dong quai, fenugreek, horse chestnut, licorice, red clover

Decrease plasma viscosity Garlic, gingko, fish oil

Fibrinolytic effects Bromelain, cayenne, garlic

Inhibit platelet activating factor Celery, gingko, ginseng

Inhibits cyclooxygenase Kava kava

Inhibit arachidonic acid Celery, feverfew, kava kava

Inhibit fibrinogen Gingko, fish oil

Activate plasminogen Bromelain, cayenne

Inhibit adenosine diphosphate Bromelain, celery, ginger, feverfew

Decrease prostaglandin E2 Kava kava, bromelain

Inhibit thromboxane A2 and increase Bilberry, dan shen, dong quai, feverfew, fish oil, garlic, ginger, kava kava,
prostaglandin I2 turmeric

Table 1. Potential coagulation effects of alternative medicines used by surgical patients10,14

Pharmacodynamic effects Alternative medicine

Antiarrhythmic properties Dong quai, gingko, ginseng

Hypokalemic dysrhythmias Aloe, licorice

Sympathomimetic dysrhythmias Ephedrine, marijuana

Coronary vasodilation, antianginal effects Coenzyme Q10, dan shen

Hypertension Ephedra, licorice, ginseng

Improves LVEJ, stroke volume, CHF Coenzyme Q10

Mild MAOI interactions Brewers yeast, ephedra, gingko, ginseng, green tea, St John’s wort

Moderate hypotensive effects Cayenne, celery, coenzyme Q10, dan shen, garlic, marijuana, fish oil,
dandelion, cornsilk, magnesium

Negative inotropic Dong quai, ginseng

Peripheral vasodilation in animals Black cohosh, dong quai

Positive inotropic Coenzyme Q10, ginger

Reduces peripheral resistance Coenzyme Q10

Table 2. Potential cardiovascular effects of alternative medicines used by surgical patients10

CHF = Congestive heart failure
LVEF = Left ventricular ejection fraction
MAOI = Monoamine oxidase inhibitor
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were taken by 31 patients (6.2%). Alternative medi-
cines classified as having electrolyte or diuretic effects
were taken by 44 patients (8.9%) (Table 4); 13
patients (2.6%) used multiple combinations of these
substances (range, 2-7 medicines per patient). Herbs
that are recognized to adversely interact with pharma-
ceutical drugs were consumed by 113 patients
(22.8%) (Table 5). Multiple combinations of these
medicines (range, 2-6 herbs per patient) were taken
by 56 patients (11.3%).

• Demographics of subject population. Frequencies
of the surgical population’s ages revealed normal
Gaussian distribution. The level of education was
reported as follows: high school, 30%; college, 34%;
postgraduate, 21%; trade school, 7%; grade school,
3%; and other, 3%. Ethnicity was reported as follows:
white, 76%; Hispanic, 8%; African American, 4%;
multiracial, 3%; and Asian, 2%. The surgical case
types were as follows: orthopedic, 18%; otorhino-
laryngology or general surgery, 12%; gynecology, 9%;
oncology or urology, 6%; plastic surgery, 4%; and
hand, cardiac, or transplant surgery, 2%. Health status
was self-reported as follows: ASA class I, 67%; ASA
class II, 13%; ASA class III, 11%; and ASA class IV, 4%.

The Pearson χ2 analysis revealed no significant dif-
ferences between males (44.8%, n = 222) and females
(53.0%, n = 263), with 11 subjects not reporting sex

in the groups taking herbs (P=.140), dietary supple-
ments (P=.188), vitamins (P=.507), or homeopathics
(P=.939) compared with those who did not consume
these alternative medicines. The χ2 cross-tabulation
revealed no significant differences in the mean popu-
lations of groups consuming herbs, dietary supple-
ments, or homeopathic medicines related to age, eth-
nicity, education, surgical case type, or self-reported
ASA health status compared with those who did not
consume these alternative medicines. However, an
increased use of vitamins was significantly correlated
with increased age and advanced education (Table 6).

Discussion
Anesthetic drugs that inhibit coagulation, cause seda-
tion, affect the cardiovascular system, or alter serum
electrolytes may adversely interact with herbs that
have similar effects.2,10 Anesthetic drug pharmacoki-
netics and pharmacodynamics may become altered by
concomitant administration of substances that impair
absorption, compete with receptor binding sites, alter
metabolism of cytochrome enzymes by induction or
inhibition, or alter renal excretion.11(p17) Herbal med-
icines may interact with drug receptors through simi-
lar pharmacodynamic principles.8-10

Some herbs, dietary supplements, or vitamins may
additively interact with drugs such as anticoagulants

Pharmacodynamic effect Alternative medicines

Cathartic Aloe, rhubarb

Diuretic Celery, chamomile, dandelion, elder, horseradish, cornsilk

Pseudoaldosteronism Licorice

Table 4. Potential electrolyte effects of alternative medicines used by surgical patients10

Pharmacodynamic effect Alternative medicines

Prolong barbituate sedation in mice Ashwagandha, catnip, cayenne, hops, lavender, passionflower, St John’s wort,
valerian

Benzodiazepine receptor binding Chamomile, St John’s wort, valerian

GABA receptor binding Valerian, St John’s wort, kava kava

Anxiolytic Kava kava, ginseng, melatonin, St John’s wort, valerian

Prolonged narcotic sedation in mice St John’s wort

Muscle relaxant effects Kava kava, valerian, lavender

CNS depressant Marijuana, St John’s wort, valerian

Table 3. Potential cardiovascular effects of alternative medicines used by surgical patients10

CNS = Central nervous system
GABA = γ-aminobutyric acid
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or aspirin to alter the hemostatic process.10,12-14 In
addition, nonsteroidal anti-inflammatory drugs such
as the analgesic ketorolac (Toradol) inhibit platelet
aggregation for the life of the platelet (7-10 days) by
irreversible effects that inhibit cyclooxygenase activity
and prostaglandins in a manner similar to
aspirin.11(pp250,256) Long-term use of gingko has been
associated with spontaneous subdural hematomas in a
young healthy female,15 and intracerebral hemorrhage
was noted when ginkgo was combined with long-term
use of warfarin.16 In 1999, a University of Colorado
mastectomy patient had extensive postoperative
bleeding requiring emergency surgical reexploration
possibly caused by herb/supplement–drug interac-

tions of ginkgo, Siberian ginseng, astragalus, bilberry,
and vitamin E combined with quinine and sertraline
(Zoloft).17 Furthermore, spontaneous epidural
hematoma resulting in paraplegia18 and postoperative
hemorrhage19 has been associated with the excessive
consumption of garlic.

The preoperative use of certain alternative medi-
cines with cardiovascular effects (see Table 2) com-
bined with potent anesthetic drugs may exacerbate
toxic effects, creating additive or adverse cardiovascu-
lar effects.2,10 Found in herbal diet products, ephedra,
also known as ma huang, is a sympathomimetic that
has been associated with hypertension, dysrrhyth-
mias, tachycardia, palpitations, angina, myocardial

Common name Drug interactions No. % Use

Aloe Cardiac glycosides, diuretics 3 0.6

Brewer’s yeast MAOI, ephedrine 3 0.6

Bromelain Anticoagulants 3 0.6

Cayenne Barbituates 9 1.8

Dan shen Anticoagulants 1 0.2

Dong quai Anticoagulants 4 0.8

Ephedra products Ephedrine, halothane, oxytocin, MAOI, 24 1.4
cardiac glycosides

Garlic Anticoagulants 64 12.9

Ginger Anticoagulants 18 3.6

Gingko Anticoagulants 26 5.2

Ginseng Anticoagulants 26 5.2

Kava kava Hypnotics, barbiturates, sedatives 11 2.2

Licorice Cardiac glycosides, diuretics 14 2.8

St John’s wort MAOIs, ephedrine, narcotics, sedatives, 13 2.5
calcium channel blockers

Valerian Hypnotics, barbiturates, sedatives 5 1.0

Table 5. Herbs with potential anesthetic drug interactions used by 496 surgical patients10

MAOI = Monoamine oxidase inhibitor

Alternative medicine Age Sex Education Ethnicity ASA class Surgery

Herbs .250 .140 .319 .901 .518 .696

Dietary supplements .161 .188 .031 .469 .268 .180

Vitamins .002 .507 .004 .089 .591 .497

Homeopathics .721 .939 .161 .980 .724 .164

Table 6. 2 cross-tabulation P values of demographical analysis
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infarction, cerebrovascular accidents, and seizures.20

Linked to more than 17 deaths, ephedra has pharma-
cokinetics similar to the anesthetic vasopressor
ephedrine,21 and the herb’s content may vary from
product lot to lot as much as 137%, increasing toxic
effects.22 Furthermore, the pathophysiologic effects of
hypokalemia may contribute to cardiac dysrrhythmias
or potentiate muscle relaxation and can exacerbate
the toxic effects of diuretics and cardiac glyco-
sides.1(p386) Licorice is thought to adversely interact
with these drugs due to hypokalemia, hypernatremia,
and pseudoaldosteronism related to a decreased level
of 11β-hydroxysteroid-dehydrogenase.9(p92)

Barbiturates, hypnotics, benzodiazepines, and nar-
cotics may have synergistic or unpredictable effects if
combined with sedative herbal medicines that affect
neurotransmitters (see Table 3).2,10 The long-term use
of high-dose valerian has been linked to a possible
postoperative benzodiazepinelike withdrawal reaction
resulting in cardiac failure and delirium during emer-
gence from general anesthesia.23 A 54-year-old man
who combined the herb kava kava with cimetidine,
terazosin hydrochloride, and alprazolam (Xanax)
became semicomatose.24

St John’s wort inhibits binding to µ-, δ-, and κ- opi-
oid, γ-aminobutyric acid, and other neurotransmitter
receptors25; therefore, the antidepressant botanical
may cause excessive sedative effects if combined with
narcotics. St John’s wort is a potent inducer of hepatic
cytochrome P-450 CYP3A4 and P-glycoprotein/
MDR1 affecting drug absorption, distribution, and
metabolism, contributing to interactions with
cyclosporine, indinavir, digoxin, amitriptyline, and
many other drugs; its effects support a need for
stricter herbal regulation.26 In addition to St John’s
wort, the herbs goldenseal, cat’s claw, echinacea, wild
cherry chamomile, and licorice inhibit CYP3A4 in
vitro and may affect drug metabolism.27

Potential conclusion errors in this study include
the data instrument that did not ascertain the dose or
frequency of use of alternative medicines. Erroneous
patient disclosures may have occurred due to listing
the common names of herbs on the data instrument
without listing all the corresponding botanical terms
for precise identification. Patients may not have been
scheduled for preanesthesia testing and, thus, may not
have received advanced information to discontinue
herbs. The literature search may not have been inclu-
sive of each and every study in the domains of herb-
drug interactions or the pharmacodynamic effects of
alternative medicines. Furthermore, classifications of
alternative medicines were not weighed based on a

comprehensive hierarchal ranking of all evidence
from in vitro, in vivo, human case reports, or clinical
trials.8,9 Frequency comparisons for study years 19992

and 2000 may be invalid due to an improved content
validity of the data instrument. Although this study
described the frequency of use of alternative medi-
cines and the potential for interactions with anes-
thetic drugs, direct causal relationships of herb-
drug/supplement interactions may not be definitively
predicted from this survey because data on subjects’
surgical outcomes or anesthetic complications were
not collected.

Greater communication and understanding of com-
monly self-prescribed herbal medicine can facilitate
patient disclosure and permit preoperative screening
for botanicals that may interact with anesthetic drugs.
To safely integrate alternative medicines, further
research of herb–dietary supplement interactions is
needed, theoretically driven by causal correlations of
models that examine the uptake, bioavailability, and
pharmacodynamic and pharmacokinetic interactions
of botanical-anesthetic drug combinations.

REFERENCES
1. Bovill JG, Howie MB. Clinical Pharmacology for Anesthetists. Lon-

don, England: WB Saunders Publishers; 1999.

2. Norred CL, Zamudio S, Palmer SK. Use of complementary and
alternative medicines by surgical patients. AANA J. 2000;68:13-18.

3. Weintraub PS. New and old media used to distribute ASA’s patient
safety message about herbal medications. ASA Newsletter. July
1999;63(7):23, 35.

4. Tsen LC, Segal S, Pothier M, Badier AM. Alternative medicine use
in presurgical patients. Anesthesiology. 2000;93:148-151.

5. Kaye AD, Clarke RC, Sabar R, et al. Herbal medicines: current
trends in anesthesiology practice, a hospital survey. J Clin Anesth.
2000;12:468-471.

6. Eisenberg DM, Davis RB, Ettner SL, et al. Trends in alternative
medicine use in the United States, 1990-1997: results of a follow-
up national survey. JAMA. 1998;280:1569-1575.

7. Assemi M. Herbal preparations: concerns for operative patients.
Anesth Today. 2000;10(3):17-24.

8. Blumenthal M. Interactions between herbs and conventional
drugs: introductory considerations. HerbalGram. 2000;49:52-63.

9. Brinker F. Herb Contraindications and Drug Interactions. 3rd ed.
Sandy, Ore: Eclectic Medical Publications; 2001.

10. Herbs and Anesthesia. http://www. carolnorred.mybravenet.
com/Herbal/herbal.HTM. Accessed September 10, 2001.

11. Stoelting RK. Pharmacology and Physiology in Anesthetic Practice.
3rd ed. Philadelphia, Pa: Lippincott Williams & Wilkins; 1999.

12. Heck AM, Dewitt BA, Lukes AL. Potential interactions between
alternative therapies and warfarin. Am J Health Syst Pharm.
2000;57:1221-1230.

13. Gianni L, Dreitlein WB. Some popular OTC herbals can interact
with anticoagulant therapy. US Pharm. 1998;23:83-4, 6.

14. Norred CL, Brinker F. Potential coagulation effects of preoperative
complementary and alternative medicines. Altern TherHealth Med.
2001;7(6)58-67.

15. Rowin J, Lewis SL. Spontaneous bilateral subdural hematomas
associated with chronic Ginkgo biloba ingestion. Neurology.
1996;46:1775-1776.



AANA Journal/April 2002/Vol. 70, No. 2 125

16. Matthews MK. Association of ginkgo biloba with intracerebral
hemorrhage [letter]. Neurology. 1998;50:1933-1934.

17. Norred CL, Finlayson CA. Hemorrhage after the preoperative use
of complementary and alternative medicines. AANA J.
2000;68:217-220.

18. Rose KD, Croissant PD, Parliament CF, Levin MB. Spontaneous
spinal epidural hematoma with associated platelet dysfunction
from excessive garlic ingestion: a case report. Neurosurgery.
1990;26:880-882.

19. Burhnam BE. Garlic as a possible risk for postoperative bleeding
[letter]. Plast Reconstr Surg. 1995;95:213.

20. Haller CA, Benowitz NL. Adverse cardiovascular and central nerv-
ous system events associated with dietary supplements containing
ephedra alkaloids. N Engl J Med. 2000;343:1833-1838.

21. Gurley BJ, Gardner SF, White LM, Wang PL. Ephedrine pharmaco-
kinetics after the ingestion of nutritional supplements containing
Ephedra sinica (Ma-huang). Ther Drug Monit. 1998;20:439-445.

22. Gurley BJ, Wang P, Gardner, SF. Ephedrine-type alkaloid content of
nutritional supplements containing Ephedra sinica (Ma-huang) as
determined by high performance liquid chromatography. J Pharm
Sci. 1998;87:1547-1553.

23. Garges H, Varia I, Doraiswamy P. Cardiac complications and delir-
ium associated with valerian root withdrawal. JAMA. 1998;
280:1566-1567.

24. Almeida JC. Grimsley EW. Coma from the health food store: inter-
action between kava and alprazolam [letter]. Ann Intern Med.
1996;125:940-941.

25. Simmen U, Burkard W, Berger K, Schaffener W, Lundstrom K.
Extracts and constituents of Hypericum perforatum inhibit the
binding of various ligands to recombinant receptors expressed
with the Semiliki Forest virus system. J Recept Signal Transduct Res.
1999;19:59-74.

26. Dürr D. Stieger B, Kullak-Ublick GA, et al. St. John’s wort induces
intestinal P-glycoprotein/MDR1 and intestinal and hepatic
CYP3A4. Clin Pharmacol Ther. 2000;68:598-604.

27. Budzinski JW, Foster BC, Vandenhoek S, Arnason JT. An in vitro
evaluation of human cytochrome P450 3A4 inhibition by selected
commercial herbal extracts and tinctures. Phytomedicine. 2000;
7:273-282.

AUTHOR
Carol L. Norred, CRNA, MHS, is a nurse anesthetist researcher and
clinical instructor in the Department of Anesthesiology at the Univer-
sity of Colorado Health Sciences Center (UCHSC), Denver, Colo. She
also is a doctoral student in the UCHSC School of Nursing.

ACKNOWLEDGMENT
This study was funded by a grant from the American peri-Operative
Registered Nurses Foundation and Sigma Theta Tau, International
Honor Society of Nursing. The author’s institutional predoctoral train-
ing is provided through a National Research Service Award funded by
the National Center for Complementary and Alternative Medicine and
the National Heart, Lung, and Blood Institute (HL T32 07085).
Thomas Henthorn, MD, chair of the UCHSC Department of Anesthe-
siology, is acknowledged for support of nurse anesthesia research.


