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Expert Report of David A. Lubarsky, M.D., MBA
Dated November 26, 2014
Background
1.

I am a licensed physician, and I currently serve as the Emanuel M. Papper Professor of
Anesthesiology and the Chair of the Department of Anesthesiology at the University of
Miami Miller School of Medicine. I have served as Chair for the past thirteen years. I
am also the Chief Medical Officer of the University of Miami Health System.

2.

In addition to my current position, my experience as an anesthesiologist includes service
as the Vice-Chair of the Department of Anesthesiology at Duke University Medical
Center from July 1988 to November of 2001. I am licensed to practice medicine in
Florida. I am Board Certified in anesthesiology by the American Board of
Anesthesiology, and in pain management by the American Academy of Pain
Management. I have conducted research and published peer-reviewed articles on the
suitability of various drugs as anesthetics and how to adequately maintain anesthetic
depth in a clinical setting. I have been a recurring author of the chapter on intravenous
induction agents in our specialty’s primary authoritative textbook (Miller’s Anesthesia).
3. I have conducted research and published almost 100 peer-reviewed articles and many
other non-peer-reviewed treatises. Some of these publications deal with the suitability of
various drugs as anesthetics and how to adequately maintain anesthetic depth in a clinical
setting. I have also published peer-reviewed articles on lethal injection, including the
only scientific paper that evaluated available medical data, and have served as an expert
witness in lethal-injection litigation in several states, including in Alabama in the case of
Arthur v. Thomas, 674 F3d 1257 (11th Cir. 2012). I have also served as an expert witness
in cases involving lethal injection in Ohio, Tennessee, and Florida. A current copy of my
complete CV is attached as Exhibit 1 to this Report. In the previous four years, I have
testified as an expert at trial or by deposition in the following cases: Juan Carlos Chavez,
Plaintiff v. John Palmer, etc. et al., Defendants, Case No. 3:14-cv-110-J-39JBT, in the
United States District Court, Middle District of Florida; State of Florida v. Howell, Case
No. 1992-CF-22; in the Circuit Court for Jefferson County, Florida; Liptak, Carly v.
Rudolph/Dickinson/Anesthesia Associates of Pinellas County, P.A., Case No. 12-5386CI-21, in the Circuit Court for Pinellas County, Florida; and in Preliminary Injunction
hearing for Ronald Ray Post in In re: Ohio Execution Protocol Litigation, Case No. 2:11cv-1016 (S.D. Ohio), in the United States District Court, Northern Ohio District.

4.

I have been retained by counsel for Plaintiffs in Warner v. Gross, No. 5:14-cv-00665-F.
I was asked to review documents and provide my opinion regarding the use of
midazolam generally and specifically in Oklahoma’s lethal-injection execution protocol.

5.

I am being compensated for my work in this case at $600 per hour. To date, I have billed
the Plaintiffs $2700.
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6.

I have reviewed the following documents:
Record

Bates Numbers

Autopsy Report of Clayton Lockett

DPS 1-12 (OAG/JDH/Warner
0088-0099)
DPS 16-33 (OAG/JDH/Warner
0121-0138)
DPS 63-65 (OAG/JDH/Warner
0189-0191)
DPS 66-68 (OAG/JDH/Warner
0103-0105)
DPS 84-95 (OAG/JDH/Warner
0139-0150)
DPS 105-136 (OAG/JDH/Warner
0056-0087)
FPD 1-2

IFS-14-07742 OK docs_RedactedCOMP
(includes lab analyses)
Tox Rpt 14-00742 (toxicology report)
Tox wksht 14-07742 (toxicology worksheet)
ifs-14-07742 SWIFS ME docsCOMP (includes
toxicology report)
14-0189SI Summary (DPS Executive Summary)
2014.06.12 UFS Cohen Lockett Preliminary
Autopsy Findings (Dr. Joseph Cohen’s
report)
Attachment D (to 2014.09.30.14 Revised
Protocol) - Preparation and Administration of
Chemicals

DOC 163-173
(OAG/JDH/Warner 0035-0045)

Opinion
1.

In a clinical setting, the purpose of anesthesia is to render a patient insensate to the
effects of a proposed intervention. When a general anesthetic is utilized, induction and
maintenance of unconsciousness and lack of responsiveness to noxious stimuli is the goal
and expected outcome.

2.

Midazolam is known under the trade name Versed. It is the shortest acting
benzodiazepine on the market. Benzodiazepines are a class of drugs primarily used for
treating anxiety. They include drugs such as Valium, Ativan, and Xanax. In clinical use,
midazolam is typically administered prior to the induction of anesthesia in surgical
settings to treat and sedate a patient.

3.

Midazolam is not intended for use as a total anesthetic. Although midazolam can be used
to induce anesthesia, it has no analgesic properties, and without the addition of painrelieving drugs, does not render one insensate to noxious stimuli and is not suitable as a
form of anesthesia as a single drug.

4.

Midazolam is not FDA-approved as the sole drug to produce and maintain anesthesia in
minor surgical procedures. It is never used as the sole anesthetic in a procedure that
involves any noxious stimuli as it has no appreciable analgesic effect. J.G. Reves, Robert
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J. Fragen, H. Ronald Vinik, David J. Greenblatt, Midazolam, Pharmacology and Uses, 62
Anesthesiology, 310-324 (1985).
5.

Midazolam has a ceiling effect on anesthetic depth. This means that further
administration of drug after a certain effect is reached has no further effect. See Exhibits
2 and 3, attached to this Report.

6.

Midazolam differs significantly and materially from barbiturates like pentobarbital,
which are approved as sole anesthetics. Pentobarbital is a barbiturate, and unlike
midazolam, it does not have a ceiling effect. Pentobarbital produces two different effects
on the brain. It acts on the GABA receptor to promote GABA binding that will induce
unconsciousness in the absence of noxious stimuli, and it also produces sedation directly
in large doses, acting as a GABA substitute.

7.

Midazolam binds to a receptor adjacent to the GABA receptor and increases effective
binding of GABA to its receptor to induce unconsciousness, but unlike the barbiturates,
it does not have any direct effect (the second mechanism of barbiturates) to produce deep
anesthetic states. Also, once that receptor is saturated with midazolam, administration of
more of the drug does not do anything further to increase the level of unconsciousness.
There is a maximum effect short of EEG (brain electrical activity) silence (Physiology
and Pharmacology in Anesthetic Practice, Stoelting and Hillier, 4th edition), which is
why midazolam is not used to induce coma whereas barbiturates are.

8.

Midazolam can also cause paradoxical reactions in vulnerable populations, such as the
elderly, people with a history of aggression, impulsivity, alcohol abuse or other
psychiatric disorders. A paradoxical reaction is when the drug does not work as intended.
These paradoxical reactions manifest in many ways such as hyperactivity and
restlessness, but are not attended by the expected sedative effects, and are addressed by
reversal of midazolam, not further administration. Midazolam can be reversed by
administering the drug romazicon (trade name Flumazenil). See Exhibit 4.

9.

Studies show that when benzodiazepines like midazolam are given in high doses to the
elderly (over 65), to people with a history of aggression or impulsivity, a history of
alcohol abuse, and other psychiatric disorders, there is a significant risk of a paradoxical
reaction. In the prison setting—which population includes those who constitute the
vulnerable populations addressed here—midazolam might not cause a prisoner to be
sedated long enough for the execution to be over, and instead might induce anxiety,
discoordinated movement, hyperactivity and/or aggression in lieu of sedation.

10.

Midazolam has a relatively rapid absorption rate whether injected through the vein or
intramuscularly. Under the circumstances surrounding Mr. Lockett’s death,
representations made by the State of Oklahoma included the facts that 100 mg of
midazolam were administered to Mr. Lockett and that Mr. Lockett was determined to be
conscious by a physician five minutes after the administration of midazolam but was
determined to be unconscious seven minutes after the administration of midazolam. This
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is consistent with known fact that intramuscular tissue absorption occurs just minutes
after the expected effect with IV administration. The reports further show that
midazolam entered Mr. Lockett’s circulatory system.
11.

Oklahoma has a three-drug lethal-injection protocol where midazolam is the first drug
administered. The second drug in Oklahoma’s lethal-injection protocol is vecuronium
bromide, a neuromuscular blocking agent. The third drug in Oklahoma’s lethal-injection
protocol is potassium chloride. This drug formula was administered to Clayton Lockett.

12.

The vecuronium bromide will paralyze a prisoner and render him unable to convey pain
or suffering. If conscious, a prisoner would experience a sensation akin to being buried
alive, but would not be able to convey the feeling of pain or suffocation. The paralysis
would camouflage any voluntary movement that might result from an incomplete loss of
consciousness.

13.

Vecuronium bromide also prevents the lay observer from discerning whether the
anesthetic drug has been properly delivered. The only purpose of the administration of
the vecuronium bromide is to make the execution more aesthetically pleasing to
observers in that it reduces the ability of the individual being executed to move or show
any pain associated with the execution process.

14.

Potassium chloride is a caustic chemical and would cause excruciating pain to a prisoner
upon injection if he is not placed into and maintained in a surgical plane of anesthesia for
the duration of the execution. Oklahoma’s protocol relies on midazolam to induce and
maintain that surgical plane of anesthesia, but midazolam is not appropriate as a sole
anesthetic agent and is incapable of reliably maintaining a surgical plane of anesthesia.

15.

It is my opinion that midazolam is an unsuitable and inappropriate choice as the first
drug in Oklahoma’s three-drug lethal-injection protocol for three reasons. First,
midazolam has a ceiling effect and therefore cannot guarantee that a person will be
unconscious and insensate to the effects of the second and third drugs. Second, it has no
analgesic properties; therefore even if it were able to produce unconsciousness if 500
milligrams were properly administered, the noxious stimuli of the second and third drugs
can overcome its sedative effect. Third, midazolam has an increased risk of paradoxical
reactions.

16.

In addition to the risk that midazolam will not induce and maintain an adequate level of
anesthesia, there is an additional risk that the execution team is ill equipped to assess
whether the prisoner is insensate. When a condemned prisoner is subjected to a painful
stimulus, such as air hunger following an injection of vecuronium bromide or the searing
pain of potassium chloride, there is a significant risk that the prisoner will awaken. While
a heavily sedated prisoner might not respond to name calling or a subtle pinch, that is a
very different level of stimulus from being starved for air once paralyzed, or having a
caustic chemical injected intravenously. As an analogy, a patient asleep might not
awaken to the stroke of the eyelashes or a pinch to the finger, but would certainly
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awaken to a blowtorch applied to the skin. Without an adequate determination of the
prisoner’s depth of, anesthesia, administration of the vecuronium bromide and potassium
chloride creates a significant risk of extraordinary pain and suffering.
17.

Determining whether someone is truly insensate and unaware takes repetitive training
and experience. The signs that someone is not insensate can be very subtle. In a clinical
setting, you would typically see subtle fine motor movements such as a moving of the
feet or hands. This is not something that a lay person will necessarily observe or notice,
and one could not detect such movement if the limbs were covered. To ensure that an
individual is insensate to noxious stimuli, that individual must be in a surgical plane of
anesthesia. In clinical practice, a common way to test for a surgical plane of anesthesia is
to apply a surgical clamp on the area where the incision will be made. The pain/pressure
created by this clamp cannot be equated with a human being conducting a trapezius
pinch, touching an eyelid, or shaking a person’s shoulder.

18.

Furthermore, for such protocols to be safely conducted, the subject must be continually
monitored by a trained medical professional who is experienced in providing a surgical
plane of anesthesia.

19.

While there is no scientific literature addressing the use of midazolam as a manner to
administer lethal injections in humans or in animal euthanasia, the recent execution of
Joseph Wood in Arizona provides objective, scientific evidence of the inability of
midazolam to produce a coma and to guarantee sufficient anesthetic depth to allow a
condemned prisoner to withstand the noxious stimuli of the second and third drugs.
According to the Arizona Department of Corrections, Joseph Wood was given a total of
750 milligrams of midazolam, which is 250 milligrams more than that called for in
Oklahoma’s protocol. (See Arizona Department of Corrections Press Release, Aug. 1,
2014, at https://corrections.az.gov/article/independent-review-process-wood-executionunderway.) The ceiling effect of midazolam was demonstrated in this human
administration of large doses of midazolam because these large doses did not cause
cessation of breathing or prevent movement, both of which are present during extremely
deep levels of anesthesia. It is also consistent with the very large doses required to cause
death in animals.

20.

The use of midazolam in executions amounts to failed human experimentation. Despite
the lack of a previous history of use of these doses in humans, Departments of
Corrections have hypothesized three highly unlikely ideas to support their lethalinjection protocols: (1) a surgical plane of anesthesia could be achieved and maintained
with midazolam alone even though extrapolation of the ceiling effect data suggests
otherwise; (2) that midazolam could produce a surgical plane of anesthesia at higher
doses even though the drug has never been used to do so previously, is not approved by
the FDA for such use and is not used clinically as a sole anesthetic; and (3) that more
drug will produce a deeper level of sedation even though an understanding of
midazolam’s site of action dictates otherwise. In testing these hypotheses, the state of
Arizona suffered a clinical experimental failure during the execution of Joseph Wood,
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despite using 750mg of midazolam. This experimental execution now offers proof that
Oklahoma’s 500 milligram dosage will not rapidly or reliably produce a deep level of
anesthesia or coma, and further supports the existing published data that there is a ceiling
effect with midazolam and that higher dose of the drug do not equate to a deeper level of
unconsciousness.
21.

Based on the information that I have been provided thus far, it is my opinion to a
reasonable degree of medical certainty that using midazolam, followed by vecuronium
bromide and potassium chloride, creates a significant risk of serious harm to condemned
prisoners. It also amounts to experimentation on human subjects and vulnerable
populations.

22.

These are my opinions based on the documents and information that I have been
provided at this time. If additional information becomes available, I reserve the right to
alter my opinion upon review of such information.

Signed this 26th day of November, 2014.

________________________________
David A. Lubarsky, M.D., MBA
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EXHIBIT 1

EXHIBIT 1

UNIVERSITY OF MIAMI
CURRICULUM VITAE
Date:

October 23, 2014

PERSONAL
Name:

David Alan Lubarsky, M.D., MBA

Office Phone:

(305) 585-7037

Office Address:

University of Miami / Miller School of Medicine
Jackson Memorial Hospital
1611 NW 12th Avenue
Central Building: C-300
Locator Code: R-370
Miami, Florida 33136

Date of Birth:

August 2, 1959

Place of Birth:

New York, NY

Present Academic Rank and Title:
Primary academic appointment:

Chief Medical and Systems Integration Officer
University of Miami Health System
Emanuel M. Papper Professor and Chairman
Department of Anesthesiology,
Perioperative Medicine and Pain Management
Professor of Anesthesiology, with tenure
University of Miami Leonard M. Miller School of Medicine

Secondary academic appointment:

Professor
University of Miami School of Nursing and Health Studies
Professor
Department of Management
University of Miami School of Business

Citizenship:

U.S.A.
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HIGHER EDUCATION
Washington University, St. Louis, MO, May, 1980, B.A.
Washington University School of Medicine, St. Louis, MO, May, 1984, M.D.
Fuqua School of Business, Duke University, Durham, NC, August, 1999, M.B.A.
Medical licensure:

November, 2002 – Florida State License #ME86449
December, 2001-Florida Board of Medicine
Medical Faculty Certificate-Number: 1457
July, 1988–North Carolina State License #32774
July, 1985–New York State License #162663-1

Certification:

National Board of Medical Examiners–July, 1985
Part I American Board of Anesthesiology (99th%) –July, 1987
Part II Board Certification–October, 1988
American Academy of Pain Management–1991
Recertified American Board of Anesthesiology – July 2004

Previous Academic Appointments
Vice-Chair, Department of Anesthesiology
Professor of Anesthesiology, with tenure
Chief Division of General, Vascular and Transplant Anesthesia and Surgical Intensive Care
Department of Anesthesiology
Duke University Medical Center
July 1988 – November 2001
Adjunct Professor, Fuqua School of Business, Duke University 6/2000-6/2002
Academic training:
Weekend Executive Masters in Business Administration (WEMBA) Program
The Fuqua School of Business
Duke University
January 1998 – August 1999
Honored as Fuqua Scholar (top of class)
Fellowship in Transesophageal Echocardiography
Duke University Medical Center
Fiona M. Clements, M.D., Chief, Division of Cardiac Anesthesiology
Joseph A. Kisslo, M.D., Director, Echocardiography Lab
October 1992–December 1992
Fellowship in Cardiac and Vascular Anesthesia and Clinical Research
New York University Medical Center
Stephen Thomas, M.D., Division Head
July 1987–June 1988
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Residency
Department of Anesthesiology
New York University Medical Center
Herman Turndorf, M.D., Professor and Chairman
July 1985–June 1987
Internship
Department of Medicine
Westchester County Medical Center
Richard Levere, M.D., Chairman
July 1984–June 1985
Recognitions:
Best Doctor annually
Who’s Who in America, annually
PUBLICATIONS
Books Published:
1. Ranasinghe S, Robertson, KM, Harris E, Lubarsky DA: Anesthesiology Pearls of Wisdom, 3rd
edition. New York, NY: McGraw Hill, 2012. p. 1 – 430.
2. Gallagher C, Martinez-Ruiz R, Lubarsky DA: Anesthesia Unplugged A Step by Step Guide to
Techniques and Procedures. New York, NY: McGraw Hill, 2007. p. 1 – 456.
3. Robertson KM, Lubarsky DA, Ranasinghe S: Anesthesiology Pearls of Wisdom 2nd edition.
New York, NY: McGraw Hill, 2005. p. 1 – 431.
4. Thiemann LJ, Robertson KM, Lubarsky DA, Ranasinghe S: Pearls of Wisdom Nurse
Anesthetist Exam Review. New York, NY: McGraw Hill, 2005. p. 1- 425.
5. Robertson KM, Lubarsky DA: Preparing for the Written Boards: Pearls of Wisdom. Boston
Medical Publishing, June 2001.
6. Gallagher CJ, Hill SE, Lubarsky DA: Board Stiff Too: Preparing for the Anesthesia Orals.
Boston, Butterworth-Heinemann, 2000.
7. Lubarsky DA: The Answer Key to the Written Boards. Durham, NC, A+ Homeprep, 1992, 2nd
edition 1993, 3rd edition 1994, 4th edition 1995.
8. Gallagher CJ, Lubarsky DA: Preparing for the Anesthesia Orals: Board Stiff. Boston,
Butterworths, 1990.
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BOOK CHAPTERS AND MONOGRAPHS PUBLISHED:
1. Smaka TJ, Miller TE, Hutchens MP, Schenning K, Fleisher LA, Gan TJ, Lubarsky DA:
Anesthesia for Vascular Surgery. Clinical Anesthesia 7th Edition. Lippincott, Williams &
Wilkins, April 15, 2013, Chapter 39: 1112-1143, ISBN 13: 9781451144192.
2. Mantha S, Ochroch EA, Roizen, MF, Katz, JC, Lubarsky DA, Ellis JE: Anesthesia for
Vascular Surgery. Clinical Anesthesia 6th Edition. Lippincott, Williams & Wilkins, 2009,
Chapter 42: 1108-1136.
3. Vigoda M, O’Reilly M, Lubarsky DA, Gencorelli F: Anesthesia Informatics. Health
Informatics. Springer Science + Business Media, 2008, Chapter 15: 295-307.
4. Reves, JG, Glass P, Lubarsky DA, McEvoy MD, Martinez-Ruiz R: Intravenous Anesthetics.
Miller’s Anesthesia 7th Edition, Elsevier Publishing, 2008. Chapter 26: 719-768.
5. Nouri K, Lubarsky DA, Harris EA: Complications of Anesthesia (Local, Topical, General).
Complications in Dermatologic Surgery, Mosby Elsevier, 2008, Chapter 2: 19-36.
6. Ellis J, Roizen M, Mantha S, Schwartze G, McKinsey J, Lubarsky DA, Kenaan C: Anesthesia
for Vascular Surgery. Clinical Anesthesia 5th Edition, Lippincott Williams & Wilkins
Publishing, 2005, Chapter 32:933-73.
7. Lubarsky DA and Locke J: Ambulatory Anesthesia Billing, Ambulatory Anesthesia &
Perioperative Analgesia Manual, McGraw-Hill Companies, 2005, Chapter 12:115-122.
8. Reves JG, Glass P, Lubarsky DA, McEvoy MD: Intravenous Nonopioid Anesthestics. Miller’s
Anesthesia 6th Edition, Elsevier Publishing, 2004, Chapter 10.
9. Gayer S and Lubarsky DA: Cost-effective Anti-emesis. International Anesthesiology Clinics:
Post-operative Nausea and Vomiting, 2003 Vol 41(4):145-164.
10. Knudsen NW, Sebastian MW, Lubarsky DA: Cost containment in vascular surgery. Seminars
in Cardiothoracic and Vascular Anesthesia 2000 (November) Vol 4(4):256-264.
11. Rock P, Lubarsky DA: The business of perioperative medicine. Anesthesiology Clinics of
North America, 18(3):677-698, 2000.
12. Reves JG, Glass PSA, Lubarsky DA: Nonbarbiturate intravenous anesthetics, Anesthesia, fifth
edition. Edited by Miller RD. New York, Churchill Livingstone, pp 228–272, 2000.
13. Dear GdeL, Panten RR, Lubarsky DA: Operating room information systems, Seminars in
Anesthesia, Perioperative Medicine and Pain. Edited by Katz RL and Ward DS. Vol 18, No 4
(December), pp 322-333, 1999.
14. Lubarsky DA: How to write clinical guidelines for value-based anesthesia care, Anesthesia
Practice Management: How to Assess and Promote Value. Monograph of the Ad Hoc
Committee on Value-Based Anesthesia Care. Copyright American Society of Anesthesiologists,
1999.
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15. Tardiff BE, Jollis JG, Lubarsky DA: Use of information systems and large databases in
cardiovascular medicine, Outcome Measurements in Cardiovascular Medicine. Edited by
Tuman KJ. Lippincott Williams & Wilkins, pp 67–80, 1999.
16. Lineberger CK, Lubarsky DA: Anesthesia for carotid endarterectomy. Curr Opin Anaesthesiol
11:479–484, 1998.
17. Panten RR, Dear GdeL, Lubarsky DA: Pharmacoeconomics and practice guidelines: Moving
toward value-based care, Problems in Anesthesia, Vol. 10, No. 3. Edited by Arens JF, Prough
DS. Baltimore, Williams & Wilkins, pp 285–291, 1998.
18. Inge WW, Grichnik KP, Lineberger CK, Lubarsky DA: Vascular surgery in the geriatric
patient, Geriatric Anesthesiology. Edited by McLeskey CH. Baltimore, Williams & Wilkins, pp
637–644, 1997.
19. Lubarsky DA, Moskop RJ: The “niche” of etomidate in current anesthetic practice, Progress in
Anesthesia. Edited by Eisenkraft JB. Philadelphia, WB Saunders, pp 155–168, 1994.
20. Reves JG, Glass PSA, Lubarsky DA: Nonbarbiturate intravenous anesthetics, Anesthesia,
Fourth edition. Edited by Miller RD. New York, Churchill Livingstone, pp 247–289, 1994.
21. Gallagher C, Sladen RN, Lubarsky DA: Thoracotomy: postoperative complications, Problems
in Anesthesia: Thoracic Anesthesia, Vol. 4, No. 2, June 1990. Edited by Brodsky JB.
Philadelphia, JP Lippincott, pp 393-415, 1990.
22. Lubarsky DA, Rodman R: Carotid endarterectomy: General versus regional anesthesia,
Problems in Anesthesia: Cardiovascular Anesthesia, Vol. 1, No. 3, July–September 1987. Edited
by Thomas SJ. Philadelphia, JP Lippincott, pp 496-510, 1987.
Journals:
1. Munoz-Price LS, Riley B, Banks S, Eber S, Arheart K, Lubarsky DA, Birnbach DJ. Frequency
of Interactions and Hand Disinfections Among Anesthesiologists While Providing Anesthesia
Care in the Operating Room: Induction versus Maintenance. Infect Control Hospital
Epidemiology. 2014 August;35(8):000-000.doi: 10.1086/677154.
2. Sinclair DR, Lubarsky DA, MVigoda, et Al. A Matrix Model for Valuing Anesthesia Service
with the Resource Based Relative Value System. Journal of Multidisciplinary Healthcare 2014
October 8(7): 449-458 doi:10.2147/68671.
3. Munoz-Price LS, Birnbach DJ, Lubarsky DA, Arheart K, Eber S, Patel Z, Banks S.
Randomized Crossover Study Evaluating the Effect of a Hand Sanitizer Dispenser on the
Frequency of Hand Hygiene Among Anesthesiology Staff in the Operating Room. Infection
Control and Hospital Epidemiology. 2014 June;35(6):717-20. doi: 10.1086/676425.
4. Abbo L, Pettineo GM, Castillo MD, Wawrzyniak AJ, Fernaqndez M, Eber S, Lubarsky DA,
Vigoda M. Improving Compliance with Timely Intraoperative Redosing of Antimicrobials in
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Surgical Prophylaxis Infection Control and Hospital Epidemiology. Infection Control and
Hospital Epidemiology. 2014 Oct;35 (10): 1236-40. doi: 10.1086/678058.
5. Zheng W, Huang W, Lui S, Levitt RC, Candiotti KA, Lubarsky DA, Hao S. Interleukin 10
Mediated by HSV Vectors Suppresses Neuropathic Pain Induced by HIV gp120 in Rats.
Anesthesia & Analgesia. 2014 Sep;119 (3):693-701. doi: 10.1213.
6. Stone MD, Lubarsky DA, Agarwal GG. Lessons Learned During an In-Flight Medical
Emergency: Case Report and Discussion. J Travel Medicine. 2014 March-April;21(2):130-2.
Doi:10.1111/jtm.12087.
7. Huang W, Zheng W, Ouyang H, Yi H, Liu S, Zeng W, Levitt RC, Candiotti KA, Lubarsky DA,
Hao S. Mechanical Allodynia Induced by Nucleoside Reverse Transcriptase Inhibitor Is
Suppressed by p55TNFSR Mediated by Herpes Simplex Virus Vector Through the SDF1
Alpha/CXCR4 System in Rats. Anesthesia & Analgesia. 2014 March; 118(3):671-80. doi:
10.1213.
8. Huang W, Zheng W, Liu S, Zeng W, Levitte RC, Candiotti KA, Lubarsky DA, Hao S. HSVMediated p55TNFSR Reduces Neuropathic Pain Induced By HIV gp120 In Rats Through
CXCR4 Activity. Gene Therapy (2014) 21, 328–336; Advance on line publication 23 January
2014; doi: 10.1038/gt.2013.90.
9. Munoz-Price LS, Sands, L, Lubarsky DA. Effect of High Perioperative Oxygen
Supplementation on Surgical Site Infections. Clin Infect Dis. 2013 Nov;57(10):1465-72. doi:
10.1093/cid/cit493.
10. Munoz-Price LS, Lubarsky DA, Arheart KL, Prado G, Cleary T, Fajardo-Aquino Y, DePascale
D, Eber S, Carling P, Birnbach DJ. Interactions Between Anesthesiologists and the Environment
While Providing Anesthesia Care in the Operating Room. American Journal of Infection
Control. 2013 October; 41(10);922-4. doi: 10.1016/j.ajic.2013.03.306.
11. Muñoz-Price, LS, Arheart KL, Lubarsky, DA, Birnbach, DJ: Differential Laundering Practices
of White Coats and Scrubs Among Healthcare Professionals. Am J Infect Control. 2013
Jun;41(6):565-7. Doi:10.1016/j.ajic.2012.06.012.
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Meeting in Chicago, October 2006) Anesthesiology 2006; 105: A1376.
10. Avramovich A, Lewis M, Patin S, Birnbach D, Lubarsky DA: The Curse of Eve: Maimonides’
Perception of Pain. (Abstract Presentation at the ASA Annual Meeting in Chicago, October
2006) Anesthesiology 2006; 105: A154.
11. Abouleish AE, Prough AD, Lubarsky DA: Unintended Consequences? Unanswered Questions?
Anesth Analg, 2006;102:1908-b-1909-b
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15. Vigoda M, Lubarsky DA: Unanticipated Drawbacks of Easy Access to the electronic Medical
Record – Balancing Security and Availability While Preventing Unauthorized Access Attempts.
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Prophylaxis Failures: A Comparison of Redosing with Ondansetron vs. Granisetron. (Abstract
presentation at the IARS 79th Clinical and Scientific Congress in Honolulu, Hawaii, March 11 –
15, 2005).

Appendix Page 15
David Alan Lubarsky, M.D. Curriculum Vitae

21. Lubarsky DA: Financial Implications of a Hospital’s Specialization in Rare Physiologically
Complex Surgical Procedures. (Poster presentation at the ASA Annual Meeting in Las Vegas,
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33. Gan TJ, Lubarsky DA. Main causes of delay in-patient discharge from PACU in a major
teaching hospital. (Abstract Presentation at ASA Annual Meeting, Orlando, FL, October 2002)
Anesthesiology 2002; 96:A1136.
34. Lubarsky DA, Reves J. Straightening out RVU Formulas (letter). ASA Newsletter. June 2002.
35. Schow AJ, Lubarsky DA, Gan TJ. Can succinylcholine be safely used in hyperkalemic
patients? (Abstract Presentation at the 2001 ASA Annual Meeting) Anesthesiology 2001;
95:A1009.
36. Olson RP, Schow AJ, Gan TJ, Lubarsky DA. Vascular Access Surgery in Hyperkalemic
Patients. (Abstract Presentation at the 2001 ASA Annual Meeting) Anesthesiology 2001;
95:A1195.
37. Gan T, Dear G, Wright MD, El-Moalem H, Sigl J, Lubarsky DA. Patient Willingness to pay
for avoidance of anesthesia related postoperative outcomes. (Poster Presentation at the IARS
75th Clinical and Scientific Congress, March 16-20, 2001).
38. Wright D, Lubarsky DA, Dear G, Sigl J, Reeves J, Gan T. Willingness to pay to avoid intraoperative awareness. (Poster Presentation at the IARS 75 th Clinical and Scientific Congress,
March 16-20, 2001).
39. Gan TJ, Lubarsky DA: Cost effectiveness ratio: an often misunderstood term (letter). Anesth
Analg 88(5):1191–2, 1999
40. Petros KO, Knudsen NK, Sebastian MW, Lubarsky DA. Impact of education and practice
guidelines for propofol use in the surgical intensive care unit. (Poster Presentation at
ACCP/ESCP 1st International Congress on Clinical Pharmacy, Orlando, FL, April 1999)
Pharmacotherapy 19(4):P350, 1999.
41. Lubarsky DA, DeLong ER: The impact of choice of muscle relaxant on postoperative recovery
time. Anesth Analg 87:499–500, 1998.
42. Dear G, Lubarsky DA, Gilbert W, J Reves: Compliance with HCFA terminology; an automated
system for audit of anesthesia documentation. Anesth Analg 86:S27, 1998.
43. Dear GdeL, King KP, Gilbert WC, Lubarsky DA: Is it possible to maintain drug cost savings: a
two year follow-up report. Anesthesiology 89:A1352, 1998.
44. DeLong ER, Kwatra MM, Gan TJ, Glass PSA, Sanderson IC, Gilbert WC, Coleman RL,
Lubarsky DA, Reves JG: A large population study reveals reduced anesthetic requirements in
females. Anesthesiology 89:A126, 1998.
45. DeLong ER, Kwatra MM, Gan TJ, Glass PSA, Sanderson IC, Gilbert WC, Coleman RL,
Lubarsky DA, Reves JG: Aging profoundly decreases anesthetic requirement. Anesthesiology
89:A825, 1998.
46. Gan TJ, Lubarsky DA, Sloan F, Dear R, Dear G: How much are patients willing to pay for a
completely effective antiemetic? Anesthesiology 89:A7, 1998.
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47. Sibert K, D’Ercole F, Gilbert W, Smith F, Lubarsky DA: Causes of OR delays: differing
perceptions of anesthesiologists and OR nurses. Anesth Analg 84:S54, 1997.
48. Lubarsky DA: Understanding the term “cost-effectiveness.” J Clin Anes 9:603–604, 1997.
49. Lubarsky DA: HMO contracts should cover variable costs too. American Medical News,
November 10, Volume 40, Number 42, p. 22, 1997.
50. Lubarsky DA: Response to: Bailey PL, Egan TD: The successful implementation of
pharmaceutical practice guidelines? Far from convincing! Anesthesiology 87:1583–1584, 1997.
51. Lubarsky DA: Response to: Riley ET: Economic analysis of anesthetic drug use.
Anesthesiology 87:1585–1586, 1997.
52. Lubarsky DA: Response to: Viby-Mogensen J: Implementation of pharmaceutical practice
guidelines. Anesthesiology 87:1587, 1997.
53. Lubarsky DA: Sustaining cost savings through distribution control and individualized
feedback. Anesthesiology 85:A969, 1996.
54. Lubarsky DA, Gilbert W, Alexander ML, Sanderson I: Validation of the programming of an
anesthesia information management system for cost calculations. Anesthesiology 85:A1046,
1996.
55. Slaughter TF, Gittleson S, Lineberger C, Inge W, Wildermann N, Green C, Greenberg CS,
Lubarsky DA, Krucoff MW: Continuous 12-lead ECG in patients undergoing peripheral
revascularization: Incidence of ischemia and correlation with fibrinolytic activity.
Anesthesiology 85:A72, 1996.
56. Lubarsky DA, Gan TJ, Glass PSA, Dear GD, Mythen M, Dentz M, White WD, Pressley CC,
Dufore SM, Sibert KS, Gilbert WC, Sanderson IC, Coleman R, Ginsberg B, Temo J, FerreroConover D, Alexander ML, Reves JG: PACU clinical outcomes and financial savings following
a pharmaceutical cost containment program in anesthesia using practice guidelines. Anesth
Analg 82:S285, 1996.
57. King K, Dear G, Ginsberg B, Gilbert W, Lubarsky DA: Cost analyses to develop practice
guidelines for muscle relaxants. Anesth Analg 82:S233, 1996.
58. Gan TJ, Lubarsky DA, Robertson K, Bennett D, Parrillo S, Sanderson I, Jhaveri R: The
hospital cost of perioperative transfusion of a unit of red blood cells and other blood products.
Anesth Analg 82:S123, 1996.
59. Sanderson IC, Gilbert WC, Lubarsky DA: Cost containment using an automated anesthesia
record keeper. Anesth Analg 82:S391, 1996.
60. D’Ercole F, Gilbert W, Smith F, Lubarsky DA: Programming an automated anesthesia record
keeper to track operating room delays. Anesthesiology 85:A976, 1996.
61. Gan TJ, Ginsberg B, Grichnik K, Sullivan F, Muir M, Lubarsky DA, Glass PSA: The use of
patient-controlled analgesia to compare the efficacy of sufentanil for postoperative analgesia and
its relative potency to morphine. Anesth Analg 80(supple 2):S142, 1995.
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62. Gan TJ, Lubarsky DA, Robertson K, Bennett D, Parrillo S, Sanderson I, Jhaveri R: The
hospital cost of perioperative transfusion of a unit of red blood cells and other blood products.
Presented at the Joint Congress on Liver Transplantation, London, Sept. 27–30, 1995.
63. Gan TJ, Lubarsky DA, Robertson K, Gilbert WC, Grant AP, Reves JG, Clavien P: Analysis of
the variable intra-operative anesthesia costs of a liver transplant procedure. Anesthesiology
83:A1053, 1995.
64. Hertz CM, Pressley CC, Dufore SM, Glass PSA, Gan TJ, Lubarsky DA: Nausea and
vomiting—a costly anesthetic complication? Anesthesiology 83:A1036, 1995.
65. Lubarsky DA, Smith LR, Glass PSA: A comparison of maintenance drug costs of isoflurane,
desflurane, sevoflurane, and propofol with OR and PACU labor costs during a 60 minute
outpatient procedure. Anesthesiology 83:A1035, 1995.
66. Sanderson IC, Gilbert W, Sibert K, Lubarsky DA: Evaluation of a program for calculating and
plotting isoflurane utilization. Anesthesiology 83:A388, 1995.
67. Mault J, Cilley R, Lubarsky DA, Bartlett R, Reed L: Physiologic and mathematical modeling
of the oxygen delivery-consumption relationship. Crit Care Med 22:A105, 1994.
68. Lubarsky DA, Hahn C, Bennett DH, Smith LR, Bredehoeft SJ, Klein HG, Reves JG: The
hospital cost (1992) of a simple perioperative allogeneic red blood cell transfusion. Anesth
Analg 78:S258, 1994.
69. Dentz ME, Lineberger CK, Gilbert W, Ginsberg B, Lubarsky DA: Postoperative complications
following the use of etomidate for thoracic and vascular surgery. South Med J 87(suppl 2):S12,
1994.
70. Lubarsky DA, Smith LR, Sladen RN, Mault JR, Reed RL: Defining the relationship of oxygen
delivery and consumption: use of biologic system models. Anesthesiology 79:A303, 1993.
71. Lubarsky DA, Kaufman BS: Changes in lactate levels with decreased oxygen delivery and
oxygen consumption under anesthesia. Anesth Analg 68:S171, 1989.
72. Lubarsky DA, Kaufman BS, Sharnick S, Turndorf H: The effects of induction of anesthesia on
mixed venous and peripheral venous oxygen saturations. Anesth Analg 13:S172, 1989.
73. Lubarsky DA, Kaufman BS: Oxygen delivery under anesthesia: a prospective evaluation of
330 ML/MIN/M2 as a “critical” value. Anesth Analg 68:S173, 1989.
74. Lubarsky DA, Piantadosi C, Camporesi E, Griebel J: Measurement of cytochrome aa3 redox
potentials by NIR spectroscopy during normovolemic hemodilution. Anesthesiology 71:A550,
1989.
75. Lubarsky DA, Capan L, Turndorf H: Spinal anesthesia--determination of hemodynamics by
bioimpedance technique. Regional Anesthesia 13:S37, 1988.
76. Lubarsky DA, Sharnick S, Feiler M, Kronenfeld M: The effect of ventilation on aortic blood
gases during left ventricular ejection prior to separation from cardiopulmonary bypass.
Proceedings of the Society of Cardiovascular Anesthesiologists Annual Meeting, 1988.
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Video Presentations and Other Private Sector Publications:
1. VHA Satellite Network – Managing PONV: An Evidence-Based Update on Prevention and
Treatment Program, November 2006, Activity made possible through an educational grant
from Merck & Company.
2. Improving Outcomes Through Effective Management of PONV CD, Ed Source February
2005, Activity made possible through an unrestricted educational grant from Merck &
Company.
3. Supportive Care for Surgical Patients: Confronting the Risks of PONV CD, PGA Annual
meeting December 12 – 16, 2003, produced by Accel Healthcare Communications.
4. NMB video tape, October 12, 2003, produced by Abbott Pharmaceuticals.
5. “Permission to Be Pain Free™: Understanding Labor Epidurals,” conceived, scripted and
presented by David A. Lubarsky, Donald H. Penning, and Janice Henderson; produced as a
joint venture between Duke University and The Informed Patient, LLC, © 1999.
6. Sevoflurane, PONV Anzemet & Zofran,” (Product representative training video). Written
and presented by David A. Lubarsky, produced by Abbott Video Services, September 4,
1998.
7. “The Niche for Etomidate in Current Anesthetic Practice” (2 part training tape series
distributed to hospitals nationwide), produced by Abbott Laboratories, 1992.
8. “Anesthesia Insites: Midazolam,” training video, scripting and appearance by David A.
Lubarsky, produced by Roche Laboratories, 1992.
9. “Anesthesia Insites: Romazicon,” training video, scripting and appearance by David A.
Lubarsky, produced by Roche Laboratories, 1992.
10. “Clinical Uses of Esmolol: Sub-Section for Uses in Vascular Anesthesia” produced by
Anaquest, Inc., 1989.
11. “Anesthesia Demands for Cardiac and Vascular Surgery. Part 1: Cardiac Surgery” by Dr.
Lubarsky. BOC Health Care, 1989.
12. “Anesthesia Demands for Cardiac and Vascular Surgery. Part 2: Vascular Surgery” by Dr.
Lubarsky. BOC Health Care, 1989.
Conference Proceedings and Newsletters:
1. Lubarsky, DA: New Paradigms in the Prevention of Postoperative nausea and Vomiting
(PONV). Advisory board participant 59th Postgraduate Assembly in Anesthesiology (PGA),
New York City, New York, December 9 -13, 2005.
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2. Lubarsky, DA: Being Part of a Multi-specialty Practice group is not a Good Financial Deal.
American Society of Anesthesiologists newsletter September 2005 v. 69; 9.
3. Lubarsky, DA: Deriving Value from Informational Systems, New Thoughts on Using
NSAIDS in Perioperative Pain Management and Post-Operative Nausea and Vomiting. 29th
Annual Vail Conference in Anesthesiology, February 1-8, 2003.
4. Lubarsky, DA: Understanding PONV. Postgraduate Assembly 56th Meeting, December 6 –
10, 2002.
5. Lubarsky, DA: Main Causes of Delay in In-patient Discharge From PACU in a Major
Teaching Hospital. American Society of Anesthesiologists Annual Meeting, October 12 –
16, 2002.
6. Lubarsky DA: Are computers useful to reduce costs in outpatient surgery? Society for
Ambulatory Anesthesia (SAMBA) 15th Annual Meeting Syllabus, May 5-8, 2000.
7. Lubarsky DA: “Putting a Value on Pain, Suffering and Anxiety: Willingness-to-Pay
Analyses”
“Pharmaceutical Practice Guidelines”;“Computerization in the OR: Electronic Medical
Record” published in the syllabus of the Scott & White Symposium, 6th Annual National
Meeting, Santa Fe, NM, June 22-24, 2000 (Scott & White Hospital, Temple, TX).
8. Lubarsky DA, Reves JG: Using Medicare multiples results in disproportionate
reimbursement for anesthesiologists compared to other physicians. Association of
Anesthesia Clinical Directors (AACD) 12th Annual Meeting Syllabus, October, 1999.
9. Lubarsky DA: Managing perioperative drug and labor costs. Proceedings of the Society of
Cardiovascular Anesthesiologists 20th annual meeting, April 24–28, 1998.
10. Lubarsky DA: Managing perioperative drug and labor costs. Proceedings of the
Association of Anesthesia Clinical Directors Workshop on Operating Room Management,
March 21–22, 1998.
11. Dexter F, Lubarsky DA: Managing with information: using surgical services information
systems to increase operating room utilization. American Society of Anesthesiologists
Newsletter 62(10):6–8, 1998.
12. Macario A, Lubarsky DA: Why are hospitals enamored with clinical pathways? American
Society of Anesthesiologists Newsletter 62(10):9–12, 1998.
13. Lubarsky DA: Intravenous anesthesia is too expensive for my practice! Proceedings of the
Society for Intravenous Anesthesia annual meeting, October 16, 1998.
14. Lubarsky DA: Cost-effective ambulatory anesthesia: The anesthesiologist’s view. In the
Syllabus for the Society for Ambulatory Anesthesia (SAMBA) 12th Annual Meeting, Lake
Buena Vista, FL, May 1–4, 1997.
15. Lubarsky DA: ICU care after vascular surgery (con). Proceedings of the Society of
Cardiovascular Anesthesiologists 19th Annual Meeting, Baltimore, MD, May 11–14, 1997.
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16. Lubarsky DA: Practice guidelines, information management and resource utilization:
Buzzwords for the new millennium. Proceedings of the Association of Anesthesia Clinical
Directors Annual Meeting, October 19, 1997.
17. D’Ercole F, Lubarsky DA, Reves JG: Duke’s innovative programming of an automated
anesthetic record yields information essential for economic management of anesthetic
practice. North Carolina Society of Anesthesiologists Newsletter, October, 1996.
18. Becker KE, Johnstone RE, Lubarsky DA: Choice of anesthetic drugs and muscle relaxants.
American Society of Anesthesiologists Newsletter 59(5):8–11, 1995.
19. Cohen NH, Lubarsky DA: Cost-effective use of technology in clinical care. American
Society of Anesthesiologists Newsletter 59(8):20–22, 1995.
Electronic, World Wide Web, and/or Internet Publications:
1. Lubarsky DA (Chief Editor and Project Manager): Anesthesiology On-Line. (1000 Chapter
Textbook in preparation for emedicine.com)
2. Commentary: 1997: The year in review. In Anesthesia Web, January, 1998.
3. Commentary: Notes from the SCA (Society of Cardiovascular Anesthesiologists) annual
meeting. In Anesthesia Web, June, 1998.
4. Commentary: What was new at the ASA in Orlando. In Anesthesia Web, November, 1998.
5. Commentary: What I did on my fall vacation in San Diego. In Anesthesia Web, November
1997.
PROFESSIONAL
Funded Research Performed:
2005
1. Picis
$36,000.00 unrestricted grant for research within the Center for Informatics and Perioperative
Management (CIPM).
Role: Co-Principal Investigator with Dr. Michael Vigoda.
2. University of Miami Office of the Provost
2004
$10,000 - Inter school development grant for development of a business school elective for
senior medical students
Role: Co-Principal Investigator with Dr. Michael Vigoda.
3. Roche Labs
2002
$ 50,000 educational grant for development/integration of palm pilot based algorithms in the
treatment of PONV and preoperative vascular workups.
Role: Co-Principal Investigator with Dr. Thomas Powell.
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4. Organon, Inc.
2000
$36,000 for project entitled “A Multi-Center Trial to Evaluate the Interaction of Maintenance
Doses of Rocuronium with an Intubating Dose of Rapacuronium, Rocuronium, or
Succinylcholine.”
Role: Co-Principal Investigators: with Dr. TJ Gan
1999
5. Aspect Medical Systems, Inc.
$22,590 research agreement to support “Willingness to Pay for Avoidance of Awareness During
General Anesthesia.” Co-Principal Investigators: with Dr.TJ Gan.
6. Abbott Labs
$250,000 educational grant to direct AnesthesiaWeb.com
Role: Dr. Lubarsky, Director and Chair, Editorial Board

1999-2001

7. Roche Laboratories
1996 - 1999
$100,000 grant x 3 years to the Department of Anesthesiology to administer and direct
AnesthesiaWeb.com: An Educational Resource for Anesthesia Providers.
Role: Dr. Lubarsky, Director, Founder and Chair, Editorial Board.
1998 - 2001
8. North American Dräger
$535,000 to $1.5 million contract to develop an Anesthesia Information Management System
(AIMS) for Duke University Medical Center and Health System.
Role: Co-Principal Investigators with Dr Iain Sanderson
1996
9. Roche
$45,000 unrestricted research grant in support of Database Use in Outcomes Research, used to
fund “The successful implementation of pharmaceutical practice guidelines: Analysis of
associated outcomes and cost savings”
Role: Principal Investigator
10. Glaxo-Wellcome
1996 - 1997
$25,000 project grant for “How Much are Patients Willing to Pay to Avoid Postoperative
Nausea and Vomiting”
Role: Principal Investigator
11. Abbott Laboratories
$35,000 research grant to develop an etomidate study
Role: Principal Investigator

1992 - 1993

12. Sanofi Winthrop Pharmaceuticals
1993
$10,000 research grant for the study “Comparison of Amrinone versus Nitroprusside for
Hemodynamic Control and Support During Infrarenal Aortic Clamping for Abdominal Aortic
Aneurysm Repair”.
Role: Principal Investigator
13. Somatogen
1992
$13,500 unrestricted research grant to study the cost of perioperative transfusions
Role: Principal Investigator
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Professional Organizations:
American Society of Anesthesiologists, 1988 – Present
American Medical Association, 1988 – Present
Association of University Anesthesiologists, 2000 – Present
International Anesthesia Research Society, 1988 – Present
Florida Society of Anesthesiologists, 2002 - Present
North Carolina Society of Anesthesiologists, 1988 – 2002
Society of Cardiovascular Anesthesia, 1991 – Present

Selected International Engagements:
Invited Speaker – Japanese Society of Anesthesiology, The 60th Annual Meeting of JSA,
Sapporo, Japan, May 23, 2013, President’s Panel on Concepts of Clinical Research and
Publication: How to Address Conflicts of Interest, the U.S. Experience.
Invited Speaker – 6th Evidence Based Peri-Operative Medicine Conference, University
College London, IET/Savoy Place, London, July 5 – 6, 2007.
Invited Speaker - Beta Blockers in Non-Cardiac Surgery: Who, What, When and Why.
20th International Congress of the Israel Society of Anesthesiologists, Tel-Aviv, Israel,
September 26 – 29, 2005.
Plenary Speaker - Japanese Society of Anesthesiology, May 2004, Nagoya, Japan.
Understanding Practice Guidelines.
Kagoshima University School of Medicine, Department of Anesthesiology & Critical
Care, Kagoshima, Japan, May 23 – 29, 2004.
Annual Hong Kong Visiting Professor, Commissioned Training in Anaesthesiology
2002/03, Pamela Youde Nethersole Eastern Hospital, Hong Kong [by Dr. Wallace Chiu
(wkychiu@ha.org.hk), Chairman, Training Subcommittee in Anaesthesiology, Hospital
Authority, Hong Kong] – January 2003
Valuing Health Care in 2002
Using Information Technology in Medicine – Near Future or False hope?
A weeklong tour, lecture and seminar series in every hospital training program
in Hong Kong
Valuing Healthcare lecture XXXIIth International Meeting of Anesthesiology and
Critical Care, March 18 & 19, 2000, in Paris, France, Prof. Pierre Coriat, organizer
Journees D’Enseignement Post Universitaire (JEPU) (Anesthesiology and Critical Care
Conference), Paris, France, March 17-23, 2000. Invited by Dr. Pierre Coriat. Lectures:
“Est-on prêt à payer la prise en charge de la douler et de l’anxiété postopératoires?” or
“Putting a value on pain, suffering and anxiety: willingness to pay?” and “Gestion
informatisée des coûtes des agents d’anesthésie” or “Managing perioperative drug costs
using informatics.”
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National/State Presentations, Conferences, Speaking and Other Panel Engagements:

Opening Speaker and Host Committee: Introduction and Welcome to the 60th Annual Meeting
Speech; AUA 60th Annual Meeting, Miami, Florida, April 4-6, 2013.
90-Minute Panel: PN70 Anesthesiology Education in the 21st Century. A Brave New World;
Speaker – Manpower, Training and the New Value Proposition: Are You Ready for Health Care
Reform, ASA Annual Meeting, Washington DC, October 13-16, 2012
Changing Physician Behavior in an Era of Accountability – 7th Annual Perioperative Medicine
Summit 2012, Miami Beach, Florida, March 15-18, 2012
Plenary Session: Negotiating Successfully With Your Hospital . . . And the Car Salesman. . .
And Your Spouse - Conference on Practice Management 2011 at the ASA in Houston, Texas.
January 28 – January 30, 2011
Sedation Update: GI Society of the AGA Presentation at The Loew’s Hotel Miami Beach,
Florida January 13 – January 15, 2011
Future Potential Alternatives to RVU Payment - Do We have to be Different? RVU's and
RBRVS RVU's, End the Confusion! Presentation at the AAPD/SAAC (Society of Anesthesia
Academic Chairs) in Washington, D.C. November 5 – November 7, 2010
PGA Panel with Mark Warner on Patient Safety - Patient Safety, Practice Management Poster
Presentation - ASA 2010 Annual Meeting October 18 – October 20, 2010

Anesthesia for the Medical Consultant Lecture - Perioperative Medicine Summit 2010 at The
Eden Roc Hotel Miami Beach, Florida. March 4, 2010
Anesthesia for the Medical Consultant Presentation and Propofol Sedation: Is it Standard of
Care? GI Update Presentation at the 4th Perioperative Medicine Summit in Miami, Florida,
February 5 - February 7, 2009, Florida, March 16-20, 2001. Lecture: “Valuing Health Care:
New Approaches to Costs and Outcomes.”
Society for Technology in Anesthesia, “STA 2001: An Information Odyssey,” Scottsdale,
Arizona, January 10-13, 2001. Coordinator of Panel: “Who is the Information Consumer? User
Perspectives on Anesthesia Information,” and Lecture “Understanding Value Creation from
Information Systems Elucidates Consumers of That Information”
Academic Anesthesia Panel at the Anesthesia & Critical Care Conference - University of
Chicago [10th Annual Conference] in St. John US Virgin Islands, January 2008
Negotiating Financial Support with Hospitals and Deans. Academic Anesthesia Panel at the
ASA Practice Management Conference in Tampa, Florida, January 2008.
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Negotiating Financial Support with Hospitals and Deans. Practice Management Conference,
Panel Presentation on Academic Anesthesia at the ASA Annual Meeting in San Francisco,
October 2007.
Southern University Department of Anesthesiology Chairs (SUDAC) Meeting, Meeting
Moderator, Administrative Round Table Discussion. April 13 – April 15, 2007.
Management of PONV. Presentation at the Western Pennsylvania Hospital , Fourth Annual
Arizona Anesthesia Adventure, Phoenix, Arizona, March 2 – 5, 2007.
Anesthesia for AAA. Presentation at the Western Pennsylvania Hospital , Fourth Annual
Arizona Anesthesia Adventure, Phoenix, Arizona, March 2 – 5, 2007.
Anesthesia for Endovascular Procedures. Presentation at the Western Pennsylvania Hospital,
Fourth Annual Arizona Anesthesia Adventure, Phoenix, Arizona, March 2 – 5, 2007.
Negotiations 101: Terminology and Preparation. Presentation at the Western Pennsylvania
Hospital , Fourth Annual Arizona Anesthesia Adventure, Phoenix, Arizona, March 2 – 5, 2007.
Neuromuscular Blockers. Presentation at the Western Pennsylvania Hospital , Fourth Annual
Arizona Anesthesia Adventure, Phoenix, Arizona, March 2 – 5, 2007.
Understanding the cost and consequences of PONV. Faculty speaker for a satellite symposium
to be held during the 60th Postgraduate Assembly in Anesthesiology (PGA), New York City,
New York, December 8-10, 2006.
Postoperative Nausea and Vomiting lecture given at the Dallas Society of Anesthesiologists
Annual Meeting in Dallas, TX, September 19 – 20, 2006.
The Academic Pain Practice: Can It Survive? Panel Presentation at the ASA Annual Meeting in
Chicago, October 2006.
Abdominal Aortic Surgery Including Endovascular. Refresher Course Presentation at the ASA
Annual Meeting in Chicago, October 2006.
Education, Economics and Evolution of Cardiovascular Anesthesia.
Presentation at the ASA Annual Meeting in Chicago, October 2006.

Luncheon Panel

Pharmacoeconomics and Evidence Based Practice: Dispelling Practice Myths and Urban
Legends. Panel Presentation at the ASA Annual Meeting in Chicago, October 2006.
Resident Research Forum Presentation at the ASA Annual Meeting in Chicago, October 2006.
Course Director of the Western Pennsylvania Hospital’s 3 rd Annual Arizona Adventure
Conference, Phoenix, Arizona, March 26 – 30, 2006.
Aligning Incentives. Association of Anesthesia Clinical Directors (AACD) Workshop on
Operating Room Management, March 10 - 12, 2006.
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How to Get What You Want: The Art of Negotiation. Association of Anesthesia Clinical
Directors (AACD) Workshop on Operating Room Management, March 10 – 12, 2006.
Southern University Department of Anesthesiology Chairs (SUDAC) Meeting, Guest Faculty,
Negotiating with hospitals. March 31 – April 2, 2006.
Arizona Society of Anesthesiologists 32nd Annual Scientific Meeting, Guest Faculty, Finding
Value in IT: Near Future or False Hope? February 17 – 19, 2006.
Arizona Society of Anesthesiologists 32nd Annual Scientific Meeting, Guest Faculty, Preventing
PONV. February 17 – 19, 2006.
Arizona Society of Anesthesiologists 32nd Annual Scientific Meeting, Guest Faculty,
Perioperative Management of the Patient Undergoing Abdominal Aortic Surgery. February 17
– 19, 2006.
SAAC/AAPD, Annual Meeting, session moderator on Training the Anesthesiologist of the
Future. Saturday, November 5, 2005.
American Society of Anesthesiologists, Annual Meeting, Refresher Course on Perioperative
Management of the Patient Undergoing Abdominal Aortic Surgery. October 22, 2005
American Society of Anesthesiologists, Annual Meeting, Clinical Forum on Cards Consult?
Revascularization? Or Just beta-Blocker? October 25, 2005
American Society of Anesthesiologists, Annual Meeting, panel on Pharmaceuticals, Economics
and Anesthesia Practice (The Use of Practice Guidelines to Minimize Drug Costs.) October 26,
2004.
American Society of Anesthesiologists, Annual Meeting, panel on Academic Anesthesiology
Training Programs – Should you Secede from the Medical School to Better Meet your
Academic and Clinical Missions? (Pro: You Should Secede!) October 26, 2004
American Society of Anesthesiologists, Annual Meeting, panel on Practice Management, Oct
14, 2003.
Michigan State Society of Anesthesiologists, April 26, 2003. “Cox-2 Inhibitors: Periprocedural
Pain Control and Thoughts on Central Sensitization.”
New York State Society of Anesthesiologists, Post Graduate Assembly, panel on the Future of
Economics and Anesthesia, Dec 2002.
Panel Chair, Supporting Surgical Outcomes, dinner meeting at PGA, Dec 2002. Presentation,
“The Value of PONV therapy.”
Medical University of South Carolina Continuing Education Weekend, Charleston, SC, May 46, 2001. Lecture: “Current Concepts in Neuromuscular Blockade.”
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Kansas University Medical Center 51st Annual Postgraduate Symposium on Anesthesiology,
Kansas City, Missouri, April 6-8, 2001. Lectures: “Where is the Value in IT?” and “Valuing
Healthcare: New Approaches to Costs and Outcomes.”
Committee Chair, Drug Information Association workshop in collaboration with the Duke
Clinical Research Institute, “Internet Health Information Programs: Integrating Vision and Basic
Business Principals,” Durham, NC, April 3-4, 2000. Dr. Lubarsky, Program Committee with
and Kevin A. Schulman, M.D., M.B.A. (Program Chairperson). Moderator of panel, Specialist
content sites. Lecture: “Healthcare Internet Business Models that Work.”
Southern University Department of Anesthesia Chairs (SUDAC), Annual Meeting, Charleston,
South Carolina, March 23-25, 2001. Lecture and discussion: “Departmental Practice Plans.”
International Anesthesia Research Society 75th Clinical and Scientific Congress, Ft.
LauderdaleThe University of Chicago Department of Anesthesia & Critical Care 14 th Annual
Conference, “Challenges for Clinicians in the New Millennium,” Chicago, Illinois, December 13, 2000. Presentations: “Willingness to Pay: Valuing Pain, Suffering & Anxiety in Health Care”
and “Understanding the Business of E-Health.”
American Society of Anesthesiologists Annual Meeting, San Francisco, CA, October 15-18,
2000. Foundation for Anesthesia Education and Research (FAER) panel on “Information
Overload: Data Analysis from Genes to Populations.” Lubarsky’s presentation: “Clinical Data:
Outcomes, Cost and Quality”
Greater Atlanta Society of Anesthesiologists, New Concepts in Neuromuscular Blockade,
September 14, 2000
Scott & White Symposium, 6th Annual National Meeting, Santa Fe, NM, June 22-24, 2000.
Presentations:
“Putting a Value on Pain, Suffering and Anxiety: Willingness-to-Pay Analyses”
“Pharmaceutical Practice Guidelines”
“Computerization in the OR: Electronic Medical Record”
Society for Ambulatory Anesthesia (SAMBA) Annual Meeting, Washington, DC May 5-8,
2000. Participated on the panel “Managing the Costs of Ambulatory Anesthesia” moderated by
Alex Macario, M.D., M.B.A. Presentation: “Are Computers Useful to Reduce Costs in
Outpatient Surgery?”
Participated on the panel “Life After Residency” moderated by Peter S.A. Glass, M.B., Ch.B.
Presentation: “Managing Your Money.”
Committee Chair, Drug Information Association workshop in collaboration with the Duke
Clinical Research Institute, Durham, NC, April 3-4, 2000: “Internet Health Information
Programs: Overview and Market Opportunities.” Dr. Lubarsky, Program Committee with Dr.
Robert Califf, Robert Taber, Ph.D., and Kevin A. Schulman, M.D., M.B.A. (Program
Chairperson)
New York State Society of Anesthesiologists 53rd Annual Post-Graduate Assembly, New York,
NY. Participated on the panel: “The Year 2000: How Computers Will Improve Anesthesia,”
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December 12, 1999. Presentation: “Anesthesia Information Management: Economic
Implications.”
American Society of Anesthesiologists Annual Meeting, Dallas, TX, October 12, 1999. Panel:
“Practice Management/Compliance Coding—What They Didn’t Teach Us in Medical School,”
Peter B. Kane, M.D., Moderator. Presentation: “Income Redistribution: The Politics of
Communism in the OR”
American Society of Anesthesiologists Annual Meeting, Dallas, TX, October 12, 1999. Panel on
Value-Based Anesthesia, Peter Rock, Panel Moderator. Presentation: “Quality Improvement and
Identification of Key Indicators: Are Electronic Record Keepers the Answer?”
Association of Anesthesia Clinical Directors 12th Annual Meeting, October 10, 1999. Abstract
presentation: “Using Medicare multiples results in disproportionate reimbursement for
anesthesiologists compared to other physicians.”
New York State Society of Anesthesiologists 52nd Annual Post-Graduate Assembly, New York,
NY. Participated on the “Fraud and Abuse” panel (Current Issues Forum) December 13, 1998.
Presentation: “Making the Plan Work: How to Get Doctors to Do What They Don’t Want to
Do.”
Value-Based Anesthesia Care Committee Panel discussion, (a committee of the American
Society of Anesthesiologists), Orlando, FL, October 21, 1998. Presentation: “Anesthesia
Practice Management: Practice Guideline and Clinical Pathway Development.”
Association of Anesthesia Clinical Directors Panel “Practical Approaches to OR Management”
at the American Society of Anesthesiologists annual meeting, Orlando, FL, October 19, 1998.
Presentation: “Maximizing Use of an Anesthesia Information Management System in 1998—
What’s New, What’s Left to Do, and Is It for YOU?”
Society for Intravenous Anesthesia (SIVA) Annual Meeting, Orlando, FL, October 16, 1998.
Lecture: “Is Intravenous Anesthesia Too Expensive for My Practice?”
Society of Cardiovascular Anesthesiologists (SCA) Workshop on Perioperative Cost
Management and Contract Negotiation in Cardiac Surgery, Seattle, WA, April 25, 1998.
Lecture: “Managing Drug Costs in the Perioperative Period” and leading a breakout session
“Managing Labor Costs in the Perioperative Period.” April 27, 1998: Breakfast panel with Dr.
Robert Johnstone: “Economics and the Cardiovascular Anesthesiologist.”
Association of Anesthesia Clinical Directors workshop on operating room management,
Phoenix, AZ, March 20–22, 1998. (Invited by Dr. William Mazzei, University of California-San
Diego) Lecture: “Real World Cost Reduction.”
Nashville Society of Anesthesiologists, Nashville, TN, September 25, 1997.
Pittsburgh Symposium for Nurse Anesthetists, Pittsburgh, PA, September 27, 1997.
International Anesthesia Research Society annual meeting, San Francisco, CA, March 14–18,
1997. “Anesthesia Information Management: Where Are We?” presented by J.G. Reves, M.D.,
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Thomas E. Stanley, M.D. and the Duke Anesthesia Section on Information Systems (Dr.
Lubarsky, member).
Society of Cardiovascular Anesthesiologists 19th annual meeting, Baltimore, MD, May 11–14,
1997. (Invited by Steven Frank, M.D. and Jan C. Horrow, M.D., Chair, Scientific Program
Committee) Presentation: “ICU Care After Vascular Surgery (Con).”
American Association of Anesthesia Assistants national meeting, Kiawah Island, SC, May 16–
18, 1997. Lectures: “The Clinical Use of Sevoflurane” and “The Niche for Etomidate in Current
Anesthetic Practice.”
American Society of Anesthesiologists Bi-District Meeting, New Orleans, LA, May 23–25,
1997. (Invited by Donald Harmon, M.D. of the Ochsner Hospital) Lecture: “Cost Containment
in Anesthesia.”
Association of Anesthesia Clinical Directors annual meeting, San Diego, CA, October 19, 1997.
(Invited by Barbara DeRiso, M.D., Director of the AACD) Keynote address: “Practice
Guidelines, Information Management and Resource Utilization—Buzzwords for the New
Millennium.”
NC Society of Anesthesiologists 1996 Annual Fall Meeting in Myrtle Beach, SC, September
20–22, 1996. Lecture: “Value Based Anesthesia: The Academic Experience.”
Scott & White Memorial Hospital 5th Annual Anesthesia Update/Resident Research Day,
Temple, TX, April 13, 1996. (Invited by Charles McLeskey, M.D.) Lectures: “Pharmaceutical
Practice Guidelines” and “Management Controversies for the Patient at Risk for Myocardial
Ischemia Undergoing Non-cardiac Surgery.” After dinner keynote address: “Economics vs.
Hypocrites.”
American Society of Anesthesiologists annual meeting, Washington, DC, March 9–13, 1996.
Poster presentation: “PACU Clinical Outcomes and Financial Savings Following a
Pharmaceutical Cost Containment Program in Anesthesia Using Practice Guidelines.”
Association of University Anesthesiologists Satellite Symposium on Outcomes Research,
Chatham, MA, May 19–21, 1996. Poster presentation: “Pharmaceutical Practice Guidelines in
Anesthesia: Implementation, Cost Savings and Outcome”
American Society of Anesthesiologists annual meeting, Memorial Convention Center, New
Orleans, LA, October 19–23, 1996. Poster Presentation: “Sustaining Cost Savings Through
Distribution Control and Individualized Feedback.” Poster-Discussion Presentation: “Validation
of the Programming of an Anesthesia Information Management System For Cost Calculations.”
Society for Intravenous Anesthesia Fourth Annual Meeting, October 20, 1995. Topic: “Does
Fast Track Recovery Have Limitless Possibilities?”
Southern University Department of Anesthesia Chairmen (SUDAC) 1995 Annual Meeting,
Washington Duke Inn, Durham, NC, April 6–7, 1995. Lecture: “Cost Savings for Hospital and
Department—The Duke Plan.”
Dallas County Anesthesia Society, Dallas, TX, September 21, 1995.

Appendix Page 30
David Alan Lubarsky, M.D. Curriculum Vitae

Tejas Anesthesia, San Antonio, TX, December 7, 1995.
Greater Atlanta Society of Anesthesiologists, Atlanta, GA, November 17, 1994.
Society of Cardiovascular Anesthesiologists Breakfast Panel at the American Society of
Anesthesiologists annual meeting, October 17, 1994. Topic on hemodilution: “Will It Work?
How Much Will It Cost?”
First National Duke Heart Center Conference—“Shaping the Future: Innovations in
Technology, Quality, and Caring” September 22–24, 1994. Presentation: “Patients at Risk for
Ischemia Going to the Operating Room for Non-Cardiac Surgery: Management Controversies”
American Society of Anesthesiologists Annual Meeting, Washington, DC, October 9-13, 1993.
Poster presentation: “Defining the relationship of oxygen delivery and consumption: use of
biologic system models.”
American Society of Anesthesiologists Annual Meeting, New Orleans, LA, October 14-18,
1989. Poster presentation: “Measurement of cytochrome aa3 redox potentials by NIR
spectroscopy during normovolemic hemodilution.”

Selected Visiting Professorships:
Visiting Professorships 2014:
University of Florida – Jacksonville (UF), Grand Rounds Lecture: Speaker - “The Accountable
Care Organizations & Anesthesia” Jacksonville, Florida, September 03, 2014.
University of California – Los Angeles (UCLA), Grand Rounds Lecture: Speaker - “The
Affordable Care Act and Other New Government Mandates: What is this all about and what
does it mean to Anesthesiology?” Los Angeles, California, April 2, 2014.
University of California – Los Angeles (UCLA), Resident Didactic Lecture: Speaker “Preventing Surgical Site Infections: Use of High FiO2 and New Thoughts on OR Hand
Hygiene,” Los Angeles, California, April 1, 2014.
Visiting Professorships 2013:
Geisinger Health System, Grand Rounds: Speaker – What’s New in Anesthesia for the Medical
Consultant, Danville, Pennsylvania, October 4, 2013.
Texas A & M University, Health Science Center College of Medicine, Gillespie Family
Lectureship in Anesthesiology: Speaker - The Affordable Care Act Implications for
Anesthesiology, College Station, Texas, September 25-26, 2013.
Visiting Professorships 2012:
University of Washington, Department of Anesthesiology, Seattle, WA, September 11-13

Appendix Page 31
David Alan Lubarsky, M.D. Curriculum Vitae

Visiting Professorships 2010:
The Brigham & Women's Hospital, Department of Anesthesiology, Boston, MA, January 20
Harbin Medical University, Department of Anesthesiology, Harbin Heilongjiang, China October
7-10; honorary faculty member
Visiting Professorships 2009:
New York University, Department of Anesthesiology, New York, NY, March 31- April 1
Beth Israel Deaconess Medical Center, Department of Anesthesiology, Critical Care and Pain
Medicine, Boston, MA, November 3-4
Penn State Milton Hershey Medical Center, Department of Anesthesiology, Hershey, PA,
December 10-11
Visiting Professorships 2008:
University of Pennsylvania Health System, Department of Anesthesiology and Critical Care,
Philadelphia, PA, May 21 - 22
Visiting Professorships, 2007:
Paoli Hospital, Department of Anesthesiology, Paoli, Pennsylvania, April 25- 26
Visiting Professorships, 2006:
University of Cincinnati College of Medicine, Department of Anesthesiology, Cincinnati, Ohio,
November 15 -16
Visiting Professorships, 2005:
Oklahoma University Health Science Center, Department of Anesthesiology, Oklahoma City,
OK, December 15 – 16
Brookwood Medical Center, Department of Anesthesiology, Birmingham, AL,
5–6

December

Carraway Methodist Hospital, Department of Anesthesiology, Birmingham, AL, December 5 -6
CMC Hospital, Department of Anesthesiology, Charlotte, NC, November 9 – 10
University of Kansas, Department of Anesthesiology, Wichita, Kansas, April 11 – 13
Visiting Professorships, 2004:

Appendix Page 32
David Alan Lubarsky, M.D. Curriculum Vitae

Brigham & Women’s Hospital, Department of Anesthesiology, Boston, MA, October 12
Mount Sinai School of Medicine, Department of Anesthesiology, New York, New York,
October 5-7
John Hopkins University, Department of Anesthesiology, Baltimore, MD, August 26 – 27
Greater Baltimore Medical Center, Department of Anesthesiology, Baltimore, MD, August 26 27
Kagoshima University School of Medicine, Department of Anesthesiology & Critical Care,
Kagoshima, Japan, May 23 – 29
Christiana Hospital, Department of Anesthesiology, Newark, DE, May 11 -12
Visiting Professorships, 2003:
Medical College of Georgia, Department of Orthopedics, Macon, Georgia, October 7-8
Hong Kong College of Anesthesiology – lectured at all hospitals in Hong Kong. Hosted by Dr.
Wallace Chiu, Pamela Youde Nethersole Eastern Hospital, Department of Anesthesiology,
Hong Kong, China, January 6-10

Visiting Professorships, 2002:
Washington University, Department of Anesthesiology, St. Louis, Missouri, November 5-6
Baylor University Medical Center, Dallas, Texas, May 21-22 (Grand Rounds: “NMB UpdateRe-examining Succinylcholine and it’s Alternatives”)
University of Wisconsin, Department of Anesthesiology, Madison, Wisconsin, April 2-3
Visiting Professorships, 2001:
State University of New York (SUNY) at Stony Brook, Long Island, NY, June 7-8 (Resident
lecture: “Understanding Cost Concepts in the Literature” Grand Rounds: “Valuing Health Care:
New Approaches to Costs and Outcomes”)
University of Miami Medical Center, Department of Anesthesiology, Miami, FL, June 7
Christiana Hospital, Newark, DE, May 30
Peninsula Regional Medical Center, Salisbury, MD, May 29
St. Francis Hospital, Greenville, SC, April 30
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University of Texas-Southwestern Medical Center Department of Anesthesiology, Dallas, TX,
March 15-16 (Faculty lecture: “What Are Patients Willing to Pay?” Resident lecture: “What Are
They Willing to Do About Nausea?”)
Atlanta Medical Center Department of Anesthesiology, Atlanta, GA, February 14
Baptist Hospital Anesthesia Group, Pensacola, FL, January 31
Roper and St. Francis Hospitals, Charleston, South Carolina, January 18

Visiting Professorships, 2000:
Crawford Long Hospital, Department of Anesthesiology, Atlanta, GA, November 15
St. Luke’s-Roosevelt Hospital, Department of Anesthesiology, New York, NY, November 7.
Christiana Hospital and Health System, Department of Anesthesiology, Newark, DE, May 3.
William Beaumont Hospital, Department of Anesthesiology, Royal Oak, MI, April 12.

Visiting Professorships, 1999:
University of Texas-Southwestern Medical Center, Parkland Memorial Hospital, Department of
Anesthesiology, April 28, 1999.
University of South Florida, Department of Anesthesiology, Tampa General Hospital, Tampa,
FL, April 22, 1999.
Visiting Professor, Department of Anesthesiology, Loma Linda University, Loma Linda, CA,
January 27, 1999.
Washington Hospital System, Anesthesiology Department, Washington, DC, January 19, 1999.
Rex Hospital, Department of Anesthesiology, Raleigh, NC, June 3, 1999.
Jackson Memorial Hospital, Department of Oral and Maxillofacial Surgery, Miami, FL, March
11, 1999.
Forsyth Memorial Hospital, Anesthesia Department, Winston-Salem, NC, February 11, 1999.
The Scripps System, Anesthesia Department, San Diego, CA, January 27, 1999

Visiting Professorships, 1998
St. Joseph’s Hospital System, Anesthesia Department, Albuquerque, NM, November 11, 1998.
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University of Michigan, Department of Anesthesiology, Ann Arbor, MI, February 25–26:
“Relational Databases, Benchmarking, Practice Guidelines and Other Buzzwords of the New
Millennium” and “Management Controversies for the Cardiac Patient Undergoing Non-Cardiac
Surgery”
St. Anthony Hospital, Denver, CO, September 28, 1998.
Olean General Hospital, Jamestown, NY, September 16, 1998.
St. Vincent’s Medical Center in Worcester, MA, May 20, 1998.

Visiting Professorships, 1997
Visiting Professor, Stanford University Medical Center, Department of Anesthesia, Stanford,
CA, December 3–4, 1997. (Alex Macario, M.D., M.B.A., host) Wednesday Grand Rounds
lecture: “Relational Databases, Benchmarking, Practice Guidelines and Other Buzzwords of the
New Millennium.” Thursday afternoon case discussion and evening case discussion with Drs.
Vitez, Navarro, Scibetta, Diachun of the Stanford faculty Health Policies Fellowship.
Fletcher Allen Health Care, M.C.H.V. Campus, Burlington, VT, November 20, 1997.
Visiting Professor, New York University Medical Center, Department of Anesthesiology, New
York, NY, November 18–19, 1997. (Invited by Herman Turndorf, M.D., Chair) Guest Speaker
at Morbidity & Mortality Grand Rounds. Lectured on Wednesday morning: “Relational
Databases, Benchmarking, Practice Guidelines and Other Buzzwords of the New Millennium.”
Newark Beth Israel Hospital, Newark, NJ, April 7, 1997.
Hackensack University Medical Center, Hackensack, NJ, April 8, 1997.
Hartford Hospital, Hartford, CT, September 4, 1997.
Rhode Island Hospital, Providence, RI, October 8, 1997.
Abbott Northwestern Medical Center, Minneapolis, MN, November 11, 1997.
Visiting Professor, Medical College of Georgia, Department of Anesthesiology, Augusta, GA,
November 12, 1997. Conference presentation: “Relational Databases, Benchmarking, Practice
Guidelines and Other Buzzwords of the New Millennium.” Case presentation.
Doctors of the Medical Center of Columbus, St. Francis and Doctor’s Hospitals, Columbus, GA,
November 13, 1997.
Keynote speaker at the program “New Advances in Anesthesia,” Methodist Hospital, St. Louis
Park, MN, November 10, 1997.

Visiting Professorships, 1996
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Athens Regional and Saint Mary’s Hospitals, joint Grand Rounds, Athens, GA, January 18,
1996.
Visiting Professor, Vanderbilt University Department of Anesthesiology, Nashville, TN,
February 22, 1996. (Invited by Charles Beattie, M.D., Ph.D., Chairman) Facilitated a multidepartmental task force meeting. Subject: “Expense Reduction—Anesthesia Drugs.” Lecture:
“Pharmacoeconomics in Anesthesia.”
Piedmont Hospital, Atlanta, GA, March 27, 1996.
Tampa General Hospital, Tampa, FL, May 9, 1996.
Richland Memorial Hospital, Columbia, SC, May 16, 1996.
St. Louis University Department of Anesthesiology, St. Louis, MO, August 14, 1996.
The Medical Center of Central Georgia, Macon, GA, August 22, 1996.
Visiting Professor, University of Alabama–Birmingham, Department of Anesthesiology,
Birmingham, AL, September 16, 1996. Lectures: “Value Based Anesthesia: The Academic
Experience” and “Management Controversies for Cardiac Patients Undergoing Non-cardiac
Surgery”
St. John’s Hospital, Queens, NY, September 30, 1996.
Addressed regional gathering of anesthesiologists, Ritz-Carlton Hotel, Boston, MA, May 19,
1996.
Addressed regional gathering of anesthesiologists, The Plaza Hotel, New York, NY, June 9,
1996.
Addressed regional gathering of anesthesiologists, Baltimore, MD, June 30, 1996.
American Association of Nurse Anesthetists national meeting to discuss practice and
reimbursement issues when CRNAs and anesthesiologists are working together, Rosemont, IL,
September 12, 1996
Visiting Professorships, 1995
Baylor University Medical Center, Dallas, TX, September 20, 1995.
Mercy Hospital, Pittsburgh, PA, November 1, 1995.
Visiting Professor, University of Medicine and Dentistry of New Jersey, Robert Wood Johnson
Medical School, New Brunswick, NJ, November 8, 1995. Lecture: “Management Controversies
for the Patient at Risk for Myocardial Ischemia Undergoing Non-cardiac Surgery”
Visiting Professorships, 1994
Deaconess Hospital, Boston, MA
Maine Medical Center, Department of Anesthesiology, Portland, ME, August 4, 1994.
Bronx–Lebanon Hospital Center, Department of Anesthesiology, Bronx, NY, November 30,
1994.
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Visiting Professorships, 1993
New York University Medical Center, New York, NY
Massachusetts General Hospital, Cardiac Division, Boston, MA
University of Medicine and Dentistry of New Jersey, Newark, NJ
Wake Medical Center, Raleigh, NC
Saint Barnabas Hospital, Livingston, NJ
Sutter Hospital, Sacramento, CA
Christiana Hospital, Wilmington, DE
Brandywine Regional Medical Center, Coatesville, PA
Englewood Hospital, Englewood, NJ
Other Presentations, 2011
‘How to Manage Open & Endovascular AAA Repair' 'Pharmacologic Protection during AAA
Surgery' 'Current Treatment: Post-operative Nausea & Vomiting' 'Basics of Patient Safety
Teamwork' 'Medical Malpractice: Anatomy of a Lawsuit - Keeping the Hounds at Bay' 'How to
Use an Anesthesia Information System' 'Workshop on How to Negotiate with Hospitals' Presentations Aboard Royal Caribbean Cruises. January 17- 23, 2011
Non-Physician Presentations, 2001
Draeger Global Management Team Meeting, at the R. David Thomas Center of the Fuqua
School of Business, Duke University, February 1, 2001. Presentation: “The Value of
Information Technology.”
Chair, Roche Pharmaceuticals, Advisory panel on PONV, Miami FL Dec 2001. “Understanding
the pharmacoencomics of PONV agents”
Pain Management Advisory Board, Pfizer/Pharmacia

Non-Physician Presentations, 2000
Chair, Pharmacoeconomic Council on Neuromuscular Blocking Agents Retreat, Organon, Inc.,
St. Thomas, VI, May 19-21, 2000
Remifentanil Advisory Board, Abbott Laboratories, Chicago, IL, May 12-13
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Vertebrae Medical Advisory Board (an Internet company to support web-medicine),
Westchester, NY, May 12
Cox-II/Parecoxib – U.S. Health Outcomes Advisory Group Meeting, Searle, Chicago, IL, April
24-25
Dexmedetomidine Advisory Panel, Abbott Laboratories, Aventura, FL, March 3-5
Trainer, Abbott Laboratories Perioperative Services Meeting, Dallas, TX, February 6
AnesthesiaWeb Position Strategy Meeting, New York, NY, January 12.
Other Presentations, 1998
“The Impact of Inhalation Agents on Global Cost,” Cog Hill Golf and Country Club, Lemont,
IL, September 4, 1998.
Addressed the North American Dräger national sales meeting, Philadelphia, PA, March 29,
1998. Lecture: “Anesthesia Information Systems of the New Millennium.”
Addressed the Abbott Laboratories national sales training meeting, Ft. Lauderdale, FL, February
3, 1998. Lecture: “The Economics of Postoperative Nausea and Vomiting.”

Non-Physician Presentations, 1997
Addressed Abbott Laboratories national product development group, Chicago, IL, March 24,
1997. Lectures: “Types of Studies to Determine Cost Justification” and “Economic Trends and
Issues in Health Care Related to Anesthesia.”
Addressed Abbott Laboratories national sales training meeting, Chicago, IL, July 27–30, 1998.
Lectures: “Clinical Implications of Package Insert Changes” and “Cost Perspectives: Low Flow
Sevoflurane.”

Non-physician presentations, 1996
Panama City, FL, March 6, 1996.
Addressed the Amidate® (etomidate) Advisory Board of Abbott Laboratories, meeting in
Washington, DC, March 8, 1996. Lecture: “General Cost Concepts and Cost Justification for
Etomidate”
Addressed the Abbott Laboratories Sevoflurane Speakers Development Meeting, Hotel Sofitel,
Rosemont, IL, May 17–18, 1996. Lecture: “The Cost Justification for Sevoflurane.”
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Other presentations, 1994
Lectured at the Osler Anesthesiology Review Course, Ft. Lauderdale, FL, February 14–15,
1994. Lectures: “Trauma,” “How to Take the Written Boards,” “How to Take the Oral Boards,”
“Anesthesia for Carotid Endarterectomy,” “A Comparison of Induction Agents,” “Management
Controversies,” “Answering Strategies for the Oral Boards”.
Other presentations, 1993
Lectured at the Osler Anesthesiology Review Course, Chicago, IL, August 9–14, 1993.
Lectures: “Recovery Room,” “Answering Strategies for the Board Exams,” “The Induction
Agent for the Boards,” “Carotid Endarterectomy,” “Pre-operative Evaluation I,” “How to Take
Board Exams,” and “Pre-operative Evaluation II.”
Lectured at the Osler Anesthesiology Review Course, Tampa, FL, January, 1993. Lecture:
“How to Take the Oral Board Exam.”

Editorial and review board positions:
1.

Co - Editor-in-chief of Anesthesiology, the electronic anesthesia textbook on
emedicine.com.

2.

AnesthesiaWeb, a World Wide Web site developed for the anesthesia community
(accumulated 16,000 subscribers, the largest anesthesia e-magazine in the world), Chair,
Editorial Board, October 1996–2002.

3.

Journal of Clinical Anesthesia, Section Editor, Cost Containment and Operations
Improvement, 1995–present.

4.

Abstract Reviewer on Economics, Education and Patient Safety. 77th and 78th Annual
IARS Congress, March 27 – 31, 2004

5.

Journal of Clinical Monitoring and Computing, Section Editor, Information Systems,
1999-2002

6.

Anesthesiology, Guest Reviewer, 1996–present.

7.

Anesthesia and Analgesia, Guest Reviewer, 1991–present.

8.

Cardiovascular and Thoracic Anesthesia Journal Club Journal – Section Editor, Vascular
Anesthesia, 1996–1999.

9.

Anesthesia Cost Containment bulletin board on the Internet, Coordinator and Initiator,
1995.
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10.

TranspO2rt, Contributing Editor, 1993-1994.

11.

Butterworths Publishing Company, Boston, Guest Reviewer of anesthesia texts, 1991–
93.

TEACHING
Awards:
Medical Student “Teacher of the Year” Award, 1990.
Fuqua Scholar Award, 1999.
Teaching specialization:
Mentor to cost effective care clerkship
Annual advisee to multiple residents
Lectures for Fuqua School of Business Course “Informatics, the internet, and healthcare”
Fall 2000, Term 1 (Course repeated with update Fall 2001, Term 1)
“Informatics, The Internet and Healthcare: Introduction and Overview,” August 28
“IT Development and Value,” “EMR Ideals and Recap,” “Functionality of Other HIS,”
August 31
“Resource Utilization Control Using Informatics Systems,” September 4
“The Medicalogic Business Model – ROI for EMR,” Sept. 7
“Introduction to The Internet,” and B2B business exchanges September 11
“MD2MD Texts, Journals, CME and Intellectual Property,” September 14
“The Regulatory Environment,” September 18
“Content Sites,” Sept 21
“Medical Care Over the Internet,” Sept 28
Spring 2001, Term 3
“Operations Management Seminar, Department of Operations: Healthcare and
Management Science,” March 5
University Lectures
University of Miami – School of Medicine Educational Lectures 2002-2011
Duke University Medical Center Educational Lecture, 2001
Resident Lecture: “How to Value Health Care.”
Medical Student 2nd year Medical Practice in Health Systems (MPS 206C.82) Lectures,
“Understanding Cost Concepts in the Literature.”
Duke University Medical Center Educational Lectures, 2000
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Resident Lecture: “Management Controversies for the Patient At-Risk for Myocardial
Ischemia Undergoing Non-Cardiac Surgery.”
Medical Student 2nd year Medical Practice in Health Systems (MPS 206C.82) Lectures,
“Understanding Cost Concepts in the Literature.”
Duke University Medical Center Educational Lectures, 1999
Anesthesiology Resident Lecture, “Contracts, Reimbursement, and Compliance Issues”
CA-1 Resident Orientation Lecture, “PACU Issues and Transport”
Medical Student 2nd year Medical Practice in Health Systems (MPS 206C.82) Lectures,
“Understanding Cost Concepts in the Literature.”
Duke University Medical Center Educational Lectures, 1998
Medical Student 2nd year Medical Practice Health Systems Lecture, “Understanding Cost
Concepts in the Literature”
CA-1 Resident Orientation Lecture, “PACU Issues and Transport” Resident Lecture,
“Preparing for the Oral Boards”
Medical Student 2nd year Medical Practice Health Systems Lecture, “Understanding Cost
Concepts in the Literature”
Resident and Residency Graduate All-day Seminar, “Preparing for the Anesthesia Orals”
Duke University Medical Center Educational Lectures, 1997
Grand Rounds, “Relational Databases, Benchmarking, Practice Guidelines and Other
Buzzwords of the New Millennium” Anesthesiology Resident Lecture, “Understanding Cost
Concepts in the Literature: Part 2”
Medical Student 2nd year Medical Practice Health Systems Lecture, “Understanding Cost
Concepts in the Literature”
Anesthesiology Resident Lecture, “Understanding Cost Concepts in the Literature: Part 1”
Resident Lecture, “Controversies in Care of the Patient with Coronary Artery Disease for
Non-cardiac Surgery”
Resident and Residency Graduate Weekend Seminar, “Preparing for the Anesthesia Orals”
Medical Student 2nd year Medical Practice Health Systems Course (previously called the
Cost-Effective Care Clerkship), Lecture, “Understanding Cost Concepts in the Literature”
Resident Lecture, ”Common PACU Problems”
Medical Student 2nd year Cost Effective Care Clerkship Lecture, “Understanding Cost
Concepts in the Literature”
CRNA Staff Meeting Presentation, “New Medicare Teaching Physician Rules: How They
Affect the Anesthesia Care Team”
Resident and Residency Graduate Weekend Seminar, “Preparing for the Anesthesia Orals”
Medical Student 2nd year Cost Effective Care Clerkship Lecture, “Understanding Cost
Concepts in the Literature”
Duke University Medical Center Educational Lectures, 1996
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Medical Student 2nd year Cost Effective Care Clerkship Lecture, “Understanding Cost
Concepts in the Literature”
Resident and Residency Graduate Weekend Seminar, “Preparing for the Anesthesia Orals”
Resident Lecture, “Common Problems and Decision Making”
Departmental Grand Rounds, “Morbidity and Mortality”
Medical Student 2nd year Cost Effective Care Clerkship Lecture, “Understanding Cost
Concepts in the Literature”
Departmental Grand Rounds, with Dr. JG Reves, Department Chairman, “The New HCFA
(Medicare) Guidelines”
Resident lecture, “New Medicare Teaching Rules--How They Affect You, the Resident.”
(Short presentation followed by Question & Answer Session on the Introduction of New
Departmental Policies)
Departmental Grand Rounds, “Cost Containment”
Resident Lecture, “Preoperative Evaluation of the Cardiac Patient for Non-Cardiac Surgery”
Medical Student 2nd year Cost Effective Care Clerkship Lecture, “Understanding Cost
Concepts in the Literature”
Medical Student 2nd year Cost Effective Care Clerkship Lecture, “Understanding Cost
Concepts in the Literature”
Critical Care Grand Rounds, “Cost Containment in the ICU”
Duke University Medical Center Educational Lectures, 1995
Medical Student 2nd year Cost Effective Care Clerkship Tutorial Sessions
Anesthesiology Resident Lecture, “Common Problems in Anesthesia”
Medical Student 2nd year Cost Effective Care Clerkship Lecture, “Understanding Cost
Concepts in the Literature”
Anesthesiology Resident Lecture, “Common Problems in Anesthesia”
Grand Rounds in Family Medicine, “Understanding Cost Concepts in the Literature”
Anesthesiology Resident Lecture, “Board Review”
Medical Student 2nd year Anesthesiology Rotation Lecture, “Hemodynamic Monitoring”
Duke University Medical Center Educational Lectures, 1994
Current Topics in Vascular & Thoracic Anesthesia (CME Category 1 departmental
conference), “Prevention of Endotracheal Tube-Induced Coughing During Emergence
from General Anesthesia” with Dr. Daryl Malak
CA-1 Resident Orientation Lecture, “Recovery Room Problems (& Transport): Basic
Clinical Problem Solving”
Current Topics in Vascular & Thoracic Anesthesia (CME Category 1 departmental
conference), “Infection Control in Anesthesia” with Dr. Josef Grabmayer
Anesthesiology Resident Lecture (Vascular & Thoracic Series), “Management
Controversies for the Patient at Risk for Myocardial Ischemia Undergoing Non-cardiac
Surgery”
Current Topics in Vascular & Thoracic Anesthesia (CME Category 1 departmental
conference), “Cell Saver: To Use or Not to Use?” with Dr. Nancy Knudsen
National board review courses (Invited lectures given multiple times 1991–1995):
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“How to Take the Oral Board Exam”
“Carotid Endarterectomy”
“Oral Exam Answering Strategies”
“Pre-operative Evaluation—History and Physical Exam”
“Pre-operative Evaluation—Labs and Tests”
“Written Questions and Answers”
“Recovery Room—Differential Diagnoses and Therapies for Common Clinical Problems”
“Induction Agents for the Boards”
“Trauma Anesthesia”
SERVICE
Committees and offices:
Florida Society of Anesthesiologists:
FSA Board Member 2003
Ad hoc non-voting Board invitee 2002 – 2003
American Society of Anesthesiologists (ASA)
ASA Delegate for FSA, 2003
Committee on Economics 2003- present
Committee on Information Management 2002-3
Committee on Electronic Media and Information Technology, 2001-2.
Committee on Value Based Anesthesia Care 1995-1999
Task Force on Value-Based Anesthesia 1994 – 1995
Ad Hoc Committee on Health Outcomes in Anesthesia, chaired by Alex Macario, M.D., M.B.A.
(October, 1997 – present)
University of Miami-School of Medicine
Chair, Department of Anesthesiology overseeing 25MM annual budget, 300 employees
including 130 interns, residents and fellows, the largest training program in the world.
Medical Center Internet Group Chief Search 2002-2003
Governing Board 2001-present
Duke University Medical Center and Health System
Duke University Hospital, Perioperative Executive Committee, 2000 - 2002.
Duke University Health System/Duke University Medical Center Internet Advisory Committee,
2000 – 2002.
Managed Care Committee (PDC = Private Diagnostic Clinic = 850 MD paratnerhsip) and PDC
representative to Managed Care Coordination Group (Duke University Health System and PDC)
2001-2002.
Private Diagnostic Clinic Business Strategy Committee, 1999 – 2002.
Steering Committee, Duke University Health System Revenue Management Initiative, October,
1999 - 2002.
Organizer, Duke University Medical MBA’s (an internal consulting group for the Duke
University Health System), 1999.
Physician Co-Director, Private Diagnostic Clinic (HCFA/CMS) Compliance Committee, March,
1997 - 2002.
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Administration and Citizenship Work Group, managed by Provider Transition Strategies, LLC,
charged with implementing a physician performance improvement system within the Duke
Health System, February, 1998 – February, 1999.
Perioperative Services Advisory Committee, 1997 – 2002.
Faculty of Medical School cost-effective care course, 1995 – 2002.
Private Diagnostic Clinic Retirement Trust Plan Committee, representing the Departments of
Anesthesiology, Pathology, Radiation Oncology and Radiology, 1995 – 2002.
Product Standardization Committee, Departmental Representative, May, 1995 – 1996.
Medical Center Cost Effectiveness Committee, January, 1995 – 2002.
Task Force on Teaching Cost Effectiveness, April, 1994 – June, 1995.
Duke Hospital Operations Improvement Steering Committee, 1994 – 1996.
Operating Room Mission Statement Committee, 1994.
Pharmacoeconomics Committee, 1994.
Liaison to Operating Room Clinical Laboratories, 1994 – 2002.
Task Force to Choose Managed Care Partners, 1994.
Duke University Medical Center, Hospital Budget Advisory Committee and Capital Equipment
Committee, 1991 – 1994.
Duke Department of Anesthesiology
Chairman, Finance Committee, January, 1991–2002.
Chairman, Equipment, Supplies, and Product Standardization Committee, 1996–2002.
Coordinator, Practice Guidelines Development, 1994–2002.
Coordinator, Drug Utilization Review, 1995–2002.
Director, Outside Hospital Anesthesia Service Contracts, 1996–2002.
Physician Director of Reimbursement Analysts, 1996–2002.
Departmental Compliance Officer
Developer of departmental wide staffing model & incentive plans
Direct supervision of business office and business manager
Chief, Division of General/Vascular/Transplant Anesthesia and Surgical Critical Care Medicine
(12 attendings, 10 CRNAs, 2-4 residents, 2-4 fellows, 8 PA’s in preop screening unit) 19982002
Coordinator/creator, Current Topics in Vascular and Thoracic Anesthesia, a weekly CME
Category 1 approved conference, July 1991–July 1998.
Director, Departmental Retreat, July 1994, “Upping the Pace of ACE (Anesthesia Cost
Effectiveness)”.
Resident Education Committee, 1991–1994.
Director, Mock Oral Board Review Course, 1989–2002.
APPENDIX A
ELECTRONIC, WORLD WIDE WEB AND/OR INTERNET PUBLICATIONS:
List of all literature reviews done for AnesthesiaWeb (http://www.anesthesiaweb.com)
1.

Literature review: Dexter F et al: Decreases in anesthesia-controlled time cannot permit
one additional surgical operation to be reliably scheduled during the workday. Anesth
Analg 81:1263–8, 1995 in AnesthesiaWeb, November, 1996
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2.

Literature review: Dexter F and Tinker J: Analysis of strategies to decrease
postanesthesia care unit costs. Anesthesiology 82:94–101, 1995 in AnesthesiaWeb,
November, 1996

3.

Literature review: Connors AF Jr et al: The effectiveness of right heart catheterization in
the initial care of critically ill patients. JAMA 276:889–97, 1996 and the accompanying
editorial: Should a moratorium be placed on sublingual nifedipine capsules for
hypertensive emergencies and pseudoemergencies. JAMA 276:1328 in AnesthesiaWeb,
December, 1996

4.

Literature review: Mangano et al: Review of effect of atenolol on mortality and
cardiovascular morbidity after noncardiac surgery. N Engl J Med 335:1713, 1996 and
accompanying editorial, Eagle and Froelich: Reducing cardiovascular risk in patients
undergoing noncardiac surgery. N Engl J Med 335(23):1761, 1996 in AnesthesiaWeb,
January 1997

5.

Literature review: Katz SG and Kohl RD: Selective use of the intensive care unit after
nonaortic arterial surgery. J Vasc Surg 24:235–9, 1996 in AnesthesiaWeb, February,
1997

6.

Literature review: Wright I et al: Statistical modeling to predict elective surgery time.
Anesthesiology 85:1235–45, 1996 in AnesthesiaWeb, February, 1997

7.

Literature review: Twersky R et al: What happens after discharge? Return hospital visits
after ambulatory surgery. Anesth Analg 1997;84:319–24 in AnesthesiaWeb, March,
1997

8.

Literature review: Blum U et al: Endoluminal stent grafts for infrarenal abdominal aortic
aneurysms. N Engl J Med 1997;336:13–20 in AnesthesiaWeb, March, 1997

9.

Literature review: Claxton AR, et al: Evaluation of morphine versus fentanyl for
postoperative analgesia after ambulatory surgical procedures. Anesth Analg 1997;
84:509–514 in AnesthesiaWeb, April 1997

10.

Literature review: Valenzuela RC, Johnstone RE: Cost containment in anesthesiology: a
survey of department activities. J Clin Anesth 1997; 9:91–92 in AnesthesiaWeb, April
1997

11.

Literature review: Rotondi AJ, et al: Benchmarking the perioperative process. I. Patient
routing systems: A method of patient flow and resource utilization. J Clin Anes 1997;
9:159–169 in AnesthesiaWeb, May 1997

12.

Literature review: Woolhandler S, Himmelstein DU: Costs of care and administration at
for-profit hospitals and other hospitals in the United States. N Engl J Med
1997;336:769–774 in AnesthesiaWeb, May 1997

13.

Literature review: Frank SM, et al: Perioperative maintenance of normothermia reduces
the incidence of morbid cardiac events: a randomized clinical trial. JAMA
1997;277:1127–1134 in AnesthesiaWeb, June 1997
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14.

Literature review of a 3-article series: Part 1. Russell LB, et al: The role of costeffectiveness analysis in health and medicine. JAMA 1996; 276:1172–1177
Part 2. Weinstein MC, et al: Recommendations of the Panel on Cost-Effectiveness in
Health and Medicine. JAMA 1996;276:1253–1258
Part 3. Siegel JE, et al: Recommendations for reporting cost-effectiveness analyses.
JAMA 1996;276:1339–1341
all reviewed in AnesthesiaWeb, July 1997

15.

Literature review: Kharasch ED, et al: Assessment of low-flow sevoflurane and
isoflurane effects on renal function using sensitive markers of tubular toxicity.
Anesthesiology 1997; 86:1238–1253 and accompanying editorial, Mazze RI, Jamison
RL: Low-flow (1 l/min sevoflurane): is it safe? Anesthesiology 1997;86:1225–7 in
AnesthesiaWeb, August 1997

16.

Literature review: Bito H, et al: Effects of low-flow sevoflurane anesthesia on renal
function: comparison with high-flow sevoflurane anesthesia and low-flow isoflurane
anesthesia. Anesthesiology 1997; 86:1231–1237 in AnesthesiaWeb, August 1997

17.

Literature review: Kearon C, Hirsh J: Management of anticoagulation before and after
elective surgery. N Engl J Med 1997; 336:1506–1511 in AnesthesiaWeb, September
1997

18.

Literature review: Rooke GA, et al: Hemodynamic response and change in organ blood
volume during spinal anesthesia in elderly men with cardiac disease. Anesth Analg
1997;85:99–105 in AnesthesiaWeb, September 1997

19.

Literature review: Ballantyne JC, Chang Y: The impact of choice of muscle relaxant on
postoperative recovery time: A retrospective study. Anesth Analg 1997;85:476–82 in
AnesthesiaWeb, October 1997

20.

Literature review: Caldwell JE: The problem with long-acting muscle relaxants? They
cost more! Anesth Analg 1997;85:473–475 in AnesthesiaWeb, October 1997

21.

Literature review: Snaidach MS, Alberts MS: A comparison of the prophylactic
antiemetic effect of ondansetron and droperidol on patients undergoing gynecologic
laparoscopy. Anesth Analg 1997; 85:797–800 in AnesthesiaWeb, December, 1997

22.

Literature review: Vogt AW, Henson LC: Unindicated preoperative testing: ASA
physical status and financial implications. J Clin Anes 1997; 9:437–441 in
AnesthesiaWeb, December, 1997

23.

Literature review: Lee TH, Cooper HL: Translating good advice into better practice.
(editorial) JAMA 1997;278:2108-2109 and Stiell IG, et al: Implementation of the
Ottawa Knee Rule for the use of radiography in acute knee injuries. JAMA
1997;278:2075-2079 in AnesthesiaWeb, February, 1998

24.

Literature review: Pierce ET, et al: Anesthesia type does not influence early graft
patency or limb salvage rates of lower extremity arterial bypass. J Vasc Surg
1997;25:226-233 in AnesthesiaWeb, February, 1998
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25.

Literature review: Olsen MF et al: A randomized controlled trial of prophylactic chest
physiotherapy in major abdominal surgery. Br J Surg 1997; 84:1535–1538 in
AnesthesiaWeb, April, 1998

26.

Literature review: Pollard JB, et al: Use of outpatient preoperative evaluation to
decrease length of stay for vascular surgery. Anesth Analg 1997;85:1307–11 in
AnesthesiaWeb, April, 1998

27.

Literature review: Cher DJ, Lenert LA: Method of Medicare reimbursement and the rate
of potentially ineffective care of critically ill patients. JAMA 1997;278:1001–1007 in
AnesthesiaWeb, May, 1998

28.

Literature review: O’Connor PG, Kosten TR: Rapid and ultrarapid detoxification
techniques. JAMA 1998;279:229–234 in AnesthesiaWeb, May, 1998

29.

Literature review: Badner NH, et al: Myocardial infarction after noncardiac surgery.
Anesthesiology 1998;88:572–578 in AnesthesiaWeb, July, 1998

30.

Literature review: Overdyk FJ, et al: Successful strategies for improving operating room
efficiency at academic institutions. Anesth Analg 1998;86:896–906 in AnesthesiaWeb,
July, 1998

31.

Literature review: Leung JM, et al: Automated electrocardiograph ST segment trending
monitors: Accuracy in detecting myocardial ischemia. Anesth Analg 1998; 87:4–10 in
AnesthesiaWeb, August, 1998

32.

Literature review: Swamidoss CP, et al: Health-care report cards and implications for
anesthesia. Anesthesiology 1998; 88:809–819 in AnesthesiaWeb, August, 1998

33.

Literature review: Fortney JT, et al: A comparison of the efficacy, safety, and patient
satisfaction of ondansetron versus droperidol as antiemetics for elective outpatient
surgical procedures. Anesth Analg 1998;86:731-8 in AnesthesiaWeb, September, 1998

34.

Literature review: Vitez TS and Macario A: Setting performance standards for an
anesthesia department. J Clin Anesth 1998;10:166–75 in AnesthesiaWeb, February,
1999

35.

Literature review: Fleisher LA and Barash PG: Percutaneous transluminal coronary
angioplasty before noncardiac surgery: current state of the debate. (editorial) J
Cardiothorac Vasc Anesth 1998;12:499–500 in AnesthesiaWeb, February, 1999

36.

Literature review: Bennett-Guerrero E, et al. The use of postoperative morbidity survey
to evaluate patients with prolonged hospitalization after routine, moderate-risk, elective
surgery. Anesth Analg 1999;89:514–519 in AnesthesiaWeb, October, 1999

37.

Literature review: Posner KL, Freund PR: Trends in quality of anesthesia care
associated with changing staffing patterns, productivity, and concurrency of case
supervision in a teaching hospital. Anesthesiology 1999; 91:839-47 in AnesthesiaWeb,
January, 2000
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38.

Literature review: Prielipp RC, et al: Ulnar nerve pressure: influence of arm position and
relationship to somatosensory evoked potentials. Anesthesiology 1999; 91:345-54 with
editorial Caplan RA: Will we ever understand perioperative neuropathy? A fresh
approach offers hope and insight. Anesthesiology 1999; 91:335-6 in AnesthesiaWeb,
January 2000

39.

Literature review: Ramsey SD, Saint S, Sullivan SD et al: Clinical and economic effects
of pulmonary artery catheterization in nonemergent coronary artery bypass graft
surgery. J Cardiothorac Vasc Anesth 14(2) April 2000 113-118, in AnesthesiaWeb, June
2000

40.

Literature review: Johnstone RE, Hosaflook C: Financial impact if payers use Medicare
rates. Anesthesiology 2000; 93:852-7 in AnesthesiaWeb, October 2000

41.

Literature review: Tobias JD: Fenoldopam: Applications in anesthesiology,
perioperative medicine, and critical care medicine. Am J Anesthesiology 2000;
27(7):395-401 in AnesthesiaWeb, December 2000
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Fisher DM, Macario A: Economics of anesthesia care. A call to arms! Anesthesiology
86:1018-1019, 1997
20.

Miller RD, Rampil L, Cohen N: Fewer residents: financial, educational, and practical
implications. Anesth Analg 87:242-244, 1998

23.

Mazzei WJ: Maximizing operating room utilization: a landmark study. Anesth Analg
89:1-2, 1999
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Chestnut DH: How do we measure (the cost of) pain relief? Anesthesiology 92:643-645,
2000
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Watcha MF: The cost-effective management of postoperative nausea and vomiting.
Anesthesiology 92:931-3, 2000
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Pharmacokinetic-EEG effect relationship of midazolam in aging
BN/BiRij rats
*The late Suzanne Hovinga, *tAnnemiek M. Stijnen, *Mariska W.E. Langemeijer, *Jaap W.
Mandema, tCornelis F.A. van Bezooijen & l*Meindert Danhof
*Center for Bio-Pharmaceutical Sciences, Division of Pharmacology, University of Leiden, P.O. Box 9503, 2300 RA Leiden,
The Netherlands and tTNO Institute of Ageing and Vascular Research, P.O. Box 430, 2300 AK Leiden, The Netherlands
1 The purpose of the present investigations was to determine the influence of increasing age on the
pharmacokinetics and pharmacodynamics of midazolam in male BN/BiRij rats as an animal model of
aging.

2 Midazolam was administered intravenously at a dose of 2.5 mg kg-' and its pharmacokinetics were
determined on the basis of plasma concentrations as measured by high performance liquid chromatography (h.p.l.c.). Pharmacodynamics were studied using the midazolam-induced changes in the electroencephalogram (EEG) as a measure of the pharmacological effect. Results were evaluated on the basis
of stimultaneous pharmacokinetic-pharmacodynamic modelling. In an attempt to differentiate between
the effects of aging and of concurrent disease, an extensive clinical biochemical/pathological examination
was conducted in individual rats by an independent pathologist.
3 The pharmacokinetics of midazolam were best characterized on the basis of a two exponential
model. In the 4-month-old rats the values of the clearance, volume of distribution and elimination
half-life were 104 ± 13 ml min-' kg-' (mean ± s.e.mean), 3.4 ± 0.71 kg-1 and 30 + 3 min, respectively.
With increasing age, no changes in the pharmacokinetics of midazolam were observed.
4 The pharmacodynamics of midazolam were determined on the basis of the sigmoidal Emax model. In
the 4-month-old rats the values of the parameters relative maximum effect, midazolam concentration at
half maximum effect and Hill factor were 106 ± 10%, 50 ± 6 lg 1' and 1.6 ± 0.3, respectively. In the
group as a whole no significant changes in the pharmacodynamic parameters of midazolam were
observed. However, when diseased animals were excluded from the evaluation, a tendency towards a
decrease in the midazolam concentration at half maximum effect to 25 ± 14 pg 1-1 was observed in the
36-month-old rats.
5 These findings suggest, that increasing age is associated with a tendency towards an increased brain
sensitivity to midazolam, which is reflected in a parallel shift of the concentration vs. EEG effect
relationship towards lower concentrations. However, it appears that factors other than age also
contribute to interindividual variability in pharmacodynamics, considering the substantial interindividual
variability within certain age groups.
Keywords: Pharmacokinetics; pharmacodynamics; electroencephalogram; midazolam; aging

Introduction
During recent years, midazolam has become an important
intravenous sedative, because of its favourable properties,
e.g. short elimination half-life, water solubility and lack of
important adverse effects (Dundee et al., 1984). Due to the
cardiorespiratory stability after its administration, midazolam
is especially preferable above other anaesthetics for induction
of anaesthesia in poor-risk, elderly and cardiac patients
(Dundee et al., 1984). Also in the treatment of sleep disorders
in the elderly, midazolam was reported to be effective and
well-tolerated, provided that it is given in a carefully titrated,
appropriate dose (Lachnit et al., 1983). Several authors
emphasized the importance of titrating the dose, since dose
requirement for midazolam is reduced in elderly patients
(Kanto et al., 1986; Bell et al., 1987; Oldenhof et al., 1988).
In a study in 800 patients in which the dose of intravenous
midazolam required to produce adequate sedation prior to
upper gastro-intestinal endoscopy was measured, an important decrease of approximately 75% in dose requirement
from the age of 15 years to the age of 85 years was observed
(Bell et al., 1987).

'

Author for correspondence.

An important question is, whether the decrease in dose
requirement is caused by pharmacokinetics and/or pharmacodynamic changes during aging. The purpose of the present
investigations was therefore to study the pharmacokinetics
and the pharmacodynamics of midazolam simultaneously,
with the midazolam-induced changes in the electroencephalogram (EEG) used as a measure of the pharmacological
effect. The experiments were performed in an animal model
of aging (BN/BiRij rats).

Methods

Animals
Five groups of male BN/BiRij rats (TNO Institute for Ageing and Vascular Research, Leiden, The Netherlands) of
different ages (4, 13, 24 and 29 and 36 months) were used.
The 10, 50 and 90% survival ages of this strain are 38.1, 31.7
and 22.8 months, respectively. Water (acidified, pH 3-4) and
food (Standard diet for Rat, Mouse and Hamster, AM 1410,
Hope Farms, Woerden, The Netherlands) were supplied ad
libitum. The rats were kept solitary in Makrolon cages and in
a normal 12-h light-dark cycle (light between 07h 00 min and
19 h 00 min). The temperature was maintained at 22-23'C.
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Animal experiments
Clinical biochemical/pathological evaluation In order to be

bound concentration of midazolam in the ultrafiltrate was
measured in the same way as the plasma samples.

able to determine the health status of the animals, several
clinical biochemical indices were measured (blood concentrations of urea nitrogen, aspartate aminotransferase, alanine
aminotransferase and glucose, total plasma protein and albumin concentration, urine production, urine osmolality and
creatinine clearance). The concentrations of creatinine in
blood and urine were determined with a Reflotron autoanalyzer (Boehringer, Mannheim, Germany). The other
indices were determined as described before (Stijnen et al.,
1992). After the pharmacokinetic and pharmacodynamic
evaluation, the animals were sacrificed, the liver was weighed,
and the heart, the lungs, the kidneys, the liver, the brains and
macroscopically visible abnormalities were evaluated microscopically by a pathologist. Details about this evaluation were
reported before (Stijnen et al., 1992).

Data analysis

Pharmacokinetic/pharmacodynamic evaluation Cortical EEG
electrodes were implanted two weeks before the experiment
under halothane anaesthesia, according to the method of
Mandema & Danhof (1990). Five hours before the experiments, cannulae were implanted in the femoral vein and
femoral artery under halothane anaesthesia. All experiments
were started around 14 h 00 min in order to minimize the
influence of a possible diurnal rhythm in brain sensitivity,
baseline EEG characteristics and/or metabolism rate
(Roberts et al., 1970). During the experiments the rats were
kept in a slowly rotating drum to keep the vigilance of the
animals constant.
After about 15 min baseline EEG recording, midazolam
was administered as an intravenous dose of 2.5 mg kg-' (dissolved in saline with an equimolar quantity of hydrochloric
acid) over a period of 5 min. Arterial blood samples of 100 fil
(or 200 fI near the end of the experiment) were taken
throughout the whole experiment. The EEG was continuously recorded during the first 60 min after drug administration (rotating drum on). After that a scheme of 4 min
rotating drum off and 6 min on was followed in order not to
fatigue the old animals. Only the EEG recorded during the
last 5 min of the 6 min of the 'drum on' period was analyzed.
The experiment was terminated after the EEG returned to a
value within 10% of the baseline level.
By applying aperiodic analysis (Gregory & Pettus, 1986)
the total amplitude in the frequency area of 11.5 to 30 Hz of
the fronto-central EEG lead was calculated and used as the
descriptor of the drug effect, because this was shown to
provide an optimal measure for the effect of midazolam on
the central nervous system (Mandema et al., 1991b). More
detailed information on the recording and analysis of the
EEG are described by Mandema et al. (1991a).

Drug analysis
The concentrations of midazolam in plasma were measured
by the high performance liquid chromatography (h.p.l.c.)method and apparatus described by Mandema et al. (199lb).
Part of the samples were measured by a slightly modified
method: instead of 25 ng diazepam, 37.5 ng clobazam was
used as the internal standard, 5 mM octansulphonic acid was
added to the eluent and the flow was reduced to 0.8 ml
min-1, yielding retention times of 3.8 and 6.5 min for
clobazam and midazolam, respectively. Coefficients of variation were less than 5% and the detection limit was about
10 g 1.-i.
In order to determine the plasma protein binding in each
individual animal, a second intravenous dose of 2.5 mg kg-'
was administered to the rat about three days after the experiment and a blood sample of 2 ml was withdrawn via an
incision in the tail at 1 min following administration. The
blood sample was subjected to ultrafiltration and the un-

Pharmacokinetic-pharmacodynamic modelling The midazolam plasma concentration vs. time profile was described by a
two exponential equation for intravenous infusion. The total
body clearance, the steady state volume of distribution, the
volume of the central compartment and the elimination halflife were calculated from the coefficients and exponents of the
fitted functions according to standard procedures (Gibaldi &
Perrier, 1982).
The relationship between the concentrations (calculated at
several time points using the pharmacokinetic model) and
the increase in the total amplitude in the frequency range of
11.5-30 Hz (as the measure for the EEG-effect) was characterized by the sigmoidal Em,, model (Mandema et al., 199 lb).
In 44% of the animals an overshoot in the effect time profile
immediately after drug administration was observed, which
lasted longer than 5 min. The early peak effects were not
related to the midazolam concentration. These early peak
effects were omitted in the characterization by the sigmoidal
Emax model. This was considered justified, while the concentration vs. EEG effect relationship of the animals showing
early peak effects were not different from those not showing
these effects.
All calculations were performed using the nonlinear least
squares regression programme Siphar (Simed SA, Creteil,
France).
Statistics The effect of aging on the biochemical indices, the
pharmacokinetic and the pharmacodynamic parameters was
tested statistically by one-way analysis of variance with multiple comparison. P values lower than 0.05 were judged to be
significant.

Results

Clinical biochemical/pathological evaluation
The results of the clinical biochemical indices are shown in
Table 1 for all animals. An age-related decrease was measured for osmolality and blood alanine aminotransferase, a
decrease followed by an increase for blood urea nitrogen and
the ratio liver weight/body weight and a tendency to decrease
for the creatinine clearance.
The pathological evaluation showed that five animals were
suffering from diseases, and they were excluded from the
evaluation of the results of the study. One 13-month-old
animal displayed meningeal periarteritis, one 29-month-old a
necrotizing urothelial tumour of the renal pelvis, two 36month-old rats showed several lesions in the liver (necrosis,
focal inflammation, cysts in both with abscesses in one of the
two rats and severe bile duct proliferation in the other one)
and another 36-month-old with endocardial schwanoma of
the heart, signs of cardiac failure and an adrenocortical
carcinoma.

Pharmacokinetic/pharmacodynamic evaluation
Figure 1 shows the plasma concentration vs. time profile and
the EEG effect vs. time profile in one typical rat.
Since no time delay was observed between plasma concentration and EEG effect (in all age groups), these two were
directly correlated to each other and characterized by the
sigmoidal E,, model (Figure 2). Figures 3 and 4 display the
estimates of the individual animals (including the diseased
ones) for the pharmacokinetic and pharmacodynamic parameters for the different age groups, respectively. The mean
values in the figures and in Tables 2 and 3 were calculated
including only the healthy animals.
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Table 1 Effect of age on selected clinical biochemical indices
Age (months)
Number of animals
Body weight (g)
Liver weight (g)

4

13

24

29

36

8

9
398 ± 12a
9.6 ± 0.7
(n = 8)
2.36 ± 0.11a
(n = 8)
94.2 ± 6.9

8
398 ±l la
9.6 ± 0.4
(n = 5)
2.43 ± 0.22a
(n = 5)
76.9 ± 5.6

8
405 ± lla
9.7 ± 0.5

6
388 ± 13a
9.5± 1.4

2.40 ± 0. la

2.92 ± 0.26

82.7±3.4

105± 11

44.8 ± 2.5

40.8 ± 2.1

34.0 ± 1.7a

35.2 ± 1.5

29.6 ± 3.3a

35.9 ± 1.8
81.5 ± 2.8
4.7 ± 0.3
8.3 ± 0.4
174 ± 26

32.2 ± 1.9
88.6 ± 3.2
4.5 ± 1.8
7.4 ± 0.2
151 ± 18

29.4± 1.8
92.1 ± 1.6
4.4 ± 0.3
6.0 ± 0.4a.b
157 ± 14

33.0 ± 1.3
94.6 ± 1.3a
4.2 ± 0.2
6.5 ± 0.4a
142 ± 14

36.3 ± 2.5
93.2 ± 4.7
3.9 ± 0.5
8.2 ± 0.9
94 ± 19

8.3±0.6

7.7± 1.1
1550 ± 140

9.3± 1.6
1340 ± 91a

9.4± 1.3
1174 ± 71a

11.4± 1.3
1135 ± 75a

224± 10

Liver wt/body wt (%)
Blood aspartate
aminotransferase (iu I )
Blood alanine
aminotransferase (iu I )
Plasma albumin (mgml-')
Plasma total protein (mgml-')
Blood glucose (mmoll1')
Blood urea nitrogen (mmoll-1)
Creatinine clearance
(ml h- ' kg-')
24 h urine production (ml)
Osmolality (mOsm 1')

7.7 ± 0.4
(n = 6)
3.68 ± 0.16
(n = 6)
102.3 ± 7.1

1980 ± 140

Results are presented as mean ± s.e.mean. aSignificantly different from 4-month value, P <0.05; bSignificantly different from 13-month
value, P < 0.05.
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did not show significant changes during aging (Table 2 and
Figure 3). Also plasma protein binding and the fraction
unbound did not change during aging (fraction unbound:
± 0.6%, 4.6 ± 0.7%, 3.9 ± 0.3% and 4.3 ±
±
4.6
(mean 4.6
0.9% 0.9%,
± s.e.mean) for the 4, 13, 24, 29 and 36-monthold rats, respectively).
Concerning the pharmacodynamics (Table 3 and Figure 4),
the EEG baseline effect, the absolute and relative maximum
effect and the Hill factor did not change during aging. The
total and free (unbound) midazolam concentration at half the

maximum effect showed a tendency to decrease between the
ages of 29 and 36 months. This tendency was found only
when the diseased animals were excluded.

Time (min)

Figure 1 Midazolam plasma concentration (@) vs. time profile (the
solid line through the data points represents the characterization by
a two exponential equation) and EEG effect (continuous line) vs.
time profile for a typical rat (4 months of age) using the total
amplitude in the frequency range of 11.5-30 Hz as the descriptor of
the EEG effect. The first 15 min in the effect vs. time profile represent the baseline recording. Because the 5 min infusion time is left
out in this figure, time point 15 min is the end of the midazolam
administration.
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represents the characterization of the concentration vs. effect relationship by the sigmoidal Ema, model.

Discussion
In 1987 Bell et al. reported a remarkable age-related decrease
in dose requirement of intranveous midazolam to produce
adequate sedation to perform upper gastro-intestinal endoscopy. In a clinical study in about 800 patients a reduction in
dose requirement of 75% between the ages of 15 and 85
years was observed. The reasons for the decrease in dose
requirement were not studied; this can be relatively complex
with a multitude of pharmacokinetic and pharmacodynamic
factors involved. With regard to the pharmacokinetics,
especially changes in the (central) volume of distribution are
an important determinant (Greenblatt et al., 1984); for the
pharmacodynamics, changes in both Emax and ECm can be
relevant.
In a number of investigations, the influence of increasing
age on the pharmacokinetics and pharmacodynamics of
benzodiazepines has been studied. This has resulted in a
situation, where the influence of increasing age on the pharmacokinetics of various benzodiazepines has been well documented (Danhof, 1991). The situation with regard to the
pharmacodynamics is, however, much less clear. In many
instances, the effects on pharmacodynamics have been characterized on the basis of psychomotor performance tests. The
results of these investigations have been rather inconclusive.
Complicating factors have been the occurrence of age-related
changes in the baseline levels of the performance measures
and the interference of various complicating pharmacokinetic
factors (i.e. the role of active metabolites and changes in
distribution), of which the exact contribution has often not
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Table 2 The influence of aging on pharmacokinetic parameters of midazolam following an intravenous dose of 2.5 mg kg-'
(considering only healthy animals)

Age (months)
Number of animals
Total body clearance
(ml minm ' kg-')
Steady state volume of
distribution (I kg-')
Volume of the central
compartment (I kg-')
Elimination half-life (min)
The results

are

presented

as mean

Table 3 The influence of aging
animals)

on

±

4

13

24

29

36

8
104 ± 13

8
96 ± 11

8

75± 11

7
66 ± 9

78 ± 11

3.4 ± 0.7

2.9 ± 0.2

3.6 ± 0.5

3.3 ± 0.5

3.6 ± 1.3

1.2 ± 0.2

0.9 ± 0.1

0.9 ± 0.2

1.1

1.5 ± 0.3

30 ± 3

32±4

49±2

50± 6

the concentration

Number of animals
Baseline effect value (JVss')
Absolute maximum effect (V s-')
Relative maximum effect
(% of baseline effect)
Plasma concentration at half the
maximum effect (Lg -1')
Unbound plasma concentration
at half the maximum effect
(Agl-')
Shape factor
are

presented

as mean

±

0.2

43 ± 14

s.e.mean.

Age (months)

The results

±

vs.

EEG-effect relationship parameters of midazolam (considering only healthy

4

13

8
58 ± 5
59 ± 3
106 10

8
48 ±4
54±4
116± 10

24
8
45 ± 3
47± 3
105 ± 5

29
7
51 ±4
59 ± 5
116 ± 6

36

3
42± 7
55± 12
129± 12

50

6

45 ± 16

52 ±10

59 ± 11

25 ± 14

2.4

0.7

1.8 ± 0.6

2.6 ± 0.6

2.3 ± 0.5

1.3 ± 0.9

1.6

0.3

1.0 ± 0.2

1.3 ± 0.1

1.3 ± 0.1

0.9 ± 0.3

s.e.mean.

been determined. A limitation of studies in man is, that
further mechanistic studies are not possible.
In the present investigation, we studied the influence of
increasing age on the pharmacokinetics and pharmacodyna-

mics of midazolam in BN/BiRij rats as an animal model of
aging. The survival curves and the age-related pathology of
this rat strain are well characterized and therefore this rat
strain is suitable for this type of investigation (Burek, 1978;
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Figure 4 Individual values (of both diseased and healthy animals) and mean value (of only the healthy animals) of the sigmoidal
Emax parameters in the different age groups following intravenous administration of midazolam at a dose of 2.5 mg kg-': (0)
healthy animals; (0) diseased animals; (-) mean value of the healthy animals. .(a) Baseline effect value (EO); (b) absolute maximum
effect (Em=); (c) relative maximum effect (Em. expressed as percentage of EO); (d) plasma concentration at half the maximum effect
(ECM); (e) unbound plasma concentration at half the maximum effect (ECsOfr); (f) shape factor (n).

Hollander, 1979). The increase in the amplitude in the
11.5-30 Hz frequency-range of the EEG was used as a pharmacodynamics measure. This parameter is easily measured in
rats (Mandema et al., 1991b) and has also been found pharmacologically relevant in that it reflects the effect of benzodiazepines in GABA-ergic neurotransmission (Mandema et
al., 199 1a). It was demonstrated, that (inter)active metabolites do not interfer with the pharmacological response to
midazolam and that (acute) functional tolerance development
does not occur (Mandema et al., 1991b; Mandema et al.,
unpublished observations).
The values of the pharmacokinetic parameters of midazolam in the BN/BiRij rats of the present study were found to
be slightly different from those observed previously in male
Wistar rats. For both the systemic clearance and the volume
of distribution, larger values were observed in BN/BiRij rats
relative to Wistar rats. The values of the elimination half-life
were similar (Mandema et al., 1991a,b). With increasing age
no changes in the values of the various pharmacokinetic
parameters of midazolam were observed. For both central
and steady state volumes of distribution, this appears to be in
line with observations in man (Greenblatt et al., 1984; Smith
et al., 1984). This implies, that changes in the volume para-

meters cannot explain the decreased dose requirement reported by Bell et al. (1987). In man, a lower total body clearance
and an increased elimination half-life were found in elderly
males, but not in females (Greenblatt et al., 1984; Servin et
al., 1987). The difference between the findings in man and
those in rats might be explained by a comparable difference
in the influence of age on liver weight, which decreases
during aging in man (Thompson & Williams, 1965) and does
not change in our rats (Table 1). In the present study, a wide
interindividual variability in pharmacokinetic parameter estimates was observed, as was also reported in man (Servin et
al., 1987). No clear relationship with the presence of concurrent disease could be detected.
The values of the pharmacodynamic parameter estimates
of midazolam in the BN/BiRij rats in the present investigation were also slightly different from those obtained in Wistar
rats. The values of the maximum effect and the concentration
at half the maximum effect were lower and those of the shape
factor were higher than the values in Wistar rats, whereas the
baseline effect values were comparable (Mandema et al.,
1991a).
In the group as a whole the pharmacodynamic parameter
estimates in the BN/BiRij rats showed significant interin-
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dividual variability, but no clear age-related changes in pharmacodynamics were observed. In man, also a high variation
in pharmacological response was reported in young adults
(Dundee et al., 1984). In previous investigations it has been
demonstrated however, that the results of pharmacodynamic
investigations with drugs acting on the central nervous
system can be confounded by the presence of concurrent
disease (Stijnen et al., unpublished observations). Therefore,
an extensive pathological evaluation of the animals of this
study was performed by an experienced research pathologist.
This resulted in one 13-month-old animal, one 29-month-old
animal and three out of the total of six animals in the
36-month-old group being found to be diseased. When these
animals were excluded from the evaluation, on average a
decrease in the concentration at half the maximum effect
from 50 ± 6 jig 1-' (mean ± s.e.mean) in the 4-month-old rats
to 25 ± 14 pg I1 in the 36-month-old rats was observed,
suggesting indeed an increased brain sensitivity to the pharmacological effects of midazolam with increasing age. Due to
the limited number of healthy 36-month-old animals however, this difference did not reach statistical significance.
Baughman et al. (1987), upon studying the EEG effect of
midazolam qualitatively, did not find differences between
young (6-month-old) and old (28-month-old) rats. However,
they measured an age-related increased effect of the drug on
the cerebral blood flow (CBF) and the cerebral oxygen consumption (CMRO2). These effects were reported to decrease
coincidentally with the sedative/hypnotic effect (Hoffman et
al., 1986). Baughman et al. (1987) stated, that a depression of
non-electric metabolic function by midazolam in the aged rat
would be important in this respect.
Many investigators have examined the influence of aging
on the pharmacodynamics of benzodiazepines generally on
the basis of investigations in vitro. Emphasis in these studies
has been on distinct aspects, as for example, the binding of

benzodiazepines and 7-aminobutyric acid (GABA) to the
GABA-benzodiazepine receptor complex as well as functioning of the chloride channel. However, the results of these
investigations have been rather inconclusive (Pedigo et al.,
1981; Reeves & Schweizer, 1983; Kochman & Sepulveda,
1986; Concas et al., 1988; Ito et al., 1988). A relative disadvantage of these investigations in vitro is, that only a single
aspect of the pharmacodynamics is studied. In studies in vivo,
the entire pharmacodynamic process is studied, including
binding to relevant receptors, processes that occur following
binding to the receptor as well as in vivo homeostatic processes, that may be operative. Thus on the basis of the in vivo
investigations, an impression of changes in the overall pharmacodynamic process is obtained.
In conclusion, the findings of the present investigation
show that there is a significant interindividual variability in
the pharmacodynamics of midazolam in rats. Increasing age
per se however, appears to be only a minor factor causing
this variability. In this respect, a large investigation is currently in progress on data obtained in some 150 rats where
population analysis is used to identify factors that may be
important in this respect. Similar studies are indicated in man
and it is of interest that the EEG parameter utilized can also
be applied in human studies (Mandema et al., 1992).
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EXHIBIT 3

EXHIBIT 3

MATERIAL SAFETY DATA SHEET
Product Name: Midazolam Hydrochloride Injection, Solution with Preservative
1. CHEMICAL PRODUCT AND COMPANY INFORMATION
Manufacturer Name And
Address

Hospira Inc.
275 North Field Drive
Lake Forest, Illinois USA
60045

Emergency Telephone

CHEMTREC: North America: 800-424-9300;
International 1-703-527-3887; Australia (02) 8014 4880

Hospira, Inc., Non-Emergency

224-212-2000

Product Name

Midazolam Hydrochloride Injection, Solution with Preservative

Synonyms

8-Chloro-6-(2-fluorophenyl)-1-methyl-4H-imidazo(1,5-a)(1,4)benzodiazepine
hydrochloride

2. COMPOSITION/INFORMATION ON INGREDIENTS
Active Ingredient Name

Benzyl Alcohol
Midazolam Hydrochloride

Chemical Formula

C18H13ClFN3•HCl

Preparation

Non-hazardous ingredients include Water for Injection. Hazardous ingredients
present at less than 1% include sodium chloride and disodium edetate; hydrochloric
acid and/or sodium hydroxide are added to adjust the pH.

Component
Benzyl Alcohol
Midazolam Hydrochloride

Approximate Percent
by Weight
1
≤ 0.5

CAS Number

RTECS Number

100-51-6
59467-96-8

DN3150000
NI2922250

NTP
Not Listed
Not Listed

OSHA
Not Listed
Not Listed

3. HAZARD INFORMATION
Carcinogen List
Substance
Benzyl Alcohol
Midazolam Hydrochloride

IARC
Not Listed
Not Listed

Emergency Overview

Midazolam Hydrochloride Injection, Solution with preservative contains midazolam
hydrochloride, a short-acting benzodiazepine central nervous system depressant used to relieve
anxiety and provide sedation. In the U.S., midazolam is subject to Schedule IV control under
the Controlled Substances Act. In the workplace, midazolam hydrochloride should be
considered a potent drug, potentially irritating to the eyes and respiratory tract, and a potential
occupational reproductive hazard. Possible target organs include the central nervous system,
gastrointestinal system, genitourinary system, cardiovascular system, eyes, skin, and possibly
the fetus.

Occupational Exposure
Potential

Information on the absorption of this product via inhalation or skin contact is not available.
Published reports have indicated that some benzodiazepines have the potential to be absorbed

1

Product Name: Midazolam Hydrochloride Injection, Solution with Preservative
through intact skin or mucus membranes. Avoid liquid aerosol generation and skin contact.
Signs and Symptoms

During occupational use, this product should be considered potentially irritating to the eyes and
respiratory tract. In clinical use, common adverse effects include drowsiness, sedation, muscle
weakness, and ataxia. Less frequent adverse effects include vertigo, headache, confusion,
depression, slurred speech, tremor, visual disturbances, urinary retention or incontinence,
gastrointestinal disturbances, decreased blood pressure, changes in salivation, and amnesia.
Death due to respiratory depression, hypotension, or cardiac arrest has been reported
infrequently in patients given intravenous midazolam for conscious sedation.

Medical Conditions
Aggravated by Exposure

Pre-existing hypersensitivity to midazolam hydrochloride, related benzodiazepines, or other
ingredients in this product. Pre-existing central nervous system, gastrointestinal system,
genitourinary system, cardiovascular system, eye, or skin ailments; pregnancy.

4. FIRST AID MEASURES
Eye contact

Remove from source of exposure. Flush with copious amounts of water. If
irritation persists or signs of toxicity occur, seek medical attention. Provide
symptomatic/supportive care as necessary.

Skin contact

Remove from source of exposure. Flush with copious amounts of water. If
irritation persists or signs of toxicity occur, seek medical attention. Provide
symptomatic/supportive care as necessary.

Inhalation

Remove from source of exposure. If signs of toxicity occur, seek medical
attention. Provide symptomatic/supportive care as necessary.

Ingestion

Remove from source of exposure. If signs of toxicity occur, seek medical
attention. Provide symptomatic/supportive care as necessary. Treatment of
injectable midazolam overdosage is the same as that followed for overdosage
with other benzodiazepines. Respiration, pulse rate and blood pressure should
be monitored and general supportive measures should be employed. Attention
should be given to the maintenance of a patent airway and support of
ventilation, including administration of oxygen. An intravenous infusion
should be started. Should hypotension develop, treatment may include
intravenous fluid therapy, repositioning, judicious use of vasopressors
appropriate to the clinical situation, if indicated, and other appropriate
countermeasures. There is no information as to whether peritoneal dialysis,
forced diuresis or hemodialysis are of any value in the treatment of midazolam
overdosage. Flumazenil, a specific benzodiazepine-receptor antagonist, is
indicated for the complete or partial reversal of the sedative effects of
benzodiazepines and may be used in situations when an overdose with a
benzodiazepine is known or suspected. There are anecdotal reports of reversal
of adverse hemodynamic responses associated with midazolam hydrochloride
following administration of flumazenil to pediatric patients. Prior to the
administration of flumazenil, necessary measures should be instituted to secure
the airway, assure adequate ventilation, and establish adequate intravenous
access. Flumazenil is intended as an adjunct to, not as a substitute for, proper
management of benzodiazepine overdose. Patients treated with flumazenil
should be monitored for resedation, respiratory depression and other residual
benzodiazepine effects for an appropriate period after treatment. Flumazenil
will only reverse benzodiazepine-induced effects but will not reverse the
effects of other concomitant medications. The reversal of benzodiazepine
effects may be associated with the onset of seizures in certain high-risk
patients. The prescriber should be aware of a risk of seizure in association with
flumazenil treatment, particularly in long-term benzodiazepine users and in
cyclic antidepressant overdose. The complete flumazenil package insert,
including CONTRAINDICATIONS, WARNINGS and PRECAUTIONS,
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should be consulted prior to use.

5. FIRE FIGHTING MEASURES
Flammability

None anticipated from this aqueous product.

Fire & Explosion Hazard

None required from this aqueous product.

Extinguishing media

Carbon Dioxide, Dry Chemical, Foam, As with any fire, use extinguishing
media appropriate for primary cause of fire.

Special Fire Fighting
Procedures

No special provisions required beyond normal fire fighting equipment such as
flame and chemical resistant clothing and self contained breathing apparatus.

6. ACCIDENTAL RELEASE MEASURES
Spill Cleanup and Disposal

Isolate area around spill. Put on suitable protective clothing and equipment as
specified by site spill procedures. Absorb the liquid with suitable material and
clean affected area with soap and water. Dispose of spill materials according to
the applicable federal, state, or local regulations.

7. HANDLING AND STORAGE
Handling

No special handling required for hazard control under conditions of normal
product use. However, in the U.S., midazolam is subject to Schedule IV
control under the Controlled Substance Act.

Storage

No special storage required for hazard control. For product protection, follow
storage recommendations noted on the product case label, the primary
container label, or the product insert.

Special Precautions

No special precautions are required for hazard control.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION
Exposure Guidelines
Component
Midazolam Hydrochloride
Benzyl Alcohol

Exposure limits
mg/m3
ppm
N/A
N/A
N/A
10

Type
Hospira EEL
AIHA WEEL

µg/m3
2
N/A

Note
8-hr TWA

Respiratory
protection

Respiratory protection is normally not needed during intended product use. However, if the
generation of aerosols is likely, and engineering controls are not considered adequate to
control potential airborne exposures, the use of an approved air-purifying respirator with a
HEPA cartridge (N99 or equivalent) is recommended under conditions where airborne
aerosol concentrations are not expected to be excessive. For uncontrolled release events, or if
exposure levels are not known, provide respirators that offer a high protection factor such as a
powered air purifying respirator or supplied air. A respiratory protection program that meets
OSHA's 29 CFR 1910.134 and ANSI Z88.2 requirements must be followed whenever
workplace conditions require respirator use. Personnel who wear respirators should be fit
tested and approved for respirator use as required.

Skin protection

If skin contact with the product formulation is likely, the use of latex or nitrile gloves is
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recommended.
Eye protection

Eye protection is normally not required during intended product use. However, if eye contact
is likely to occur, the use of chemical safety goggles (as a minimum) is recommended.

Engineering Controls

Engineering controls are normally not needed during the anticipated use of this product.

9. PHYSICAL/CHEMICAL PROPERTIES
Appearance/Physical State
Color
Odor
Odor Threshold:
pH:
Melting point/Freezing point:
Initial Boiling Point/Boiling Point
Range:
Evaporation Rate:
Flammability (solid, gas):
Upper/Lower Flammability or
Explosive Limits:
Vapor Pressure:
Vapor Density:
Specific Gravity:
Solubility:
Partition coefficient: n-octanol/water:
Auto-ignition temperature:
Decomposition temperature:

Liquid
Midazolam is a white to light yellow crystalline compound
NA
NA
3 (2.5 to 3.5)
NA
Not Determined
NA
NA
NA
Not determined
Not determined
Not determined
Hydrochloride salt of midazolam, which is formed in situ
NA
NA
NA

10. STABILITY AND REACTIVITY
Reactivity

Not determined.

Chemical Stability

Stable under standard use and storage conditions.

Hazardous Reactions

Not determined.

Conditions to avoid

Not determined.

Incompatibilities

Not determined.

Hazardous decomposition
products

Not determined. During thermal decomposition, it may be possible to generate
irritating vapors and/or toxic fumes of carbon oxides (COx), nitrogen oxides
(NOx), hydrogen chloride, and/or hydrogen fluoride.

Hazardous Polymerization

Not anticipated to occur with this product.

11. TOXICOLOGICAL INFORMATION
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Acute Toxicity
Not determined for the product formulation. Information for the ingredients is as follows:
Percent

Test
Type

100

LD50

100
100
100
100

LD50
LD50
LD50

Benzyl Alcohol
Benzyl Alcohol
Benzyl Alcohol

Ingredient(s)
Midazolam
Hydrochloride
Midazolam
Midazolam
Midazolam
Midazolam

Route of
Administration

Value

Units

Species

1600

mg/kg

Rat

Intravenous

75, 357

mg/kg

Rat

Intravenous
Intramuscular

50
> 50

mg/kg
mg/kg

Mouse
Rat, Mouse

LD50

Oral

215

mg/kg

100

LD50

Oral

1040 - 2500

mg/kg

100
100

LD50
LC50

Dermal
Inhalation

2000
> 500

mg/kg
mg/m3

Rat
Rat, Mouse, Rabbit,
Guinea Pig
Rabbit
Rat, Mouse

Oral

Aspiration Hazard

None anticipated from normal handling of this product.

Dermal Irritation/Corrosion

None anticipated from normal handling of this product. However, repeated or
prolonged exposure to benzyl alcohol, a minor component of this product, may
produce mild skin irritation with redness and dryness.

Ocular Irritation/Corrosion

None anticipated from normal handling of this product. Midazolam produced
minimal eye irritation in a study in animals. However, exposure to benzyl
alcohol has produced severe eye irritation in studies in animals. Inadvertent
contact of this product with eyes may produce redness and discomfort .

Dermal or Respiratory
Sensitization

None anticipated from normal handling of this product. In clinical use, allergic
reactions including anaphylactoid reactions, hives, rash, pruritus have been
reported infrequently.

Reproductive Effects

A reproduction study in male and female rats did not show any impairment of
fertility at dosages up to 10 times the human intravenous dose of 0.35 mg/kg.
Teratology studies conducted with midazolam maleate injectable in rabbits and
rats at doses that were 5 and 10 times the human dose of 0.35 mg/kg did not
show evidence of teratogenicity. Studies in rats showed no adverse effects on
reproductive parameters during gestation and lactation. Dosages tested were
approximately 10 times the human dose of 0.35 mg/kg.

Mutagenicity

Midazolam was not mutagenic in Salmonella typhimurium (5 bacterial strains),
Chinese hamster lung cells (V79), human lymphocytes or in the micronucleus
test in mice.

Carcinogenicity

Midazolam maleate was administered with diet in mice and rats for 2 years at
dosages of 1, 9 and 80 mg/kg/day. In female mice in the highest dose group
there was a marked increase in the incidence of hepatic tumors. In high-dose
male rats there was a small but statistically significant increase in benign
thyroid follicular cell tumors. Dosages of 9 mg/kg/day of midazolam maleate
(25 times a human dose of 0.35 mg/kg) do not increase the incidence of
tumors. The pathogenesis of induction of these tumors is not known. These
tumors were found after chronic administration, whereas human use will
ordinarily be of single or several doses.

Target Organ Effects

Based on clinical use, possible target organs include the central nervous
system, gastrointestinal system, genitourinary system, cardiovascular system,
and possibly the fetus.

5

Product Name: Midazolam Hydrochloride Injection, Solution with Preservative

12. ECOLOGICAL INFORMATION
Aquatic Toxicity

Not determined for the product. Information for ingredients is as follows:
LC50(48hr) = 7.1 mg/l in Daphnia for midazolam
LC50 = 4.3 mg/l in rainbow trout for midazolam.
EbC50(72hr) = 11.4 mg/l in algae (the no-observable biological effect
concentration on growth (72hr) was 3.7 mg/l) for midazolam.
LC50(96 hr) = 460 mg/L in Pimephales promelas for benzyl alcohol.
LC50 = 640 mg/L in Leuciscus idus for benzyl alcohol.
EC50(24 hr) = 400 mg/L in Daphnia magna for benzyl alcohol.
EC50 = 95 mg/L in Chlorella pyrenoidosa for benzyl alcohol.

Persistence/Biodegradability

Not determined for the product.
Information for ingredients is as follows:
Midazolam was only 6% biodegraded in 28 days in the Sturm test. For
midazolam, the EC50 (3h) for inhibition of microbial respiration was greater
than 100 mg/l indicating that this material was non- inhibitory to
microorganisms in the activated sludge respiration inhibition test.
Benzyl alcohol was degraded over 90% in a 28-day biodegradaton assay in
sewage sludge.

Bioaccumulation

Not determined for product

Mobility in Soil

Not determined for the product.

13. DISPOSAL CONSIDERATIONS
Waste Disposal

All waste materials must be properly characterized. Further, disposal should be
performed in accordance with the federal, state or local regulatory
requirements.

Container Handling and
Disposal

Dispose of container and unused contents in accordance with federal, state and
local regulations.

14. TRANSPORTATION INFORMATION
ADR/ADG/ DOT STATUS:

Not regulated

IMDG STATUS:

Not regulated

ICAO/IATA STATUS:

Not regulated

Transport Comments:

None
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15. REGULATORY INFORMATION
USA Regulations
Substance

TSCA Status

Benzyl Alcohol
Midazolam Hydrochloride

Listed
Not Listed

CERCLA
Status
Not Listed
Not Listed

SARA 302
Status
Not Listed
Not Listed

SARA 313
Status
Not Listed
Not Listed

PROP 65
Status
Not Listed
Listed

RCRA Status
U.S. OSHA
Classification

Not Listed
Possible Eye Irritant
Target Organ Toxin
Reproductive Toxin

GHS
Classification

*In the EU, classification under GHS/CLP does not apply to certain substances and mixtures, such as
medicinal products as defined in Directive 2001/83/EC, which are in the finished state, intended for the
final user:

Hazard Class

Not Applicable

Hazard
Category

Not Applicable

Signal Word

Not Applicable

Symbol

Not Applicable

Prevention

P201 - Obtain special instructions before use.
P202 - Do not handle until all safety precautions have been read and understood.
P280.2 - Wear protective gloves and eye/face protection.
P281 - Use personal protective equipment as required.

Hazard
Statement

Not Applicable

Response:

If exposed or concerned: Get medical attention.
IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if present and easy
to do. Continue rinsing. If eye irritation persists, get medical attention.
Wash hands after handling.

EU Classification*
*Medicinal products are exempt from the requirements of the EU Dangerous Preparations Directive. Information provided below is
for the pure drug substance Benzyl Alcohol
Midazolam Hydrochloride
.

Classification(s):

Not Applicable

Symbol:

Not Applicable

Indication of Danger:

Not Applicable

Risk Phrases:

Not Applicable
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Safety Phrases:

S23 - Do not breathe vapor.
S24 - Avoid contact with skin.
S25 - Avoid contact with eyes.
S37/39 - Wear suitable gloves and eye/face protection.

16. OTHER INFORMATION:
Notes:
ACGIH TLV
CAS
CERCLA
DOT
EEL
IATA
LD50
NA
NE
NIOSH
OSHA PEL
Prop 65
RCRA
RTECS
SARA
STEL
TSCA
TWA

American Conference of Governmental Industrial Hygienists – Threshold Limit Value
Chemical Abstracts Service Number
US EPA law, Comprehensive Environmental Response, Compensation, and Liability Act
US Department of Transportation Regulations
Employee Exposure Limit
International Air Transport Association
Dosage producing 50% mortality
Not applicable/Not available
Not established
National Institute for Occupational Safety and Health
US Occupational Safety and Health Administration – Permissible Exposure Limit
California Proposition 65
US EPA, Resource Conservation and Recovery Act
Registry of Toxic Effects of Chemical Substances
Superfund Amendments and Reauthorization Act
15-minute Short Term Exposure Limit
Toxic Substance Control Act
8-hour Time Weighted Average

MSDS Coordinator: Hospira GEHS
Date Prepared: 10/19/2011
Obsolete Date: 08/13/2010
Disclaimer:
The information and recommendations contained herein are based upon tests believed to be reliable. However,
Hospira does not guarantee their accuracy or completeness NOR SHALL ANY OF THIS INFORMATION
CONSTITUTE A WARRANTY, WHETHER EXPRESSED OR IMPLIED, AS TO THE SAFETY OF THE
GOODS, THE MERCHANTABILITY OF THE GOODS, OR THE FITNESS OF THE GOODS FOR A
PARTICULAR PURPOSE. Adjustment to conform to actual conditions of usage may be required. Hospira
assumes no responsibility for results obtained or for incidental or consequential damages, including lost profits,
arising from the use of these data. No warranty against infringement of any patent, copyright or trademark is made
or implied.
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EXHIBIT 2

EXHIBIT 2

MIDAZOLAM- midazolam hydrochloride injection
Akorn, Inc.
---------Midazolam Injection, USP
Rx only
CIV
WARNING
Adult and Pediatric: Intravenous midazolam has been as s ociated with res piratory depres s ion
and res piratory arres t, es pecially when us ed for s edation in noncritical care s ettings . In
s ome cas es , where this was not recognized promptly and treated effectively, death or
hypoxic encephalopathy has res ulted. Intravenous midazolam s hould be us ed only in
hos pital or ambulatory care s ettings , including phys icians ' and dental offices , that provide
for continuous monitoring of res piratory and cardiac function, i.e., puls e oximetry.
Immediate availability of res us citative drugs and age- and s ize-appropriate equipment for
bag/valve/mas k ventilation and intubation, and pers onnel trained in their us e and s killed in
airway management s hould be as s ured. (s ee WARNINGS.) For deeply s edated pediatric
patients , a dedicated individual, other than the practitioner performing the procedure,
s hould monitor the patient throughout the procedure.
The initial intravenous dos e for s edation in adult patients may be as little as 1 mg, but
s hould not exceed 2.5 mg in a normal healthy adult. Lower dos es are neces s ary for older
(over 60 years ) or debilitated patients and in patients receiving concomitant narcotics or
other central nervous s ys tem (CNS) depres s ants . The initial dos e and all s ubs equent dos es
s hould always be titrated s lowly; adminis ter over at leas t 2 minutes and allow an additional 2
or more minutes to fully evaluate the s edative effect. The us e of the 1 mg/mL formulation or
dilution of the 1 mg/mL or 5 mg/mL formulation is recommended to facilitate s lower
injection. Dos es of s edative medications in pediatric patients mus t be calculated on a mg/kg
bas is , and initial dos es and all s ubs equent dos es s hould always be titrated s lowly. The initial
pediatric dos e of midazolam for s edation/anxiolys is /amnes ia is age, procedure, and route
dependent (s ee DOSAGE AND ADMINISTRATION for complete dos ing information).
Neonates: Midazolam s hould not be adminis tered by rapid injection in the neonatal
population. Severe hypotens ion and s eizures have been reported following rapid IV
adminis tration, particularly with concomitant us e of fentanyl (s ee DOSAGE AND
ADMINISTRATION for complete information).

DESCRIPTION
Midazolam hydrochloride is a water-soluble benzodiazepine available as a sterile, nonpyrogenic
parenteral dosage form for intravenous or intramuscular injection. Each mL contains midazolam
hydrochloride equivalent to 1 mg or 5 mg midazolam compounded with 0.8% sodium chloride and
0.01% disodium edetate, with 1% benzyl alcohol as preservative; the pH is adjusted to 3.3 to 3.5 with
hydrochloric acid and, if necessary, sodium hydroxide.
Midazolam is a white to light yellow crystalline compound, insoluble in water. The hydrochloride salt
of midazolam, which is formed in situ, is soluble in aqueous solutions. Chemically, midazolam HCl is 8chloro-6-(2-fluoro-phenyl)-1-methyl-4H-imidazo[1,5-a][1,4]benzodiazepine hydrochloride. Midazolam
hydrochloride has the molecular formula C18 H 13 ClFN 3 •HCl, a calculated molecular weight of 362.25
and the following structural formula:

Under the acidic conditions required to solubilize midazolam in the product, midazolam is present as an
equilibrium mixture (shown below) of the closed-ring form shown above and an open-ring structure
formed by the acid-catalyzed ring opening of the 4,5-double bond of the diazepine ring. The amount of
open-ring form is dependent upon the pH of the solution. At the specified pH of the product, the
solution may contain up to about 25% of the open-ring compound. At the physiologic conditions under
which the product is absorbed (pH of 5 to 8) into the systemic circulation, any open-ring form present
reverts to the physiologically active, lipophilic, closed-ring form (midazolam) and is absorbed as such.

The following chart plots the percentage of midazolam present as the open-ring form as a function of
pH in aqueous solutions. As indicated in the graph, the amount of open-ring compound present in
solution is sensitive to changes in pH over the pH range specified for the product: 2.5 to 3.7 for the 1
mg/mL concentration and for the 5 mg/mL concentration. Above pH 5, at least 99% of the mixture is
present in the closed-ring form.

CLINICAL PHARMACOLOGY
Midazolam is a short-acting benzodiazepine central nervous system (CNS) depressant.
The effects of midazolam on the CNS are dependent on the dose administered, the route of
administration, and the presence or absence of other medications. Onset time of sedative effects after
IM administration in adults is 15 minutes, with peak sedation occurring 30 to 60 minutes following
injection. In one adult study, when tested the following day, 73% of the patients who received
midazolam intramuscularly had no recall of memory cards shown 30 minutes following drug
administration; 40% had no recall of the memory cards shown 60 minutes following drug administration.
Onset time of sedative effects in the pediatric population begins within 5 minutes and peaks at 15 to 30
minutes depending upon the dose administered. In pediatric patients, up to 85% had no recall of pictures

shown after receiving intramuscular midazolam compared with 5% of the placebo controls.
Sedation in adult and pediatric patients is achieved within 3 to 5 minutes after intravenous (IV) injection;
the time of onset is affected by total dose administered and the concurrent administration of narcotic
premedication. Seventy-one percent of the adult patients in the endoscopy studies had no recall of
introduction of the endoscope; 82% of the patients had no recall of withdrawal of the endoscope. In one
study of pediatric patients undergoing lumbar puncture or bone marrow aspiration, 88% of patients had
impaired recall vs 9% of the placebo controls. In another pediatric oncology study, 91% of midazolam
treated patients were amnestic compared with 35% of patients who had received fentanyl alone.
When midazolam is given IV as an anesthetic induction agent, induction of anesthesia occurs in
approximately 1.5 minutes when narcotic premedication has been administered and in 2 to 2.5 minutes
without narcotic premedication or other sedative premedication. Some impairment in a test of memory
was noted in 90% of the patients studied. A dose response study of pediatric patients premedicated with
1.0 mg/kg intramuscular (IM) meperidine found that only 4 out of 6 pediatric patients who received 600
mcg/kg IV midazolam lost consciousness, with eye closing at 108 ± 140 seconds. This group was
compared with pediatric patients who were given thiopental 5 mg/kg IV; 6 out of 6 closed their eyes at
20 ± 3.2 seconds. Midazolam did not dependably induce anesthesia at this dose despite concomitant
opioid administration in pediatric patients.
Midazolam, used as directed, does not delay awakening from general anesthesia in adults. Gross tests of
recovery after awakening (orientation, ability to stand and walk, suitability for discharge from the
recovery room, return to baseline Trieger competency) usually indicate recovery within 2 hours but
recovery may take up to 6 hours in some cases. When compared with patients who received thiopental,
patients who received midazolam generally recovered at a slightly slower rate. Recovery from
anesthesia or sedation for procedures in pediatric patients depends on the dose of midazolam
administered, coadministration of other medications causing CNS depression and duration of the
procedure.
In patients without intracranial lesions, induction of general anesthesia with IV midazolam is associated
with a moderate decrease in cerebrospinal fluid pressure (lumbar puncture measurements), similar to
that observed following IV thiopental. Preliminary data in neurosurgical patients with normal
intracranial pressure but decreased compliance (subarachnoid screw measurements) show comparable
elevations of intracranial pressure with midazolam and with thiopental during intubation. No similar
studies have been reported in pediatric patients.
The usual recommended intramuscular premedicating doses of midazolam do not depress the ventilatory
response to carbon dioxide stimulation to a clinically significant extent in adults. Intravenous induction
doses of midazolam depress the ventilatory response to carbon dioxide stimulation for 15 minutes or
more beyond the duration of ventilatory depression following administration of thiopental in adults.
Impairment of ventilatory response to carbon dioxide is more marked in adult patients with chronic
obstructive pulmonary disease (COPD). Sedation with IV midazolam does not adversely affect the
mechanics of respiration (resistance, static recoil, most lung volume measurements); total lung capacity
and peak expiratory flow decrease significantly but static compliance and maximum expiratory flow at
50% of awake total lung capacity (V max ) increase. In one study of pediatric patients under general
anesthesia, intramuscular midazolam (100 or 200 mcg/kg) was shown to depress the response to carbon
dioxide in a dose-related manner.
In cardiac hemodynamic studies in adults, IV induction of general anesthesia with midazolam was
associated with a slight to moderate decrease in mean arterial pressure, cardiac output, stroke volume
and systemic vascular resistance. Slow heart rates (less than 65/minute), particularly in patients taking
propranolol for angina, tended to rise slightly; faster heart rates (e.g., 85/minute) tended to slow
slightly. In pediatric patients, a comparison of IV midazolam (500 mcg/kg) with propofol (2.5 mg/kg)
revealed a mean 15% decrease in systolic blood pressure in patients who had received IV midazolam vs
a mean 25% decrease in systolic blood pressure following propofol.
Pharmacokinetics: Midazolam's activity is primarily due to the parent drug. Elimination of the parent

drug takes place via hepatic metabolism of midazolam to hydroxylated metabolites that are conjugated
and excreted in the urine. Six single-dose pharmacokinetic studies involving healthy adults yield
pharmacokinetic parameters for midazolam in the following ranges: volume of distribution (Vd), 1.0 to
3.1 L/kg; elimination half-life, 1.8 to 6.4 hours (mean approximately 3 hours); total clearance (Cl), 0.25
to 0.54 L/hr/kg. In a parallel group study, there was no difference in the clearance, in subjects
administered 0.15 mg/kg (n=4) and 0.30 mg/kg (n=4) IV doses indicating linear kinetics. The clearance
was successively reduced by approximately 30% at doses of 0.45 mg/kg (n=4) and 0.6 mg/kg (n=5)
indicating non-linear kinetics in this dose range.
Absorption: The absolute bioavailability of the intramuscular route was greater than 90% in a crossover study in which healthy subjects (n=17) were administered a 7.5 mg IV or IM dose. The mean peak
concentration (Cmax ) and time to peak (T max ) following the IM dose was 90 ng/mL (20% cv) and 0.5 hr
(50% cv). Cmax for the 1-hydroxy metabolite following the IM dose was 8 ng/mL (T max = 1.0 hour).
Following IM administration, Cmax for midazolam and its 1-hydroxy metabolite were approximately
one-half of those achieved after intravenous injection.
Distribution: The volume of distribution (Vd) determined from six single-dose pharmacokinetic studies
involving healthy adults ranged from 1.0 to 3.1 L/kg. Female gender, old age, and obesity are associated
with increased values of midazolam Vd. In humans, midazolam has been shown to cross the placenta and
enter into fetal circulation and has been detected in human milk and CSF (see Special Populations).
In adults and children older than 1 year, midazolam is approximately 97% bound to plasma protein,
principally albumin.
Metabolism: In vitro studies with human liver microsomes indicate that the biotransformation of
midazolam is mediated by cytochrome P450-3A4. This cytochrome also appears to be present in
gastrointestinal tract mucosa as well as liver. Sixty to seventy percent of the biotransformation products
is 1-hydroxy-midazolam (also termed alpha-hydroxymidazolam) while 4-hydroxy-midazolam constitutes
5% or less. Small amounts of a dihydroxy derivative have also been detected but not quantified. The
principal urinary excretion products are glucuronide conjugates of the hydroxylated derivatives.
Drugs that inhibit the activity of cytochrome P450-3A4 may inhibit midazolam clearance and elevate
steady-state midazolam concentrations.
Studies of the intravenous administration of 1-hydroxy-midazolam in humans suggest that 1-hydroxymidazolam is at least as potent as the parent compound and may contribute to the net pharmacologic
activity of midazolam. In vitro studies have demonstrated that the affinities of 1- and 4-hydroxymidazolam for the benzodiazepine receptor are approximately 20% and 7%, respectively, relative to
midazolam.
Excretion: Clearance of midazolam is reduced in association with old age, congestive heart failure,
liver disease (cirrhosis) or conditions which diminish cardiac output and hepatic blood flow.
The principal urinary excretion product is 1-hydroxy-midazolam in the form of a glucuronide conjugate;
smaller amounts of the glucuronide conjugates of 4-hydroxy- and dihydroxy-midazolam are detected as
well. The amount of midazolam excreted unchanged in the urine after a single IV dose is less than 0.5%
(n=5). Following a single IV infusion in 5 healthy volunteers, 45% to 57% of the dose was excreted in
the urine as 1-hydroxymethyl midazolam conjugate.
Pharmacokinetics-continuous infusion: The pharmacokinetic profile of midazolam following continuous
infusion, based on 282 adult subjects, has been shown to be similar to that following single-dose
administration for subjects of comparable age, gender, body habitus and health status. However,
midazolam can accumulate in peripheral tissues with continuous infusion. The effects of accumulation
are greater after long-term infusions than after short-term infusions. The effects of accumulation can be
reduced by maintaining the lowest midazolam infusion rate that produces satisfactory sedation.
Infrequent hypotensive episodes have occurred during continuous infusion; however, neither the time to
onset nor the duration of the episode appeared to be related to plasma concentrations of midazolam or

alpha-hydroxy-midazolam. Further, there does not appear to be an increased chance of occurrence of a
hypotensive episode with increased loading doses.
Patients with renal impairment may have longer elimination half-lives for midazolam (see Special
Populations: Renal Failure).
Special Populations: Changes in the pharmacokinetic profile of midazolam due to drug interactions,
physiological variables, etc., may result in changes in the plasma concentration-time profile and
pharmacological response to midazolam in these patients. For example, patients with acute renal failure
appear to have a longer elimination half-life for midazolam and may experience delayed recovery (see
Special Populations: Renal Failure). In other groups, the relationship between prolonged half-life and
duration of effect has not been established.
Pediatrics and Neonates: In pediatric patients aged 1 year and older, the pharmacokinetic properties
following a single dose of midazolam reported in 10 separate studies of midazolam are similar to those
in adults. Weight-normalized clearance is similar or higher (0.19 to 0.80 L/hr/kg) than in adults and the
terminal elimination half-life (0.78 to 3.3 hours) is similar to or shorter than in adults. The
pharmacokinetic properties during and following continuous intravenous infusion in pediatric patients in
the operating room as an adjunct to general anesthesia and in the intensive care environment are similar
to those in adults.
In seriously ill neonates, however, the terminal elimination half-life of midazolam is substantially
prolonged (6.5 to 12.0 hours) and the clearance reduced (0.07 to 0.12 L/hr/kg) compared to healthy
adults or other groups of pediatric patients. It cannot be determined if these differences are due to age,
immature organ function or metabolic pathways, underlying illness or debility.
Obese: In a study comparing normals (n=20) and obese patients (n=20) the mean half-life was greater in
the obese group (5.9 vs 2.3 hours). This was due to an increase of approximately 50% in the Vd
corrected for total body weight. The clearance was not significantly different between groups.
Geriatric: In three parallel group studies, the pharmacokinetics of midazolam administered IV or IM
were compared in young (mean age 29, n=52) and healthy elderly subjects (mean age 73, n=53). Plasma
half-life was approximately two-fold higher in the elderly. The mean Vd based on total body weight
increased consistently between 15% and 100% in the elderly. The mean Cl decreased approximately
25% in the elderly in two studies and was similar to that of the younger patients in the other.
Congestive Heart Failure: In patients suffering from congestive heart failure, there appeared to be a twofold increase in the elimination half-life, a 25% decrease in the plasma clearance and a 40% increase in
the volume of distribution of midazolam.
Hepatic Insufficiency: Midazolam pharmacokinetics were studied after an IV single dose (0.075 mg/kg)
was administered to 7 patients with biopsy proven alcoholic cirrhosis and 8 control patients. The mean
half-life of midazolam increased 2.5-fold in the alcoholic patients. Clearance was reduced by 50% and
Vd increased by 20%. In another study in 21 male patients with cirrhosis, without ascites and with
normal kidney function as determined by creatinine clearance, no changes in the pharmacokinetics of
midazolam or 1-hydroxy-midazolam were observed when compared to healthy individuals.
Renal Failure: Patients with renal impairment may have longer elimination half-lives for midazolam and
its metabolites which may result in slower recovery.
Midazolam and 1-hydroxy-midazolam pharmacokinetics in 6 ICU patients who developed acute renal
failure (ARF) were compared with a normal renal function control group. Midazolam was administered
as an infusion (5 to 15 mg/hr). Midazolam clearance was reduced (1.9 vs 2.8 mL/min/kg) and the half-life
was prolonged (7.6 vs 13 hr) in the ARF patients. The renal clearance of the 1-hydroxy-midazolam
glucuronide was prolonged in the ARF group (4 vs 136 mL/min) and the half-life was prolonged (12 hr
vs > 25 hr). Plasma levels accumulated in all ARF patients to about ten times that of the parent drug. The
relationship between accumulating metabolite levels and prolonged sedation is unclear.
In a study of chronic renal failure patients (n=15) receiving a single IV dose, there was a two-fold

increase in the clearance and volume of distribution but the half-life remained unchanged. Metabolite
levels were not studied.
Plasma Concentration - Effect Relationship: Concentration-effect relationships (after an IV dose) have
been demonstrated for a variety of pharmacodynamic measures (e.g., reaction time, eye movement,
sedation) and are associated with extensive intersubject variability. Logistic regression analysis of
sedation scores and steady-state plasma concentration indicated that at plasma concentrations greater than
100 ng/mL there was at least a 50% probability that patients would be sedated, but respond to verbal
commands (sedation score = 3). At 200 ng/mL there was at least a 50% probability that patients would be
asleep, but respond to glabellar tap (sedation score = 4).
Drug Interactions: For information concerning pharmacokinetic drug interactions with midazolam, see
PRECAUTIONS.
INDICATIONS AND USAGE:
Midazolam injection is indicated:
intramuscularly or intravenously for preoperative sedation/anxiolysis/amnesia;
intravenously as an agent for sedation/anxiolysis/amnesia prior to or during diagnostic, therapeutic
or endoscopic procedures, such as bronchoscopy, gastroscopy, cystoscopy, coronary angiography,
cardiac catheterization, oncology procedures, radiologic procedures, suture of lacerations and
other procedures either alone or in combination with other CNS depressants;
intravenously for induction of general anesthesia, before administration of other anesthetic agents.
With the use of narcotic premedication, induction of anesthesia can be attained within a relatively
narrow dose range and in a short period of time. Intravenous midazolam can also be used as a
component of intravenous supplementation of nitrous oxide and oxygen (balanced anesthesia);
continuous intravenous infusion for sedation of intubated and mechanically ventilated patients as a
component of anesthesia or during treatment in a critical care setting.
Midazolam is associated with a high incidence of partial or complete impairment of recall for the next
several hours (see CLINICAL PHARMACOLOGY).
CONTRAINDICATIONS:
Injectable midazolam is contraindicated in patients with a known hypersensitivity to the drug.
Benzodiazepines are contraindicated in patients with acute narrow-angle glaucoma. Benzodiazepines
may be used in patients with open-angle glaucoma only if they are receiving appropriate therapy.
Measurements of intraocular pressure in patients without eye disease show a moderate lowering
following induction with midazolam; patients with glaucoma have not been studied.
Midazolam is not intended for intrathecal or epidural administration due to the presence of the
preservative benzyl alcohol in the dosage form.
WARNINGS:
Midazolam mus t never be us ed without individualization of dos age particularly when us ed with
other medications capable of producing central nervous s ys tem depres s ion. Prior to the
intravenous adminis tration of midazolam in any dos e, the immediate availability of oxygen,
res us citative drugs , age-and s ize-appropriate equipment for bag/valve/mas k ventilation and
intubation, and s killed pers onnel for the maintenance of a patent airway and s upport of ventilation
s hould be ens ured. Patients s hould be continuous ly monitored with s ome means of detection for
early s igns of hypoventilation, airway obs truction, or apnea, i.e., puls e oximetry. Hypoventilation,
airway obs truction, and apnea can lead to hypoxia and/or cardiac arres t unles s effective
countermeas ures are taken immediately. The immediate availability of specific reversal agents

(flumazenil) is highly recommended. Vital signs should continue to be monitored during the recovery
period. Because intravenous midazolam depresses respiration (see CLINICAL PHARMACOLOGY)
and because opioid agonists and other sedatives can add to this depression, midazolam should be
administered as an induction agent only by a person trained in general anesthesia and should be used for
sedation/anxiolysis/amnesia only in the presence of personnel skilled in early detection of
hypoventilation, maintaining a patent airway and supporting ventilation. When us ed for
s edation/anxiolys is /amnes ia, midazolam s hould always be titrated s lowly in adult or pediatric
patients . Adverse hemodynamic events have been reported in pediatric patients with cardiovascular
instability; rapid intravenous administration should also be avoided in this population. See DOSAGE
AND ADMINISTRATION for complete information.
Serious cardiorespiratory adverse events have occurred after administration of midazolam. These have
included respiratory depression, airway obstruction, oxygen desaturation, apnea, respiratory arrest
and/or cardiac arrest, sometimes resulting in death or permanent neurologic injury. There have also
been rare reports of hypotensive episodes requiring treatment during or after diagnostic or surgical
manipulations particularly in adult or pediatric patients with hemodynamic instability. Hypotension
occurred more frequently in the sedation studies in patients premedicated with a narcotic.
Reactions such as agitation, involuntary movements (including tonic/clonic movements and muscle
tremor), hyperactivity and combativeness have been reported in both adult and pediatric patients. These
reactions may be due to inadequate or excessive dosing or improper administration of midazolam;
however, consideration should be given to the possibility of cerebral hypoxia or true paradoxical
reactions. Should such reactions occur, the response to each dose of midazolam and all other drugs,
including local anesthetics, should be evaluated before proceeding. Reversal of such responses with
flumazenil has been reported in pediatric patients. Concomitant use of barbiturates, alcohol or other
central nervous system depressants may increase the risk of hypoventilation, airway obstruction,
desaturation, or apnea and may contribute to profound and/or prolonged drug effect. Narcotic
premedication also depresses the ventilatory response to carbon dioxide stimulation.
Higher risk adult and pediatric surgical patients, elderly patients and debilitated adult and pediatric
patients require lower dosages, whether or not concomitant sedating medications have been
administered. Adult or pediatric patients with COPD are unusually sensitive to the respiratory
depressant effect of midazolam. Pediatric and adult patients undergoing procedures involving the upper
airway such as upper endoscopy or dental care, are particularly vulnerable to episodes of desaturation
and hypoventilation due to partial airway obstruction. Adult and pediatric patients with chronic renal
failure and patients with congestive heart failure eliminate midazolam more slowly (see CLINICAL
PHARMACOLOGY). Because elderly patients frequently have inefficient function of one or more
organ systems and because dosage requirements have been shown to decrease with age, reduced initial
dosage of midazolam is recommended, and the possibility of profound and/or prolonged effect should
be considered.
Injectable midazolam should not be administered to adult or pediatric patients in shock or coma, or in
acute alcohol intoxication with depression of vital signs. Particular care should be exercised in the use
of intravenous midazolam in adult or pediatric patients with uncompensated acute illnesses, such as
severe fluid or electrolyte disturbances.
There have been limited reports of intra-arterial injection of midazolam. Adverse events have included
local reactions, as well as isolated reports of seizure activity in which no clear causal relationship was
established. Precautions against unintended intra-arterial injection should be taken. Extravasation should
also be avoided.
The safety and efficacy of midazolam following nonintravenous and nonintramuscular routes of
administration have not been established. Midazolam should only be administered intramuscularly or
intravenously.
The decision as to when patients who have received injectable midazolam, particularly on an outpatient
basis, may again engage in activities requiring complete mental alertness, operate hazardous machinery

or drive a motor vehicle must be individualized. Gross tests of recovery from the effects of midazolam
(see CLINICAL PHARMACOLOGY) cannot be relied upon to predict reaction time under stress. It is
recommended that no patient operate hazardous machinery or a motor vehicle until the effects of the
drug, such as drowsiness, have subsided or until one full day after anesthesia and surgery, whichever is
longer. For pediatric patients, particular care should be taken to assure safe ambulation.
Usage in Pregnancy: An increas ed ris k of congenital malformations as s ociated with the us e of
benzodiazepine drugs (diazepam and chlordiazepoxide) has been s ugges ted in s everal s tudies . If
this drug is us ed during pregnancy, the patient s hould be appris ed of the potential hazard to the
fetus .
Withdrawal symptoms of the barbiturate type have occurred after the discontinuation of benzodiazepines
(see DRUG ABUSE and DEPENDENCE section).
Usage in Preterm Infants and Neonates: Rapid injection should be avoided in the neonatal population.
Midazolam administered rapidly as an intravenous injection (less than 2 minutes) has been associated
with severe hypotension in neonates, particularly when the patient has also received fentanyl. Likewise,
severe hypotension has been observed in neonates receiving a continuous infusion of midazolam who
then receive a rapid intravenous injection of fentanyl. Seizures have been reported in several neonates
following rapid intravenous administration.
The neonate also has reduced and/or immature organ function and is also vulnerable to profound and/or
prolonged respiratory effects of midazolam.
Exposure to excessive amounts of benzyl alcohol has been associated with toxicity (hypotension,
metabolic acidosis), particularly in neonates, and an increased incidence of kernicterus, particularly in
small preterm infants. There have been rare reports of deaths, primarily in preterm infants, associated
with exposure to excessive amounts of benzyl alcohol. The amount of benzyl alcohol from medications
is usually considered negligible compared to that received in flush solutions containing benzyl alcohol.
Administration of high dosages of medications (including midazolam) containing this preservative must
take into account the total amount of benzyl alcohol administered. The recommended dosage range of
midazolam for preterm and term infants includes amounts of benzyl alcohol well below that associated
with toxicity; however, the amount of benzyl alcohol at which toxicity may occur is not known. If the
patient requires more than the recommended dosages or other medications containing this preservative,
the practitioner must consider the daily metabolic load of benzyl alcohol from these combined sources.
PRECAUTIONS:
General: Intravenous doses of midazolam should be decreased for elderly and for debilitated patients
(see WARNINGS and DOSAGE AND ADMINISTRATION). These patients will also probably take
longer to recover completely after midazolam administration for the induction of anesthesia.
Midazolam does not protect against the increase in intracranial pressure or against the heart rate rise
and/or blood pressure rise associated with endotracheal intubation under light general anesthesia.
Use with Other CNS Depressants: The efficacy and safety of midazolam in clinical use are functions of
the dose administered, the clinical status of the individual patient, and the use of concomitant
medications capable of depressing the CNS. Anticipated effects range from mild sedation to deep
levels of sedation virtually equivalent to a state of general anesthesia where the patient may require
external support of vital functions. Care must be taken to individualize and carefully titrate the dose of
midazolam to the patient's underlying medical/surgical conditions, administer to the desired effect being
certain to wait an adequate time for peak CNS effects of both midazolam and concomitant medications,
and have the personnel and size-appropriate equipment and facilities available for monitoring and
intervention (see Boxed WARNING, WARNINGS and DOSAGE AND ADMINISTRATION).
Practitioners administering midazolam must have the skills necessary to manage reasonably foreseeable
adverse effects, particularly skills in airway management. For information regarding withdrawal see
DRUG ABUSE AND DEPENDENCE section.

Information for Patients: To assure safe and effective use of benzodiazepines, the following infomation
and instructions should be communicated to the patient when appropriate:
1. Inform your physician about any alcohol consumption and medicine you are now taking, especially
blood pressure medication and antibiotics, including drugs you buy without a prescription. Alcohol
has an increased effect when consumed with benzodiazepines; therefore, caution should be
exercised regarding simultaneous ingestion of alcohol during benzodiazepine treatment.
2. Inform your physician if you are pregnant or are planning to become pregnant.
3. Inform your physician if you are nursing.
4. Patients should be informed of the pharmacological effects of midazolam, such as sedation and
amnesia, which in some patients may be profound. The decision as to when patients who have
received injectable midazolam, particularly on an outpatient basis, may again engage in activities
requiring complete mental alertness, operate hazardous machinery, or drive a motor vehicle must be
individualized.
5. Patients receiving continuous infusion of midazolam in critical care settings over an extended period
of time, may experience symptoms of withdrawal following abrupt discontinuation.
Drug Interactions: The sedative effect of intravenous midazolam is accentuated by any concomitantly
administered medication, which depresses the central nervous system, particularly narcotics (e.g.,
morphine, meperidine and fentanyl) and also secobarbital and droperidol. Consequently, the dosage of
midazolam should be adjusted according to the type and amount of concomitant medications administered
and the desired clinical response (see DOSAGE AND ADMINISTRATION).
Caution is advised when midazolam is administered concomitantly with drugs that are known to inhibit
the P450-3A4 enzyme system such as cimetidine (not ranitidine), erythromycin, diltiazem, verapamil,
ketoconazole and itraconazole. These drug interactions may result in prolonged sedation due to a
decrease in plasma clearance of midazolam.
The effect of single oral doses of 800 mg cimetidine and 300 mg ranitidine on steady-state
concentrations of midazolam was examined in a randomized crossover study (n=8). Cimetidine increased
the mean midazolam steady-state concentration from 57 to 71 ng/mL. Ranitidine increased the mean
steady-state concentration to 62 ng/mL. No change in choice reaction time or sedation index was
detected after dosing with the H2 receptor antagonists.
In a placebo-controlled study, erythromycin administered as a 500 mg dose, tid., for 1 week (n=6),
reduced the clearance of midazolam following a single 0.5 mg/kg IV dose. The half-life was
approximately doubled.
The effects of diltiazem (60 mg tid) and verapamil (80 mg tid) on the pharmacokinetics and
pharmacodynamics of midazolam were investigated in a three-way cross-over study (n=9). The half-life
of midazolam increased from 5 to 7 hours when midazolam was taken in conjunction with verapamil or
diltiazem. No interaction was observed in healthy subjects between midazolam and nifedipine.
A moderate reduction in induction dosage requirements of thiopental (about 15%) has been noted
following use of intramuscular midazolam for premedication in adults. The intravenous administration
of midazolam decreases the minimum alveolar concentration (MAC) of halothane required for general
anesthesia. This decrease correlates with the dose of midazolam administered; no similar studies have
been carried out in pediatric patients but there is no scientific reason to expect that pediatric patients
would respond differently than adults.
Although the possibility of minor interactive effects has not been fully studied, midazolam and
pancuronium have been used together in patients without noting clinically significant changes in dosage,
onset or duration in adults. Midazolam does not protect against the characteristic circulatory changes
noted after administration of succinylcholine or pancuronium and does not protect against the increased
intracranial pressure noted following administration of succinylcholine. Midazolam does not cause a
clinically significant change in dosage, onset or duration of a single intubating dose of succinylcholine;
no similar studies have been carried out in pediatric patients but there is no scientific reason to expect

that pediatric patients would respond differently than adults.
No significant adverse interactions with commonly used premedications of drugs used during
anesthesia and surgery (including atropine, scopolamine, glycopyrrolate, diazepam, hydroxyzine, dtubocurarine, succinylcholine and other nondepolarizing muscle relaxants) or topical local anesthetics
(including lidocaine, dyclonine HCl and Cetacaine) have been observed in adults or pediatric patients. In
neonates, however, severe hypotension has been reported with concomitant administration of fentanyl.
This effect has been observed in neonates on an infusion of midazolam who received a rapid injection
of fentanyl and in patients on an infusion of fentanyl who have received a rapid injection of midazolam.
Caution is advised when midazolam is administered to patients receiving erythromycin since this may
result in a decrease in the plasma clearance of midazolam.
Drug/Laboratory Test Interactions: Midazolam has not been shown to interfere with results obtained in
clinical laboratory tests.
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carcinogenesis: Midazolam maleate was
administered with diet in mice and rats for 2 years at dosages of 1, 9 and 80 mg/kg/day. In female mice in
the highest dose group there was a marked increase in the incidence of hepatic tumors. In high-dose
male rats there was a small but statistically significant increase in benign thyroid follicular cell tumors.
Dosages of 9 mg/kg/day of midazolam maleate (25 times a human dose of 0.35 mg/kg) do not increase
the incidence of tumors.The pathogenesis of induction of these tumors is not known. These tumors
were found after chronic administration, whereas human use will ordinarily be of single or several
doses.
Mutagenesis: Midazolam did not have mutagenic activity in Salmonella typhimurium (5 bacterial strains),
Chinese hamster lung cells (V79), human lymphocytes or in the micronucleus test in mice.
Impairment of Fertility: A reproduction study in male and female rats did not show any impairment of
fertility at dosages up to 10 times the human IV dose of 0.35 mg/kg.
Pregnancy: Teratogenic Effects: Pregnancy Category D (see WARNINGS).
Segment II teratology studies, performed with midazolam maleate injectable in rabbits and rats at 5 and
10 times the human dose of 0.35 mg/kg, did not show evidence of teratogenicity.
Nonteratogenic Effects: Studies in rats showed no adverse effects on reproductive parameters during
gestation and lactation. Dosages tested were approximately 10 times the human dose of 0.35 mg/kg.
Labor and Delivery: In humans, measurable levels of midazolam were found in maternal venous serum,
umbilical venous and arterial serum and amniotic fluid, indicating placental transfer of the drug.
Following intramuscular administration of 0.05 mg/kg of midazolam, both the venous and the umbilical
arterial serum concentrations were lower than maternal concentrations.
The use of injectable midazolam in obstetrics has not been evaluated in clinical studies. Because
midazolam is transferred transplacentally and because other benzodiazepines given in the last weeks of
pregnancy have resulted in neonatal CNS depression, midazolam is not recommended for obstetrical
use.
Nursing Mothers: Midazolam is excreted in human milk. Caution should be exercised when midazolam
is administered to a nursing woman.
Pediatric Use: The safety and efficacy of midazolam for sedation/anxiolysis/amnesia following single
dose intramuscular administration, intravenously by intermittent injections and continuous infusion have
been established in pediatric and neonatal patients. For specific safety monitoring and dosage guidelines
see Boxed WARNING, CLINICAL PHARMACOLOGY, INDICATIONS, WARNINGS,
PRECAUTIONS, ADVERSE REACTIONS, OVERDOSAGE and DOSAGE AND
ADMINISTRATION sections. UNLIKE ADULT PATIENTS, PEDIATRIC PATIENTS
GENERALLY RECEIVE INCREMENTS OF MIDAZOLAM ON A MG/KG BASIS. As a group,
pediatric patients generally require higher dosages of midazolam (mg/kg) than do adults. Younger (less

than six years) pediatric patients may require higher dosages (mg/kg) than older pediatric patients, and
may require closer monitoring. In obese PEDIATRIC PATIENTS, the dose should be calculated based
on ideal body weight. When midazolam is given in conjunction with opioids or other sedatives, the
potential for respiratory depression, airway obstruction, or hypoventilation is increased.The health care
practitioner who uses this medication in pediatric patients should be aware of and follow accepted
professional guidelines for pediatric sedation appropriate to their situation.
Midazolam should not be administered by rapid injection in the neonatal population. Severe hypotension
and seizures have been reported following rapid IV administration, particularly, with concomitant use of
fentanyl.
Geriatric Use: Because geriatric patients may have altered drug distribution and diminished hepatic
and/or renal function, reduced doses of midazolam are recommended: Intravenous and intramuscular
doses of midazolam should be decreased for elderly and for debilitated patients (see WARNINGS and
DOSAGE AND ADMINISTRATION) and subjects over 70 years of age may be particularly sensitive.
These patients will also probably take longer to recover completely after midazolam administration for
the induction of anesthesia. Administration of IM and IV midazolam to elderly and/or high-risk surgical
patients has been associated with rare reports of death under circumstances compatible with
cardiorespiratory depression. In most of these cases, the patients also received other central nervous
system depressants capable of depressing respiration, especially narcotics (see DOSAGE AND
ADMINISTRATION). Specific dosing monitoring guidelines for geriatric patients are provided in the
DOSAGE AND ADMINISTRATION section for premedicated patients for sedation/anxiolysis/amnesia
following IV and IM administration, for induction of anesthesia following IV administration and for
continuous infusion.
ADVERSE REACTIONS:
See WARNINGS concerning s erious cardiores piratory events and pos s ible paradoxical
reactions .
Fluctuations in vital signs were the most frequently seen findings following parenteral administration of
midazolam in adults and included decreased tidal volume and/or respiratory rate decrease (23.3% of
patients following IV and 10.8% of patients following IM administration) and apnea (15.4% of patients
following IV administration), as well as variations in blood pressure and pulse rate. The majority of
serious adverse effects, particularly those associated with oxygenation and ventilation, have been
reported when midazolam is administered with other medications capable of depressing the central
nervous system. The incidence of s uch events is higher in patients undergoing procedures
involving the airway without the protective effect of an endotracheal tube, e.g., upper endos copy
and dental procedures .
Adults: The following additional adverse reactions were reported after intramuscular administration:
headache (1.3%)

Local effects at IM injection site
pain (3.7%)
induration (0.5%)
redness (0.5%)
muscle stiffness (0.3%)

Administration of IM midazolam to elderly and/or higher risk surgical patients has been associated with
rare reports of death under circumstances compatible with cardiorespiratory depression. In most of
these cases, the patients also received other central nervous system depressants capable of depressing
respiration, especially narcotics (see DOSAGE AND ADMINISTRATION). The following additional
adverse reactions were reported subsequent to intravenous administration as a single
sedative/anxiolytic/amnestic agent in adult patients:

hiccoughs (3.9%)
nausea (2.8%)
vomiting (2.6%)
coughing (1.3%)
"oversedation" (1.6%)
headache (1.5%)
drowsiness (1.2%)

Local effects at the IV site
tenderness (5.6%)
pain during injection (5.0%)
redness (2.6%)
induration (1.7%)
phlebitis (0.4%)

Pediatric Patients: The following adverse events related to the use of IV midazolam in pediatric patients
were reported in the medical literature: desaturation 4.6%, apnea 2.8%, hypotension 2.7%, paradoxical
reactions 2%, hiccough 1.2%, seizure-like activity 1.1% and nystagmus 1.1%. The majority of airwayrelated events occurred in patients receiving other CNS depressing medications and in patients where
midazolam was not used as a single sedating agent.
Neonates: For information concerning hypotensive episodes and seizures following the administration
of midazolam to neonates see, Boxed WARNING, CONTRAINDICATIONS, WARNINGS and
PRECAUTIONS sections.
Other adverse experiences, observed mainly following IV injection as a single
sedative/anxiolytic/amnesia agent and occurring at an incidence of <1.0% in adult and pediatric patients,
are as follows:
Respiratory: Laryngospasm, bronchospasm, dyspnea, hyperventilation, wheezing, shallow respirations,
airway obstruction, tachypnea
Cardiovascular: Bigeminy, premature ventricular contractions, vasovagal episode, bradycardia,
tachycardia, nodal rhythm
Gastrointestinal: Acid taste, excessive salivation, retching
CNS/Neuromuscular: Retrograde amnesia, euphoria, hallucination, confusion, argumentativeness,
nervousness, anxiety, grogginess, restlessness, emergence delirium or agitation, prolonged emergence
from anesthesia, dreaming during emergence, sleep disturbance, insomnia, nightmares, athetoid
movements, seizure-like activity, ataxia, dizziness, dysphoria, slurred speech, dysphonia, paresthesia
Special Senses: Blurred vision, diplopia, nystagmus, pinpoint pupils, cyclic movements of eyelids, visual
disturbance, difficulty focusing eyes, ears blocked, loss of balance, light-headedness Integumentary:
Hive-like elevation at injection site, swelling or feeling of burning, warmth or coldness at injection site
Hypersensitivity: Allergic reactions including anaphylactoid reactions, hives, rash, pruritus
Miscellaneous: Yawning, lethargy, chills, weakness, toothache, faint feeling, hematoma
DRUG ABUSE AND DEPENDENCE:
Midazolam is subject to Schedule IV control under the Controlled Substances Act of 1970.
Midazolam was actively self-administered in primate models used to assess the positive reinforcing
effects of psychoactive drugs. Midazolam produced physical dependence of a mild to moderate
intensity in cynomolgus monkeys after 5 to 10 weeks of administration. Available data concerning the
drug abuse and dependence potential of midazolam suggest that its abuse potential is at least equivalent
to that of diazepam.
Withdrawal symptoms, similar in character to those noted with barbiturates and alcohol (convulsions,
hallucinations, tremor, abdominal and muscle cramps, vomiting and sweating), have occurred following
abrupt discontinuation of benzodiazepines, including midazolam. Abdominal distention, nausea, vomiting,
and tachycardia are prominent symptoms of withdrawal in infants. The more severe withdrawal

symptoms have usually been limited to those patients who had received excessive doses over an
extended period of time. Generally milder withdrawal symptoms (e.g., dysphoria and insomnia) have
been reported following abrupt discontinuance of benzodiazepines taken continuously at therapeutic
levels for several months. Consequently, after extended therapy, abrupt discontinuation should generally
be avoided and a gradual dosage tapering schedule followed. There is no consensus in the medical
literature regarding tapering schedules; therefore, practitioners are advised to individualize therapy to
meet patient's needs. In some case reports, patients who have had severe withdrawal reactions due to
abrupt discontinuation of high-dose long-term midazolam, have been successfully weaned off of
midazolam over a period of several days.
OVERDOSAGE:
The manifestations of midazolam overdosage reported are similar to those observed with other
benzodiazepines, including sedation, somnolence, confusion, impaired coordination, diminished
reflexes, coma and untoward effects on vital signs. No evidence of specific organ toxicity from
midazolam overdosage has been reported.
Treatment of Overdosage: Treatment of injectable midazolam overdosage is the same as that followed
for overdosage with other benzodiazepines. Respiration, pulse rate and blood pressure should be
monitored and general supportive measures should be employed. Attention should be given to the
maintenance of a patent airway and support of ventilation, including administration of oxygen. An
intravenous infusion should be started. Should hypotension develop, treatment may include intravenous
fluid therapy, repositioning, judicious use of vasopressors appropriate to the clinical situation, if
indicated, and other appropriate countermeasures. There is no information as to whether peritoneal
dialysis, forced diuresis or hemodialysis are of any value in the treatment of midazolam overdosage.
Flumazenil, a specific benzodiazepine-receptor antagonist, is indicated for the complete or partial
reversal of the sedative effects of benzodiazepines and may be used in situations when an overdose with
a benzodiazepine is known or suspected. There are anecdotal reports of reversal of adverse
hemodynamic responses associated with midazolam following administration of flumazenil to pediatric
patients. Prior to the administration of flumazenil, necessary measures should be instituted to secure the
airway, assure adequate ventilation, and establish adequate intravenous access. Flumazenil is intended as
an adjunct to, not as a substitute for, proper management of benzodiazepine overdose. Patients treated
with flumazenil should be monitored for resedation, respiratory depression and other residual
benzodiazepine effects for an appropriate period after treatment. Flumazenil will only revers e
benzodiazepine-induced effects but will not revers e the effects of other concomitant medications .
The reversal of benzodiazepine effects may be associated with the onset of seizures in certain high-risk
patients. The pres criber s hould be aware of a ris k of s eizure in as s ociation with flumazenil
treatment, particularly in long-term benzodiazepine us ers and in cyclic antidepres s ant overdos e.
The complete flumazenil package insert, including CONTRAINDICATIONS, WARNINGS and
PRECAUTIONS, should be consulted prior to use.
DOSAGE AND ADMINISTRATION:
Midazolam injection is a potent s edative agent that requires s low adminis tration and
individualization of dos age. Clinical experience has s hown midazolam to be 3 to 4 times as potent
per mg as diazepam. BECAUSE SERIOUS AND LIFE-THREATENING
CARDIORESPIRATORY ADVERSE EVENTS HAVE BEEN REPORTED, PROVISION FOR
MONITORING, DETECTION AND CORRECTION OF THESE REACTIONS MUST BE
MADE FOR EVERY PATIENT TO WHOM MIDAZOLAM INJECTION IS ADMINISTERED,
REGARDLESS OF AGE OR HEALTH STATUS. Exces s ive s ingle dos es or rapid intravenous
adminis tration may res ult in res piratory depres s ion, airway obs truction and/or arres t. The
potential for thes e latter effects is increas ed in debilitated patients , thos e receiving concomitant
medications capable of depres s ing the CNS, and patients without an endotracheal tube but

undergoing a procedure involving the upper airway s uch as endos copy or dental (s ee Boxed
WARNING and WARNINGS).
Reactions such as agitation, involuntary movements, hyperactivity and combativeness have been
reported in adult and pediatric patients. Should such reactions occur, caution should be exercised
before continuing administration of midazolam (see WARNINGS).
Midazolam injection should only be administered IM or IV (see WARNINGS).
Care should be taken to avoid intra-arterial injection or extravasation (see WARNINGS).
Midazolam injection may be mixed in the same syringe with the following frequently used
premedications: morphine sulfate, meperidine, atropine sulfate or scopolamine. Midazolam, at a
concentration of 0.5 mg/mL, is compatible with 5% dextrose in water and 0.9% sodium chloride for up
to 24 hours and with lactated Ringer's solution for up to 4 hours. Both the 1 mg/mL and 5 mg/ mL
formulations of midazolam may be diluted with 0.9% sodium chloride or 5% dextrose in water.
MONITORING:
Patient response to sedative agents, and resultant respiratory status, is variable. Regardless of the
intended level of sedation or route of administration, sedation is a continuum; a patient may move easily
from light to deep sedation, with potential loss of protective reflexes. This is especially true in
pediatric patients. Sedative doses should be individually titrated, taking into account patient age, clinical
status and concomitant use of other CNS depressants. Continuous monitoring of respiratory and cardiac
function is required (i.e., pulse oximetry).
Adults and Pediatrics: Sedation guidelines recommend a careful presedation history to determine how a
patient's underlying medical conditions or concomitant medications might affect their response to
sedation/analgesia as well as a physical examination including a focused examination of the airway for
abnormalities. Further recommendations include appropriate presedation fasting.
Titration to effect with multiple small doses is essential for safe administration. It should be noted that
adequate time to achieve peak central nervous system effect (3 to 5 minutes) for midazolam should be
allowed between doses to minimize the potential for oversedation. Sufficient time must elapse between
doses of concomitant sedative medications to allow the effect of each dose to be assessed before
subsequent drug administration. This is an important consideration for all patients who receive
intravenous midazolam.
Immediate availability of resuscitative drugs and age- and size-appropriate equipment and personnel
trained in their use and skilled in airway management should be assured (see WARNINGS).
Pediatrics: For deeply sedated pediatric patients a dedicated individual, other than the practitioner
performing the procedure, should monitor the patient throughout the procedure.
Intravenous access is not thought to be necessary for all pediatric patients sedated for a diagnostic or
therapeutic procedure because in some cases the difficulty of gaining IV access would defeat the
purpose of sedating the child; rather, emphasis should be placed upon having the intravenous equipment
available and a practitioner skilled in establishing vascular access in pediatric patients immediately
available.
USUAL ADULT DOSE
INTRAMUSCULARLY
For preoperative
sedation/anxiolysis/amnesia (induction
of sleepiness or drowsiness and relief
of apprehension and to impair memory
of perioperative events).

The recommended premedication dose of midazolam for good
risk (ASA Physical Status I & II) adult patients below the age
of 60 years is 0.07 to 0.08 mg/kg IM (approximately 5 mg IM)
administered up to 1 hour before surgery.
The dose must be individualized and reduced when IM
midazolam is administered to patients with chronic obstructive

For intramuscular use, midazolam
should be injected deep in a large
muscle mass.

INTRAVENOUSLY
Sedation /anxiolysis/amnesia for
procedures (see INDICATIONS):
Narcotic premedication results in less
variability in patient response and a
reduction in dosage of midazolam. For
peroral procedures, the use of an
appropriate topical anesthetic is
recommended.
For bronchoscopic procedures, the use
of narcotic premedication is
recommended. Midazolam 1 mg/mL
formulation is recommended for
sedation/anxiolysis/amnesia for
procedures to facilitate slower
injection.
Both the 1 mg/mL and the 5 mg/mL
formulations may be diluted with 0.9%
sodium chloride or 5% dextrose in
water.

pulmonary disease, other higher risk surgical patients, patients
60 or more years of age, and patients who have received
concomitant narcotics or other CNS depressants (see
ADVERSE REACTIONS). In a study of patients 60 years or
older, who did not receive concomitant administration of
narcotics, 2 to 3 mg (0.02 to 0.05 mg/kg) of midazolam
produced adequate sedation during the preoperative period.
The dose of 1 mg IM midazolam may suffice for some older
patients if the anticipated intensity and duration of sedation is
less critical. As with any potential respiratory depressant, these
patients require observation for signs of cardiorespiratory
depression after receiving IM midazolam.
Onset is within 15 minutes, peaking at 30 to 60 minutes. It can
be administered concomitantly with atropine sulfate or
scopolamine hydrochloride and reduced doses of narcotics.
When used for sedation/anxiolysis/amnesia for a procedure,
dosage must be individualized and titrated.
Midazolam should always be titrated slowly; administer over at
least 2 minutes and allow an additional 2 or more minutes to
fully evaluate the sedative effect. Individual response will vary
with age, physical status and concomitant medications, but may
also vary independent of these factors. (See WARNINGS
concerning cardiac/respiratory arrest/airway
obstruction/hypoventilation.)
1. Healthy Adults Below the Age of 60: Titrate slowly to the
desired effect, e.g., the initiation of slurred speech. Some
patients may respond to as little as 1 mg. No more than 2.5
mg should be given over a period of at least 2 minutes.
Wait an additional 2 or more minutes to fully evaluate the
sedative effect. If further titration is necessary, continue to
titrate, using small increments, to the appropriate level of
sedation. Wait an additional 2 or more minutes after each
increment to fully evaluate the sedative effect. A total dose
greater than 5 mg is not usually necessary to reach the
desired endpoint.
If narcotic premedication or other CNS depressants are
used, patients will require approximately 30% less
midazolam than unpremedicated patients.
2. Patients Age 60 or Older, and Debilitated or Chronically Ill
Patients: Because the danger of hypoventilation, airway
obstruction, or apnea is greater in elderly patients and those
with chronic disease states or decreased pulmonary
reserve, and because the peak effect may take longer in
these patients, increments should be smaller and the rate of
injection slower.
Titrate slowly to the desired effect, e.g, the initiation of
slurred speech. Some patients may respond to as little as 1
mg. No more than 1.5 mg should be given over a period of
no less than 2 minutes. Wait an additional 2 or more minutes
to fully evaluate the sedative effect. If additional titration is
necessary, it should be given at a rate of no more than 1 mg
over a period of 2 minutes, waiting an additional 2 or more

minutes each time to fully evaluate the sedative effect.
Total doses greater than 3.5 mg are not usually necessary.
If concomitant CNS depressant premedications are used in
these patients, they will require at least 50% less
midazolam than healthy young unpremedicated patients.
3. Maintenance Dose: Additional doses to maintain the desired
level of sedation may be given in increments of 25% of the
dose used to first reach the sedative endpoint, but again
only by slow titration, especially in the elderly and
chronically ill or debilitated patient. These additional doses
should be given only after a thorough clinical evaluation
clearly indicates the need for additional sedation.
Induction of Anesthesia:
For induction of general anesthesia,
before administration of other
anesthetic agents.

Individual response to the drug is variable, particularly when a
narcotic premedication is not used. The dosage should be
titrated to the desired effect according to the patient's age and
clinical status.
When midazolam is used before other intravenous agents for
induction of anesthesia, the initial dose of each agent may be
significantly reduced, at times to as low as 25% of the usual
initial dose of the individual agents.
Unpremedicated Patients: In the absence of premedication, an
average adult under the age of 55 years will usually require an
initial dose of 0.3 to 0.35 mg/kg for induction, administered
over 20 to 30 seconds and allowing 2 minutes for effect. If
needed to complete induction, increments of approximately
25% of the patient's initial dose may be used; induction may
instead be completed with inhalational anesthetics. In resistant
cases, up to 0.6 mg/kg total dose may be used for induction, but
such larger doses may prolong recovery.
Unpremedicated patients over the age of 55 years usually
require less midazolam for induction; an initial dose of 0.3
mg/kg is recommended. Unpremedicated patients with severe
systemic disease or other debilitation usually require less
midazolam for induction. An initial dose of 0.2 to 0.25 mg/kg
will usually suffice; in some cases, as little as 0.15 mg/kg may
suffice.
Premedicated Patients: When the patient has received sedative
or narcotic premedication, particularly narcotic premedication,
the range of recommended doses is 0.15 to 0.35 mg/kg.
In average adults below the age of 55 years, a dose of 0.25
mg/kg, administered over 20 to 30 seconds and allowing 2
minutes for effect, will usually suffice.
The initial dose of 0.2 mg/kg is recommended for good risk
(ASA I & II) surgical patients over the age of 55 years.
In some patients with severe systemic disease or debilitation,
as little as 0.15 mg/kg may suffice.
Narcotic premedication frequently used during clinical trials
included fentanyl (1.5 to 2 mcg/kg IV, administered 5 minutes
before induction), morphine (dosage individualized, up to 0.15
mg/kg IM), and meperidine (dosage individualized, up to 1
mg/kg IM). Sedative premedications were hydroxyzine pamoate
(100 mg orally) and sodium secobarbital (200 mg orally).

(100 mg orally) and sodium secobarbital (200 mg orally).
Except for intravenous fentanyl, administered 5 minutes before
induction, all other premedications should be administered
approximately 1 hour prior to the time anticipated for
midazolam induction.
Injectable midazolam can also be used Incremental injections of approximately 25% of the induction
during maintenance of anesthesia, for dose should be given in response to signs of lightening of
surgical procedures, as a component of anesthesia and repeated as necessary.
balanced anesthesia.
Effective narcotic premedication is
especially recommended in such cases.
CONTINUOUS INFUSION
For continuous infusion, midazolam 5
mg/mL formulation is recommended
diluted to a concentration of 0.5 mg/mL
with 0.9% sodium chloride or 5%
dextrose in water.

PEDIATRIC PATIENTS

Usual Adult Dose: If a loading dose is necessary to rapidly
initiate sedation, 0.01 to 0.05 mg/kg (approximately 0.5 to 4 mg
for a typical adult) may be given slowly or infused over
several minutes. This dose may be repeated at 10 to 15 minute
intervals until adequate sedation is achieved. For maintenance
of sedation, the usual initial infusion rate is 0.02 to 0.1
mg/kg/hr (1 to 7 mg/hr). Higher loading or maintenance infusion
rates may occasionally be required in some patients. The
lowest recommended doses should be used in patients with
residual effects from anesthetic drugs, or in those concurrently
receiving other sedatives or opioids.
Individual response to midazolam is variable. The infusion rate
should be titrated to the desired level of sedation, taking into
account the patient's age, clinical status and current
medications. In general, midazolam should be infused at the
lowest rate that produces the desired level of sedation.
Assessment of sedation should be performed at regular
intervals and the midazolam infusion rate adjusted up or down
by 25% to 50% of the initial infusion rate so as to assure
adequate titration of sedation level.
Larger adjustments or even a small incremental dose may be
necessary if rapid changes in the level of sedation are
indicated. In addition, the infusion rate should be decreased by
10% to 25% every few hours to find the minimum effective
infusion rate. Finding the minimum effective infusion rate
decreases the potential accumulation of midazolam and
provides for the most rapid recovery once the infusion is
terminated. Patients who exhibit agitation, hypertension, or
tachycardia in response to noxious stimulation, but who are
otherwise adequately sedated, may benefit from concurrent
administration of an opioid analgesic. Addition of an opioid
will generally reduce the minimum effective midazolam
infusion rate.
UNLIKE ADULT PATIENTS, PEDIATRIC PATIENTS
GENERALLY RECEIVE INCREMENTS OF
MIDAZOLAM ON A MG/KG BASIS. As a group, pediatric
patients generally require higher dosages of midazolam
(mg/kg) than do adults. Younger (less than six years) pediatric
patients may require higher dosages (mg/kg) than older
pediatric patients, and may require close monitoring (see tables
below). In obese PEDIATRIC PATIENTS, the dose should be

calculated based on ideal body weight. When midazolam is
given in conjunction with opioids or other sedatives, the
potential for respiratory depression, airway obstruction, or
hypoventilation is increased. For appropriate patient
monitoring, see Boxed WARNING, WARNINGS Monotoring
subsection of DOSAGE AND ADMINISTRATION. The
health care practitioner who uses this medication in pediatric
patients should be aware of and follow accepted professional
guidelines for pediatric sedation appropriate to their situation.
OBSERVER'S ASSESSMENT OF ALERTNESS/SEDATION (OAA/S)
Assessment Categories
Responsiveness
Speech
Facial Expression Eyes
Responds readily to name normal
normal
clear, no
spoken in normal tone
ptosis
Lethargic response to name mild slowing mild relaxation
glazed or
spoken in normal tone
or thickening
mild ptosis
(less than
half the eye)
Responds only after name is slurring or
marked relaxation glazed and
called loudly and/or
prominent
(slack jaw)
marked
repeatedly
slowing
ptosis (half
the eye or
more)
Responds only after mild
few
--------prodding or shaking
recognizable
words
Does not respond to mild
------------prodding or shaking

Composite Score
5 (alert)
4

3

2
1 (deep sleep)

FREQUENCY OF OBSERVER'S ASSESSMENT OF ALERTNESS/SEDATION COMPOSITE
SCORES IN ONE STUDY OF CHILDREN UNDERGOING PROCEDURES WITH
INTRAVENOUS MIDAZOLAM FOR SEDATION
Age Range
(years)

n

1-2

16

>2-5

22

>5-12

34

>12-17

18

Total (1-17)

90

INTRAMUSCULARLY

1
(deep sleep)
6
(38%)
9
(41%)
1
(3%)
0
16
(18%)

2

OAA/S Score
3

4
(25%)
5
(23%)
6
(18%)
4
(22%)
19
(21%)

3
(19%)
8
(36%)
22
(65%)
14
(78%)
47
(52%)

USUAL PEDIATRIC DOSE

4
3
(19%)
0

5
(alert)
0
0

5
(15%)
0

0

8
(9%)

0

0

(NON-NEONATAL)
For sedation/anxiolysis/amnesia prior to
Sedation after intramuscular midazolam is age and
anesthesia or for procedures, intramuscular
dose dependent: higher doses may result in deeper and
midazolam can be used to sedate pediatric
more prolonged sedation.
patients to facilitate less traumatic insertion of an Doses of 0.1 to 0.15 mg/kg are usually effective and
intravenous catheter for titration of additional
do not prolong emergence from general anesthesia.
medication.
For more anxious patients, doses up to 0.5 mg/kg have
been used. Although not systematically studied, the
total dose usually does not exceed 10 mg.
If midazolam is given with an opioid, the initial dose
of each must be reduced.
INTRAVENOUSLY BY INTERMITTENT
USUAL PEDIATRIC DOSE
INJECTION
(NON-NEONATAL)
For sedation/anxiolysis/amnesia prior to and
It should be recognized that the depth of
during procedures or prior to anesthesia.
sedation/anxiolysis needed for pediatric patients
depends on the type of procedure to be performed.
For example, simple light sedation/anxiolysis in the
preoperative period is quite different from the deep
sedation and analgesia required for an endoscopic
procedure in a child. For this reason, there is a broad
range of dosage. For all pediatric patients, regardless
of the indications for sedation/anxiolysis, it is vital to
titrate midazolam and other concomitant medications
slowly to the desired clinical effect. The initial dose
of midazolam should be administered over 2 to 3
minutes. Since midazolam is water soluble, it takes
approximately three times longer than diazepam to
achieve peak EEG effects; therefore one must wait an
additional 2 to 3 minutes to fully evaluate the sedative
effect before initiating a procedure or repeating a
dose. If further sedation is necessary, continue to
titrate with small increments until the appropriate level
of sedation is achieved. If other medications capable
of depressing the CNS are coadministered, the peak
effect of those concomitant medications must be
considered and the dose of midazolam adjusted. The
importance of drug titration to effect is vital to the
safe sedation/anxiolysis of the pediatric patient. The
total dose of midazolam will depend on patient
response, the type and duration of the procedure, as
well as the type and dose of concomitant medications.
1. Pediatric patients Less Than 6 months of age:
Limited information is available in non-intubated
pediatric patients less than 6 months of age. It is
uncertain when the patient transfers from neonatal
physiology to pediatric physiology, therefore the
dosing recommendations are unclear. Pediatric
patients less than 6 months of age are particularly
vulnerable to airway obstruction and
hypoventilation, therefore titration with small
increments to clinical effect and careful
monitoring are essential.

2. Pediatric patients 6 months to 5 years of age: Initial
dose 0.05 to 0.1 mg/kg; A total dose up to 0.6
mg/kg may be necessary to reach the desired
endpoint but usually does not exceed 6 mg.
Prolonged sedation and risk of hypoventilation
may be associated with the higher doses.
3. Pediatric patients 6 to 12 years of age: Initial dose
0.025 to 0.05 mg/kg; total dose up to 0.4 mg/kg
may be needed to reach the desired endpoint but
usually does not exceed 10 mg. Prolonged
sedation and risk of hypoventilation may be
associated with the higher doses.
4. Pediatric patients 12 to 16 years of age: Should be
dosed as adults. Prolonged sedation may be
associated with higher doses; some patients in this
age range will require higher than recommended
adult doses but the total dose usually does not
exceed 10 mg.
The dose of midazolam must be reduced in patients
premedicated with opioid or other sedative agents
including midazolam. Higher risk or debilitated
patients may require lower dosages whether or not
concomitant sedating medications have been
administered (see WARNINGS).
CONTINUOUS INTRAVENOUS INFUSION USUAL PEDIATRIC DOSE
For sedation/anxiolysis/amnesia in critical care (NON-NEONATAL)
settings.
To initiate sedation, an intravenous loading dose of
0.05 to 0.2 mg/kg administered over at least 2 to 3
minutes can be used to establish the desired clinical
effect IN PATIENTS WHOSE TRACHEA IS
INTUBATED. (Midazolam should not be
administered as a rapid intravenous dose.) This
loading dose may be followed by a continuous
intravenous infusion to maintain the effect. An infusion
of midazolam has been used in patients whose trachea
was intubated but who were allowed to breathe
spontaneously.
Assisted ventilation is recommended for pediatric
patients who are receiving other central nervous
system depressant medications such as opioids. Based
on pharmacokinetic parameters and reported clinical
experience, continuous intravenous infusions of
midazolam should be initiated at a rate of 0.06 to 0.12
mg/kg/hr (1 to 2 mcg/kg/min). The rate of infusion can
be increased or decreased (generally by 25% of the
initial or subsequent infusion rate) as required, or
supplemental intravenous doses of midazolam can be
administered to increase or maintain the desired
effect. Frequent assessment at regular intervals using
standard pain/sedation scales is recommended. Drug
elimination may be delayed in patients receiving
erythromycin and/or other P450-3A4 enzyme

inhibitors (see PRECAUTIONS: Drug Interactions)
and in patients with liver dysfunction, low cardiac
output (especially those requiring inotropic support),
and in neonates. Hypotension may be observed in
patients who are critically ill, particularly those
receiving opioids and/or when midazolam is rapidly
administered.

CONTINUOUS INTRAVENOUS INFUSION
For sedation in critical care settings.

When initiating an infusion with midazolam in
hemodynamically compromised patients, the usual
loading dose of midazolam should be titrated in small
increments and the patient monitored for hemodynamic
instability, e.g., hypotension. These patients are also
vulnerable to the respiratory depressant effects of
midazolam and require careful monitoring of
respiratory rate and oxygen saturation.
USUAL NEONATAL DOSE
Based on pharmacokinetic parameters and reported
clinical experience in preterm and term neonates
WHOSE TRACHEA WAS INTUBATED, continuous
intravenous infusions of midazolam injection should
be initiated at a rate of 0.03 mg/kg/hr (0.5 mcg/kg/min)
in neonates <32 weeks and 0.06 mg/kg/hr (1
mcg/kg/min) in neonates >32 weeks.
Intravenous loading doses should not be used in
neonates, rather the infusion may be run more rapidly
for the first several hours to establish therapeutic
plasma levels. The rate of infusion should be
carefully and frequently reassessed, particularly after
the first 24 hours so as to administer the lowest
possible effective dose and reduce the potential for
drug accumulation. This is particularly important
because of the potential for adverse effects related to
metabolism of the benzyl alcohol (see WARNINGS:
Usage in Preterm Infants and Neonates). Hypotension
may be observed in patients who are critically ill and
in preterm and term infants, particularly those
receiving fentanyl and/or when midazolam is
administered rapidly. Due to an increased risk of
apnea, extreme caution is advised when sedating
preterm and former preterm patients whose trachea is
not intubated.

Note: Parenteral drug products should be inspected visually for particulate matter and discoloration
prior to administration, whenever solution and container permit.
HOW SUPPLIED:
Package configurations containing midazolam injection, USP equivalent to 5 mg midazolam/mL:
1 mL vials in packages of 10 (NDC 17478-524-01)
and in 25 (NDC 17478-524-15)
2 mL vials in packages of 10 (NDC 17478-524-02)

5 mL vials in packages of 10 (NDC 17478-524-05)
10 mL vials in packages of 10 (NDC 17478-524-10)
2 mL disposable syringe (with attached 22 gauge, 1¼ inch needle), individually boxed, (NDC 17478522-02)
in packages of 10 (NDC 17478-522-20)
Package configurations containing midazolam injection, USP equivalent to 1 mg midazolam/mL:
2 mL vials in packages of 10 (NDC 17478-523-02)
and in 25 (NDC 17478-523-25)
5 mL vials in packages of 10 (NDC 17478-523-05)
and in 25 (NDC 17478-523-55)
10 mL vials in packages of 10 (NDC 17478-523-10)
Storage: Store at 20° to 25° C (68° to 77°F) [see USP Controlled Room Temperature].
AKORN
Manufactured by: Akorn, Inc.
Lake Forest, IL 60045
MD00N
Rev. 07/12
Principal Display Panel Text for Container Label:
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Midazolam CIV
Injection, USP
2 mg/2 mL
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Rx only
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midazolam hydrochloride injection
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VECURONIUM- vecuronium bromide injection, powder, lyophilized, for s olution
Sagent Pharmaceuticals
---------Vecuronium Bromide for Injection
SAGENT™
Rx only
THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED
INDIVIDUALS FAMILIAR WITH ITS ACTIONS, CHARACTERISTICS, AND
HAZARDS.

DESCRIPTION
Vecuronium Bromide for Injection is a nondepolarizing neuromuscular blocking agent of intermediate
duration, chemically designated as 1-(3α,17β-Dihydroxy-2β-piperidino-5α-androstan-16β,5α-yl)-1methylpiperidinium bromide, diacetate. The structural formula is:

Its chemical formula is C34 H 57 BrN 2 O 4 with molecular weight 637.73.
Vecuronium Bromide for Injection is supplied as a sterile nonpyrogenic freeze-dried buffered cake of
very fine microscopic crystalline particles for intravenous injection only. Each vial contains 10 mg or
20 mg of vecuronium bromide. In addition, each 10 mg vial contains 20.75 mg citric acid anhydrous,
16.25 mg sodium phosphate dibasic anhydrous, 97 mg mannitol (to adjust tonicity), sodium hydroxide
and/or phosphoric acid to buffer and adjust to a pH range of 3.5 to 4.5. Each 20 mg vial contains 41.5
mg citric acid anhydrous, 32.5 mg sodium phosphate dibasic anhydrous, 194 mg mannitol (to adjust
tonicity), sodium hydroxide and/or phosphoric acid to buffer and adjust to a pH range of 3.5 to 4.5.
CLINICAL PHARMACOLOGY
Vecuronium is a nondepolarizing neuromuscular blocking agent possessing all of the characteristic
pharmacological actions of this class of drugs (curariform). It acts by competing for cholinergic
receptors at the motor end-plate. The antagonism to acetylcholine is inhibited and neuromuscular block
is reversed by acetylcholinesterase inhibitors such as neostigmine, edrophonium, and pyridostigmine.
Vecuronium is about 1/3 more potent than pancuronium; the duration of neuromuscular blockade
produced by vecuronium is shorter than that of pancuronium at initially equipotent doses. The time to
onset of paralysis decreases and the duration of maximum effect increases with increasing vecuronium
doses. The use of a peripheral nerve stimulator is recommended in assessing the degree of muscular
relaxation with all neuromuscular blocking drugs. The ED 90 (dose required to produce 90%
suppression of the muscle twitch response with balanced anesthesia) has averaged 0.057 mg/kg (0.049
to 0.062 mg/kg in various studies). An initial vecuronium bromide dose of 0.08 to 0.1 mg/kg generally
produces first depression of twitch in approximately 1 minute, good or excellent intubation conditions

within 2.5 to 3 minutes, and maximum neuromuscular blockade within 3 to 5 minutes of injection in most
patients.
Under balanced anesthesia, the time to recovery to 25% of control (clinical duration) is approximately
25 to 40 minutes after injection and recovery is usually 95% complete approximately 45 to 65 minutes
after injection of intubating dose. The neuromuscular blocking action of vecuronium is slightly
enhanced in the presence of potent inhalation anesthetics. If vecuronium is first administered more than 5
minutes after the start of the inhalation of enflurane, isoflurane, or halothane, or when steady-state has
been achieved, the intubating dose of vecuronium may be decreased by approximately 15% (see
DOSAGE AND ADMINISTRATION). Prior administration of succinylcholine may enhance the
neuromuscular blocking effect of vecuronium and its duration of action. With succinylcholine as the
intubating agent, initial doses of 0.04 to 0.06 mg/kg of vecuronium bromide will produce complete
neuromuscular block with clinical duration of action of 25 to 30 minutes. If succinylcholine is used
prior to vecuronium, the administration of vecuronium should be delayed until the patient starts
recovering from succinylcholine-induced neuromuscular blockade. The effect of prior use of other
nondepolarizing neuromuscular blocking agents on the activity of vecuronium has not been studied (see
PRECAUTIONS: Drug Interactions ).
Repeated administration of maintenance doses of vecuronium has little or no cumulative effect on the
duration of neuromuscular blockade. Therefore, repeat doses can be administered at relatively regular
intervals with predictable results. After an initial dose of 0.08 to 0.1 mg/kg under balanced anesthesia,
the first maintenance dose (suggested maintenance dose is 0.01 to 0.015 mg/kg) is generally required
within 25 to 40 minutes; subsequent maintenance doses, if required, may be administered at
approximately 12 to 15 minute intervals. Halothane anesthesia increases the clinical duration of the
maintenance dose only slightly. Under enflurane a maintenance dose of 0.01 mg/kg is approximately
equal to 0.015 mg/kg dose under balanced anesthesia.
The recovery index (time from 25% to 75% recovery) is approximately 15 to 25 minutes under balanced
or halothane anesthesia. When recovery from vecuronium neuromuscular blocking effect begins, it
proceeds more rapidly than recovery from pancuronium. Once spontaneous recovery has started, the
neuromuscular block produced by vecuronium is readily reversed with various anticholinesterase
agents, e.g., pyridostigmine, neostigmine, or edrophonium in conjunction with an anticholinergic agent
such as atropine or glycopyrrolate. Rapid recovery is a finding consistent with vecuronium short
elimination half-life, although there have been occasional reports of prolonged neuromuscular
blockade in patients in the intensive care unit (see PRECAUTIONS).
The administration of clinical doses of vecuronium is not characterized by laboratory or clinical signs
of chemically mediated histamine release. This does not preclude the possibility of rare
hypersensitivity reactions (see ADVERSE REACTIONS).
Pharmacokinetics
At clinical doses of 0.04 to 0.1 mg/kg, 60 to 80% of vecuronium bromide is usually bound to plasma
protein. The distribution half-life following a single intravenous dose (range 0.025 to 0.28 mg/kg) is
approximately 4 minutes. Elimination half-life over this sample dosage range is approximately 65 to 75
minutes in healthy surgical patients and in renal failure patients undergoing transplant surgery.
In late pregnancy, elimination half-life may be shortened to approximately 35 to 40 minutes. The volume
of distribution at steady-state is approximately 300 to 400 mL/kg; systemic rate of clearance is
approximately 3 to 4.5 mL/kg/minute. In man, urine recovery of vecuronium varies from 3 to 35% within
24 hours. Data derived from patients requiring insertion of a T-tube in the common bile duct suggests
that 25 to 50% of a total intravenous dose of vecuronium may be excreted in bile within 42 hours. Only
unchanged vecuronium has been detected in human plasma following use during surgery. In addition,
one metabolite, 3-desacetyl vecuronium, has been rarely detected in human plasma following prolonged
clinical use in the ICU. (See PRECAUTIONS: Long-term Us e in ICU). The 3-desacetyl vecuronium
metabolite has been recovered in the urine of some patients in quantities that account for up to 10% of

injected dose; 3-desacetyl vecuronium has also been recovered by T-tube in some patients accounting
for up to 25% of the injected dose.
This metabolite has been judged by animal screening (dogs and cats) to have 50% or more of the
potency of vecuronium; equipotent doses are of approximately the same duration as vecuronium in dogs
and cats. Biliary excretion accounts for about half the dose of vecuronium within 7 hours in the
anesthetized rat. Circulatory bypass of the liver (cat preparation) prolongs recovery from vecuronium.
Limited data derived from patients with cirrhosis or cholestasis suggests that some measurements of
recovery may be doubled in such patients. In patients with renal failure, measurements of recovery do
not differ significantly from similar measurements in healthy patients.
Studies involving routine hemodynamic monitoring in good risk surgical patients reveal that the
administration of vecuronium in doses up to three times that needed to produce clinical relaxation (0.15
mg/kg) did not produce clinically significant changes in systolic, diastolic or mean arterial pressure.
The heart rate, under similar monitoring, remained unchanged in some studies and was lowered by a
mean of up to 8% in other studies. A large dose of 0.28 mg/kg administered during a period of no
stimulation, while patients were being prepared for coronary artery bypass grafting was not associated
with alterations in rate-pressure-product or pulmonary capillary wedge pressure. Systemic vascular
resistance was lowered slightly and cardiac output was increased insignificantly. (The drug has not
been studied in patients with hemodynamic dysfunction secondary to cardiac valvular disease.) Limited
clinical experience with use of vecuronium bromide during the surgery for pheochromocytoma has
shown that administration of this drug is not associated with changes in blood pressure or heart rate.
Unlike other nondepolarizing skeletal muscle relaxants, vecuronium has no clinically significant effects
on hemodynamic parameters. Vecuronium will not counteract those hemodynamic changes or known
side effects produced by or associated with anesthetic agents, other drugs or various other factors
known to alter hemodynamics.
INDICATIONS AND USAGE
Vecuronium bromide for injection is indicated as an adjunct to general anesthesia, to facilitate
endotracheal intubation and to provide skeletal muscle relaxation during surgery or mechanical
ventilation.
CONTRAINDICATIONS
Vecuronium bromide is contraindicated in patients known to have a hypersensitivity to it.
WARNINGS
VECURONIUM SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR
UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS
ACTIONS AND THE POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS
USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION,
ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND REVERSAL AGENTS ARE
IMMEDIATELY AVAILABLE. THE CLINICIAN MUST BE PREPARED TO ASSIST OR
CONTROL RESPIRATION. TO REDUCE THE POSSIBILITY OF PROLONGED
NEUROMUSCULAR BLOCKADE AND OTHER POSSIBLE COMPLICATIONS THAT MIGHT
OCCUR FOLLOWING LONG-TERM USE IN THE ICU, VECURONIUM OR ANY OTHER
NEUROMUSCULAR BLOCKING AGENT SHOULD BE ADMINISTERED IN CAREFULLY
ADJUSTED DOSES BY OR UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS WHO
ARE FAMILIAR WITH ITS ACTIONS AND WHO ARE FAMILIAR WITH APPROPRIATE
PERIPHERAL NERVE STIMULATOR MUSCLE MONITORING TECHNIQUES (see
PRECAUTIONS).

In patients who are known to have myasthenia gravis or the myasthenic (Eaton-Lambert) syndrome, small
doses of vecuronium may have profound effects. In such patients, a peripheral nerve stimulator and use
of a small test dose may be of value in monitoring the response to administration of muscle relaxants.
Anaphylaxis
Severe anaphylactic reactions to neuromuscular blocking agents, including vecuronium bromide, have
been reported. These reactions have in some cases been life-threatening and fatal. Due to the potential
severity of these reactions, the necessary precautions, such as the immediate availability of appropriate
emergency treatment, should be taken. Precautions should also be taken in those individuals who have
had previous anaphylactic reactions to other neuromuscular blocking agents since cross-reactivity
between neuromuscular blocking agents, both depolarizing and non-depolarizing, has been reported in
this class of drugs.
PRECAUTIONS
Renal Failure
Vecuronium is well tolerated without clinically significant prolongation of neuromuscular blocking
effect in patients with renal failure who have been optimally prepared for surgery by dialysis. Under
emergency conditions in anephric patients some prolongation of neuromuscular blockade may occur;
therefore, if anephric patients cannot be prepared for non-elective surgery, a lower initial dose of
vecuronium should be considered.
Altered Circulation Time
Conditions associated with slower circulation time in cardiovascular disease, old age, edematous states
resulting in increased volume of distribution may contribute to delay in onset time, therefore, dosage
should not be increased.
Hepatic Dis eas e
Experience in patients with cirrhosis or cholestasis has revealed prolonged recovery time in keeping
with the role the liver plays in vecuronium metabolism and excretion (see CLINICAL
PHARMACOLOGY: Pharmacokinetics ). Data currently available do not permit dosage
recommendations in patients with impaired liver function.
Long-term Us e in ICU
In the intensive care unit, long-term use of neuromuscular blocking drugs to facilitate mechanical
ventilation may be associated with prolonged paralysis and/or skeletal muscle weakness, that may be
first noted during attempts to wean such patients from the ventilator. Typically, such patients receive
other drugs such as broad spectrum antibiotics, narcotics and/or steroids and may have electrolyte
imbalance and diseases which lead to electrolyte imbalance, hypoxic episodes of varying duration,
acid-base imbalance and extreme debilitation, any of which may enhance the actions of a neuromuscular
blocking agent. Additionally, patients immobilized for extended periods frequently develop symptoms
consistent with disuse muscle atrophy. The recovery picture may vary from regaining movement and
strength in all muscles to initial recovery of movement of the facial and small muscles of the extremities
then to the remaining muscles. In rare cases recovery may be over an extended period of time and may
even, on occasion, involve rehabilitation. Therefore, when there is a need for long-term mechanical
ventilation, the benefits-to-risk ratio of neuromuscular blockade must be considered.
Continuous infusion or intermittent bolus dosing to support mechanical ventilation, has not been studied
sufficiently to support dosage recommendations. IN THE INTENSIVE CARE UNIT, APPROPRIATE
MONITORING, WITH THE USE OF A PERIPHERAL NERVE STIMULATOR TO ASSESS THE
DEGREE OF NEUROMUSCULAR BLOCKADE IS RECOMMENDED TO HELP PRECLUDE

POSSIBLE PROLONGATION OF THE BLOCKADE. WHENEVER THE USE OF VECURONIUM
OR ANY NEUROMUSCULAR BLOCKING AGENT IS CONTEMPLATED IN THE ICU, IT IS
RECOMMENDED THAT NEUROMUSCULAR TRANSMISSION BE MONITORED
CONTINUOUSLY DURING ADMINISTRATION AND RECOVERY WITH THE HELP OF A
NERVE STIMULATOR. ADDITIONAL DOSES OF VECURONIUM OR ANY OTHER
NEUROMUSCULAR BLOCKING AGENT SHOULD NOT BE GIVEN BEFORE THERE IS A
DEFINITE RESPONSE TO T 1 , OR TO THE FIRST TWITCH. IF NO RESPONSE IS ELICITED,
INFUSION ADMINISTRATION SHOULD BE DISCONTINUED UNTIL A RESPONSE RETURNS.
Severe Obes ity or Neuromus cular Dis eas e
Patients with severe obesity or neuromuscular disease may pose airway and/or ventilatory problems
requiring special care before, during and after the use of neuromuscular blocking agents such as
vecuronium.
Malignant Hyperthermia
Many drugs used in anesthetic practice are suspected of being capable of triggering a potentially fatal
hypermetabolism of skeletal muscle known as malignant hyperthermia. There are insufficient data
derived from screening in susceptible animals (swine) to establish whether or not vecuronium is
capable of triggering malignant hyperthermia.
CNS
Vecuronium has no known effect on consciousness, the pain threshold or cerebration. Administration
must be accompanied by adequate anesthesia or sedation.
Drug Interactions
Prior administration of succinylcholine may enhance the neuromuscular blocking effect of vecuronium
and its duration of action. If succinylcholine is used before vecuronium, the administration of
vecuronium should be delayed until the succinylcholine effect shows signs of wearing off. With
succinylcholine as the intubating agent, initial doses of 0.04 to 0.06 mg/kg of vecuronium may be
administered to produce complete neuromuscular block with clinical duration of action of 25 to 30
minutes (see CLINICAL PHARMACOLOGY).
The use of vecuronium before succinylcholine, in order to attenuate some of the side effects of
succinylcholine, has not been sufficiently studied.
Other nondepolarizing neuromuscular blocking agents (pancuronium, d-tubocurarine, metocurine, and
gallamine) act in the same fashion as does vecuronium, therefore, these drugs and vecuronium, may
manifest an additive effect when used together. There are insufficient data to support concomitant use
of vecuronium and other competitive muscle relaxants in the same patient.
Inhalational Anes thetics
Use of volatile inhalational anesthetics such as enflurane, isoflurane, and halothane with vecuronium
will enhance neuromuscular blockade. Potentiation is most prominent with use of enflurane and
isoflurane. With the above agents the initial dose of vecuronium may be the same as with balanced
anesthesia unless the inhalational anesthetic has been administered for a sufficient time at a sufficient
dose to have reached clinical equilibrium (see CLINICAL PHARMACOLOGY).
Antibiotics
Parenteral/intraperitoneal administration of high doses of certain antibiotics may intensify or produce
neuromuscular block on their own. The following antibiotics have been associated with various
degrees of paralysis: aminoglycosides (such as neomycin, streptomycin, kanamycin, gentamicin, and
dihydrostreptomycin); tetracyclines; bacitracin; polymyxin B; colistin; and sodium colistimethate. If

these or other newly introduced antibiotics are used in conjunction with vecuronium, unexpected
prolongation of neuromuscular block should be considered a possibility.
Thiopental
Reconstituted vecuronium, which has an acid pH, should not be mixed with alkaline solutions (e.g.,
barbiturate solutions such as thiopental) in the same syringe or administered simultaneously during
intravenous infusion through the same needle or through the same intravenous line (see DOSAGE AND
ADMINISTRATION: Compatibility).
Other
Experience concerning injection of quinidine during recovery from use of other muscle relaxants
suggests that recurrent paralysis may occur. This possibility must also be considered for vecuronium.
Vecuronium induced neuromuscular blockade has been counteracted by alkalosis and enhanced by
acidosis in experimental animals (cat). Electrolyte imbalance and diseases which lead to electrolyte
imbalance, such as adrenal cortical insufficiency, have been shown to alter neuromuscular blockade.
Depending on the nature of the imbalance, either enhancement or inhibition may be expected. Magnesium
salts, administered for the management of toxemia of pregnancy may enhance the neuromuscular
blockade.
Drug/Laboratory Tes t Interactions
None known.
Carcinogenes is , Mutagenes is , Impairment of Fertility
Long-term studies in animals have not been performed to evaluate carcinogenic or mutagenic potential
or impairment of fertility.
Pregnancy: Teratogenic Effects ; Pregnancy Category C
Animal reproduction studies have not been conducted with vecuronium. It is also not known whether
vecuronium can cause fetal harm when administered to a pregnant woman or can affect reproduction
capacity. Vecuronium should be given to a pregnant woman only if clearly needed.
Labor and Delivery
The use of vecuronium in patients undergoing cesarean section has been reported in the literature.
Following tracheal intubation with succinylcholine, vecuronium dosages of 0.04 mg/kg (n=11) and 0.06
to 0.08 mg/kg (n=20) were administered. The umbilical venous plasma concentrations were 11% of
maternal concentrations at delivery and mean neonate APGAR scores at 5 minutes were ≥ 9 in both
reports. The action of neuromuscular blocking agents may be enhanced by magnesium salts administered
for the management of toxemia of pregnancy.
Nurs ing Mothers
It is not known whether this drug is excreted in human milk. Because many drugs are excreted in human
milk, caution should be exercised when vecuronium is administered to a nursing woman.
Pediatric Us e
Infants under 1 year of age but older than 7 weeks also tested under halothane anesthesia, are moderately
more sensitive to vecuronium on a mg/kg basis than adults and take about 1½ times as long to recover.
See DOSAGE AND ADMINISTRATION: Us e in Pediatrics subsection for recommendations for
use in pediatric patients 7 weeks to 16 years of age. The safety and effectiveness of vecuronium in
pediatric patients less than 7 weeks of age have not been established.
Geriatric Us e

Clinical studies of vecuronium did not include sufficient numbers of subjects aged 65 and over to
determine whether they respond differently from younger subjects. There are some reports in the peer
reviewed literature of increased effect and longer duration of action of vecuronium in the elderly
compared to younger patients. However, other reports have found no significant differences between
healthy elderly and younger adults. Advanced age or other conditions associated with slower
circulation time, may be associated with a delay in onset time (see PRECAUTIONS: Altered
Circulation Time). Nevertheless, recommended doses of vecuronium should not be increased in these
patients to reduce onset time, as higher doses produce a longer duration of action (see CLINICAL
PHARMACOLOGY). Dose selections for an elderly patient should be cautious, usually starting at the
low end of the dosing range, reflecting the greater frequency of decreased hepatic, renal, or cardiac
function, and of concomitant disease or other drug therapy. Close monitoring of neuromuscular function
is recommended.
Since allergic cross-reactivity has been reported in this class, request information from your patients
about previous anaphylactic reactions to other neuromuscular blocking agents. In addition, inform your
patients that severe anaphylactic reactions to neuromuscular blocking agents, including vecuronium
bromide have been reported.
ADVERSE REACTIONS
The most frequent adverse reaction to nondepolarizing blocking agents as a class consists of an
extension of the drug's pharmacological action beyond the time period needed. This may vary from
skeletal muscle weakness to profound and prolonged skeletal muscle paralysis resulting in respiration
insufficiency or apnea.
Inadequate reversal of the neuromuscular blockade is possible with vecuronium bromide as with all
curariform drugs. These adverse reactions are managed by manual or mechanical ventilation until
recovery is judged adequate. Little or no increase in intensity of blockade or duration of action with
vecuronium bromide is noted from the use of thiobarbiturates, narcotic analgesics, nitrous oxide, or
droperidol. See OVERDOSAGE for discussion of other drugs used in anesthetic practice which also
cause respiratory depression.
Prolonged to profound extensions of paralysis and/or muscle weakness as well as muscle atrophy have
been reported after long-term use to support mechanical ventilation in the intensive care unit (see
PRECAUTIONS). The administration of vecuronium bromide has been associated with rare instances
of hypersensitivity reactions (bronchospasm, hypotension and/or tachycardia, sometimes associated
with acute urticaria or erythema); (see also CLINICAL PHARMACOLOGY).
There have been post-marketing reports of severe allergic reactions (anaphylactic and anaphylactoid
reactions) associated with use of neuromuscular blocking agents, including vecuronium bromide. These
reactions, in some cases, have been life-threatening and fatal. Because these reactions were reported
voluntarily from a population of uncertain size, it is not possible to reliably estimate their frequency
(See WARNINGS and PRECAUTIONS).
OVERDOSAGE
The possibility of iatrogenic overdosage can be minimized by carefully monitoring muscle twitch
response to peripheral nerve stimulation.
Excessive doses of vecuronium produce enhanced pharmacological effects. Residual neuromuscular
blockade beyond the time period needed may occur with vecuronium as with other neuromuscular
blockers. This may be manifested by skeletal muscle weakness, decreased respiratory reserve, low tidal
volume, or apnea. A peripheral nerve stimulator may be used to assess the degree of residual
neuromuscular blockade from other causes of decreased respiratory reserve.
Respiratory depression may be due either wholly or in part to other drugs used during the conduct of

general anesthesia such as narcotics, thiobarbiturates and other central nervous system depressants.
Under such circumstances the primary treatment is maintenance of a patent airway and manual or
mechanical ventilation until complete recovery of normal respiration is assured. Pyridostigmine,
neostigmine, or edrophonium, in conjunction with atropine or glycopyrrolate will usually antagonize the
skeletal muscle relaxant action of vecuronium. Satisfactory reversal can be judged by adequacy of
skeletal muscle tone and by adequacy of respiration. A peripheral nerve stimulator may also be used to
monitor restoration of twitch height. Failure of prompt reversal (within 30 minutes) may occur in the
presence of extreme debilitation, carcinomatosis, and with concomitant use of certain broad spectrum
antibiotics, or anesthetic agents and other drugs which enhance neuromuscular blockade or cause
respiratory depression of their own. Under such circumstances the management is the same as that of
prolonged neuromuscular blockade. Ventilation must be supported by artificial means until the patient
has resumed control of his respiration. Prior to the use of reversal agents, reference should be made to
the specific package insert of the reversal agent.
The effects of hemodialysis and peritoneal dialysis on plasma levels of vecuronium and its metabolite
are unknown.
DOSAGE AND ADMINISTRATION
Vecuronium bromide for injection is for intravenous use only.
This drug should be administered by or under the supervision of experienced clinicians familiar with
the use of neuromuscular blocking agents. Dosage must be individualized in each case. The dosage
information which follows is derived from studies based upon units of drug per unit of body weight and
is intended to serve as a guide only, especially regarding enhancement of neuromuscular blockade of
vecuronium bromide by volatile anesthetics and by prior use of succinylcholine (see PRECAUTIONS:
Drug Interactions ).
To obtain maximum clinical benefits of vecuronium bromide and to minimize the possibility of
overdosage, the monitoring of muscle twitch response to peripheral nerve stimulation is advised.
The recommended initial dose of vecuronium bromide is 0.08 to 0.1 mg/kg (1.4 to 1.75 times the ED 90 )
given as an intravenous bolus injection. This dose can be expected to produce good or excellent nonemergency intubation conditions in 2.5 to 3 minutes after injection. Under balanced anesthesia, clinically
required neuromuscular blockade lasts approximately 25 to 30 minutes, with recovery to 25% of control
achieved approximately 25 to 40 minutes after injection and recovery to 95% of control achieved
approximately 45 to 65 minutes after injection. In the presence of potent inhalation anesthetics, the
neuromuscular blocking effect of vecuronium bromide is enhanced. If vecuronium bromide is first
administered more than 5 minutes after the start of inhalation agent or when steady-state has been
achieved, the initial vecuronium bromide dose may be reduced by approximately 15%, i.e., 0.06 to
0.085 mg/kg.
Prior administration of succinylcholine may enhance the neuromuscular blocking effect and duration of
action of vecuronium bromide. If intubation is performed using succinylcholine, a reduction of initial
dose of vecuronium bromide to 0.04 to 0.06 mg/kg with inhalation anesthesia and 0.05 to 0.06 mg/kg
with balanced anesthesia may be required.
During prolonged surgical procedures, maintenance doses of 0.01 to 0.015 mg/kg of vecuronium
bromide are recommended; after the initial vecuronium bromide injection, the first maintenance dose
will generally be required within 25 to 40 minutes. However, clinical criteria should be used to
determine the need for maintenance doses.
Since vecuronium bromide lacks clinically important cumulative effects, subsequent maintenance doses,
if required, may be administered at relatively regular intervals for each patient, ranging approximately
from 12 to 15 minutes under balanced anesthesia, slightly longer under inhalation agents. (If less
frequent administration is desired, higher maintenance doses may be administered.)

Should there be reason for the selection of larger doses in individual patients, initial doses ranging
from 0.15 mg/kg up to 0.28 mg/kg have been administered during surgery under halothane anesthesia
without ill effects to the cardiovascular system being noted as long as ventilation is properly maintained
(see CLINICAL PHARMACOLOGY: Pharmacokinetics ).
Us e by Continuous Infus ion
After an intubating dose of 80 to 100 mcg/kg, a continuous infusion of 1 mcg/kg/min can be initiated
approximately 20 to 40 minutes later. Infusion of vecuronium bromide should be initiated only after
early evidence of spontaneous recovery from the bolus dose. Long-term intravenous infusion to support
mechanical ventilation in the intensive care unit has not been studied sufficiently to support dosage
recommendations (see PRECAUTIONS: Long-term Us e in ICU).
The infusion of vecuronium bromide should be individualized for each patient. The rate of
administration should be adjusted according to the patient's twitch response as determined by peripheral
nerve stimulation. An initial rate of 1 mcg/kg/min is recommended, with the rate of the infusion adjusted
thereafter to maintain a 90% suppression of twitch response. Average infusion rates may range from 0.8
to 1.2 mcg/kg/min.
Inhalation anesthetics, particularly enflurane and isoflurane may enhance the neuromuscular blocking
action of nondepolarizing muscle relaxants. In the presence of steady-state concentrations of enflurane
or isoflurane, it may be necessary to reduce the rate of infusion 25 to 60 percent, 45 to 60 minutes after
the intubating dose. Under halothane anesthesia it may not be necessary to reduce the rate of infusion.
Spontaneous recovery and reversal of neuromuscular blockade following discontinuation of
vecuronium bromide infusion may be expected to proceed at rates comparable to that following a single
bolus dose (see CLINICAL PHARMACOLOGY).
Infusion solutions of vecuronium bromide can be prepared by adding vecuronium bromide with an
appropriate infusion solution such as Dextrose 5% Injection, Sodium Chloride 0.9% Injection, Dextrose
5% and Sodium Chloride 0.9% Injection, or Lactated Ringer's Injection.
Unused portions of infusion solutions should be discarded.
Infusion rates of vecuronium bromide can be individualized for each patient using the following table:
Drug Delivery Rate
(mcg/kg/min)

Infusion Delivery Rate
(mL/kg/min)
0.1 mg/mL*
0.2 mg/mL‡
0.007
0.0035
0.008
0.0040
0.009
0.0045
0.010
0.0050
0.011
0.0055
0.012
0.0060
0.013
0.0065

0.7
0.8
0.9
1.0
1.1
1.2
1.3
* 10 mg of Vecuronium bromide in 100 mL solution
‡ 20 mg of Vecuronium bromide in 100 mL solution

The following table is a guideline for mL/min delivery for a solution of 0.1 mg/mL (10 mg in 100 mL)
with an infusion pump.
VECURONIUM BROMIDE INFUSION RATE – mL/MIN
Amount of
Drug
mcg/kg/min

40

50

Patient Weight - kg
60
70
80

90

100

mcg/kg/min
0.7
0.8
0.9
1.0
1.1
1.2
1.3

0.28
0.32
0.36
0.40
0.44
0.48
0.52

0.35
0.40
0.45
0.50
0.55
0.60
0.65

0.42
0.48
0.54
0.60
0.66
0.72
0.78

0.49
0.56
0.63
0.70
0.77
0.84
0.91

0.56
0.64
0.72
0.80
0.88
0.96
1.04

0.63
0.72
0.81
0.90
0.99
1.08
1.17

0.70
0.80
0.90
1.00
1.10
1.20
1.30

NOTE: If a concentration of 0.2 mg/mL is used (20 mg in 100 mL), the rate should be decreased by onehalf.
Us e in Pediatrics
Pediatric patients (10 to 16 years of age) have approximately the same dosage requirements (mg/kg) as
adults and may be managed the same way. Younger pediatric patients (1 to 10 years of age) may require
a slightly higher initial dose and may also require supplementation slightly more often than adults.
Infants under 1 year of age but older than 7 weeks are moderately more sensitive to vecuronium bromide
on a mg/kg basis than adults and take about 1½ times as long to recover (see also PRECAUTIONS:
Pediatric Us e). Information presently available does not permit recommendation on usage in pediatric
patients less than 7 weeks of age (see PRECAUTIONS: Pediatric Us e). There are insufficient data
concerning continuous infusion of vecuronium in pediatric patients, therefore, no dosing
recommendations can be made.
Compatibility
Vecuronium bromide is compatible in solution with:
Sodium Chloride 0.9% Injection
Dextrose 5% Injection
Sterile Water for Injection
Dextrose 5% in Sodium Chloride 0.9% Injection
Lactated Ringer's Injection
Use within 24 hours of mixing with the above solutions.
Vecuronium bromide is also compatible in solution with:
Bacteriostatic Water for Injection (NOT FOR USE IN NEWBORNS)
Use within 5 days of mixing with the above solution.
Reconstituted vecuronium bromide, which has an acid pH, should not be mixed with alkaline solutions
(e.g., barbiturate solutions such as thiopental) in the same syringe or administered simultaneously during
intravenous infusion through the same needle or through the same intravenous line.
After Recons titution
See DOSAGE AND ADMINISTRATION: Compatibility for diluents compatible with Vecuronium
Bromide for Injection.
When reconstituted with compatible IV solutions not containing an antimicrobial preservative (e.g.,
sterile water for injection), refrigerate and use within 24 hours. Discard unused portion.
When reconstituted with bacteriostatic water for injection (NOT FOR USE IN NEWBORNS), use
within 5 days. The reconstituted solution may be stored at room temperature or refrigerated.
Parenteral drug products should be inspected visually for particulate matter and discoloration prior to
administration whenever solution and container permit.

HOW SUPPLIED
Vecuronium Bromide for Injection is supplied as follows:
NDC
25021-657-10
25021-658-20

Vecuronium Bromide for Injection
10 mg vecuronium bromide
20 mg vecuronium bromide

Package Factor
10 vials per carton
10 vials per carton

Storage Conditions
Store dry powder at 20° to 25°C (68° to 77°F). [See USP Controlled Room Temperature.] Protect
from light. Retain in carton until time of us e.
Sterile, Nonpyrogenic, Pres ervative-free.
The container clos ure is not made with natural rubber latex.
SAGENT™
Mfd. for SAGENT Pharmaceuticals
Schaumburg, IL 60195 (USA)
Mfd. by MN Pharmaceuticals
Made in Turkey
©2011 Sagent Pharmaceuticals, Inc.
Revised: July 2011
PACKAGE LABEL – PRINCIPAL DISPLAY PANEL – VIAL LABEL
NDC 25021-657-10 Rx only
VECURONIUM Bromide for Injection
10 mg* per vial
*1 mg per mL when reconstituted to 10 mL
FOR IV SINGLE USE ONLY
PROTECT FROM LIGHT
Paralyzing Agent

PACKAGE LABEL – PRINCIPAL DISPLAY PANEL – VIAL LABEL

NDC 25021-658-20 Rx only
VECURONIUM Bromide for Injection
20 mg* per vial
*1 mg per mL when reconstituted to 20 mL
FOR IV SINGLE USE ONLY
PROTECT FROM LIGHT
Paralyzing Agent
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EXHIBIT 4

POTASSIUM CHLORIDE- potas s ium chloride injection, s olution
Hos pira, Inc.
---------POTASSIUM CHLORIDE INJECTION
For Use Only With A Calibrated Infusion Device
Highly Concentrated

Flexible Plastic Container
Ready To Use
Rx only
DESCRIPTION
This Potassium Chloride Injection is a sterile, nonpyrogenic, highly concentrated, ready-to-use solution
of Potassium Chloride, USP in Water for Injection, USP for electrolyte replenishment in a single dose
container for intravenous administration. It contains no antimicrobial agents.
Potassium
Compos ition Os molarity*
Chloride
(g/L)
(mOs mol/L)
Injection
Potassium
(calc)
mEq Potassium/ Chloride, USP
Container
(KCl)
10 mEq/100 mL
7.45
200
10 mEq/50 mL
20 mEq/100 mL
30 mEq/100 mL

14.9

400

22.4

601

20 mEq/50 mL
40 mEq/100 mL

29.8

799

pH

5.8
(4.0 to 8.0)
5.8
(4.0 to 8.0)
5.8
(4.0 to 8.0)
5.8
(4.0 to 8.0)

Ionic Concentration
(mEq/L)
Potas s ium Chloride
100

100

200

200

300

300

400

400

*Normal physiologic osmolarity range is approximately 280 to 310 mOsmol/L. Administration of
substantially hypertonic solutions (≥600 mOsmol/L) may cause vein damage.
This flexible plastic container is fabricated from a specially formulated polyvinylchloride. Exposure to
temperatures above 25°C (77°F) during transport and storage will lead to minor losses in moisture
content. Higher temperatures lead to greater losses. It is unlikely that these minor losses will lead to
clinically significant changes within the expiration period. The amount of water that can permeate from
inside the container into the overwrap is insufficient to affect the solution significantly. Solutions in
contact with the plastic container may leach out certain of its chemical components from the plastic in
very small amounts; however, biological testing was supportive of the safety of the plastic container
materials.
CLINICAL PHARMACOLOGY

Potassium is the major cation of body cells (160 mEq/liter of intracellular water) and is concerned with
the maintenance of body fluid composition and electrolyte balance. Potassium participates in
carbohydrate utilization, protein synthesis, and is critical in the regulation of nerve conduction and
muscle contraction, particularly in the heart. Chloride, the major extracellular anion, closely follows the
metabolism of sodium, and changes in the acid-base of the body are reflected by changes in the chloride
concentration.
Normally about 80 to 90% of the potassium intake is excreted in the urine, the remainder in the stools
and to a small extent, in the perspiration. The kidney does not conserve potassium well so that during
fasting, or in patients on a potassium-free diet, potassium loss from the body continues resulting in
potassium depletion. A deficiency of either potassium or chloride will lead to a deficit of the other.
INDICATIONS AND USAGE
Potassium Chloride Injection is indicated in the treatment of potassium deficiency states when oral
replacement is not feasible.
THIS HIGHLY CONCENTRATED, READY-TO-USE POTASSIUM CHLORIDE INJECTION
IS INTENDED FOR THE MAINTENANCE OF SERUM K + LEVELS AND FOR POTASSIUM
SUPPLEMENTATION IN FLUID RESTRICTED PATIENTS WHO CANNOT
ACCOMMODATE ADDITIONAL VOLUMES OF FLUID ASSOCIATED WITH POTASSIUM
SOLUTIONS OF LOWER CONCENTRATION.
When using these products, these patients should be on continuous cardiac monitoring and frequent
testing for serum potassium concentration and acid-base balance.
CONTRAINDICATIONS
Potassium Chloride Injection is contraindicated in diseases where high potassium levels may be
encountered, and in patients with hyperkalemia, renal failure and in conditions in which potassium
retention is present.
WARNINGS
THIS HIGHLY CONCENTRATED, READY-TO-USE POTASSIUM CHLORIDE INJECTION
IS INTENDED FOR THE MAINTENANCE OF SERUM K + LEVELS AND FOR POTASSIUM
SUPPLEMENTATION IN FLUID RESTRICTED PATIENTS WHO CANNOT
ACCOMMODATE ADDITIONAL VOLUMES OF FLUID ASSOCIATED WITH POTASSIUM
SOLUTIONS OF LOWER CONCENTRATION.
TO AVOID POTASSIUM INTOXICATION, DO NOT INFUSE THESE SOLUTIONS
RAPIDLY.
PATIENTS REQUIRING HIGHLY CONCENTRATED SOLUTIONS SHOULD BE KEPT ON
CONTINUOUS CARDIAC MONITORING AND UNDERGO FREQUENT TESTING FOR
SERUM POTASSIUM AND ACID-BASE BALANCE, ESPECIALLY IF THEY RECEIVE
DIGITALIS.
In patients with renal insufficiency, administration of potassium chloride may cause potassium
intoxication and life-threatening hyperkalemia.
Adminis ter intravenous ly only with a calibrated infus ion device at a s low, controlled rate. (See
DOSAGE AND ADMINISTRATION.) Becaus e pain as s ociated with peripheral infus ion of
Potas s ium Chloride s olution has been reported, whenever pos s ible adminis tration via a central
route is recommended for thorough dilution by the blood s tream and avoidance of extravas ation.
Highes t concentrations (300 and 400 mEq/L) s hould be exclus ively adminis tered via central
route.

The administration of intravenous solutions can cause fluid and/or solute overload resulting in dilution
of serum electrolyte concentrations, overhydration, congested states or pulmonary edema. The risk of
dilutional states is inversely proportional to the electrolyte concentration. The risk of solute overload
causing congested states with peripheral and pulmonary edema is directly proportional to the
electrolyte concentration.
PRECAUTIONS
Laboratory Tes ts
Serum potassium levels are not necessarily indicative of tissue potassium levels. Solutions containing
potassium should be used with caution in the presence of cardiac or renal disease.
Clinical evaluation and periodic laboratory determinations are necessary to monitor changes in fluid
balance, electrolyte concentrations, and acid-base balance during prolonged parenteral therapy or
whenever the condition of the patient warrants such evaluation. Significant deviations from normal
concentrations may require the use of additional electrolyte supplements, or the use of electrolyte-free
dextrose solutions to which individualized electrolyte supplements may be added.
Pregnancy:
Pregnancy Category C. Animal reproduction studies have not been conducted with potassium chloride. It
is also not known whether potassium chloride can cause fetal harm when administered to a pregnant
woman or can affect reproduction capacity. Potassium chloride should be given to a pregnant woman
only if clearly needed.
Pediatric Us e:
These products should not be used in pediatric patients at this time.
Do not administer unless solution is clear and seal is intact.
ADVERSE REACTIONS
Potassium intoxication with mild or severe hyperkalemia has been reported. The signs and symptoms of
intoxication include paresthesia of the extremities, areflexia, muscular or respiratory paralysis, mental
confusion, weakness, hypotension, cardiac arrhythmia, heart block, electrographic abnormalities and
cardiac arrest. EKG abnormalities serve as a clinical reflection of the seriousness of changes in serum
potassium concentrations: peaked T waves and prolonged P-R intervals usually occur with modest
elevations above the upper limit of normal potassium concentrations; P waves disappear, the QRS
complex widens, and eventual asystole usually occurs with higher elevations.
Reactions which may occur because of the solution or the technique of administration include febrile
response, infection at the site of injection, venous thrombosis or phlebitis extending from the site of
injection, extravasation and hypervolemia.
Infusion of highly concentrated potassium chloride solutions may cause local pain and vein irritation.
(See WARNINGS).
Reactions reported with the use of potassium-containing solutions include nausea, vomiting, and
abdominal pain and diarrhea.
If an adverse reaction does occur, discontinue the infusion, evaluate the patient, institute appropriate
therapeutic countermeasures and save the remainder of the fluid for examination if deemed necessary.
OVERDOSAGE

In the event of hyperkalemia, discontinue the infusion immediately and institute corrective therapy to
reduce serum potassium levels as necessary. The use of potassium containing foods or medications
must also be eliminated.
Treatment of mild to severe hyperkalemia with signs and symptoms of potassium intoxication includes
the following:
1. Dextrose Injection, USP, 10% or 25%, containing 10 units of crystalline insulin per 20 grams of
dextrose administered intravenously, 300 to 500 mL per hour.
2. Absorption and exchange of potassium using sodium or ammonium cycle cation exchange resin,
orally and as retention enema.
3. Hemodialysis and peritoneal dialysis.
In cases of digitalization, too rapid a lowering of plasma potassium concentration can cause digitalis
toxicity.
DOSAGE AND ADMINISTRATION
The dose and rate of administration are dependent upon the specific condition of each patient.
Adminis ter intravenous ly only with a calibrated infus ion device at a s low, controlled rate. Becaus e
pain as s ociated with peripheral infus ion of Potas s ium Chloride s olution has been reported,
whenever pos s ible, adminis tration via central route is recommended for thorough dilution by the
blood s tream and avoidance of extravas ation. Highes t concentrations (300 and 400 mEq/L)
s hould be exclus ively adminis tered via central route.
Recommended administration rates should not usually exceed 10 mEq/hour or 200 mEq for a 24-hour
period if the serum potassium level is greater than 2.5 mEq/liter.
In urgent cases where the serum potassium level is less than 2 mEq/liter or where severe hypokalemia
is a threat (serum potassium level less than 2 mEq/liter and electrocardiographic changes and/or muscle
paralysis), rates up to 40 mEq/hour or 400 mEq over a 24-hour period can be administered very
carefully when guided by continuous monitoring of the EKG and frequent serum K+ determinations to
avoid hyperkalemia and cardiac arrest.
Parenteral drug products should be inspected visually for particulate matter and discoloration,
whenever solution and container permit. Use of a final filter is recommended during administration of
all parenteral solutions where possible.
Do not add supplementary medication.
Preparation for Adminis tration
(Us e as eptic technique)
1. Close flow control clamp of administration set.
2. Remove cover from outlet port at bottom of container.
3. Insert piercing pin of administration set into port with a twisting motion until the set is firmly seated.
NOTE: See full directions on administration set carton.
4. Suspend container from hanger.
5. Squeeze and release drip chamber to establish proper fluid level in chamber.
6. Open flow control clamp and clear air from set. Close clamp.
7. Attach set to venipuncture device. If device is not indwelling, prime and make venipuncture.
8. Regulate rate of administration with flow control clamp.
WARNING: Do not us e flexible container in s eries connections . Do not add s upplementary
medication. Such us e could res ult in air embolis m due to res idual air being drawn from the
primary container before adminis tration of the fluid from the s econdary container is completed.

HOW SUPPLIED
Potassium Chloride Injection in flexible plastic containers is available as follows:
NDC No.
Potassium per container
0409–7074–26 10 mEq/100 mL
0409–7075–14 10 mEq/50 mL
0409–7075–26 20 mEq/100 mL
0409–7076–26 30 mEq/100 mL
0409–7077–14 20 mEq/50 mL
0409–7077–26 40 mEq/100 mL
Store at 20 to 25°C (68 to 77°F). [See USP Controlled Room Temperature.]
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POTASSIUM CHLORIDE
potassium chloride injection, solution

Product Information
Prod uct T yp e

HUMAN PRESCRIPTIO N DRUG
LABEL

Ite m Cod e (S ource )

Route of Ad minis tration

INTRAVENO US

DEA S che d ule

NDC:0 40 9 70 74

Active Ing redient/Active Moiety
Ing redient Name

Basis o f Streng th

PO TASSIUM CHLO RIDE (PO TASSIUM CATIO N a nd CHLO RIDE IO N)

PO TASSIUM CHLO RIDE

Streng th
10 me q in 10 0 mL

Inactive Ing redients
Ing redient Name

Streng th

WATER

Packag ing
#

Item Co de

Packag e Descriptio n

1 NDC:0 40 9 -70 74-26

24 in 1 CASE

1

1 in 1 PO UCH

1

10 0 mL in 1 BAG

Marketing Start Date

Marketing End Date

Marketing Information
Marke ting Cate gory
NDA

Ap p lication Numb e r or Monograp h Citation
NDA0 20 16 1

Marke ting S tart Date
11/30 /19 9 2

Marke ting End Date

NDA

NDA0 20 16 1

11/30 /19 9 2

POTASSIUM CHLORIDE
potassium chloride injection, solution

Product Information
Prod uct T yp e

HUMAN PRESCRIPTIO N DRUG
LABEL

Ite m Cod e (S ource )

Route of Ad minis tration

INTRAVENO US

DEA S che d ule

NDC:0 40 9 70 75

Active Ing redient/Active Moiety
Ing redient Name

Basis o f Streng th

PO TASSIUM CHLO RIDE (PO TASSIUM CATIO N a nd CHLO RIDE IO N)

Streng th

PO TASSIUM CHLO RIDE

20 0 me q in 10 0 0 mL

Inactive Ing redients
Ing redient Name

Streng th

WATER

Packag ing
#

Item Co de

Packag e Descriptio n

1 NDC:0 40 9 -70 75-14

24 in 1 CASE

1

1 in 1 PO UCH

1

50 mL in 1 BAG

2 NDC:0 40 9 -70 75-26

24 in 1 CASE

2

1 in 1 PO UCH

2

10 0 mL in 1 BAG

Marketing Start Date

Marketing End Date

Marketing Information
Marke ting Cate gory
NDA

Ap p lication Numb e r or Monograp h Citation
NDA0 20 16 1

Marke ting S tart Date

Marke ting End Date

11/30 /19 9 2

POTASSIUM CHLORIDE
potassium chloride injection, solution

Product Information
Prod uct T yp e

HUMAN PRESCRIPTIO N DRUG
LABEL

Ite m Cod e (S ource )

Route of Ad minis tration

INTRAVENO US

DEA S che d ule

NDC:0 40 9 70 76

Active Ing redient/Active Moiety
Ing redient Name

Basis o f Streng th

PO TASSIUM CHLO RIDE (PO TASSIUM CATIO N a nd CHLO RIDE IO N)

PO TASSIUM CHLO RIDE

Streng th
30 me q in 10 0 mL

Inactive Ing redients
Ing redient Name

Streng th

WATER

Packag ing
#

Item Co de

Packag e Descriptio n

1 NDC:0 40 9 -70 76 -26

24 in 1 CASE

1

1 in 1 PO UCH

1

10 0 mL in 1 BAG

Marketing Start Date

Marketing End Date

Marketing Information
Marke ting Cate gory
NDA

Ap p lication Numb e r or Monograp h Citation
NDA0 20 16 1

Marke ting S tart Date

Marke ting End Date

11/30 /19 9 2

POTASSIUM CHLORIDE
potassium chloride injection, solution

Product Information
Prod uct T yp e

HUMAN PRESCRIPTIO N DRUG
LABEL

Ite m Cod e (S ource )

Route of Ad minis tration

INTRAVENO US

DEA S che d ule

NDC:0 40 9 70 77

Active Ing redient/Active Moiety
Ing redient Name

Basis o f Streng th

PO TASSIUM CHLO RIDE (PO TASSIUM CATIO N a nd CHLO RIDE IO N)

Streng th

PO TASSIUM CHLO RIDE

40 0 me q in 10 0 0 mL

Inactive Ing redients
Ing redient Name

Streng th

WATER

Packag ing
#

Item Co de

Packag e Descriptio n

1 NDC:0 40 9 -70 77-14

24 in 1 CASE

1

1 in 1 PO UCH

1

50 mL in 1 BAG

Marketing Start Date

Marketing End Date

2 NDC:0 40 9 -70 77-26

24 in 1 CASE

2

1 in 1 PO UCH

2

10 0 mL in 1 BAG

Marketing Information
Marke ting Cate gory
NDA

Labeler -

Ap p lication Numb e r or Monograp h Citation
NDA0 20 16 1

Marke ting S tart Date

Marke ting End Date

11/30 /19 9 2
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REVIEW OF THE EXPERT REPORT AND ORAL TESTIMONY OF R. LEE
EVANS IN CHARLES F. WARNER, ET AL vs. KEVIN J. GROSS, ET AL., CASE
NO. CIV-14-665-F
Prepared by

Larry D. Sasich, PharmD, MPH, FASHP
Burlington, ON, Canada
January 8, 2015

This document reviews the oral testimony and report of R. Lee Evans,
Pharm.D., provided for a hearing held in Oklahoma City, OK December 17 – 19,
2014 in the matter of Warner, et al vs. Gross, et al. Particular attention is placed
on the quality, soundness and completeness of the report and the oral testimony.
EVANS’ REPORT
The report consisted of 365 pages, 5 of which were an original written
submission. The first part of this document is a review of the references cited as
purportedly supporting Evans’ conclusions. The following is the list of references
cited by Evans in support of the report.
x

www.Drugs.Com (for health professionals) for Thiopental, Pentobarbital,
Hydromorphone, Potassium Chloride, Midazolam, Vecuronium Bromide,
Pancuronium Bromide or Rocuronium Bromide

x

Material Safety Data Sheet for Midazolam Injection, Bedford Laboratories,
2007.

x

Clinical Practice Guidelines for Sustained Neuromuscular Blockade in the
Adult Critically Ill Patient.

x

ASHP Therapeutic Guidelines. American Society of Health System
Pharmacists, 2001.

x

Final Report on the Safety Assessment of Benzyl Alcohol, Benzoic Acid,
and Sodium Benzoate. International Journal of Toxicology 2001:20; 23.

x

Benzyl Alcohol. PubChem.ncbi.nlm.gov/compound/benzyl alcohol.
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Drugs.Com
This Web site is owned and operated by the Drugsite Trust, a privately
held Trust administered by two New Zealand pharmacists. Their Mission
Statement is:
“to empower patients with the knowledge to better manage their
own healthcare and to improve consumer safety by assisting in the
reduction of medication errors.”
The following disclaimer appears on the Drugs.com Web site:
“This material is provided for educational purposes only and is not
intended for medical advice, diagnosis or treatment.”
The Drugs.com drug database uses material from four medicalinformation vendors: Wolters Kluwer Health [Facts and Comparisons], American
Society of Health-System Pharmacists, Cerner Multum and Thomson Reuters
Micromedex [DrugDex]. Individual drug (or drug-class) information content
compiled by these sources is delivered complete and unaltered by Drugs.com.
The editorial policies of the reference sources that are used unaltered by
Drugs.com have been found to be out of date, incomplete, and of general low
editorial quality since the early 1970s. 1,2,3,4
A major source for the drug information available on the Drugs.com site is
the American Hospital Formulary Service Drug Information Essentials (AHFS DI
Essentials), a product of the American Society of Health-System Pharmacists.
AHFS DI Essentials is promoted as “a resource that focuses on the essential
evidence-based information that will allow pharmacists, nurses, physicians, and
other health-care providers quickly access the specific guidance needed to safely
and effectively monitor and prescribe drug therapy.”

1

Department of Health and Human Services Food and Drug Administration. Prescription Drug
Product Labeling; Medication Guide Requirements. Federal Register 1995:44182-44252.
2

Abernethy AP, Raman G, Balk EM, et al. Systematic review: reliability of compendia methods
for off-label oncology indications. Ann Intern Med. Mar 3 2009;150(5):336-343.

3

Cheng CM, Fu C, Guglielmo BJ, Auerbach AD. Boxed warning inconsistencies between drug
information resources and the prescribing information. American journal of health-system
pharmacy : Am J Health Syst Pharm. Sep 1 2011;68(17):1626-1631.

4

Paczynski RP, Kruszewski SP. Inadequacies of Statutory Drug Compendia Also Affect the
Mental Health Field. Ann Intern Med. September 1, 2009 2009;151(5):364-365.
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However, the term “evidence based” is now greatly overused and has lost
much of its original intended meaning. The original meaning of the term was for
medical treatment recommendations based on the best available evidence that is
up to date and of high quality. This included well-done controlled clinical trials as
being the most authoritative with clinical opinion, uncontrolled clinical
observations, being the lowest quality of evidence. Commercial medical
information vendors routinely attach “evidence based” to their products without
definition.
Drug Information Sources
The table below examines the drug information sources cited in the Evans
report. The information cited by Evans was downloaded from the Drugs.com
Web site and uses information from the American Hospital Formulary Service
Drug Information Essentials (AHFS DI Essentials) a product from the American
Society of Health-System Pharmacists.
The term “selected revisions” is not defined by AHFS DI Essentials. There
is no indication that these selected revisions ensure that this information is
derived from or consistent with the essential information that is contained in the
most current professional product labels for these drugs.
It is difficult to rationalize why Evans did not use the most current FDA
approved professional product labels as the bases for his report. This
information is available free to the public on the government’s DailyMed Web
site. This reflects negatively on the quality of the information used in his report
and that apparently also formed the bases of his testimony.
Drug/Original Source of
Information

Comments

Pentobarbital
AHFS DI Essentials. Selected
Revisions February 1, 2008.
American Society of HealthSystem Pharmacists, Inc

The Drugs.com information is at least 6 years out of date.
The current FDA approved professional product label from
Akorn, Inc., last revised 4/12.
Link to current pentobarbital professional product label:
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=5c380
ab0-4386-48b6-80ab-ca594b23bc74
The Drugs.com information omits the FDA required box
warning for hydromorphone.
The current FDA approved professional product label from
Akorn, Inc., last revised 2/13.
Link to current hydromorphone professional product label:
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=4d33b
072-0755-4b8c-9558-2551306756a3
This product is no longer marketed in the US.

Hydromorphone
AHFS DI Essentials. Selected
Revisions July 9, 2013.
American Society of HealthSystem Pharmacists, Inc.

Thiopental
AHFS DI Essentials.
Copyright, 2004-2014,
Selected Revisions July 1,
2007. American Society of
Health-System Pharmacists,
Inc.
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Drug/Original Source of
Information

Comments

Midazolam
AHFS DI Essentials.
Copyright, 2004-2014,
Selected Revisions July 10,
2013. American Society of
Health-System Pharmacists,
Inc.

The Drugs.com information omits the FDA required box
warning of midazolam.
The current FDA approved professional product label from
Akorn, Inc., last revised 7/12.
Link to current FDA approved professional product label for
midazolam:
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=73736
1a0-8db1-4d3c-ba5e-44df3f49fa22

Other Documents Submitted
The table below reviews the other references provided in the Evans
report.
Document/Source

Comments

PubChem Database
Final Report on the Safety Assessment of
Benzyl Alcohol, Benzoic Acid, and Sodium
Benzoate
International Journal of Toxicology 2001; 20:
23.

This 13 year old document concludes:

Bedford Laboratories
Midazolam Material Safety Data Sheet

“…Benzyl Alcohol, Benzoic Acid, and Sodium
Benzoate are safe for use in cosmetic
formulations at concentrations up to 5%. The
available data are insufficient to support the
safety of these ingredients in cosmetic
products in which a primary route of exposure
is inhalation. Benzyl Alcohol is safe for use in
hair dyes at concentrations up to 10%.”
This document was last revised July 17, 2007
and is not an FDA requirement.
In the U.S., the Occupational Safety and Health
Administration requires that MSDSs be
available to employees for potentially harmful
substances handled in the workplace under the
Hazard Communication regulation.
The disclaimer on this document contains the
following language:
“It is not a specification sheet and none of the
displayed data should be construed as a
specification. Information on this MSDS sheet
was obtained from sources, which we believe
are reliable, and we believe that the information
is complete and accurate. However, the
information is provided without any warranty,
express or implied, regarding its correctness.”
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Document/Source

Comments

ASHP Therapeutic Guidelines
Clinical Practice Guidelines for Sustained
Neuromuscular Blockade in the Adult Critically
Ill Patient
Society of Critical Care Medicine and American
Society of Health-System Pharmacists. Clinical
practice guidelines for sustained
neuromuscular blockade in the adult critically ill
patient. Am J Health Syst Pharm. 2002;
59:179–95.

This document is 12 years old. The
methodology for the preparation of this clinical
practice guideline was not provided making it
impossible to access its quality.
Nevertheless, the following is of relevance in
the Warner vs. Gross case:
“Even though the patient may appear quiet and
“comfortable,” experienced clinicians
understand the indications and therapeutic
limits of NMBAs [neuromuscular blocking
agents]. Despite multiple admonitions that
NMBAs have no analgesic or amnestic effects,
it is not uncommon to find a patient’s degree of
sedation or comfort significantly overestimated
or even ignored. It is difficult to assess pain
and sedation in the patient receiving NMBAs,
but patients must be medicated for pain and
anxiety, despite the lack of obvious symptoms
or signs. In common practice, sedative and
analgesic drugs are adjusted until the patient
does not appear to be conscious and then
NMBAs are administered. There have been no
studies of the use of electrophysiologic
monitoring in assessing adequacy of sedation
or analgesia.”

ORAL TESTIMONY
The table below reviews Evans’ oral testimony.
Testimony – Page and Line Numbers Analyses
Page 632, Lines 4 – 6
Evans states “I mean, even for something like
a colonoscopy, you would see it used in
combination with a narcotic.”

The removal of polyps causes no pain
Dartmouth-Hitchcock. Colon Polypectomy
(Polyp Removal)
http://www.dartmouthhitchcock.org/gi/colon_polypectomy.html.
Accessed 12/29/14
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Evans claims “There have been at least 80
case reports of fatalities in the country from
midazolam, the use of midazolam.”
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Although Evans provides no citation, his
statement may be from the PubChem database
maintained by the US National Center for
Biotechnology Information for midazolam. This
document says “often in combination with
opioids.” The citation used by PubChem is
Baily PL et al; Anesthesiology 73 (5): 826-30
(1990). This PubChem document was not on
Evans’ list of references.
Evans’ statement is incomplete because he
omitted that the data indicates that midazolam
was used in combination with an opioid drug,
and because he relied on a source that is at
least 25 years out of date.

Page 636 Lines 13 – 19
Evans discussion of ceiling effect

Evans’ discussion is difficult to follow. No
reference is provided to support his opinion
about a lack of a ceiling effect with midazolam.
The term ceiling effect is defined as "the
phenomenon in which a drug reaches a
maximum effect, so that increasing the drug
dosage does not increase its effectiveness.

Page 636 Lines 20 – 23
Evans is referring to the reticular activating
system as the respiration center.

Evans’ statement is incorrect.
The reticular activating system (RAS), or extrathalamic control modulatory system, is a set of
connected nuclei in the brains of vertebrates
that is responsible for regulating arousal and
sleep-wake transitions.
Evans’ response is unclear. GABA is the main
inhibitory neurotransmitter in the central
nervous system.
Midazolam increases the effects of GABA, an
effect that results in its pharmacologic effects.

Page 637 Line 11 to Page 638 Line 2
Discussion of GABA receptors

Page 640 Lines 3 – 5
Response on feeling pain with midazolam

There are examples of patients sedated with
midazolam that have responded to painful
stimuli.[1]
1. Rodrigo CR. Flumazenil Reverses
Paradoxical Reaction with Midazolam.
Anesth Prog. 1991; 38:65-68.

Page 640 Line 18 to Page 641 Line 11
Discussion of midazolam’s paradoxical reaction

There are estimates of the prevalence of the
paradoxical reaction that range from 1% to
10% that come from studies counting
sequential paradoxical reactions in specific
populations.
A 1% prevalence of an adverse drug reaction is
not small and will mean that a large number of
people will experience that reaction.
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Discussion of involuntary movements and the
Saponsik study
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Saponsik studied 107 brain dead patients.
There are several sets of criteria for the
diagnosis of brain death, all require complete
unresponsiveness, permanent loss of breathing
and absent brainstem reflexes; most also
require the absence of sedative drugs,
neuromuscular blocking agents, and low body
temperature.
The majority of subjects did not have
spontaneous movements.
Brain death is not verified in executed
prisoners.

Page 647 Lines 15 – 17
Discussion of pain with midazolam injections

Midazolam’s FDA-approved professional
product label indicates that 5% of patients
experience pain on injection.

Page 650 Line 1 to Page 651 Line 23
Discussion of ceiling effect with midazolam

Evans is confused about these studies and
corrects himself.
He offered no credible evidence that there is no
ceiling effect with midazolam.

Page 651 Lines 24-25 & Page 652 Lines 1 – 10
Discussion of Drugs.com

Evans refers to Drugs.com as a tertiary source.
This is a term that is usually used for
textbooks. A more appropriate term would be
information aggregator. Drugs.com uses
information from commercial drug information
vendors.
The Drugs.com disclaimer contains the
following statement:
“This material is provided for educational
purposes only and is not intended for medical
advice, diagnosis or treatment.”
Sources in Drugs.com have been criticized in
the literature for poor editorial policies.

CONCLUSION
My critique of Evans’ report is based on over 30 years of experience
teaching drug information, also referred to as clinical epidemiology, to pharmacy
students in accredited colleges of pharmacy in North America and to pharmacists
and other health professionals overseas. This instruction included the retrieval,
critical evaluation, and objective communication of the best available evidence
about drugs.
Evans’ report relied mainly on the Drugs.com Web site as its major source
for drug information. Drugs.com is an information aggregator that relies on
7
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unaltered information from a number of popular commercial drug information
vendors that have been criticized in the published literature, extending back to
the 1970s, because of poor editorial policies resulting in information that can be
incomplete and out of date or both.
The other references provided in Evans’ report were a document from
PubChem, a chemical information database, from the US National Center for
Biotechnology Information for midazolam. Also submitted was a Material Safety
Data Sheet (MSDS) for midazolam prepared by Bedford Laboratories that was
last revised in July 2007. MSDSs are a requirement of the Occupational Health
and Safety Administration for employers to prepare and make available in the
workplace. Finally, he relied on a 12-year-old clinical practice guideline from the
American Society of Health-System Pharmacists on sustained neuromuscular
blockade in the adult critically ill patient.
Absent from Evans’ report was information on midazolam’s paradoxical
reaction, with the exception of a document from Drugs.com that was not reflected
in his written submission. Also absent from his report was any mention of
evidence to refute a ceiling effect that has been cited in the published literature
with midazolam.
Any extrapolation based on the information submitted that 500 mg of
midazolam would render an individual unconscious and insensate to noxious
stimuli is at best only speculative.
Errors in Evans’ oral testimony are documented above. Taken together,
the report and the oral testimony reveal a lack of scientific thoroughness and
accuracy that places in question his opinions and conclusions.

_____________________________________________
Larry D. Sasich
Date
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