
ROSEN’S
EMERGENCY MEDICINE

Concepts and Clinical Practice



Emergency Medicine

Robert S. Hockberger, MD
Emeritus Professor of Emergency Medicine, David Geffen School 
of Medicine at UCLA; Chair Emeritus, Department of Emergency 
Medicine, Harbor-UCLA Medical Center, Los Angeles, California

9th Edition

Rosen’s 

Editor-in-Chief

Concepts and Clinical Practice

VOLUME 1

Editors

Katherine Bakes, MD
Associate Professor, Department of Emergency Medicine,  
University of Colorado School of Medicine; Clinical Director  
of Community Affairs, Director, At-Risk Intervention and  
Mentoring (AIM), Denver Health; Denver, Colorado

Jill Marjorie Baren, MD, MBE, FACEP, FAAP
Professor and Chair, Emergency Medicine, Perelman School of 
Medicine; Chief, Emergency Services, University of Pennsylvania 
Health System, Philadelphia, Pennsylvania

Timothy B. Erickson, MD, FACEP, FACMT, FAACT
Chief, Division of Medical Toxicology, Department of Emergency 
Medicine, Brigham and Women’s Hospital; Harvard Medical 
School, Boston, Massachusetts; Faculty, Harvard Humanitarian 
Initiative, Cambridge, Massachusetts

Andy S. Jagoda, MD
Professor and Chair, Department of Emergency Medicine, Icahn 
School of Medicine at Mount Sinai; Professor and Chair,  
Emergency Medicine, Mount Sinai School of Medicine, New York, 
New York

Amy H. Kaji, MD, PhD
Associate Professor, Emergency Medicine, David Geffen School of 
Medicine at UCLA; Vice Chair of Academic Affairs, Department 
of Emergency Medicine, Harbor-UCLA, Los Angeles, California

Michael VanRooyen, MD, MPH
Chairman, Emergency Medicine, Brigham and Women’s Hospital 
Professor, Department of Emergency Medicine, Harvard Medical 
School; Boston, Massachusetts; Director, Harvard Humanitarian 
Initiative, Harvard University, Cambrige, Massachusetts

Richard D. Zane, MD, FAAEM
The George B. Boedecker Professor and Chair, Department of 
Emergency Medicine, University of Colorado School of Medicine; 
Executive Director, Emergency Services, University of Colorado 
Health, Aurora, Colorado

Ron M. Walls, MD
Executive Vice President and Chief Operating Officer, Brigham 
Health; Neskey Family Professor of Emergency Medicine, Harvard 
Medical School, Boston, Massachusetts

Senior Editors

Marianne Gausche-Hill, MD, FACEP, FAAP, FAEMS
Medical Director, Los Angeles County EMS Agency; Professor  
of Clinical Medicine and Pediatrics, David Geffen School of 
Medicine at UCLA; EMS Fellowship Director, Department of 
Emergency Medicine, Harbor-UCLA Medical Center, Torrance, 
California



1600 John F. Kennedy Blvd.
Ste 1800
Philadelphia, PA 19103-2899

ROSEN’S EMERGENCY MEDICINE: CONCEPTS AND CLINICAL PRACTICE,  
NINTH EDITION �

ISBN: 978-0-323-35479-0

Notices

Knowledge and best practice in this field are constantly changing. As new research and experience broaden 
our understanding, changes in research methods, professional practices, or medical treatment may become 
necessary.

Practitioners and researchers must always rely on their own experience and knowledge in evaluating 
and using any information, methods, compounds, or experiments described herein. In using such 
information or methods they should be mindful of their own safety and the safety of others, including 
parties for whom they have a professional responsibility.

With respect to any drug or pharmaceutical products identified, readers are advised to check the most 
current information provided (i) on procedures featured or (ii) by the manufacturer of each product to be 
administered, to verify the recommended dose or formula, the method and duration of administration, 
and contraindications. It is the responsibility of practitioners, relying on their own experience and 
knowledge of their patients, to make diagnoses, to determine dosages and the best treatment for each 
individual patient, and to take all appropriate safety precautions.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume 
any liability for any injury and/or damage to persons or property as a matter of products liability, 
negligence or otherwise, or from any use or operation of any methods, products, instructions, or ideas 
contained in the material herein.

Previous editions copyrighted 2014, 2010, 2006, 2002, 1998, 1992, 1988, and 1983.

Library of Congress Cataloging-in-Publication Data

Names: Walls, Ron M., editor. | Hockberger, Robert S., editor. | Gausche-Hill, Marianne, 
editor.

Title: Rosen’s emergency medicine : concepts and clinical practice / [edited by] Ron M. 
Walls, Robert S. Hockberger, Marianne Gausche-Hill.

Other titles: Emergency medicine
Description: Ninth edition. | Philadelphia, PA : Elsevier, [2018] | Includes bibliographical 

references and index.
Identifiers: LCCN 2016055133 | ISBN 9780323354790 (hardcover : alk. paper) | ISBN 

9789996111693 (v. 1: hardcover : alk. paper) | ISBN 9996111695 (v. 1: hardcover : alk. 
paper) | ISBN 9789996111631 (v. 2 : hardcover : alk. paper) | ISBN 9996111636 (v. 2: 
hardcover : alk. paper)

Subjects: | MESH: Emergencies | Emergency Medicine
Classification: LCC RC86.7 | NLM WB 105 | DDC 616.02/5—dc23
LC record available at https://lccn.loc.gov/2016055133

Executive Content Strategist: Kate Dimock
Senior Content Development Specialist: Deidre Simpson
Publishing Services Manager: Catherine Jackson
Senior Project Manager: Rachel E. McMullen
Design Direction: Renee Duenow

Printed in China

Last digit is the print number:  9  8  7  6  5  4  3  2  1

Part Vol 1: 9996111695
Part Vol 2: 9996111636

Copyright © 2018 by Elsevier, Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or 
mechanical, including photocopying, recording, or any information storage and retrieval system, without 
permission in writing from the publisher. Details on how to seek permission, further information about the 
Publisher’s permissions policies and our arrangements with organizations such as the Copyright Clearance 
Center and the Copyright Licensing Agency, can be found at our website: www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by the Publisher 
(other than as may be noted herein).

http://www.elsevier.com/permissions
https://lccn.loc.gov/2016055133


v

To my wife Barb, thank you for the endless love, support, and 
patience and for being my closest and most trusted advisor. To my 
children, Andrew, Blake, and Alexa, thank you for making my life 
so complete that I can savor fully the joy and privilege of helping 
others. To David and Sharon Neskey, thank you for your vision 
and generosity in support of me and of our specialty. To my 
colleagues at Brigham and Women’s Hospital and the Department 
of Emergency Medicine at Harvard Medical School, thank you for 
the constant inspiration to drive toward excellence. To Peter Rosen 
and John Marx, thank you for showing the way with such extraor-
dinary determination and clarity. And to Bob, Marianne, and our 
superb editors, you are the best team that one could hope for. 
Thank you for bringing so much brilliance, energy, and commit-
ment to make this edition so special.

RMW

To Peter for his inspiration and mentorship over the years; to John 
for sharing his friendship and commitment to excellence; to Ron 
for his leadership and renewed vision for the “bible” of Emergency 
Medicine; to Marianne for her creativity and endless enthusiasm; 
to Amy, Andy, Jill, Katie, Mike, Tim, and Rich for their willingness 
to add this burden of love to their already busy lives; to Kate and 
Dee for their vigilance and professionalism; and to Patty, for 
bringing color and meaning to my life.

RSH

I would like to thank my family for their continued understanding 
of my work to improve emergency care. My husband David and 
our three children Katie, Jeremiah, and Sarah provide the love, joy, 
and encouragement that makes participation on endeavors as 
important as this text worthwhile. Finally, I would like to thank 
Drs. Ron Walls, Robert Hockberger, and all the associate editors 
for their incredible leadership in the creation of a truly state of 
the art textbook.

MGH

I would like to thank my wonderful family, Peter, Sam, Jessie, and 
Avery, who sacrificed their time with me for the publication  
of this text. I would also like to thank my mentors, including 
Marianne Gausche-Hill and Bob Hockberger, for their constant 
support and positive encouragement. And finally, I would like to 
thank Ron Walls, my dear friend and ultimate mentor, who has 
looked out for me and inspired me since medical school. In many 
ways, my success belongs more to him that it does to me. I am 
eternally grateful for all of you.

KB

I am forever grateful to my husband Kenneth and my two sons, 
Noah and Andrew, for their everlasting love and for their tolerance 
of my long hours and work passions. I love you all so much. Mom 
and Dad—thanks for such a great start in life and for continuing 
to tell me how proud you are. It makes a difference, no matter 
how old you get. I have deep appreciation for my authors and 
fellow editors who have enriched my knowledge of emergency 
medicine and strengthened my clinical practice through your 
outstanding contributions to this book.

JMB

I extend my thanks to Valerie, Camille, Isabelle, Celeste, Julian, 
and my parents. I also give appreciation to my mentors and col-
leagues in Emergency Medicine, Toxicology, Wilderness Medicine, 
and Global and Humanitarian Health, with special thanks to 
Paracelsus and Alice Hamilton.

TBE

To all the faculty, residents, and staff at the Mount Sinai Depart-
ment of Emergency Medicine—their commitment to excellence 
in clinical care, teaching, and research inspires me every day. To 
Silvana, my wife and closest colleague, for her support and for 
keeping me focused on the important things in life. To Ron, for 
being a mentor throughout my career; and to John, whose memory 
lives forever.

ASJ

As a first-time section editor, I am grateful to Ron, Bob, and 
Marianne for their incredible mentorship and patience with me, 
and to Dee and Kate for their editorial guidance. This has been a 
tremendous learning experience and opportunity. Thank you!

AHK

With love and thanks to my family, ever patient and ever sup-
portive. And especially to my daughter, Isabella VanRooyen, who 
is striving toward a career in medicine. May she be as fortunate 
as I was to find wonderful colleagues, inspiring mentors, and 
generous patients to lead her into a fulfilling career in a field that 
she loves.

MV

It is both humbling and a privilege to be associated with this text 
and those who started it all— Rosen, Marx, Walls, and Hockber-
ger—the founders of our discipline.

RDZ

Acknowledgments



vii

Gallane Abraham, MD
Assistant Professor, Emergency Medicine, Icahn School of 

Medicine at Mount Sinai, New York, New York

Michael K. Abraham, MD, MS
Clinical Assistant Professor, Emergency Medicine, University of 

Maryland School of Medicine, Baltimore, Maryland; 
Attending Physician, Emergency Medicine, Upper 
Chesapeake Health System, Bel Air, Maryland

Saadia Akhtar, MD
Associate Dean for Graduate Medical Education and Residency 

Program Director, Department of Emergency Medicine, 
Mount Sinai Beth Israel, New York, New York

Steven E. Aks, DO
Director, The Toxikon Consortium, Department of Emergency 

Medicine, Cook County Health and Hospitals System; 
Professor of Emergency Medicine, Department of Emergency 
Medicine, Rush University, Chicago, Illinois

James T. Amsterdam, DMD, MD, MMM, FACEP, FACPE
Senior Vice-President/Chief Medical Officer, Administration, 

Saint Vincent Hospital Allegheny Health Network, Erie, 
Pennsylvania; Professor of Clinical Emergency Medicine, 
Department of Emergency Medicine, Penn State University 
College of Medicine, Hershey, Pennsylvania; Adjunct 
Professor of Emergency Medicine, Department of Emergency 
Medicine, Drexel University College of Medicine, 
Philadelphia, Pennsylvania

Felix K. Ankel, MD
Vice President, Health Professional Education, HealthPartners, 

Bloomington, Minnesota; Professor, Emergency Medicine, 
University Of Minnesota, Minneapolis, Minnesota

Robert T. Arntfield, MD, FRCPC, FCCP, RDMS
Assistant Professor, Division of Emergency Medicine and 

Critical Care Medicine, Western University; Attending 
Physician, Emergency Medicine, Critical Care Medicine and 
Trauma, London Health Sciences Centre, London, Ontario, 
Canada

Tom P. Aufderheide, MD
Professor of Emergency Medicine, Department of Emergency 

Medicine, Medical College of Wisconsin, Milwaukee, 
Wisconsin

Katherine Bakes, MD
Associate Professor, Department of Emergency Medicine, 

University of Colorado School of Medicine; Clinical Director 
of Community Affairs, Director, At-Risk Intervention and 
Mentoring (AIM), Denver Health; Denver, Colorado

Aaron N. Barksdale, MD
Assistant Professor, Emergency Medicine, University of 

Nebraska Medical Center, Omaha, Nebraska

Christopher W. Baugh, MD, MBA
Director of Observation Medicine, Emergency Medicine, 

Brigham and Women’s Hospital, Boston, Massachusetts

Bruce M. Becker, MD, MPH, FACEP
Professor, Emergency Medicine and Behavioral and Social 

Science, Warren Alpert School of Medicine, Brown 
University, Providence, Rhode Island

Rachel R. Bengtzen, MD
Assistant Professor, Emergency Medicine and Family Medicine 

(Sports Medicine), Oregon Health and Science University, 
Portland, Oregon

Rachel Berkowitz, MD
Attending Physician, Department of Emergency Medicine, 

Kaiser Permanente South San Francisco Medical Center, San 
Francisco, California

Kristin Berona, MD
Assistant Professor of Emergency Medicine, LAC USC Medical 

Center, Keck School of Medicine, Los Angeles, California

Marian E. Betz, MD, MPH
Associate Professor, Department of Emergency Medicine, 

University of Colorado School of Medicine, Aurora, 
Colorado

Michelle H. Biros, MD, MS
Professor, Emergency Medicine, University of Minnesota 

Medical School; Attending Physician, Emergency Medicine, 
Hennepin County Medical Center, Minneapolis, Minnesota

Robert A. Bitterman, MD, JD
President, Bitterman Health Law Consulting Group, Sarasota, 

Florida

Thomas H. Blackwell, MD
Assistant Dean, Longitudinal Clinical Education, University of 

South Carolina School of Medicine Greenville; Professor, 
Department of Emergency Medicine, Greenville Health 
System, Greenville, South Carolina

Frederick C. Blum, BA, MD
Associate Professor, Departments of Pediatrics and Emergency 

Medicine, West Virginia University School of Medicine, 
Morgantown, West Virginia

Contributors



viii Contributors

Ira J. Blumen, MD, FACEP
Professor, Department of Medicine, Section of Emergency 

Medicine, University of Chicago; Medical and Program 
Director, University of Chicago Aeromedical Network 
(UCanada), University of Chicago Medicine, Chicago, Illinois

Edward B. Bolgiano, MD
Assistant Professor, Department of Emergency Medicine, 

University of Maryland School of Medicine, Baltimore, 
Maryland

Michael C. Bond, MD
Associate Professor, Emergency Medicine, University of 

Maryland School of Medicine, Baltimore, Maryland

Kelly Bookman, MD
Associate Professor, Emergency Medicine, University of 

Colorado, Denver, Colorado

Joelle Borhart, MD
Assistant Professor, Emergency Medicine, Georgetown 

University, Washington, DC

William J. Brady, MD
Professor of Emergency Medicine, Department of Emergency 

Medicine; Professor of Medicine, Department of Medicine, 
University of Virginia, Charlottesville, Virginia

Sabina A. Braithwaite, MPH
Associate Professor, Division of Emergency Medicine; Program 

Director, EMS Fellowship, Washington University in St. Louis 
School of Medicine, St. Louis, Missouri

Leah Bright, DO
Assistant Professor, Emergency Medicine Department, Johns 

Hopkins Medical Institute, Baltimore, Maryland

Aaron Brody, MD
Assistant Professor, Emergency Medicine, Wayne State 

University, Detroit, Michigan

Calvin A. Brown III, MD
Assistant Professor of Emergency Medicine, Director of Faculty 

Affairs, Harvard Medical School; Attending Physician, 
Department of Emergency Medicine, Brigham and Women’s 
Hospital, Boston, Massachusetts

James E. Brown, MD, MMM
Chair, Department of Emergency Medicine, Wright State 

University Boonshoft School of Medicine, Dayton, Ohio

Jennie Alison Buchanan, MD
Attending Physician, Emergency Medicine, Denver Health and 

Hospital Authority; Staff Physician, Medical Toxicology, 
Rocky Mountain Poison and Drug Center, Denver, Colorado; 
Associate Professor, Emergency Medicine, University of 
Colorado School of Medicine, Aurora, Colorado

Jeffrey Bullard-Berent, MD
Professor, Departments of Emergency Medicine and Pediatrics, 

University of New Mexico, Albuquerque, New Mexico

E. Bradshaw Bunney, MD, FACEP
Associate Professor, Residency Director, Emergency Medicine, 

University of Illinois at Chicago, Chicago, Illinois

Michael J. Burns, MD
Clinical Professor, Departments of Emergency Medicine and 

Medicine, Division of Infectious Diseases, University of 
California Irvine School of Medicine, Irvine, California; 
Attending Physician, Department of Emergency Medicine, 
University of California Irvine Medical Center, Orange, 
California

John H. Burton, MD
Chair, Professor of Emergency Medicine, Department of 

Emergency Medicine, Carilion Clinic, Roanoke, Virginia

Katharine Carroll Button, BA, BS, MS, MD
Clinical Fellow, Pediatric Emergency Medicine, Boston 

Children’s Hospital, Boston, Massachusetts

Richard L. Byyny, MD, MSc
Associate Professor, Emergency Medicine, Denver Health 

Medical Center, Denver, Colorado; Assistant Professor, 
Emergency Medicine, University of Colorado, Aurora, 
Colorado

John D. Cahill, MD
Senior Attending in Emergency Medicine and Infectious 

Disease, Global Health Fellowship Director, Emergency 
Medicine, St. Luke’s Roosevelt Hospital Center, New York, 
New York; Senior Lecturer, International Health and Tropical 
Medicine, The Royal College of Surgeons, Dublin, Ireland

Andrea Carlson, MD
Assistant Residency Director, Director of Toxicology, Emergency 

Medicine, Advocate Christ Hospital, Oak Lawn, Illinois

Jeffrey M. Caterino, MD, MPH
Associate Professor, Departments of Emergency and Internal 

Medicine, The Ohio State University, Columbus, Ohio

Andrew K. Chang, MD, MS
Vincent P. Verdile, MD Endowed Chair in Emergency Medicine, 

Professor of Emergency Medicine, Vice Chair of Research 
and Academic Affairs, Department of Emergency Medicine, 
Albany Medical College, Albany, New York

Jennifer C. Chen, MD, MPH
Emergency Medicine, Harbor-UCLA Medical Center, Torrance, 

California; Clinical Assistant Professor of Medicine, School 
of Medicine, David Geffen School of Medicine at UCLA, Los 
Angeles, California

Rachel L. Chin, MD
Professor of Emergency Medicine, Department of Emergency 

Medicine, UCSF School of Medicine, San Francisco General 
Hospital, San Francisco, California

Esther K. Choo, MD, MPH
Assistant Professor, Emergency Medicine, Warren Alpert Medical 

School, School of Public Health, Brown University, 
Providence, Rhode Island



ixContributors

Richard F. Clark, MD
Professor, Emergency Medicine, UCSD School of Medicine; 

Director, Division of Medical Toxicology, UCSD Medical 
Center; Medical Director, San Diego Division, California 
Poison Control System, San Diego, California

Ilene Claudius, MD
Associate Professor, Emergency Medicine, University of South 

Carolina Keck School of Medicine, Los Angeles, California

Wendy C. Coates, MD
Professor of Clinical Medicine, David Geffen School of 

Medicine, University of California, Los Angeles, Los Angeles, 
California; Senior Faculty/Education Specialist, Emergency 
Medicine, Harbor-UCLA Medical Center, Torrance, 
California

Jon B. Cole, MD
Medical Director, Minnesota Poison Control System; Faculty, 

Emergency Physician, Department of Emergency Medicine, 
Hennepin County Medical Center; Associate Professor of 
Emergency Medicine, Department of Emergency Medicine, 
University of Minnesota, Minneapolis, Minnesota

Michael Alan Cole, MD
Assistant Professor, Emergency Medicine, University of 

Michigan Medical School, Ann Arbor, Michigan

Christopher B. Colwell, MD
Chief of Emergency Medicine, Zuckerberg San Francisco 

General Hospital and Trauma Center; Professor and Vice-
Chair, Department of Emergency Medicine, UCSF School of 
Medicine, San Francisco, California

Robert Cooper, MD
Assistant Professor of Emergency Medicine, Medical Director 

Ohio State University Health Plan, The Ohio State University, 
Columbus, Ohio

Zara Cooper, MD, MSc
Associate Surgeon, Division of Trauma, Burns and Surgical 

Critical Care, Department of Surgery, Brigham and Women’s 
Hospital; Assistant Professor of Surgery, Harvard Medical 
School, Boston, Massachusetts

Randolph J. Cordle, MD
Medical Director, Division of Pediatric Emergency Medicine, 

Emergency Medicine, Carolinas Medical Center, Levine 
Children’s Hospital, Charlotte, North Carolina

Brian Niall Corwell, MD
Assistant Professor, Department of Emergency Medicine and 

Department of Orthopaedics, University of Maryland School 
of Medicine, Baltimore, Maryland

Todd J. Crocco, MD, FACEP
Chief Business Development Officer, WVU Health Sciences 

Center; Professor, Department of Emergency Medicine, West 
Virginia University, Morgantown, West Virginia

Shawn M. D’Andrea, MD, MPH
Instructor of Emergency Medicine, Emergency Medicine, 

Harvard Medical School; Attending Physician, Emergency 
Medicine, Brigham and Women’s Hospital, Boston, 
Massachusetts

Daniel F. Danzl, MD
Professor and Chair, Department of Emergency Medicine, 

ICAR, Zürich, Switzerland; Clinical Professor, Department of 
Emergency Medicine, Stanford University Medical Center, 
Stanford, California

Mohamud R. Daya, MD, MS
Professor of Emergency Medicine Department of Emergency 

Medicine, Oregon Health and Science University, Portland, 
Oregon

Robert A. De Lorenzo, MD, MSM, MSCI
Professor, Department of Emergency Medicine, University of 

Texas Health Scinece Center at San Antonio, San Antonio, 
Texas; Professor, Departement of Military and Emergency 
Medicine, Uniformed Services University of the Health 
Sciences, Bethesda, Maryland

Ken Deitch, DO
Research Director, Department of Emergency Medicine, Albert 

Einstein Medical Center, Philadelphia, Pennsylvania

Robert W. Derlet, MD
Professor, Emergency Department, University of California, 

Davis, School of Medicine, Sacramento, California

Shoma Desai, MD
Assistant Professor, Department of Emergency Medicine, LAC + 

USC Medical Center, Los Angeles, California

Valerie A. Dobiesz, MD, MPH, FACEP
Director of External Programs: STRATUS Center for Medical 

Simulation, Brigham and Women’s Hospital; Harvard 
Humanitarian Initiative, Harvard Medical School, Boston, 
Massachusetts

Alan A. Dupré, MD
Assistant Professor, Department of Emergency Medicine, 

Boonshoft School of Medicine, Wright State University, 
Dayton, Ohio

Joshua Samuel Easter, MD, MSc
Assistant Professor, Emergency Medicine, University of Virginia, 

Charlottesville, Virginia; Physician, Emergency Medicine, 
Bon Secours St. Mary’s Hospital, Richmond, Virginia

Wesley P. Eilbert, MD
Associate Professor of Clinical Emergency Medicine, 

Department of Emergency Medicine, University of Illinois, 
College of Medicine, Chicago, Illinois

Matthew Emery, MD, FACEP
Assistant Professor, Associate Director for Academic Affairs, 

Department of Emergency Medicine, Lead Clerkship 
Director, Fourth-Year Elective in Emergency Medicine, 
Department of Emergency Medicine, Michigan State 
University College of Human Medicine; Educational 
Assistant for Simulation, Emergency Medicine, Grand Rapids 
Medical Education Partners, Grand Rapids, Michigan



x Contributors

Timothy B. Erickson, MD, FACEP, FACMT, FAACT
Chief, Division of Medical Toxicology, Department of 

Emergency Medicine, Brigham and Women’s Hospital; 
Harvard Medical School, Boston, Massachusetts; Faculty, 
Harvard Humanitarian Initiative, Cambridge, Massachusetts

Madonna Fernández-Frackelton, MD
Program Director, Emergency Medicine, Harbor-UCLA Medical 

Center, Torrance, California; Professor of Medicine, David 
Geffen School of Medicine, UCLA, Los Angeles, California

John T. Finnell, MD, MSc
Associate Professor of Clinical Emergency Medicine, Indiana 

University, Indianapolis, Indiana

Charles J. Fox, MD, FACS
Chief, Vascular Surgery, Department of Surgery, Denver Health 

Medical Center; Associate Professor of Surgery, Department 
of Surgery, University of Colorado School of Medicine, 
Denver, Colorado

Benjamin W. Friedman, MD, MS
Associate Professor, Emergency Medicine, Albert Einstein 

College of Medicine; Attending Physician, Emergency 
Medicine, Montefiore Medical Center, Bronx, New York

Joel M. Geiderman, MD, FACEP
Professor of Medicine, Department of Medicine, Division of 

Emergency Medicine, David Geffen School of Medicine at 
UCLA; Co-Chairman and Professor of Emergency Medicine, 
Department of Emergency Medicine, Cedars-Sinai Medical 
Center, Los Angeles, California; Medical Director, Beverly 
Hills Fire Department, California

Nicholas Genes, MD, PhD
Associate Professor, Department of Emergency Medicine, Icahn 

School of Medicine at Mount Sinai, New York, New York

Carl A. Germann, MD, FACEP
Associate Professor, Emergency Medicine, Tufts University 

School of Medicine, Boston, Massachusetts; Attending 
Physician, Emergency Department, Maine Medical Center, 
Portland, Maine

Jonathan M. Glauser, MD, MBA, FACEP
Professor, Emergency Medicine, Case Western Reserve 

University; Faculty, Emergency Medicine Residency, 
MetroHealth Medical Center, Cleveland, Ohio

Steven A. Godwin, MD, FACEP
Professor and Chair, Emergency Medicine, Assistant Dean, 

Simulation Education, University of Florida COM-
Jacksonville, Jacksonville, Florida

Scott A. Goldberg, MD, MPH
Director of Emergency Medical Services, Brigham and Women’s 

Hospital; Instructor of Emergency Medicine, Harvard 
Medical School, Boston, Massachusetts

Jeffrey M. Goodloe, MD, NRP, FACEP
Professor and EMS Section Chief, Director, Oklahoma Center 

for Prehospital and Disaster Medicine Department of 
Emergency Medicine, University of Oklahoma School of 
Community Medicine—Tulsa; Oklahoma Medical Director, 
Medical Control Board EMS System for Metropolitan 
Oklahoma City and Tulsa, Tulsa, Oklahoma

Eric Goralnick, MD, MS
Medical Director, Emergency Preparedness, Brigham and 

Women’s Healthcare; Assistant Professor, Emergency 
Medicine, Harvard Medical School; Instructor, Department 
of Health Policy and Management, Harvard TH Chan School 
of Public Health, Boston, Massachusetts

Diane L. Gorgas, MD
Professor, Department of Emergency Medicine, The Ohio State 

University; Executive Director, Office of Global Health, The 
Ohio State University, Columbus, Ohio

Louis Graff IV, MD, FACEP, FACP
Professor of Traumatology and Emergency Medicine, 

Emergency Medicine, University of Connecticut School of 
Medicine, Farmington, Connecticut; Medical Director of 
Quality, Performance Improvement, Associate Director of 
Emergency Medicine, Emergency Medicine, Hospital of 
Central Connecticut, New Britain, Connecticut

Thomas J. Green, MSc, MD
Clinical Assistant Professor, Department of Emergency 

Medicine, University of British Columbia, Vancouver, British 
Columbia, Canada

Eric A. Gross, MD
Clinical Professor of Emergency Medicine, Quality Director, 

Department of Emergency Medicine, University of 
California, Davis, Sacramento, California

Phillip F. Gruber, MD
Assistant Professor of Clinical Emergency Medicine, LAC USC 

Department of Emergency Medicine, Keck School of 
Medicine of USC, Los Angeles, California

Kama Guluma, MD
Clinical Professor, Department of Emergency Medicine, 

University of California San Diego, San Diego, California

Leon Gussow, MD
Lecturer, Emergency Medicine, University of Illinois; Instructor, 

Emergency Medicine, Rush Medical College, Chicago, Illinois

Joshua Guttman, MD, FRCPC, FAAEM
Assistant Professor, Department of Emergency Medicine, Long 

Island Jewish Medical Center, Hofstra-Northwell School of 
Medicine, New Hyde Park, New York

Elizabeth J. Haines, DO
Assistant Professor, Emergency Medicine and Pediatrics, New 

York University School of Medicine, New York, New York



xiContributors

N. Stuart Harris, MD, MFA, FRCP Edinburgh
Chief, Division of Wilderness Medicine, Fellowship Director, 

MGH Wilderness Medicine Fellowship, Department of 
Emergency Medicine, Massachusetts General Hospital; 
Associate Professor, Emergency Medicine, Harvard Medical 
School, Boston, Massachusetts

Danielle Hart, MD
Associate Program Director and Director of Simulation, 

Department of Emergency Medicine, Hennepin County 
Medical Center, Minneapolis, Minnesota

Benjamin W. Hatten, MD, MPH
Assistant Professor, Emergency Medicine, University of 

Colorado–School of Medicine, Aurora, Colorado; Medical 
Toxicologist, Rocky Mountain Poison and Drug Center, 
Denver Health Medical Center, Denver, Colorado

Jag S. Heer, MD
Associate Professor of Clinical Medicine, David Geffen School 

of Medicine at University of California at Los Angeles, Los 
Angeles, California; Attending Faculty Physician, Department 
of Emergency Medicine, Kern Medical Center, Bakersfield, 
California

Carlton E. Heine, MD, PhD
Clinical Associate Professor, Elson S. Floyd College of Medicine, 

Washington State University, Spokane Academic Center, 
Spokane, Washington

Jason D. Heiner, MD
Clinical Assistant Professor, Division of Emergency Medicine, 

University of Washington, Seattle, Washington

Robert G. Hendrickson, MD
Professor, Department of Emergency Medicine, Oregon Health 

and Science University; Program Director, Fellowship in 
Medical Toxicology, Oregon Health and Science University; 
Associate Medical Director, Medical Toxicologist, Oregon 
Poison Center, Portland, Oregon

H. Gene Hern, Jr, MD, MS
Vice Chair, Education, Emergency Medicine, Alameda Health 

System—Highland Hospital, Oakland, California; Association 
Clinical Professor, University of California, San Francisco, 
California

Jamie M. Hess, MD
Director of Medical Student Education, Emergency Department, 

University of Wisconsin School of Medicine and Public 
Health, Madison, Wisconsin

Christopher M. Hicks, MD, MEd, FRCPC
Staff Emergency Physician, Trauma Team Leader, Department of 

Emergency Medicine, St. Michael’s Hospital; Assistant 
Professor, Department of Medicine, University of Toronto, 
Toronto, Ontario, Canada

Robert S. Hockberger, MD
Emeritus Professor of Emergency Medicine, David Geffen 

School of Medicine at UCLA; Chair Emeritus, Department 
of Emergency Medicine, Harbor-UCLA Medical Center,  
Los Angeles, California

Robert S. Hoffman, MD, FAACT, FACMT, FRCP Edinburgh
Professor, Emergency Medicine and Medicine, New York 

University School of Medicine; Attending Physician, 
Department of Emergency Medicine, Bellevue Hospital 
Center, New York, New York

Christopher Hogrefe, MD
Assistant Professor, Departments of Medicine, Emergency 

Medicine, and Orthopaedic Surgery, Northwestern University 
Feinberg School of Medicine, Chicago, Illinois

Jeffrey A. Holmes, MD
Attending Physician, Emergency Department, Maine Medical 

Center, Portland, Maine

Jason A. Hoppe, DO
Associate Professor, Emergency Medicine, University of 

Colorado School of Medicine, Aurora, Colorado

Timothy Horeczko, MD, MSCR
Department of Emergency Medicine, Harbor-UCLA Medical 

Center, Torrance, California

Christopher Hoyte, MD
Fellowship Director, Associate Medical Director, Rocky 

Mountain Poison and Drug Center; Director, Medical 
Toxicology Clinic, Section of Medical Toxicology, 
Department of Emergency Medicine, University of Colorado 
School of Medicine, Denver, Colorado

Daniel Hryhorczuk, MD, MPH
Director, Environmental Health, Center for Global Health, 

University of Illinois College of Medicine, Chicago, Illinois

Margaret G. Huang, MD
Clinical Instructor, Department of Pediatric Emergency 

Medicine, Rady Children’s Hospital, UC San Diego Medical 
Center, San Diego, California; Clinical Instructor, 
Department of Pediatric Emergency Medicine, Rady 
Children’s Hospital, UC San Diego Medical Center, San 
Diego, California

Robert David Huang, MD
Clinical Ultrasound Fellowship Director, Associate Director of 

Clinical Ultrasound, Assistant Residency Program Director, 
Clinical Instructor, University of Michigan Health System, 
Ann Arbor, Michigan

J. Stephen Huff, MD
Professor of Emergency Medicine and Neurology, Department 

of Emergency Medicine, University of Virginia, 
Charlottesville, Virginia

Christopher L. Hunter, MD, PhD
Clinical Assistant Professor, Emergency Medicine, University of 

Central Florida College of Medicine; Attending Physician, 
Emergency Medicine, Orlando Regional Medical Center; 
Associate EMS Medical Director, Health Services, Orange 
County, Orlando, Florida



xii Contributors

Alson S. Inaba, MD, FAAP
Associate Professor of Pediatrics, Department of Pediatrics, 

University of Hawaii John A. Burns School of Medicine; 
PEM Attending Physician, Emergency Department, Kpaiolani 
Medical Center for Women and Children; Course Director, 
Pediatric Advanced Life Support, The Queen’s Medical 
Center, Honolulu, Hawaii; PEM Attending Physician, 
Emergency Medicine Physicians (EMP), Canton, Ohio

Kenneth V. Iserson, MD, MBA
Professor Emeritus, Emergency Medicine, The University of 

Arizona, Tucson, Arizona

Janetta L. Iwanicki, BA, MD
Medical Toxicology, Attending Physician, Department of 

Medical Toxicology, Rocky Mountain Poison and Drug 
Center; Emergency Medicine Attending Physician, 
Department of Emergency Medicine, Denver Health, Denver, 
Colorado; Assistant Professor, Department of Emergency 
Medicine, University of Colorado School of Medicine, 
Aurora, Colorado

Andy S. Jagoda, MD
Professor and Chair, Department of Emergency Medicine, Icahn 

School of Medicine at Mount Sinai; Professor and Chair, 
Emergency Medicine, Mount Sinai School of Medicine,  
New York, New York

Timothy G. Janz, MD
Professor, Department of Emergency Medicine, Wright State 

University—Boonshoft School of Medicine; Professor, 
Pulmonary/Critical Care Division, Department of Internal 
Medicine, Wright State University—Boonshoft School of 
Medicine, Dayton, Ohio

Alan E. Jones, MD
Professor and Chair, Department of Emergency Medicine, 

University of Mississippi School of Medicine, Jackson, 
Mississippi

Emily Martin Jones, MD
Assistant Professor, Departments of Medicine and Orthopaedic 

Surgery, Northwestern University Feinberg School of 
Medicine, Chicago, Illinois

Nicholas J. Jouriles, MD
Professor and Chair, Department of Emergency Medicine, 

Northeast Ohio Medical University, Rootstown, Ohio; Chair, 
Department of Emergency Medicine, Cleveland Clinic 
Akron, GeneralAkron, Ohio; Past President, American 
College of Emergency Physicians, Dallas, Texas

Amy H. Kaji, MD, PhD
Associate Professor, Emergency Medicine, David Geffen School 

of Medicine at UCLA; Vice Chair of Academic Affairs, 
Department of Emergency Medicine, Harbor-UCLA,  
Long Beach, California

Tarina Lee Kang, MD
Associate Professor of Emergency Medicine, LAC USC Medical 

Center, Keck School of Medicine, Los Angeles, California

Julius (Jay) A. Kaplan, MD, FACEP
Immediate Past-President, American College of Emergency 

Physicians; Vice Chair, Department of Emergency Medicine, 
Ochsner Health System, New Orleans, Louisiana

Dan Katz, MD, DTMH
Attending Physician and Medical Director of Academic Affairs, 

Department of Emergency Medicine, Cedars-Sinai Medical 
Center; Assistant Professor of Clinical Medicine, Department 
of Medicine, Division of Emergency Medicine, David Geffen 
School of Medicine at UCLA, Los Angeles, California

Stephanie Kayden, MD, MPH
Chief, Division of International Emergency Medicine and 

Humanitarian Programs, Department of Emergency 
Medicine, Brigham and Women’s Hospital, Harvard Medical 
School, Boston, Massachusetts

Ryan D. Kearney, MD
Fellow, Emergency Medicine, Seattle Children’s Hospital, Seattle, 

Washington

Matthew P. Kelly, MD
Assistant Professor, Department of Emergency Medicine, 

University of Pennsylvania, Philadelphia, Pennsylvania

Hyung T. Kim, MD
Associate Professor of Clinical Emergency Medicine, 

Department of Emergency Medicine, University of Southern 
California, Los Angeles, Los Angeles, California

Heidi Harbison Kimberly, MD, FACEP
Chief, Division of Emergency Ultrasound, Brigham and 

Women’s Hospital; Assistant Professor of Emergency 
Medicine, Department of Emergency Medicine, Harvard 
Medical School, Boston, Massachusetts

Jeffrey A. Kline, MD
Professor and Vice Chair of Research, Department of Emergency 

Medicine, Indiana University School of Medicine, 
Indianapolis, Indiana

Kristi L. Koenig, MD, FACEP, FIFEM, FAEMS
Professor of Emergency Medicine and Public Health, Director, 

Center for Disaster Medical Sciences, Founding Director, 
EMS & International Disaster Medical Sciences Fellowship, 
Director of Public Health Preparedness, University of 
California, Irvine School of Medicine, Irvine, California; 
EMS Medical Director, County of San Diego Health & 
Human Services Agency, San Diego, California

Joshua M. Kosowsky, MD
Attending Physician, Department of Emergency Medicine, 

Brigham and Women’s Hospital; Assistant Professor, 
Department of Emergency Medicine, Harvard Medical 
School, Boston, Massachusetts

Michael C. Kurz, MD, MS, FACEP
Associate Professor, Department of Emergency Medicine, 

University of Alabama School of Medicine, Birmingham, 
Alabama



xiiiContributors

Thomas Kwiatkowski, MD
Assistant Dean and Professor, Emergency Medicine Basic 

Sciences, Hofstra Northwell School of Medicine, Hempstead, 
New York; Attending Physician, Emergency Medicine, Long 
Island Jewish Medical Center, New Hyde Park, New York; 
Attending Physician, Emergency Medicine, North Shore 
University Hospital, Manhasset, New York

Nicole Lazarciuc, MD, MPH
Assistant Clinical Professor, Mount Sinai Icahn School of 

Medicine, New York, New York

Andrew W. Lee, MD
Associate Vice Chair, Operations; Assistant Professor, 

Department of Emergency Medicine, University of 
Wisconsin, Madison, Wisconsin

Christopher C. Lee, MD
Assistant Professor, Stony Brook University, Stony Brook,  

New York

Jeffrey E. Lee, MD
Assistant Professor, Program Director, Ophthalmology, UC San 

Diego, San Diego, California

Charles Lei, MD
Assistant Professor of Emergency Medicine, Department of 

Emergency Medicine, Vanderbilt University Medical Center, 
Nashville, Tennesee

Michael D. Levine, MD
Department of Emergency Medicine, Division of Medical 

Toxicology, Assistant Professor, Department of Emergency 
Medicine, Section of Medical Toxicology, University of 
Southern California, Los Angeles, California

Phillip D. Levy, MD, MPH
Professor and Associate Chair for Research, Department of 

Emergency Medcicine, Wayne State University, Detroit, 
Michigan

Christopher S. Lim, MD
Assistant Professor, Department of Emergency Medicine, Rush 

University Medical Center, Chicago, Illinois

Daniel Lindberg, MD
Associate Professor, Emergency Medicine and Pediatrics, 

University of Colorado, Denver, Colorado

Judith A. Linden, MD
Associate Professor and Vice Chair for Education, Emergency 

Medicine, Boston University, Boston Medical Center, Boston, 
Massachusetts

Ari M. Lipsky, MD, PhD
Attending Physician, Emergency Department, Clear Lake 

Regional Medical Center, Webster, Texas; Research Director, 
Emergency Medicine, Rambam Health Care Campus, Haifa, 
Israel

Mark D. Lo, MD
Department of Pediatric Emergency Medicine, Seattle Children’s 

Hospital, Seattle, Washington

Sharon E. Mace, MD, FACEP, FAAP
Professor of Emergency Medicine, Cleveland Clinical Lerner 

College of Medicine at Case Western Reserve University, 
Cleveland, Ohio

Gerald E. Maloney, Jr, DO
Attending Physician, Emergency Medicine, MetroHealth Medical 

Center; Assistant Professor, Emergency Medicine, Case 
Western Reserve University, Cleveland, Ohio

Patrick J. Maloney, MD
Medical Director, Pediatric Emergency Services, Emergency 

Medicine, Mission Hospital, Asheville, North Carolina

Rebekah Mannix, MD, MPH
Assistant Professor, Pediatrics, Harvard Medical School; 

Attending Physician, Emergency Medicine, Boston Children’s 
Hospital, Boston, Massachusetts

Catherine A. Marco, MD
Professor, Emergency Medicine, Wright State University 

Boonshoft School of Medicine; Attending Physician, 
Emergency Medicine, Miami Valley Hospital, Dayton, Ohio

Marc L. Martel, MD
Faculty, Department of Emergency Medicine, Hennepin County 

Medical Center; Associate Professor, Department of 
Emergency Medicine, University of Minnesota, Minneapolis, 
Minnesota

Ryanne J. Mayersak, MS, MD
Assistant Professor, Assistant Residency Director, Department of 

Emergency Medicine, Oregon Health & Science University, 
Portland, Oregon

Maryann Mazer-Amirshahi, PharmD, MD, MPH
Assistant Professor, Emergency Medicine, MedStar Washington 

Hospital Center; Assistant Professor of Emergency Medicine, 
Georgetown University School of Medicine, Washington, DC

Maureen McCollough, MD, MPH
Associate Professor of Emergency Medicine, USC Keck School 

of Medicine, Department of Emergency Medicine, 
Oliveview-UCLA Medical Center, Sylmar, California

Taylor McCormick, MD, MS
Emergency Medicine Physician, Denver Health Medical Center, 

Denver, Colorado; Instructor, Department of Emergency 
Medicine, University of Colorado School Of Medicine, 
Aurora, Colorado

Michael T. McCurdy, MD
Associate Professor, Departments of Medicine (Division of 

Pulmonary and Critical Care) and Emergency Medicine, 
University of Maryland School of Medicine, Baltimore, 
Maryland



xiv Contributors

Nathanael J. McKeown, DO
Assistant Professor, Department of Emergency Medicine, 

Oregon Health and Science University; Attending Physician, 
Department of Emergency Medicine, Portland VA Medical 
Center, Portland, Oregon

Jeffry McKinzie, MD
Assistant Professor, Emergency Medicine; Assistant Professor, 

Pediatrics, Vanderbilt University, Nashville, Tennessee

Kemedy K. McQuillen, MD
Attending Physician, Emergency Medicine, St. Mary’s Regional 

Medical Center, Lewiston, Maine

Timothy J. Meehan, MD, MPH
Assistant Clinical Professor, Emergency Medicine and Medical 

Toxicology, University of Illinois Hospital and Health Science 
System, Chicago, Illinois

David A. Meguerdichian, MD
Instructor of Emergency Medicine, Harvard Medical School; 

Brigham and Women’s Hospital, Boston, Massachusetts

Frantz R. Melio, MD
Director of Physician Outreach and Strategic Development, 

University of New Mexico Medical Group, University of New 
Mexico Health System, Albuquerque, New Mexico

Felipe Teran Merino, MD
Academic Chief Resident, Instructor, Department of Emergency 

Medicine, Icahn School of Medicine at Mount Sinai, New 
York, New York

William J. Meurer, MD, MS
Associate Professor, Department of Emergency Medicine, 

Associate Professor, Department of Neurology, University of 
Michigan, Ann Arbor, Michigan

Nathan W. Mick, MD
Director, Pediatric Emergency Medicine, Department of 

Emergency Medicine, Maine Medical Center, Portland, Maine

James R. Miner, MD
Chief of Emergency Medicine, Hennepin County Medical 

Center; Professor of Emergency Medicine, University of 
Minnesota, Minneapolis, Minnesota

Alicia B. Minns, MD
Assistant Clinical Professor of Emergency Medicine, Emergency 

Medicine, UCSD, San Diego, California

Jessica Monas, MD
Clinical Assistant Professor, Emergency Medicine, University of 

Arizona College of Medicine, Phoenix, Arizona

Andrew A. Monte, MD
Associate Professor, Department of Emergency Medicine, 

University of Colorado School of Medicine, Aurora, 
Colorado

Gregory P. Moore, MD, JD
Faculty Emergency Medicine Residency, Madigan Army Medical 

Center, Tacoma, Washington

Gregory J. Moran, MD
Professor, Department of Clinical Emergency and Medicine, 

David Geffen School of Medicine at UCLA, Los Angeles, 
California; Department of Emergency Medicine and Division 
of Infectious Diseases, Olive View-UCLA Medical Center, 
Sylmar, California

Raveendra S. Morchi, MD
Associate Professor in Emergency Medicine, Department of 

Emergency Medicine, Harbor- UCLA Medical Center, 
Torrance, California

Robert L. Muelleman, MD
Professor and Chair, Department of Emergency Medicine, 

University of Nebraska Medical Center, Omaha, Nebraska

Brittany Lee Murray, MD
Assistant Professor, Division of Pediatric Emergency Medicine, 

Emory University School of Medicine, Atlanta, Georgia; 
Honorary Lecturer, Emergency Medicine Department, 
Muhimbili University of Health and Allied Sciences, Dar es 
Salaam, Tanzania

Mark B. Mycyk, MD
Attending Physician, Emergency Medicine, Cook County 

Hospital; Research Director, Toxikon Consortium, Chicago, 
Illinois

Joshua Nagler, MD, MHPEd
Assistant Professor, Pediatrics and Emergency Medicine, 

Harvard Medical School; Fellowship Director, Division of 
Emergency Medicine, Boston Children’s Hospital, Boston, 
Massachusetts

Sidhant Nagrani, MD
Director of Residency Simulation, Emergency Medicine, Emory 

School of Medicine, Atlanta, Georgia

Anthony M. Napoli, MD
Associate Professor of Emergency Medicine, Department of 

Emergency Medicine, The Warren Alpert Medical School at 
Brown University, Providence, Rhode Island

Lewis S. Nelson, MD
Professor and Chair, Department of Emergency Medicine, New 

Jersey Poison Information and Education System, Rutgers 
New Jersey Medical School, Newark, New Jersey

Michael E. Nelson, MD, MS
Attending Physician, Emergency Medicine, NorthShore 

University Health System, Evanston, Illinois; Attending 
Physician, Emergency Medicine, Toxicology, Cook County 
Hospital Stroger), Chicago, Illinois

Robert W. Neumar, MD, PhD
Professor and Chair, Department of Emergency Medicine, 

University of Michigan Health System, Ann Arbor, Michigan

Kim Newton, MD
Associate Professor, Emergency Medicine, USC, Keck School of 

Medicine, Los Angeles, California



xvContributors

Thomas Nguyen, MD
Associate Program Director, Emergency Medicine, Mount Sinai 

Beth Israel, New York, New York

James R. Nichols III, DO
Assistant Professor, Assistant Director of Emergency Ultrasound, 

Emergency Medicine, Univeristy of Mississippi Medicial 
Center, Jackson, Mississippi

James T. Niemann, MD
Professor of Medicine, UCLA School of Medicine, Department 

of Emergency Medicine, Harbor-UCLA Medical Center, 
Torrance, California

Jenna K. Nikolaides, MD, MA
Medical Toxicology Fellow, Toxikon Consortium, Chicago, 

Illinois

Kimberly Nordstrom, MD, JD
Medical Director, Psychiatric Emergency Services, Department 

of Psychiatry, Denver Health Medical Center, Denver, 
Colorado; Assistant Professor, Department of Psychiatry, 
University of Colorado Anschutz Medical Campus, Aurora, 
Colorado

Richard M. Nowak, MD, MBA
Emergency Medicine, Henry Ford Health System; Professor, 

Emergency Medicine, Wayne State Medical School, Detroit, 
Michigan; Clinical Associate Professor, Emergency Medicine, 
University of Michigan Medical School, Ann Arbor, Michigan

John F. O’Brien, BS, MD
Attending Physician, Department of Emergency Medicine, 

Orlando Regional Medical Center; Associate Clinical 
Professor, Department of Emergency Medicine, University of 
Central Florida, Orlando, Florida; Associate Clinical 
Professor, Department of Surgery, University of Florida, 
Gainesville, Florida

Adedamola A. Ogunniyi, MD
Faculty, Department of Emergency Medicine, Director, Process 

and Quality Improvement Program, Harbor-UCLA Medical 
Center, Torrance, California

Kelly P. O’Keefe, MD
Program Director, Emergency Medicine, Unversity of South 

Florida-Tampa General Hospital, Tampa, Florida

Edward Joseph Otten, MD
Professor of Emergency Medicine and Pediatrics, Director, 

Division of Toxicology, University of Cincinnati College of 
Medicine, Cincinnati, Ohio

Leslie C. Oyama, MD
Associate Clinical Professor, Emergency Medicine, University of 

California, San Diego, San Diego, California

Patricia Padlipsky, MD, MS
Associate Clinical Professor of Pediatrics, David Geffen School 

of Medicine, University of California at Los Angeles, Los 
Angeles, California; Director, Pediatric Emergency 
Department, Harbor-UCLA Medical Center, Torrance, 
California

Daniel J. Pallin, MD, MPH
Research Director, Department of Emergency Medicine, 

Brigham and Women’s Hospital; Assistant Professor, 
Department of Emergency Medicine, Harvard Medical 
School, Boston, Massachusetts

Linda Papa, MD, MSc
Director of Academic Clinical Research, Professor of Emergency 

Medicine, Orlando Regional Medical Center; Professor, 
Department of Medicine, University of Central Florida, 
Orlando, Florida; Adjunct Professor, Emergency Medicine, 
University of Florida, Gainesville, Florida; Adjunct Professor, 
Neurology and Neurosurgery, McGill University, Montreal, 
Quebec, Canada

Ram Parekh, BA, MD
Assistant Professor, Emergency Department, Icahn School of 

Medicine at Mount Sinai, New York, New York; Attending 
Physician, Emergency Department, Elmhurst Hospital 
Center, Elmhurst, New York

Asad E. Patanwala, PharmD
Associate Professor, Pharmacy Practice and Science, The 

University of Arizona, Tucson, Arizona

David A. Peak, MD
Assistant Residency Director, Harvard Affiliated Emergency 

Medicine Residency, Emergency Medicine, Massachusetts 
General Hospital; Assistant Professor, Emergency Medicine 
(Surgery), Harvard Medical School, Boston, Massachusetts

Ryan Anthony Pedigo, MD
Director of Undergraduate Medical Education, Department of 

Emergency Medicine, Harbor-UCLA Medical Center, 
Torrance, California; Assistant Professor of Medicine, David 
Geffen School of Medicine at UCLA, Los Angeles, California

Debra Perina, MD
Professor, Division Director, Prehospital Care, Regional Quality 

Director, Emergency Medicine, University of Virginia, 
Charlottesville, Virginia

Andrew D. Perron, MD
Professor and Residency Program Director, Department of 

Emergency Medicine, Maine Medical Center, Portland, Maine

Shawna J. Perry, MD
Associate Professor, Emergency Medicine, University of Florida 

College of Medicine-Jacksonville, Jacksonville, Florida; 
Honorary Associate Professor, CPQI, Department of 
Industrial Engineering, University of Wisconsin-Madison, 
Madison, Wisconsin

Michael A. Peterson, MD
Assistant Professor, Department of Medicine, David Geffen 

School of Medicine at UCLA, Los Angeles, California; 
Director, Adult Emergency Department, Department of 
Emergency Medicine, Harbor-UCLA Medical Center, 
Torrance, California



xvi Contributors

James A. Pfaff, MD
Assistant Professor, Department of Military and Emergency 

Medicine, Uniformed Services University of the Health 
Sciences, Bethesda, Maryland; Department of Emergency 
Medicine, San Antonio Military Medical Center, Staff 
Physician, San Antonio Uniformed Services Health 
Education Consortium, San Antonio Military Medical 
Centers, Fort Sam Houston, Texas

Camiron L. Pfennig, MD, MHPE
Associate Professor, Emergency Medicine, University of South 

Carolina Greenville; Residency Program Director, Emergency 
Medicine, Greenville Health System, Greenville, South 
Carolina

Melissa Platt, MD
Associate Professor, Emergency Medicine, University of 

Louisville, Louisville, Kentucky

Charles V. Pollack, Jr., MA, MD
Professor, Emergency Medicine, Sidney Kimmel College of 

Medicine; Associate Provost, Associate Dean for Continuing 
Medical Education, Thomas Jefferson University, 
Philadelphia, Pennsylvania

Trevor R. Pour, BA, MD
Assisstant Residency Program Director, Department of 

Emergency Medicine, Mount Sinai Hospital, New York,  
New York

Timothy G. Price, MD
Associate Professor, Emergency Medicine, University of 

Louisville, Louisville, Kentucky

Michael A. Puskarich, MD
Associate Professor, Research Director, University of Mississippi 

Medical Center, Jackson, Mississippi; Emergency Medicine, 
Carolinas Medical Center, Charlotte, North Carolina

Tammie E. Quest, MD
Professor, Emory University School of Medicine, Department of 

Emergency Medicine; Director, Emory Palliative Care Center; 
Chief, Department of Veterans Affairs, Hospice and Palliative 
Medicine, Atlanta, Georgia

Elaine Rabin, MD
Icahn School of Medicine at Mount Sinai, New York, New York

Ali S. Raja, MD, MBA, MPH
Vice Chairman, Department of Emergency Medicine, 

Massachusetts General Hospital; Associate Professor of 
Emergency Medicine and Radiology, Harvard Medical 
School, Boston, Massachusetts

Rama B. Rao, MD
Assistant Professor, Chief, Division of Medical Toxicology, 

Department of Emergency Medicine, New York Presbyterian 
Hospital, Weill Cornell Medicine, New York, New York

Neha P. Raukar, MD, MS
Assistant Professor, Emergency Medicine, Warren Alpert Medical 

School of Brown University; Attending Physician, Emergency 
Medicine, Rhode Island-Miriam Hospital; Director, 
Emergency Medicine, Center for Sports Medicine, 
Providence, Rhode Island

Robert F. Reardon, MD
Professor, Department of Emergency Medicine, University of 

Minnesota; Faculty Physician, Department of Emergency 
Medicine, Hennepin County Medical Center, Minneapolis, 
Minnesota

David B. Richards, MD, FACEP
Assistant Professor, Department of Emergency Medicine, 

University of Colorado School of Medicine; Director, 
Medical Student and Intern Clerkship, Department of 
Emergency Medicine, Denver Health Medical Center, Denver, 
Colorado

Ralph J. Riviello, MD, MS
Professor and Vice Chair of Clinical Operations, Emergency 

Medicine, Drexel University College of Medicine; Medical 
Director, Philadelphia Sexual Assault Response Center, 
Philadelphia, Pennsylvania

Daniel W. Robinson, MD
Assistant Professor of Medicine, Section of Emergency 

Medicine, Department of Medicine, University of Chicago 
Medicine and Biological Sciences, Chicago, Illinois

Howard Rodenberg, MD, MPH
Emergency Physician, Stormont-Vail HealthCare, Topeka, 

Kansas; Physician Advisor, Clinical Documentation 
Improvement, Baptist Health of Northeast Florida, 
Jacksonville, Florida

Chad E. Roline, MD
Department of Emergency Medicine, North Memorial Health 

Care, Robbinsdale, Minnesota

Genie E. Roosevelt, MD, MPH
Associate Professor, Emergency Medicine, Denver Health 

Medical Center, Denver, Colorado

Emily Rose, MD
Assistant Professor of Clinical Emergency Medicine, Department 

of Emergency Medicine, LA County + USC Medical Center, 
Keck School of Medicine of the University of Southern 
California, Los Angeles, California

Gabriel Rose, DO
Clinical Instructor, Department of Emergency Medicine, Mount 

Sinai St. Luke’s-Mount Sinai West Hospitals, New York, New 
York

Nicholas G.W. Rose, MD, PhD, FRCPC, Dip Sports Med 
(CASEM)
Clinical Assistant Professor, Department of Emergency 

Medicine,University of British Columbia, Vancouver, British 
Columbia, Canada

Tony Rosen, MD, MPH
Instructor in Medicine, Division of Emergency Medicine, Weill 

Cornell Medical College, New York, New York

Anne-Michelle Ruha, MD
Fellowship Director, Medical Toxicology, Banner Good 

Samaritan Medical Center, Phoenix, Arizona



xviiContributors

Christopher S. Russi, DO
Chair, Division of Community Emergency Medicine, 

Department of Emergency Medicine; Assistant Professor of 
Emergency Medicine, Mayo Clinic, Rochester, Minnesota

Bisan A. Salhi, MD
Assistant Professor, Emergency Medicine, Emory University, 

Atlanta, Georgia

Arthur B. Sanders, MD, MHA
Professor, Emergency Medicine, University of Arizona, Tucson, 

Arizona

Genevieve Santillanes, MD
Assistant Professor, Emergency Medicine, Keck School of 

Medicine of the University of Southern California, Los 
Angeles, California

Richard J. Scarfone, MD
Associate Professor, Pediatrics, Perelman School of Medicine at 

the University of Pennsylvania; Attending Physician, Division 
of Emergency Medicine, Children’s Hospital of Philadelphia, 
Philadelphia, Pennsylvania

Carl H. Schultz, MD, FACEP
Professor of Emergency Medicine and Public Health, Director of 

Research, Center for Disaster Medical Sciences; Director, 
EMS and Disaster Medical Sciences Fellowship, University of 
California Irvine School of Medicine, Irvine, California; 
Director, Disaster Medical Services, Department of 
Emergency Medicine, University of California Irvine Medical 
Center, Orange, California

Jeremiah D. Schuur, MD, MHS
Chief, Division of Health Policy Translation, Department of 

Emergency Medicine; Vice Chair, Quality and Safety Clinical 
Affairs, Department of Emergency Medicine, Brigham and 
Women’s Hospital; Assistant Professor, Department of 
Emergency Medicine, Harvard Medical School, Boston, 
Massachusetts

Halden F. Scott, MD
Assistant Professor, Pediatrics and Emergency Medicine, 

University of Colorado School of Medicine; Attending 
Physician, Section of Emergency Medicine, Children’s 
Hospital Colorado, Aurora, Colorado

Raghu Seethala, MD
Instructor, Emergency Medicine, Harvard Medical School; 

Emergency Medicine, Brigham and Women’s Hospital, 
Boston, Massachusetts

Jeffrey A. Seiden, MD
Associate Medical Director, Pediatric Emergency Medicine, 

CHOP at Virtua, Voorhees, New Jersey

Todd A. Seigel, MD
Staff Physician, Emergency Medicine and Critical Care 

Medicine, Kaiser Permanente, Oakland Medical Center, 
Oakland, California

Rachel Semmons, MD
Associate Education Director, Senior Emergency Medicine 

Clerkship Director, Associate Fellowship Director EMS 
Fellowship, Emergency Medicine, University of South 
Florida; Associate Department Director, Emergency 
Medicine, Tampa General Hospital, Tampa, Florida

Joseph Sexton, MD, FACEP
Attending Physician, Emergency Medicine, Lehigh Valley Health 

Network, Allentown, Pennsylvania

Nathan I. Shapiro, MD, MPH
Vice Chairman of Emergency Medicine Research, Department 

of Emergency Medicine, Beth Israel Deaconess Medical 
Center, Boston, Massachusetts

Dag Shapshak, MD
Associate Professor, Department of Emergency Medicine, 

University of Alabama, Birmingham, Birmingham, Alabama

Peter Shearer, MD
Medical Director, Emergency Medicine, Mount Sinai Hospital, 

New York, New York

Sanjay N. Shewakramani, MD
Assistant Professor, Department of Emergency Medicine, 

University of Cincinnati, Cincinnati, Ohio

Lee W. Shockley, MD, MBA
Attending Emergency Physician, Emergency Medicine, 

CarePoint; Professor, Emergency Medicine, The University of 
Colorado School of Medicine, Denver, Colorado

Jan M. Shoenberger, MD
Residency Director, Emergency Medicine, Los Angeles County + 

USC Medical Center; Associate Professor of Clinical 
Emergency Medicine, Emergency Medicine, Keck School of 
Medicine of USC, Los Angeles, California

Barry C. Simon, MD
Chairman, Department of Emergency Medicine, Highland 

General Hospital; Professor of Emergency Medicine, 
University of California San Francisco, San Francisco, 
California

Adam J. Singer, MD
Professor and Vice Chairman, Emergency Medicine, Stonybrook 

University, Stony Brook, New York

Aaron B. Skolnik, MD
Assistant Medical Director, Banner Good Samaritan Poison and 

Drug Information Center, Department of Medical 
Toxicology, Banner-University Medical Center Phoenix; 
Clinical Assistant Professor, Department of Emergency 
Medicine, University of Arizona College of Medicine-
Phoenix, Phoenix, Arizona

Corey M. Slovis, MD
Chairman, Emergency Medicine, Vanderbilt University Medical 

Center; Medical Director, Nashville Fire Department; Medical 
Director, Nashville International Airport, Nashville, 
Tennessee



xviii Contributors

Clay Smith, MD
Assistant Professor of Emergency Medicine, Internal Medicine, 

and Pediatrics, Emergency Medicine, Vanderbilt University 
Medical Center, Nashville, Tennessee

Kurt A. Smith, MD, FACEP
Assistant Professor, Emergency Medicine, Vanderbilt University, 

Nashville, Tennessee

David C. Snow, MD, MSc
Assistant Residency Director, Assistant Professor of Emergency 

Medicine, Emergency Medicine, University of Illinois at 
Chicago, Chicago, Illinois

Peter E. Sokolove, MD
Professor and Chair, Department of Emergency Medicine, 

University of California San Francisco School of Medicine, 
San Francisco, California; Sacramento

David M. Somand, MD
Assistant Professor, Department of Emergency Medicine, 

University of Michigan Hospital, Ann Arbor, Michigan

Benjamin Squire, MD, MPH
Clinical Instructor of Medicine, David Geffen School of 

Medicine at UCLA, Department of Emergency Medicine, 
Harbor-UCLA Medical Center, Torrance, California

Stephen C. Stanfield, M.Arch, MD
Emergency Medicine, Regions Hospital, St. Paul, Minnesota

Dana A. Stearns, MD
Associate Physician, Department of Emergency Medicine, 

Massachusetts General Hospital; Assistant Profesor of 
Emergency Medicine, Associate Advisory Dean, William 
Bosworth Castle Society, Harvard Medical School, Boston, 
Massachusetts

Michael E. Stern, MD
Assistant Professor of Clinical Medicine, Division of Emergency 

Medicine, Weill Cornell Medical Center, New York, New York

Brian A. Stettler, MD
Assistant Professor of Clinical Medicine, Division of Emergency 

Medicine, University of Cincinnati, Cincinnati, Ohio

Michael B. Stone, MD
Chief, Division of Emergency Ultrasound, Emergency Medicine, 

Brigham and Women’s Hospital, Boston, Massachusetts

Reuben J. Strayer, MD
Department of Emergency Medicine, Icahn School of Medicine at 

Mount Sinai, NYU School of Medicine, New York, New York

Amita Sudhir, MD
Assistant Professor, Emergency Medicine, University of Virginia, 

Charlottesville, Virginia

Ramin R. Tabatabai, MD
Assistant Professor of Clinical Emergency Medicine, Keck 

School of Medicine of the University of Southern California; 
Assistant Program Director, Department of Emergency 
Medicine, LAC + USC Medical Center, Los Angeles, 
California

Morsal Tahouni, MD
Assistant Medical Director, Department of Emergency Medicine, 

Boston Medical Center; Assistant Professor of Medicine, 
Department of Emergency Medicine, Boston University 
School of Medicine, Boston, Massachusetts

Sukhjit S. Takhar, MD
Instructor, Medicine (Emergency Medicine), Harvard Medical 

School; Attending Physician, Emergency Medicine, Brigham 
and Women’s Hospital, Boston, Massachusetts

Nelson Tang, MD, FACEP
Associate Professor, Emergency Medicine, Johns Hopkins 

Uniiversity School of Medicine; Director, Division of Special 
Operations, Johns Hopkins Medical Institutions; Chief 
Medical Officer, Center for Law Enforcement Medicine, 
Baltimore, Maryland

Todd Andrew Taylor, MD
Assistant Professor, Emergency Medicine, Emory University 

School of Medicine, Atlanta, Georgia

James L. Thea, MD
Associate Professor of Emergency Medicine, Emergency 

Medicine, Boston University School of Medicine, Boston, 
Massachusetts

Jillian L. Theobald, MD, PhD
Assistant Professor, Department of Emergency Medicine, 

Medical College of Wisconsin, Milwaukee, Wisconsin

Molly E.W. Thiessen, MD
Assistant Emergency Ultrasound Director, Emergency Medicine, 

Denver Health Medical Center, Denver, Colorado; Assistant 
Professor, Emergency Medicine, University of Colorado 
School of Medicine, Aurora, Colorado

J. Jeremy Thomas, MD
Associate Professor, Medical Director, University Emergency 

Department, Emergency Medicine, University of Alabama at 
Birmingham, Birmingham, Alabama

Stephen H. Thomas, MD, MPH
Professor and Chair, Hamad Medical Corporation, Department 

of Emergency Medicine; Chief of Service, Hamad General 
Hospital Emergency Department, Weill Cornell Medical 
College in Qatar, Doha, Qatar

Trevonne M. Thompson, MD, FACEP, FACMT
Associate Professor, Emergency Medicine and Medical 

Toxicology, Director, Division of Medical Toxicology, 
Department of Emergency Medicine, University of Illinois at 
Chicago, Chicago, Illinois

Carrie D. Tibbles, MD
Associate Director, Graduate Medical Education, Beth Israel 

Deaconess Medical Center; Associate Program Director, 
Harvard Affiliated Emergency Medicine Residency; Assistant 
Professor of Medicine, Harvard Medical School, Boston, 
Massachusetts

Glenn F. Tokarski, MD
Emergency Medicine, Henry Ford Hospital, Detroit, Michigan



xixContributors

Veronica Vasquez, MD
Assistant Professor, Department of Emergency Medicine, 

University of Southern California, LAC + USC Medical 
Center, Los Angeles, California

David A. Wacker, MD, PhD
Assistant Professor, Department of Medicine (Division of 

Pulmonary, Allergy, Critical Care, and Sleep Medicine), 
University of Minnesota Medical School, Minneapolis, 
Minnesota

Laura Walker, MD
Clinical Instructor, Emergency Medicine, Mayo Medical School, 

Rochester, Minnesota

Ron M. Walls, MD
Executive Vice President and Chief Operating Officer, Brigham 

Health; Neskey Family Professor of Emergency Medicine, 
Harvard Medical School, Boston, Massachusetts

George Sam Wang, MD
Assistant Professor of Pediatrics, Department of Pediatrics, 

Section of Emergency Medicine and Medical Toxicology, 
Children’s Hospital Colorado, University of Colorado 
Anschutz Medical Campus, Aurora, Colorado

Matthew A. Waxman, MD, DTM and H
Associate Clinical Professor, Department of Emergency 

Medicine and Department of Medicine, Olive View-UCLA 
Medical Center, Los Angeles, California

Robert L. Wears, MD, MS, PhD
Professor, Emergency Medicine, University of Florida, 

Jacksonville, Florida; Visiting Professor, Clinical Safety 
Research Unit, Imperial College London, London, England

Lori Weichenthal, MD
Professor of Clinical Emergency Medicine, Emergency Medicine, 

UCSF Fresno, Fresno, California

Katherine Welker, MD, MPH
Attending Physician, Department of Emergency Medicine, San 

Diego, California; Toxicology Fellowship, Toxikon 
Consortium, Cook County Hospital, Chicago, Illinois

Matthew A. Wheatley, MD
Assistant Professor, Emergency Medicine, Emory University 

School of Medicine, Atlanta, Georgia

John M. Wightman, MD, MA, FACEP
Director, Human Research Protection Program, 711th Human 

Performance Wing, Air Force Research Laboratory, Wright-
Patterson Air Force Base, Ohio; Adjunct Professor, 
Department of Military and Emergency Medicine, F. Edward 
Hébert School of Medicine, Uniformed Services University, 
Bethesda, Maryland; Clinical Professor, Department of 
Emergency Medicine, Boonshoft School of Medicine, Wright 
State University, Dayton, Ohio

David T. Williams, MD
Attending Staff Physician, Department of Emergency Medicine, 

Maui Memorial Medical Center, Wailuku, Hawaii

Craig A. Williamson, MD
Assistant Professor, Neurosurgery, Assistant Professor, 

Neurology, University of Michigan, Ann Arbor, Michigan

Matthew D. Wilson, MD
Attending Physician, Emergency Medicine, Washington Hospital 

Center; Assistant Professor of Emergency Medicine, 
Georgetown University School of Medicine, Washington, DC

Adria Ottoboni Winter, MD
Assistant Clinical Professor, Department of Emergency 

Medicine, Kern Medical/UCLA, Bakersfield, California

Allan B. Wolfson, MD, FACEP, FACP
Professor of Emergency Medicine, Vice Chair for Education, 

Department of Emergency Medicine, University of 
Pittsburgh, Pittsburgh, Pennsylvania

Andrea W. Wu, MD, MMM, FACEP
Core Faculty, Department of Emergency Medicine; Director, 

Adult Emergency Department, Harbor-UCLA Medical 
Center, Torrance, California

Donald M. Yealy, MD
Professor and Chair, Emergency Medicine, University of 

Pittsburgh, Pittsburgh, Pennsylvania

Ken Zafren, MD, FAAEM, FACEP, FAWM
Emergency Programs Medical Director, State of Alaska, 

Anchorage, Alaska; Clinical Professor, Department of 
Emergency Medicine, Stanford University Medical Center, 
Stanford, California; Staff Emergency Physician, Alaska 
Native Medical Center, Anchorage, Alaska

Brian J. Zink, MD
Professor and Chair, Emergency Medicine, Alpert Medical 

School of Brown University; Physician-in-Chief, Emergency 
Medicine, Rhode Island, Newport and The Miriam Hospitals, 
Providence, Rhode Island

Leslie S. Zun, MD, MBA
Professor and Chair, Emergency Medicine, Rosalind Franklin 

University of Medicine and Science-Chicago Medical School, 
North Chicago, Illinois; System Chair, Emergency Medicine, 
Sinai Health System, Chicago, Illinois



xxi

When we began planning for this ninth edition, we challenged 
ourselves to make substantial and meaningful improvements to a 
book that has become the trusted standard in our field. With 
broad and rapid changes occurring in health care and information 
sciences, we recognized that relevance is not an accidental or 
passive concept. To advance in relevance and consolidate the 
book’s position as the defining reference in our specialty, we care-
fully and deliberately undertook bold changes that we know make 
the book at once fresh, directive, and current in a way we have 
never before dared.

First, we created a substantially enhanced role for our editors, 
one that would demand a great deal more of their time, creativity, 
and energy. This helped us build a substantially different team  
of editors, a perfectly balanced blend of those with great experi-
ence with prior editions and those who would bring new ideas 
and challenge our assumptions. Ron Walls was asked to serve as 
Editor-in-Chief, with Bob Hockberger in his long-standing role as 
senior editor. Marianne Gausche-Hill, a highly respected academic 
emergency physician with service as editor on four previous  
editions, stepped up to complete our senior editorial ranks. At  
the editor level, Dr. Andy Jagoda returns and is joined by six 
brilliant new editors drawn from academic programs from coast 
to coast—Drs. Katherine Bakes, Jill Baren, Timothy Erickson, Amy 
Kaji, Michael VanRooyen, and Richard Zane. This dynamic and 
innovative editorial team has dramatically redrawn our text’s 
blueprint by preserving what has served our readers the best,  
such as well-written discussions of the pathophysiologic basis of 
illness and injury, while moving in entirely new directions in 
providing pithy, clear, and succinct recommendations for diagno-
sis and treatment.

We collectively determined that all references prior to 2010 
have been sufficiently long in the public domain that they no 
longer warrant citation. The infrequent exception to this is for 
guidelines that were issued in 2007 or later and have not been 
reissued or supplanted since. Strict adherence to our referenc-
ing policy required authors to diligently provide well-researched 
and detailed updates to their chapter content, based on only the 
most recent and relevant medical literature. In cases in which 
the literature is controversial or unclear, we have used the 
combined experience and expertise of our authors and editors 
to present cogent analyses of diagnostic and treatment options, 

make specific recommendations, and give the reader clear indica-
tions of the preferred actions. This makes the book much more 
immediately relevant for emergency clinicians. We recognize that 
emergency medicine is practiced by specialist emergency physi-
cians, other physicians, residents and other trainees, and a variety 
of nonphysician practitioners, so were careful to ensure that we 
are addressing all these groups with the same concise, highest 
quality information and recommendations.

We revisited page counts for every chapter, adjusting alloca-
tions where indicated, and added new chapters on several impor-
tant topics. We focused anew on consistency and redundancy, 
enhancing the former and minimizing the latter. We moved  
some chapters to online access only, allowing us to add new topics 
of interest, such as drug therapy for older patients, and have 
provided a rich array of dynamic videos and images, especially in 
emergency ultrasound. We substantially expanded and reorganized 
the pediatric emergency medicine section, introducing dedicated 
pediatric chapters on airway management, procedural sedation, 
and drug therapy. We introduced significant new material on 
emergencies in the pregnant woman, the patient with cancer, and 
a variety of other highly important clinical conditions. And, in 
every possible case, we insisted on adherence to referencing and 
writing requirements, a focus on relevant directive information, 
and appropriate use of prose and illustrations to provide the 
perfect balance of depth, breadth, and ready accessibility.

We are enormously proud of the result, a different, more read-
able “Rosen,” preserving the gravitas earned over 30 years as the 
most important book in our specialty while embracing the 
modern era of emergency medicine practice and research and an 
entirely new generation of learners and practitioners. For those 
who have owned prior editions, we appreciate your loyalty over 
so many years and hope to reward it with a significantly improved 
and useful companion for your continuing learning and practice 
of this great specialty. For our newer readers, welcome, and thank 
you for inspiring us to make significant changes to an iconic and 
timeless part of our academic heritage.

Ron M. Walls
Robert S. Hockberger

Marianne Gausche-Hill

Preface to the Ninth Edition



How This Medical Textbook Should Be Viewed by the Practicing Clinician 
and Judicial System

The editors and authors of this text strongly believe that the complex practice of medicine, vagaries 
of human diseases, unpredictability of pathologic conditions, and functions, dysfunctions, and 
responses of the human body cannot be defined, explained, or rigidly categorized by any written 
document. Therefore, it is neither the purpose nor intent of our textbook to serve as an authoritative 
source on any medical condition, treatment plan, or clinical intervention, nor should our textbook be used 
to rigorously define a standard of care that should be practiced by all clinicians.

Our written word provides the physician with a literature-referenced database and a reasonable 
clinical guide combined with practical suggestions from individual experienced practitioners. We offer 
a general reference source and clinical road map on a variety of conditions and procedures that may 
confront emergency clinicians who are experienced in emergency medicine practice. This text cannot 
replace physician judgment, cannot describe every possible aberration, nuance, clinical scenario,  
or presentation, and cannot define rigid standards for clinical actions or procedures. Every medical 
encounter must be individualized, and every patient must be approached on a case-by-case basis. No 
complex medical interaction can possibly be reduced to the written word. The treatments, procedures, 
and medical conditions described in this text do not constitute the total expertise or knowledge base 
expected to be possessed by all emergency clinicians. Finally, many of the described complications and 
adverse outcomes associated with implementing or withholding complex medical and surgical inter-
ventions may occur, even when every aspect of the intervention has been standard or performed 
correctly.

The editors and authors of Rosen’s Emergency Medicine:
Concepts and Clinical Practice, Ninth Edition
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SECTION ONE

Critical Management Principles

PRINCIPLES

Background

Airway management is the cornerstone of resuscitation and is a 
defining skill for the specialty of emergency medicine. The emer-
gency clinician has primary airway management responsibility, 
and all airway techniques lie within the domain of emergency 
medicine. Although rapid sequence intubation (RSI) is the most 
commonly used method for emergent tracheal intubation, emer-
gency airway management includes various intubation techniques 
and devices, approaches to the difficult airway, and rescue tech-
niques when intubation fails.

Anatomy, Physiology, and Pathophysiology

The decision to intubate should be based on careful patient  
assessment and appraisal of the clinical presentation with  
respect to three essential criteria: (1) failure to maintain or  
protect the airway; (2) failure of ventilation or oxygenation; and 
(3) the patient’s anticipated clinical course and likelihood of 
deterioration.

Failure to Maintain or Protect the Airway

A patent airway is essential for adequate ventilation and oxygen-
ation. If a patient is unable to maintain a patent airway, the  
airway should be established by using airway maneuvers such as 
repositioning, chin lift, jaw thrust, or insertion of an oral or nasal 
airway. Likewise, the patient must be able to protect against the 
aspiration of gastric contents, which carries significant morbidity 
and mortality. Historically, the presence of a gag reflex has  
been advocated as a reliable indicator of the patient’s ability to 
protect the airway, but this has been definitively proven to be 
unreliable because the gag reflex is absent in 12% to 25% of 
normal adults, and there is no evidence that its presence or 
absence corresponds to airway protective reflexes or predicts the 
need for intubation. The patient’s ability to swallow or handle 
secretions is a more reliable indicator of airway protection. The 
recommended approach is to evaluate the patient’s level of con-
sciousness, ability to phonate in response to voice command or 
query, which provides information about the integrity of the 
upper airway and level of consciousness, and ability to manage his 
or her own secretions (eg, pooling of secretions in the orophar-
ynx, absence of swallowing spontaneously or on command). In 
general, a patient who requires a maneuver to establish a patent 
airway or who easily tolerates an oral airway requires intubation 
for airway protection, unless there is a temporary or readily 
reversible condition, such as an opioid overdose.

Failure of Ventilation or Oxygenation

Gas exchange, both oxygenation and removal of carbon dioxide, 
is required for vital organ function. Ventilatory failure that is not 
reversible by clinical means or persistent hypoxemia despite 
maximal oxygen supplementation is a primary indication for 
intubation. This assessment is clinical and includes an evaluation 
of the patient’s general status, oxygen saturation by pulse oxim-
etry, and ventilatory pattern. Continuous capnography also can 
be helpful but is not essential if oximetry readings are reliable. 
Arterial blood gases (ABGs) generally are not required to deter-
mine the patient’s need for intubation. In most cases, clinical 
assessment, including pulse oximetry with or without capnogra-
phy, and observation of improvement or deterioration in the 
patient’s clinical condition lead to a correct decision. ABG results 
are rarely helpful, are time-consuming to obtain, and may be 
misleading, causing a false sense of security and delay in intubat-
ing a deteriorating patient. If obtained, they should be interpreted 
carefully in the context of the patient’s clinical status. Patients who 
are clinically improving despite severe or apparently worsening 
ABG alterations may not require intubation, whereas a rapidly 
tiring asthmatic may require intubation, even though ABG values 
are only modestly disturbed.

The need for prolonged mechanical ventilation generally man-
dates intubation. An external mask device, continuous positive 
airway pressure (CPAP) and bi-level positive airway pressure (BL-
PAP), have all been used successfully to manage patients with 
exacerbations of chronic obstructive pulmonary disease (COPD) 
and congestive heart failure, obviating the need for intubation (see 
Chapter 2) but, despite these advances, many patients who need 
assisted ventilation or positive pressure to improve oxygenation 
require intubation.1,2

Anticipated Clinical Course

Certain conditions indicate the need for intubation, even without 
an immediate threat to airway patency or adequacy of ventilation 
and oxygenation. These conditions are characterized by a moder-
ate to high likelihood of predictable airway deterioration or the 
need for intubation to facilitate a patient’s evaluation and treat-
ment. Intubation may be indicated relatively early in the course 
of certain overdoses. Although the patient initially may be protect-
ing the airway and exchanging gas adequately, intubation is advis-
able to guard against the strong likelihood of clinical deterioration, 
which can occur after the initial phase of care when the patient is 
no longer closely observed. A patient who has sustained signifi-
cant multiple traumatic injuries may require intubation, even  
if the patient is ventilating normally through a patent airway  
and has adequate oxygen levels. For example, a multiple trauma 
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it is part of a planned approach to the difficult airway. This may 
include use of a double setup, in which a rescue approach, such 
as cricothyrotomy, is simultaneously prepared in the event of 
intubation failure. Regardless of the results of a reassuring bedside 
assessment for airway difficulty, significant challenges may be 
encountered with intubation and bag mask ventilation and the 
clinician must be prepared for unanticipated difficulty.

Difficult Direct Laryngoscopy: LEMON

Glottic visualization is paramount in emergency airway manage-
ment. With direct laryngoscopy (DL), if the vocal cords can be 
seen (Cormack and Lehane [CL] grade I or II view; Fig. 1.1), the 
chance of intubation success is high. However, when the glottic 
aperture cannot be visualized (CL grade III or IV), intubation 
success is less likely. Very few of the difficult airway markers 
thought to limit DL access have been scientifically validated, yet 
applying them in combination can provide a reasonable assess-
ment of anticipated airway difficulty. Videolaryngoscopy, on  
the other hand, rarely fails to provide adequate laryngeal visual-
ization, so characterization of difficult videolaryngoscopy predic-
tors may not be possible. Like DL, adequate video views are  
highly correlated with intubation success, although the strength 
of this association can depend on the device used and operator 
experience.3,6,7 Whether DL or videolaryngoscopy is planned, a 
standard screening process for difficulty should be undertaken 
with every patient. Our recommended approach uses the mne-
monic LEMON (Box 1.1).

L—Look Externally.  The patient first should be examined 
for external markers of difficult intubation, which are determined 

patient with hypotension, open femur fracture, and diffuse 
abdominal tenderness warrants early intubation, even if the 
patient is initially awake and alert, without airway injury or 
hypoxemia. Active resuscitation, pain control, need for invasive 
procedures and imaging outside of the emergency department 
(ED), and inevitable operative management dictate the need for 
early airway control. In addition, a patient with penetrating neck 
trauma may have a patent airway and adequate gas exchange. 
Nevertheless, early intubation is advisable when there is evidence 
of vascular or direct airway injury because these patients tend to 
deteriorate, and increasing hemorrhage or swelling in the neck 
will compromise the airway and confound later attempts at 
intubation.

The common thread among these indications for intubation is 
the anticipated clinical course. In each case, it can be anticipated 
that future events may compromise the patient’s ability to main-
tain and protect the airway or ability to oxygenate and ventilate, 
and waiting until these occur may result in a difficult airway.

Identification of the Difficult Airway

In most patients, intubation is technically easy and straightfor-
ward. Although early ED-based observational registries reported 
cricothyrotomy rates of about 1% for all intubations, more recent 
studies have shown a lower rate, less than 0.5%.3 As would be 
expected with an unselected, unscheduled patient population, the 
ED cricothyrotomy rate is greater than in the operating room, 
which occurs in approximately 1 in 200 to 2000 elective general 
anesthesia cases.4 Bag-mask ventilation (BMV) is difficult in 
approximately 1 in 50 general anesthesia patients and impossible 
in approximately 1 in 600. BMV is difficult, however, in up to 
one-third of patients in whom intubation failure occurs, and dif-
ficult BMV makes the likelihood of difficult intubation four times 
higher and the likelihood of impossible intubation 12 times 
higher. The combination of failure of intubation, BMV, and oxy-
genation in elective anesthesia practice is estimated to be exceed-
ingly rare, roughly 1 in 30,000 elective anesthesia patients.4 These 
numbers cannot be extrapolated to populations of ED patients 
who are acutely ill or injured and for whom intubation is urgent 
and unavoidable. Although patient selection cannot occur, as with 
a preanesthetic visit, a preintubation analysis of factors predicting 
difficult intubation gives the provider the information necessary 
to formulate a safe and effective plan for intubation.

Preintubation assessment should evaluate the patient for 
potential difficult intubation and difficult BMV, placement of and 
ventilation with an extraglottic device (EGD; see later discussion), 
and cricothyrotomy. Knowledge of all four domains is crucial to 
successful planning. A patient who exhibits obvious difficult 
airway characteristics is highly predictive of a challenging intuba-
tion, although the emergency clinician should always be ready for 
a difficult to manage airway, because some difficult airways may 
not be identified by a bedside assessment.5

Airway difficulty exists on a spectrum and is contextual to  
the provider’s experience, environment, and armamentarium of 
devices. Airways predicted to be difficult when using a traditional 
laryngoscope may not prove to be difficult when a videolaryngo-
scope is used. Some patients may have a single minor anatomic 
or pathophysiologic reason for airway difficulty, whereas others 
may have numerous difficult airway characteristics. Although 
both sets of patients represent potential intubation challenges, the 
latter group would likely have crossed a threshold beyond which 
neuromuscular blockade would be avoided because a so-called 
can’t intubate and can’t oxygenate failed airway may ensue. In 
these cases, a preferred approach would include topical anesthesia, 
parenteral sedation, and intubation without the use of a neuro-
muscular blocking agent (NBMA). Occasionally, RSI remains the 
preferred method, despite a concerning bedside assessment, when 

Fig. 1.1.  Cormack and Lehane grading system for glottic view. (Modi-
fied from Walls RM, Murphy MF, editors: Manual of emergency airway 
management, ed 4, Philadelphia, 2012, Lippincott, Williams & Wilkins; 
with permission.)

Epiglottis

Grade 1

Grade 2

Grade 3

Grade 4

Vocal cord
Arytenoids

BOX 1.1 

LEMON Mnemonic for Evaluation of Difficult 
Direct Laryngoscopy

Look externally for signs of difficult intubation (by gestalt)
Evaluate 3-3-2 rule
Mallampati scale
Obstruction or obesity
Neck mobility

Adapted with permission from The Difficult Airway Course: Emergency and Walls RM, 
Murphy MF, eds: Manual of Emergency Airway Management, 4th ed. Philadelphia: 
Lippincott, Williams & Wilkins; 2012.
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III predicts moderate difficulty, and class IV predicts a high degree 
of difficulty. A meta-analysis has confirmed that the four-class 
Mallampati score performs well as a predictor of difficult laryn-
goscopy (and, less so, of difficult intubation), but the Mallampati 
score alone is not a sufficient assessment tool. A Mallampati score 
necessitates an awake compliant patient to perform the assess-
ment in the way in which it was originally described. Nearly 50% 

based simply on the intubator’s clinical impression or initial 
gestalt. For example, the severely bruised and bloodied face of a 
combative trauma patient, immobilized in a cervical collar on a 
spine board, should (correctly) invoke an immediate appreciation 
of anticipated difficult intubation. Subjective clinical judgment 
can be highly specific but insensitive and so should be augmented 
by other evaluations whether or not the airway appears to be 
challenging.

E—Evaluate 3-3-2.  The second step in the evaluation of 
the difficult airway is to assess the patient’s airway geometry to 
determine suitability for DL. Glottic visualization with a direct 
laryngoscope necessitates that the mouth opens adequately, the 
submandibular space is adequate to accommodate the tongue, 
and the larynx be positioned low enough in the neck to be acces-
sible. These relationships have been explored in various studies by 
external measurements of mouth opening, oropharyngeal size, 
neck movement, and thyromental distance. The 3-3-2 rule is an 
effective summary of these assessments.8 The 3-3-2 rule requires 
that the patient be able to place three of his or her own fingers 
between the open incisors, three of his or her own fingers along 
the floor of the mandible beginning at the mentum, and two 
fingers from the laryngeal prominence to the underside of the 
chin (Fig. 1.2). A patient with a receding mandible and high-
riding larynx is impossible to intubate using DL because the 
operator cannot adequately displace the tongue and overcome the 
acute angle for a direct view of the glottic aperture In practice,  
the operator compares the size of his or her fingers with the size 
of the patient’s fingers and then performs the three tests.

M—Mallampati Scale.  Oral access is assessed with the Mal-
lampati scale (Fig. 1.3). Visibility of the oral pharynx ranges from 
complete visualization, including the tonsillar pillars (class I), to 
no visualization at all, with the tongue pressed against the hard 
palate (class IV). Classes I and II predict adequate oral access, class 

Fig. 1.2.  Final two steps of the 3-3-2 rule. A, Three fingers are placed along the floor of the mouth, 
beginning at the mentum. B, Two fingers are placed in the laryngeal prominence (Adam’s apple). (Modified 
from Murphy MF, Walls RM: Identification of difficult and failed airways. In Walls RM, Murphy MF, editors: 
Manual of emergency airway management, ed 4, Philadelphia, 2012, Lippincott, Williams & Wilkins; the 
3-3-2 rule copyright © 2012 by The difficult airway course: emergency; and Lippincott Williams & Wilkins, 
publishers, Manual of emergency airway management.)

A B

1 2 3 1
2

Fig. 1.3.  The Mallampati scale, classes I to IV, assesses oral access for 
intubation. (From Whitten CE: Anyone can intubate, ed 4, San Diego, 
CA, 2004; with permission.)

Class I: soft palate, uvula,
fauces, pillars visible

No difficulty

Class II: soft palate,
uvula, fauces visible

No difficulty

Class III: soft palate, base
of uvula visible

Moderate difficulty

Class IV: only hard
palate visible

Severe difficulty
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redundant upper airway tissues, chest wall weight, and resis-
tance of abdominal mass)

•	 Advanced Age (best judged by the physiologic appearance of 
the patient, but age older than 55 years increases risk)

•	 Edentulous patients (“No teeth”), which independently inter-
feres with mask seal

•	 Stiffness or resistance to ventilation (eg, asthma, COPD, pul-
monary edema, restrictive lung disease, term pregnancy)—
may contribute to increased difficulty with BMV
The difficulty with BMV of the edentulous patient is the basis 

of the advice often cited for patients with dentures: “teeth out to 
intubate, teeth in to ventilate.” Another approach involves placing 
the mask inside the patient’s lower lip. This may limit air leak in 
patients without teeth and eliminates the risk of aspiration associ-
ated with dental prosthetics or rolled gauze (Fig. 1.4).11 Difficult 
BMV is not uncommon but, with proper technique, it usually is 
successful. A review by Kheterpal et al of more than 50,000 
patients undergoing elective anesthesia has found that impossible 
BMV is exceptionally rare (0.2%) and is associated with neck 
changes secondary to radiation therapy, presence of a beard, male 
gender, history of sleep apnea, and Mallampati class III or IV 
airway.11a Impossible BMV was five times more likely if one of 
these factors was present and 25 times more likely with four or 
more.

Difficult Extraglottic Device Placement: RODS

Placement of an EGD, such as a laryngeal mask airway (LMA), 
Combitube, or similar upper airway device, often can convert a 
can’t intubate, can’t oxygenate situation to a can’t intubate, can 
oxygenate situation, which allows time for rescue of a failed airway 
(see following section). Difficulty achieving placement or ventila-
tion with an EGD can be predicted by the mnemonic RODS. 
Fortunately, if the emergency clinician has already performed  
the LEMON and MOANS assessments, only the D for distorted 
anatomy remains to be evaluated (Box 1.3). EGDs are placed 
blindly and have a mask or balloon structure that, when inflated, 
obstructs the oropharynx proximally and esophageal inlet distally, 
permitting indirect ventilation. Distorted upper airway anatomy 
can result in a poor seal and ineffective ventilation.

Difficult Cricothyrotomy: SMART

Difficult cricothyrotomy can be anticipated whenever there is 
limited access to the anterior neck or obscured laryngeal 

of ED patients cannot willingly perform this assessment, but it 
can be improvised by using a direct laryngoscope blade as a 
tongue depressor in obtunded or uncooperative patients.9

O—Obstruction or Obesity.  Upper airway (supraglottic) 
obstruction may make visualization of the glottis, or intubation 
itself, mechanically impossible. Conditions such as epiglottitis, 
head and neck cancer, Ludwig’s angina, neck hematoma, glottis 
swelling, or glottic polyps can compromise laryngoscopy, passage 
of the endotracheal tube (ETT), BMV, or all three. Examine the 
patient for airway obstruction and assess the patient’s voice to 
satisfy this evaluation step. Although obesity alone may not be an 
independent marker of difficult direct laryngoscopy, it likely con-
tributes to challenges in other areas of airway management. Nev-
ertheless, obese patients generally are more difficult to intubate 
than their nonobese counterparts, and preparations should 
account for this and for the more rapid oxyhemoglobin desatura-
tion and increased difficulty with ventilation using BMV or an 
EGD (see later).

N—Neck Mobility.  Neck mobility is desirable for any intu-
bation technique and is essential for positioning the patient for 
optimal DL. Neck mobility is assessed by flexion and extension of 
the patient’s head and neck through a full range of motion. Neck 
extension is the most important motion, but placing the patient 
in the full sniffing position provides the optimal laryngeal view 
by DL.10 Modest limitations of motion do not seriously impair 
DL, but severe loss of motion, as can occur in ankylosing spon-
dylitis or rheumatoid arthritis, for example, may make DL impos-
sible. Cervical spine immobilization in trauma patients artificially 
reduces cervical spine mobility, but DL is still highly successful in 
this group of patients.7

A similar mnemonic, LEMONS, has been described, with the 
“S” referring to the patient’s oxygen saturation. Although not a 
direct contributor to difficulty with DL, a low starting oxygen 
saturation will result in a shorter period of safe apnea and a trun-
cated time to perform laryngoscopy and successful endotracheal 
tube placement. As noted, identification of a difficult intubation 
does not preclude use of an RSI technique. The crucial determina-
tion is whether the emergency clinician judges that the patient has 
a reasonable likelihood of intubation success, despite the difficul-
ties identified, and that ventilation with BMV or an EGD will be 
successful in case intubation fails (hence, the value of the BMV 
and EGD assessments; see Boxes 1.2 and 1.3).

Difficult Bag-Mask Ventilation: MOANS

Attributes of difficult BMV have largely been validated and can 
be summarized with the mnemonic MOANS (Box 1.2).
•	 Mask seal compromise or difficulty
•	 Obstruction (particularly supraglottic obstruction, but can 

be present anywhere in the airway) or Obesity (because of 

Fig. 1.4.  Mask ventilation in edentulous patients can be performed by 
placing the lower rim of the mask on the inside of the patient’s lower lip 
to improve mask seal. (Courtesy Dr. Tobias Barker.)

BOX 1.2 

MOANS Mnemonic for Evaluation of Difficult 
Bag-Mask Ventilation

Mask seal
Obstruction or obesity
Aged
No teeth
Stiffness (resistance to ventilation)

Adapted with permission from The Difficult Airway Course: Emergency and Walls RM, 
Murphy MF, eds: Manual of Emergency Airway Management, 4th ed. Philadelphia: 
Lippincott, Williams & Wilkins; 2012.
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Outside of the operating room, the rate of difficulty may be 
higher. In a recent review of emergency adult inpatient intuba-
tions, as many as 10% were considered difficult (grade 3 or 4 CL 
direct view or more than three attempts required).12 The incidence 
of difficult ED intubations is unknown but is likely much higher 
Approximately 80% of all grade 2 laryngoscopies are grade 2a; the 
rest are grade 2b. First-attempt intubation success drops off sig-
nificantly as the glottic view transitions from a grade 2a to 2b; 
however, a grade 1 view is associated with virtually 100% intuba-
tion success. An alternative system, POGO (percentage of glottic 
opening), also has been proposed and validated but has not been 
widely used or studied. The incidence of difficult intubation, and 
the predictors thereof, are largely based on the use of conventional 
DL and are not applicable to videolaryngoscopy.

Confirmation of Endotracheal Tube Placement

Immediately after intubation, the intubator should apply an end-
tidal carbon dioxide (ETco2) detection device to the ETT and 
assess it through six manual ventilations. Disposable colorimetric 
ETco2 detectors are highly reliable, convenient, and easy to inter-
pret, indicating adequate CO2 detection by color change (Figs. 1.5 
and 1.6) and determining tracheal and esophageal intubation in 
patients with spontaneous circulation. The persistence of detected 
CO2 after six manual breaths indicates that the tube is within the 
airway, although not necessarily within the trachea. CO2 is detected 
with the tube in the mainstem bronchus, trachea, or supraglottic 

landmarks and can be remembered by the mnemonic SMART 
(Box 1.4). Prior surgery, hematoma, tumor, abscess, scarring (as 
from radiation therapy or prior injury), local trauma, obesity, 
edema, or subcutaneous air each has the potential to make crico-
thyrotomy more difficult. Perform an examination for the  
landmarks needed to perform cricothyrotomy as part of the pre-
intubation difficult airway assessment of the patient. Point- 
of-care ultrasound has been used at the bedside to locate the 
cricothyroid membrane, thereby allowing the emergency clinician 
to mark the location on the surface of the neck in high-risk cases. 
The emergency clinician should not avoid performing a rescue 
cricothyrotomy when indicated, even in the presence of predicted 
difficulty.

Measurement and Incidence of  
Intubation Difficulty

The actual degree to which an intubation is difficult is highly 
subjective, and quantification is challenging. The CL system is the 
most widely used system for grading a laryngoscopic view of the 
glottis, which grades laryngoscopy according to the extent to 
which laryngeal and glottic structures can be seen (see Fig. 1.1). 
In grade 1 laryngoscopy, all or nearly all of the glottic aperture is 
seen; in grade 2, the laryngoscopist visualizes only a portion of 
the glottis (arytenoid cartilages alone or arytenoid cartilages plus 
part of the vocal cords), in grade 3 only the epiglottis is visualized 
and, in grade 4, not even the epiglottis is visible.

Fewer than 1% of stable patients undergoing DL during elec-
tive anesthesia yield a grade 4 laryngoscopy, a finding associated 
with an extremely difficult intubation with. Grade 3 laryngoscopy, 
which represents highly difficult intubation, is found in less than 
5% of patients. Grade 2 laryngoscopy, which occurs in 10% to 
30% of patients, can be subdivided further into grade 2a, in which 
the arytenoids and a portion of the vocal cords are seen, and grade 
2b, in which only the arytenoids are seen. Intubation failure 
occurs in 67% of grade 2b cases but in only 4% of grade 2a cases. 

Fig. 1.5.  End-tidal CO2 detector before application. The indicator is 
purple, which indicates failure to detect CO2. This also is the appearance 
when the esophagus is intubated. 

Fig. 1.6.  Positive detection of CO2 turns the indicator yellow, indicating 
tracheal placement of the endotracheal tube. 

BOX 1.4 

SMART Mnemonic for Evaluation of 
Difficult Cricothyrotomy

Surgery
Mass (abscess, hematoma)
Access/anatomy problems (obesity, edema)
Radiation
Tumor

Adapted with permission from The Difficult Airway Course: Emergency and Walls RM, 
Murphy MF, eds: Manual of Emergency Airway Management, 4th ed. Philadelphia: 
Lippincott, Williams & Wilkins; 2012.

BOX 1.3 

RODS Mnemonic for Evaluation of Difficult 
Extraglottic Device Placement

Restricted mouth opening
Obstruction or obesity
Distorted anatomy
Stiffness (resistance to ventilation)

Adapted with permission from The Difficult Airway Course: Emergency and Walls RM, 
Murphy MF, eds: Manual of Emergency Airway Management, 4th ed. Philadelphia: 
Lippincott, Williams & Wilkins; 2012.
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etry is useful in detecting esophageal intubation but may not  
show a decreasing oxygen saturation for several minutes after a 
failed intubation because of the oxygen reservoir (preoxygen-
ation) created in the patient before intubation. Although chest 
radiography is universally recommended after ETT placement, its 
primary purpose is to ensure that the tube is well positioned 
below the cords and above the carina. A single anteroposterior 
chest radiograph is not sufficient to detect esophageal intubation, 
although esophageal intubation may be detected if the ETT is 
clearly outside the air shadow of the trachea. In cases in which 
doubt persists, a fiberoptic scope can be passed through the ETT 
to identify tracheal rings, another gold standard for confirmation 
of tracheal placement.

MANAGEMENT

Decision Making

Algorithms for emergency airway management have been devel-
oped and provide a useful guide for planning intubation and 
rescue in case of intubation failure. The algorithm assumes that a 
decision to intubate has been made and outlines such an approach. 
The approach is predicated on two key determinations that are to 
be made before active airway management is initiated (Fig. 1.7). 
The first determination is whether the patient is in cardiopulmo-
nary arrest or a state of near arrest and is likely to be unresponsive 
to direct laryngoscopy. Such a patient—agonal, near death, in 

space. Correlation of ETco2 detection with the depth markings on 
the ETT, particularly important in pediatric patients, confirms 
tracheal placement. Rarely, BMV before intubation or ingestion 
of carbonated beverages may lead to the release of CO2 from the 
stomach after esophageal intubation, causing a transient false 
indication of tracheal intubation. Washout of this phenomenon 
universally occurs within six breaths.

Although colorimetric ETco2 measurement is highly sensitive 
and specific for detecting esophageal intubation, caution is 
required for patients in cardiopulmonary arrest. Insufficient gas 
exchange may prevent CO2 detection in the exhaled air, even when 
the tube is correctly placed within the trachea. In patients in car-
diopulmonary arrest, a CO2 level greater than 2%, which is the 
threshold for color change on colorimetric capnometers, should 
be considered definitive evidence of correct ETT placement, but 
the absence of such CO2 cannot be used reliably as an indicator 
of esophageal intubation. Recent resuscitation guidelines have 
suggested continuous quantitative measurement of ETco2 during 
cardiac arrest to gauge the efficacy of cardiopulmonary resuscita-
tion.13 This circumstance arises in approximately 25% to 40% of 
intubated cardiac arrest patients. In all other patients, absence of 
CO2 detection indicates failure to intubate the trachea, and rapid 
reintubation is indicated.

When ETco2 detection is not possible, tracheal tube position 
can be confirmed with other techniques. One approach involves 
point-of-care ultrasound. In live patient and cadaver studies, 
ultrasonography performed over the cricothyroid membrane or 
upper trachea has accurately confirmed ETT position in the 
trachea, especially during intubation.14,15

Another method of tube placement confirmation is the aspira-
tion technique, based on the anatomic differences between the 
trachea and esophagus. The esophagus is a muscular structure 
with no support within its walls and is therefore collapsible when 
negative pressure is applied. The trachea is held patent by carti-
laginous rings and thus is less likely to collapse when negative 
pressure is applied. Vigorous aspiration of air through the ETT 
with the ETT cuff deflated results in occlusion of the ETT orifices 
by the soft walls of the esophagus, whereas aspiration after tra-
cheal placement of the tube is easy and rapid.

Bulb or syringe aspiration devices may be used in patients in 
cardiac arrest who have no detectable CO2. Although such devices 
are highly reliable at detecting esophageal intubation (sensitivity 
> 95%), false-positives, in which a correctly placed tracheal tube 
is incorrectly identified as esophageal, can occur in up to 25% of 
cardiac arrest patients. Aspiration devices may be useful in the 
out-of-hospital setting when poor lighting hampers colorimetric 
ETco2 determination. They also are good backup devices when 
cardiac arrest confounds attempts to assess placement with ETco2. 
Detection of expired CO2 is more reliable and is the standard for 
confirmation of tracheal placement of an ETT and for early detec-
tion of accidental esophageal intubation. Aspiration devices have 
a valuable but secondary role. Also, a bougie can be placed through 
the center of an ETT to corroborate tube location further. A 
bougie that can be passed deeply through the tube, with little or 
no resistance, suggests an esophageal intubation because the 
bougie has likely passed beyond the tube and into the stomach. If 
the ETT is in the trachea, the tip of the bougie will become wedged 
after only a few inches, likely in the right mainstem bronchus, and 
a vibration from contact with the anterior tracheal rings may be 
transmitted to the operator’s fingertips.

Accordingly, ETco2 detection, with aspiration, bougie, or an 
ultrasound technique as backup, should be considered the primary 
means of ETT placement confirmation. Secondary means include 
physical examination findings, oximetry, and radiography. The 
examiner should auscultate both lung fields and the epigastric 
area. Pulse oximetry is indicated as a monitoring technique in all 
critically ill patients, not just those who require intubation. Oxim-

Fig. 1.7.  Main emergency airway management algorithm. OTI, Orotra-
cheal intubation; RSI, rapid sequence intubation. (Modified from Walls 
RM: The emergency airway algorithms. In Walls RM, Murphy MF, editors: 
Manual of emergency airway management, ed 4, Philadelphia, 2012, 
Lippincott, Williams & Wilkins; copyright © 2012, The difficult airway 
course: emergency; and Lippincott, Williams & Wilkins, publishers.)
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Fig. 1.8.  Crash airway algorithm. IVP, Intravenous push. (Modified from 
Walls RM: The emergency airway algorithms. In Walls RM, Murphy  
MF, editors: Manual of emergency airway management, ed 4, Philadel-
phia, 2012, Lippincott, Williams & Wilkins; copyright © 2012, The  
difficult airway course: emergency; and Lippincott, Williams & Wilkins, 
publishers.)
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at laryngoscopy because subsequent attempts at laryngoscopy by 
the same clinician are unlikely to succeed. The three failed laryn-
goscopy attempts are defined as attempts by an experienced clini-
cian using the best possible patient positioning and technique. 
Three attempts by a physician trainee using a direct laryngoscope 
may not count, necessarily, as best attempts if an experienced 
emergency clinician is available or videolaryngoscopy has not yet 
been attempted. Also, if the emergency clinician ascertains after 
even a single attempt that intubation will be impossible (eg, grade 
4 laryngoscopic view with DL, despite optimal patient positioning 
and use of external laryngeal manipulation), and no alternative 
device (eg, videolaryngoscope, intubating LMA) is available, a 
failed airway is present. The failed airway is managed according 
to the failed airway algorithm (Fig. 1.10).

Difficult Airway

The perception of a difficult airway is relative, and many emer-
gency intubations could be considered difficult. Deciding whether 
to treat the airway as a typical emergency airway or whether to 
use the difficult airway algorithm is based on the degree of per-
ceived difficulty, operator experience, armamentarium of airway 
devices available, and individual circumstances of the case. The 
LEMON, MOANS, RODS, and SMART assessments provide a 
systematic framework to assist in identifying the potentially dif-
ficult airway.

circulatory collapse—is deemed a crash airway patient for the 
purposes of emergency airway management and is treated using 
the crash airway algorithm by an immediate intubation attempt 
without use of drugs; this can be supplemented by a single large 
dose of succinylcholine if the attempt to intubate fails, and the 
patient is thought not to be sufficiently relaxed (Fig. 1.8). If a crash 
airway is not present, a decision of whether the patient represents 
a difficult intubation, as determined by the LEMON, MOANS, 
RODS, and SMART evaluations is made and, if so, the difficult 
airway algorithm is used (Fig. 1.9).

For patients who require emergency intubation but who have 
neither a crash airway nor a difficult airway, RSI is indicated. RSI 
provides the safest and quickest method of achieving intubation 
in such patients.3,16 After administration of RSI drugs, intubation 
attempts are repeated until the patient is intubated or a failed 
intubation is identified. If more than one intubation attempt is 
required, oxygen saturation is monitored continuously and, if 
saturation falls to 90% or less, BMV is performed until saturation 
is recovered for another attempt. If the oxygen saturation contin-
ues to fall, despite optimal use of BMV or EGD, a failed airway 
exists. This is referred to as a can’t intubate, can’t oxygenate sce-
nario. A failed airway also is defined as three unsuccessful attempts 

Fig. 1.9.  Difficult airway algorithm. BMV, Bag-mask ventilation; BNTI, 
blind nasotracheal intubation; DL, direct laryngoscopy; EGD, extraglottic 
device; ILMA, intubating laryngeal mask airway; PIM, postintubation 
management; RSI, rapid sequence intubation. (Modified from Walls RM: 
The emergency airway algorithms. In Walls RM, Murphy MF, editors: 
Manual of emergency airway management, ed 4, Philadelphia, 2012, 
Lippincott, Williams & Wilkins; copyright © 2012, The difficult airway 
course: emergency; and Lippincott, Williams & Wilkins, publishers.)
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or insertion of an alternative airway device, depending on the 
operator’s judgment.

Therefore, in the difficult airway algorithm, the first determina-
tion is whether the operator is forced to act. If so, RSI drugs are 
given, a best attempt at laryngoscopy is undertaken and, if intuba-
tion is not successful, the airway is considered failed, and the 
operator moves immediately to the failed airway algorithm. In the 
vast majority of difficult airway situations, however, the operator 
is not forced to act, and the first step is to ensure that oxygenation 
is sufficient to permit a planned orderly approach to airway man-
agement. If oxygenation is inadequate and cannot be made  
adequate by supplementation with BMV, the airway should be 
considered a failed airway. Although inadequate oxygenation 
should be defined on a case by case basis, oxygenation saturation 
falling below 90% is the accepted threshold, because this represents 
the point at which hemoglobin undergoes a conformational 
change, more readily releases oxygen, and increases the pace of 
further desaturation. Oxyhemoglobin saturations in the mid-80s, 
if holding steady, might be considered adequate in some circum-
stances, particularly if the patient is chronically hypoxemic. When 
oxygenation is inadequate or dropping, the failed airway algorithm 
should be used because the predicted high degree of intubation 
difficulty, combined with failure to maintain oxygen saturation, is 
analogous to the can’t intubate, can’t oxygenate scenario.

When oxygenation is adequate, however, the next consider-
ation is whether RSI is appropriate, on the basis of the operator’s 
assessment of the likelihood of (1) successful ventilation with 
BMV or EGD in case intubation is unsuccessful and (2) the likeli-
hood of successful intubation by laryngoscopy. If the operator 
judges laryngoscopy likely to succeed and is confident that he or 
she can oxygenate the patient if intubation fails, RSI is performed. 
In such cases, a double setup can be used in which RSI is planned 
and preparations are simultaneously undertaken for rescue crico-
thyrotomy or another rescue technique. If the operator is not 
confident of successful intubation by RSI and time allows, an 
awake technique can be used. In this context, awake means that 
the patient continues to breathe and, although intravenous seda-
tion and analgesia may be administered, can cooperate with care-
givers. The patient is prepared by applying topical anesthesia with 
atomized or nebulized lidocaine, ideally preceded by a drying 
agent such as glycopyrrolate. Titrated doses of a sedative and 
analgesic agents (or ketamine, which provides both actions) may 
be required for the patient to tolerate the procedure. Once this is 
accomplished, a number of different devices can then be used to 
attempt glottic visualization, although flexible bronchoscopes and 
videolaryngoscopes are preferable. If the glottis is adequately visu-
alized, the patient can be intubated at that time or, in a stable 
difficult airway situation, the emergency clinician may proceed 
with planned RSI, now assured of intubation success. If the awake 
laryngoscopy is unsuccessful, the patient can be intubated with 
any of numerous techniques shown in the last box in Fig. 1.9. For 
each of these methods, the patient is kept breathing but is variably 
sedated and anesthetized. The choice among these methods 
depends on clinician experience and preference, device availabil-
ity, and patient attributes.

Failed Airway

Management of the failed airway is dictated by whether the patient 
can be oxygenated. If adequate oxygenation cannot be maintained 
with rescue BMV, the rescue technique of first resort is cricothy-
rotomy (see Fig. 1.10). Multiple attempts at other methods in  
the context of failed oxygenation only delay cricothyrotomy and 
place the patient at increased risk for hypoxic brain injury. If an 
alternative device (ie, an EGD such as an LMA or Combitube) is 
readily available, however, and the operator judges it to be an 
appropriate device for the patient’s anatomy, single attempt can 

When preintubation evaluation identifies a potentially difficult 
airway (see Fig. 1.9), the approach is based on the premise that 
NMBAs generally should not be used unless the emergency clini-
cian believes that (1) intubation is likely to be successful and (2) 
oxygenation can be maintained via BMV or EGD should the 
patient desaturate during a failed intubation attempt. The one 
exception to this recommendation occurs in the forced to act 
scenario.

A forced to act imperative permits RSI, even in a highly diffi-
cult airway situation in which the operator is not confident of the 
success of laryngoscopy or of sustaining oxygenation. This usually 
occurs in the setting of a rapidly deteriorating patient with an 
obviously difficult airway and a presumed clinical trajectory of 
imminent arrest. Although this is not yet a crash airway situation, 
the operator is forced to act—that is, there is a need to act imme-
diately to intubate before orotracheal intubation quickly becomes 
impossible or the patient arrests. The patient retains sufficient 
muscle tone and voluntary effort (including combative behavior 
induced by hypoxia) to require administration of drugs before 
intubation can be attempted. Consider an agitated patient with 
rapidly advancing anaphylaxis or angioedema, a morbidly obese 
patient in severe, end-stage status asthmaticus, or an intensive care 
unit (ICU) patient with inadvertent or premature extubation, 
respiratory failure, and difficult airway. Within seconds to minutes, 
perhaps before a full difficult airway assessment can be done or 
preparations can be completed for an alternative airway approach 
(eg, flexible endoscopy), the patient’s rapid deterioration signals 
impending respiratory arrest. This is a unique situation in which 
the operator may be compelled to take the one best chance to 
secure the airway by rapidly administering RSI drugs, despite 
obvious airway difficulty, and attempting intubation before the 
airway crisis has advanced to the point that intubation is impos-
sible or delay has caused hypoxic arrest. If laryngoscopy fails, the 
RSI drugs have optimized patient conditions for cricothyrotomy 

Fig. 1.10.  Failed airway algorithm. ETT, Endotracheal tube. (Modified 
from Walls RM: The emergency airway algorithms. In Walls RM, Murphy 
MF, editors: Manual of emergency airway management, ed 4, Philadel-
phia, 2012, Lippincott, Williams & Wilkins; copyright © 2012, The diffi-
cult airway course: emergency; and Lippincott, Williams & Wilkins, 
publishers.)

Call for assistance

Choose one of:
  Flexible endoscopy
  Videolaryngoscopy
  Extraglottic device
  Lighted stylet
  Cricothyrotomy

Cuffed ETT placed?

Arrange for
definitive airway
management 

No

Yes

Failed airway
criteria

If contraindicated

Extraglottic device
may be attempted

Yes
Cricothyrotomy

Failure to maintain
oxygenation?

No

Postintubation
management



11CHAPTER 1  Airway

Preparation.  In the initial phase, the patient is assessed 
for intubation difficulty, unless this has already been done,  
and the intubation is planned, including determining dosages and 
sequence of drugs, tube size, and laryngoscope type, blade, and 
size. Drugs are drawn up and labeled. All necessary equipment is 

be made to use it simultaneously with preparations for immediate 
cricothyrotomy as long as initiation of cricothyrotomy is not 
delayed. If early indications are that an EGD is effective and oxy-
genation improves, cricothyrotomy can wait; however, the opera-
tor must constantly reassess EGD function and oxygenation 
status. If the EGD subsequently fails, cricothyrotomy must begin 
without delay.

If adequate oxygenation is possible, several options are avail-
able for the failed airway. In almost all cases, cricothyrotomy is the 
definitive rescue technique for the failed airway if time does not 
allow for other approaches (ie, preservation of oxygenation) or if 
they fail. The fundamental difference in philosophy between the 
difficult and failed airway is that the difficult airway is planned 
for, and the standard is to place a definitive airway (cuffed ETT) 
in the trachea. The failed airway is not planned for, and the stan-
dard is to achieve an airway that provides adequate oxygenation 
to avert hypoxic brain injury. Some devices used in the failed 
airway (eg, EGDs) are temporary and do not provide definitive 
airway protection.

Methods of Intubation

Although many techniques are available for intubation of the 
emergency patient, four methods are the most common, with RSI 
being the most frequent approach.3,16

Rapid Sequence Intubation

RSI is the cornerstone of modern emergency airway management 
and is defined as the nearly simultaneous administration of a 
potent sedative (induction) agent and NMBA, usually succinyl-
choline or rocuronium, for the purpose of tracheal intubation. 
This approach provides optimal intubating conditions and has 
long been thought to minimize the risk of aspiration of gastric 
contents. A systematic review of the literature in 2007 failed to 
prove that RSI results in a lower incidence of aspiration than  
other techniques, but the authors correctly noted that virtually no 
studies have ever been designed to measure this precise endpoint. 
RSI is nevertheless the most widely used technique for emergency 
intubation of patients without identifiable difficult airway attri-
butes, with recent large registry data showing that it is used in 
85% of all emergency department intubations.3,16

The central concept of RSI is to take the patient from the start-
ing point (eg, conscious, breathing spontaneously) to a state of 
unconsciousness with complete neuromuscular paralysis, and 
then to achieve intubation without interposed assisted ventilation. 
The risk of aspiration of gastric contents is thought to be signifi-
cantly higher for patients who have not fasted before induction. 
Application of positive-pressure ventilation can cause air to pass 
into the stomach, resulting in gastric distention and likely increas-
ing the risk of regurgitation and aspiration. The purpose of RSI 
is to avoid positive-pressure ventilation until the ETT is placed 
correctly in the trachea, with the cuff inflated. This requires a 
preoxygenation phase, during which mixed alveolar gases (mostly 
nitrogen) within the lungs’ functional residual capacity are 
replaced with oxygen, permitting at least several minutes of apnea 
(see later discussion) in a healthy normal body habitus adult 
before oxygen desaturation to less than 90% ensues (Fig. 1.11).

Use of RSI also facilitates successful endotracheal intubation 
by causing complete relaxation of the patient’s musculature, 
allowing better access to the airway. Finally, RSI permits pharma-
cologic control of the physiologic responses to laryngoscopy and 
intubation, mitigating potential adverse effects. These effects 
include further elevations in intracranial pressure (ICP) in 
response to the procedure and to the sympathetic discharge 
resulting from laryngoscopy (Box 1.5). RSI is a series of discrete 
steps, and every step should be planned (Box 1.6).

Fig. 1.11.  Desaturation time for apneic, fully preoxygenated patients. 
Children, patients with comorbidity, and obese patients desaturate much 
more rapidly than healthy normal adults. The box on the lower right side 
of the graph depicts time to recovery from succinylcholine, which in 
almost all cases exceeds safe apnea time. Note also the precipitous 
decline of oxygen saturation from 90% to 0% for all groups. VE, Expired 
volume. (Modified from Benumof JL, Dagg R, Benumof R: Critical hemo-
globin desaturation will occur before return to unparalyzed state follow-
ing 1 mg/kg intravenous succinylcholine. Anesthesiology 87:979–982, 
1997.)
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BOX 1.5 

Pretreatment Agents for Rapid  
Sequence Intubationa

Reactive airway disease: Albuterol, 2.5 mg, by nebulizer. If time does 
not permit albuterol nebulizer, give lidocaine 1.5 mg/kg IV.

Cardiovascular disease: Fentanyl, 3 µg/kg, to mitigate sympathetic 
discharge

Elevated ICP: Fentanyl, 3 µg/kg, to mitigate sympathetic discharge and 
attendant rise in ICP

ICP, intracranial pressure.

BOX 1.6 

The Seven Ps of Rapid Sequence Intubation

1.	 Preparation
2.	 Preoxygenation
3.	 Pretreatment
4.	 Paralysis with induction
5.	 Positioning
6.	 Placement of tube
7.	 Postintubation management
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has a vanishing role in emergency airway management and may 
disappear completely in the near future (see Box 1.5).

Paralysis With Induction.  In this phase, a potent sedative 
agent is administered by rapid intravenous (IV) push in a dose 
capable of producing unconsciousness rapidly. This is immedi-
ately followed by rapid administration of an intubating dose  
of an NMBA, either succinylcholine at a dose of 1.5 mg/kg IV or 
rocuronium, 1 mg/kg. It is usual to wait 45 seconds from when 
the succinylcholine is given and 60 seconds from when rocuronium 
is given to allow sufficient paralysis to occur. The results from two 
large meta-analyses have revealed that intubating conditions pro-
vided by each drug are equivalent as long as rocuronium is dosed 
between 1.0 and 1.2 mg/kg IV.

Positioning.  The patient should be positioned for intubation 
as consciousness is lost. Usually, positioning involves head exten-
sion, often with flexion of the neck on the body. Although simple 
extension may be adequate, a full sniffing position with cervical 
spine extension and head elevation is optimal if DL is used.10 The 
Sellick maneuver—application of firm, backward pressure over 
the cricoid cartilage with the goal of obstructing the cervical 
esophagus and reducing the risk of aspiration—had long been 
recommended to minimize the risk of passive regurgitation and 
hence aspiration, but is no longer recommended. The Sellick 
maneuver is incorrectly applied by a variety of operators, making 
laryngoscopy or intubation more difficult in some patients, and 
aspiration often occurs despite use of the Sellick maneuver. In 
many patients, the cervical esophagus is positioned lateral to the 
cricoid ring in a relationship that is exaggerated by posterior pres-
sure, rarely resulting in esophageal obstruction. Accordingly, we 
do not recommend routine use of the Sellick maneuver, and it 
should be considered optional, applied selectively, and released or 
modified early if the laryngeal view is poor or tube passage is dif-
ficult. After administration of an induction agent and NMBA, 
although the patient becomes unconscious and apneic, BMV 
should not be initiated unless the oxygen saturation falls to 90%.

Placement of Tube.  Approximately 45 to 60 seconds after 
administration of the NMBA, the patient is relaxed sufficiently to 
permit laryngoscopy. This is assessed most easily by moving the 
mandible to test for mobility and absence of muscle tone. Place 
the ETT during glottic visualization with the laryngoscope. 
Confirm placement, as described earlier. If the first attempt is 
unsuccessful but oxygen saturation remains high, it is not neces-
sary to ventilate the patient with a bag and mask between intuba-
tion attempts. If the oxygen saturation is approaching 90%, the 
patient may be ventilated briefly with a bag and mask between 
attempts to reestablish the oxygen reservoir.

Postintubation Management.  After confirmation of tube 
placement by ETco2, obtain a chest radiograph to confirm that 
mainstem intubation has not occurred and to assess the lungs. If 
available, place the patient on continuous capnography. In general, 
long-acting NMBAs (eg, pancuronium, vecuronium) are avoided; 
the focus is on optimal management using opioid analgesics and 
sedative agents to facilitate mechanical ventilation. An adequate 
dose of a benzodiazepine (eg, midazolam, 0.1–0.2 mg/kg IV)  
and opioid analgesic (eg, fentanyl, 3–5 µg/kg IV, or morphine, 
0.2–0.3 mg/kg IV) is given to improve patient comfort and 
decrease sympathetic response to the ETT. Propofol infusion 
(5–50 µg/kg/min IV) with supplemental analgesia is an effective 
method for managing intubated patients who do not have hypo-
tension or ongoing bleeding and is especially helpful for manage-
ment of neurologic emergencies because its clinical duration of 
action is very short (<5 minutes), allowing frequent neurologic 
examinations. An NMBA is added only if appropriate use of 

assembled. All patients require continuous cardiac and pulse 
oximetry monitoring. At least one and preferably two good-
quality intravenous lines should be established. Redundancy is 
always desirable in case of equipment or intravenous access 
failure. Most importantly, a rescue plan for intubation failure 
should be developed at this time and made known to the appro-
priate members of the resuscitation team.

Preoxygenation.  Administration of 100% oxygen for 3 
minutes of normal tidal volume breathing in a normal healthy 
adult establishes an adequate oxygen reservoir to permit 6 to 8 
minutes of safe apnea before oxygen desaturation to less than 90% 
occurs (see Fig. 1.11). Additional preoxygenation does not improve 
arterial oxygen tension. The time to desaturation to less than 90% 
in children, obese adults, late-term pregnant women, and patients 
who are acutely ill or injured is considerably shorter. Desaturation 
time also is reduced if the patient does not inspire 100% oxygen. 
Nevertheless, adequate preoxygenation usually can be obtained, 
even in ED patients, to permit minutes of apnea before there is 
oxygen desaturation to less than 90%. Preoxygenation is also 
essential to the no-bagging approach of RSI. If time is insufficient 
for a full 3-minute preoxygenation phase, eight vital capacity 
breaths with high-flow oxygen can achieve oxygen saturations and 
apnea times that match or exceed those obtained with traditional 
preoxygenation. Desaturation time in obese patients can be pro-
longed by preoxygenating with the patient in a head-up position 
and by continuing supplemental oxygen (via nasal cannula at a 
flow rate of 5–15 L/min) after motor paralysis and during laryn-
goscopy until the ETT is successfully placed. In obese patients, it 
extends the time to desaturation to 95% from 3.5 to 5.3 minutes.17,18 
This so-called apneic oxygenation takes advantage of a physio-
logic principle termed aventilatory mass flow.19 Even though 
patients are paralyzed during RSI, circulation is unaltered. The 
constant diffusion of alveolar oxygen into the pulmonary circula-
tion creates a natural downward gradient promoting passive 
oxygen movement from the patient’s upper airway into the gas-
exchanging portions of the lungs. Oxygen saturation monitors 
permit earlier detection of desaturation during laryngoscopy, but 
preoxygenation remains an essential step in RSI.

Pretreatment.  During this phase, drugs are administered 3 
minutes before the administration of succinylcholine and an 
induction agent to mitigate the adverse physiologic effects of 
laryngoscopy and intubation on the patient’s presenting condi-
tion. Pretreatment approaches have evolved over time. Periodic 
reappraisals of the available literature have whittled the pretreat-
ment approach down to the bare essentials with a focus on opti-
mizing patient physiology prior to any intubation attempts. Older 
practices, such as the routine use of atropine for intubation of 
small children, have largely been abandoned.

Intubation is intensely stimulating and results in a sympathetic 
discharge, or reflex sympathetic response to laryngoscopy (RSRL). 
In patients suffering from a hypertensive emergency, sympatholy-
sis with fentanyl (3 mcg/kg IV) administered 3 minutes before RSI 
can optimize the patient’s hemodynamics by attenuating spikes in 
blood pressure and shear forces, both of which are considered 
undesirable in patients with elevations of intracranial pressure 
(ICP), aortic disease, acute coronary syndromes and neurovascu-
lar emergencies.

Patients with reactive airways disease can exhibit worsening 
pulmonary mechanics after intubation as a result of broncho-
spasm. Controversy exists regarding whether lidocaine (1.5 mg/kg 
IV) confers any additional benefit, beyond albuterol, and should 
be considered optional at best. Asthmatic patients being intubated 
in the ED for status asthmaticus will have received albuterol before 
intubation, and it is unlikely in these patients that lidocaine has 
any additive protective effect and is not recommended. Lidocaine 
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Awake Oral Intubation

Awake oral intubation is a technique in which sedative and topical 
anesthetic agents are administered to permit management of a 
difficult airway without neuromuscular blockade. Sedation and 
analgesia are achieved in a manner analogous to that for painful 
procedures in the ED. Topical anesthesia may be achieved by spray, 
nebulization, or local anesthetic nerve block. Various sedative 
agents can be used but ketamine, which provides dissociative 
anesthesia, analgesia, maintenance of protective airway reflexes, 
and minimal respiratory depression, is often the best choice (see 
later, “Pharmacologic Agents”). Aliquots of ketamine at a dose of 
0.5 mg/kg IV, titrated to the desired level of sedation and proce-
dural tolerance, is an effective method. Dexmedetomidine (Prece-
dex), a centrally acting alpha receptor blocker, has been used 
successfully, alone or in combination with benzodiazepines, for 
awake airway evaluations.21 A typical dose is 1.0 mg/kg IV infused 
over 5 to 10 minutes. After the patient is sedated, and topical 
anesthesia has been achieved, gentle direct videolaryngoscopy  
or flexible endoscopic laryngoscopy is performed to determine 
whether the glottis is visible and intubation possible. If the glottis 
is visible, the patient may be intubated during initial laryngoscopy, 
or the operator, confident that the glottis can be visualized, may 
opt to perform RSI to benefit from pretreatment, induction, and 
paralysis, as might be the case in a head-injured patient.

Awake oral intubation is distinct from the practice of oral 
intubation with a sedative or opioid agent to obtund the patient 
for intubation without neuromuscular blockade. This latter tech-
nique can be referred to as intubation with sedation alone or, 
paradoxically, nonparalytic RSI. Intubating conditions and first-
attempt success achieved even with deep anesthesia are signifi-
cantly inferior to what is achieved when neuromuscular blockade 
is used.3 In general, the technique of administering a potent seda-
tive agent to obtund the patient’s responses and permit intubation 
in the absence of neuromuscular blockade is ill-advised and inap-
propriate for endotracheal intubation in the ED, unless performed 
as part of an awake intubation (see earlier), during which lesser 
amounts of sedation are typically used.

Oral Intubation Without Pharmacologic Agents

The arrested or near death patient may not require pharmacologic 
agents for intubation, but even an arrested patient may retain 
sufficient muscle tone to render intubation difficult. If the glottis 
is not adequately visualized, administration of a single dose of 
succinylcholine alone may facilitate laryngoscopy (see earlier, 
“Decision Making”). Success rates for intubating unconscious 
unresponsive patients are variable but approach those achieved 
with RSI, presumably because the patient is in a similar  
physiologic state (ie, muscle relaxation, no ability to react to laryn-
goscopy or tube insertion).3,16 This does not apply to patients who 
are unconscious from neurologic catastrophe or trauma and those 
who have overdosed or have other medical causes of coma who 
warrant an induction agent and are intubated with standard RSI 
procedures (see earlier).

Pharmacologic Agents

Neuromuscular Blocking Agents

NMBAs are highly water-soluble, quaternary ammonium com-
pounds that mimic the quaternary ammonium group on the ace-
tylcholine (ACh) molecule. Their water solubility explains why 
they do not readily cross the blood-brain barrier or placenta. 
NMBAs are divided into two main classes, depolarizing and non-
depolarizing agents. The depolarizing agent succinylcholine exerts 
its effects by binding noncompetitively with ACh receptors on the 

sedation and analgesia fail to control the patient adequately or 
when ventilation is challenging because of by muscular activity. 
Table 1.1 presents a sample RSI protocol using etomidate and 
succinylcholine. Zero refers to the time at which the induction 
agent and succinylcholine are pushed.

Delayed Sequence Intubation

Delayed sequence intubation (DSI) is a new technique proposed 
to maximize preoxygenation in preparation for intubation.20 Agi-
tation, delirium, and confusion can make attempts at preoxygen-
ation challenging, if not impossible, when a patient is unable to 
comply with conventional modes of supplemental oxygenation, 
such as a face mask or BL-PAP. DSI considers preoxygenation a 
procedure and uses dissociative doses of ketamine (1.0 mg/kg IV) 
as procedural sedation to accomplish this. A small, ED- and ICU-
based multicenter observational study showed post-DSI oxygen 
saturations significantly higher than pre-DSI levels. Additionally, 
there were no noted adverse outcomes or desaturations when 
intubation eventually took place in this limited case series. More 
investigation is required to determine the possible indications for 
and safety of DSI when performed in various ED settings.

Blind Nasotracheal Intubation

Historically, blind nasotracheal intubation (BNTI) was used 
extensively in the ED and out-of-hospital setting, but it has fallen 
out of favor largely because of the superiority of RSI. Prehospital 
intubation success between RSI and BNTI favors RSI, and ED 
studies have shown that RSI is superior.3,16

In the ED, BNTI rarely, if ever, should be used and is reserved 
for patients in whom the presence of a narrowly defined type of 
difficult airway makes RSI undesirable or contraindicated, and 
alternatives (eg, flexible endoscope) are not available. A review  
of nearly 9000 ED intubations has shown that nasal intubation 
was used in only 5% of intubations performed from 1997 to 
2002.16 A current registry of more than 17,500 adult ED intuba-
tions between 2002 and 2012 has revealed that this is now less 
than 0.5%.3

TABLE 1.1 

Sample Rapid Sequence Intubation Using Etomidate 
and Succinylcholine
TIME STEP

Zero minus 10 min Preparation

Zero minus 5 min Preoxygenation—100% oxygen for 3 min or 8 
vital capacity breaths

Zero minus 3 min Pretreatment—as indicated

Zero Paralysis with induction
•	 Etomidate, 0.3 mg/kg
•	 Succinylcholine, 1.5 mg/kg

Zero plus 30 s Positioning—Sellick maneuver optional

Zero plus 45 s Placement
•	 Laryngoscopy and intubation
•	 End-tidal carbon dioxide confirmation

Zero plus 2 min Postintubation management
•	 Sedation and analgesia as indicated
•	 Initiate mechanical ventilation
•	 NMBA only if needed after adequate sedation, 

analgesia

NMBA, Neuromuscular blocking agent.



14 PART I  Fundamental Clinical Concepts  |  SECTION One  Critical Management Principles

addition, many of these catastrophic complications occur in criti-
cally ill patients, further confounding attempts to identify whether 
the illness or any particular drug or procedure is the cause.

Fasciculations.  The depolarizing action of succinylcholine 
results in fine chaotic contractions of the muscles throughout the 
body for several seconds during the onset of paralysis in over 90% 
of patients. Muscle pain occurs in approximately 50% of patients 
who receive succinylcholine. Although it is has been thought that 
muscle pains are reduced or abolished by prior administration of 
a defasciculating dose of a competitive NMBA, the evidence is  
not conclusive. Use of 1.5 mg/kg of succinylcholine results in less 
fasciculation and less myalgia than occur with 1 mg/kg.

Hyperkalemia.  Succinylcholine has been associated with 
severe fatal hyperkalemia when administered to patients with spe-
cific predisposing clinical conditions (Table 1.2). The mechanism 
whereby severe hyperkalemia occurs is related to receptor upregu-
lation on the postsynaptic muscle membrane. When a muscle is 
deprived of ACh stimulation for several days, receptor upregula-
tion occurs, causing an increase in receptor density and a change 
of receptor subtypes on the muscle surface. ACh receptors are 
primarily K+ ion channels, and at-risk patients can have an imme-
diate massive efflux of potassium as these newly recruited recep-
tors are depolarized by succinylcholine. This occurs predominantly 
at the site of injury but may also occur in tissue remote from  
the original insult.23 Although the hyperkalemia occurs within 
minutes after administration of succinylcholine and may be severe 
or fatal, the patient’s vulnerability to succinylcholine-induced 
hyperkalemia starts as early as 3 days but does not become sig-
nificant until more than 5 days after the inciting injury or burn, 
because receptor upregulation production of protein subunits 
takes time develop.

Succinylcholine remains the agent of choice for RSI in acute 
burn, trauma, stroke, and spinal cord injury if intubation occurs 
earlier than 5 days after onset of the condition. If doubt exists 
regarding the onset time, succinylcholine should be replaced with 
a competitive NMBA, usually rocuronium. Degenerative neuro-
muscular disorders, denervation syndromes, or primary myopa-
thies (eg, multiple sclerosis, amyotrophic lateral sclerosis, 
Duchenne muscular dystrophy) can be particularly troubling, 
however, because the risk begins the onset of the disease and 
continues indefinitely, regardless of the apparent stability of the 
symptoms. In patients with denervation caused by a sudden dis-
creet injury or ischemic insult (eg, stroke, spinal cord injury), the 
upregulated receptors eventually regress, and the patient can 
safely receive succinylcholine beginning 6 months after the origi-
nal insult.

Potassium release does not occur to any significant extent in 
the general population. Succinylcholine is not contraindicated in 
renal failure but probably should not be used in patients with 
known or presumed hyperkalemia (often in the setting of missed 

motor endplate, causing sustained depolarization of the myocyte 
while preventing transmembrane potentials from reforming and 
resisting further stimulation from ACh. The other major class  
of NMBA comprises the competitive, or nondepolarizing, agents, 
which bind competitively to ACh receptors, preventing access by 
ACh and preventing muscular activity. The competitive agents are 
of two pharmacologically distinct types, steroid-based agents 
(aminosteroid compounds) and benzylisoquinolines. Each of 
these basic chemical types has distinct properties, but only 
aminosteroid compounds are used in the ED.

Succinylcholine.  Succinylcholine is a combination of two 
molecules of ACh. Succinylcholine is rapidly hydrolyzed by plasma 
pseudocholinesterase to succinylmonocholine, which is a weak 
NMBA, and then to succinic acid and choline, which have no 
NMBA activity. Pseudocholinesterase is not present at the motor 
endplate and exerts its effects systemically before the succinylcho-
line reaches the ACh receptor. Only a small amount of the suc-
cinylcholine administered survives to reach the motor endplate. 
Succinylcholine is active at the motor endplate until it diffuses 
away. Decreased plasma pseudocholinesterase activity can increase 
the amount of succinylcholine reaching the motor endplate, pro-
longing succinylcholine block, but this is of little significance in 
the emergency setting because the prolongation of action rarely 
is significant, reaching only 23 minutes at the extreme.

Uses and Dosing.  Succinylcholine is rapidly active, typically 
producing intubating conditions within 45 seconds of adminis-
tration by rapid IV bolus injection. The clinical duration of action 
before spontaneous respiration is 6 to 10 minutes (see Fig. 1.11). 
Full recovery of normal neuromuscular function occurs within 15 
minutes. The combination of rapid onset, complete reliability, 
short duration of action, and absence of common serious side 
effects has kept succinylcholine as the drug of choice for most ED 
intubations. Time-trended surveillance of ED intubation practices 
has suggested that succinylcholine is slowly being replaced by 
rocuronium.3 The use of a competitive or nondepolarizing NMBA 
for RSI may be desirable when succinylcholine is contraindicated 
and in certain other settings. The appropriate dose of succinyl-
choline for emergency airway management is 1.5 mg/kg IV. 
Although the effective dose at which paralysis is achieved in 95% 
of patients (ED95) for succinylcholine paralysis is much lower 
(0.3 mg/kg), the onset of muscle paralysis is excessively long at 
these lower doses and is not compatible with emergency intuba-
tion. Excellent intubating conditions are best achieved when suc-
cinylcholine is dosed at 1.5 mg/kg. Multiple studies have confirmed 
that the dose of succinylcholine is based on the patient’s total body 
weight (TBW) and is not adjusted (downward), regardless of the 
degree of obesity.22

Cardiovascular Effects.  As an ACh analogue, succinylcholine 
binds to ACh receptors throughout the body, not just at the motor 
endplate. It is difficult to separate the effects of succinylcholine on 
the heart caused by direct cardiac muscarinic stimulation from 
those caused by stimulation of autonomic ganglia by succinylcho-
line and from the effects induced by autonomic responses to 
laryngoscopy and intubation. Succinylcholine can be a negative 
chronotrope, especially in children, and sinus bradycardia may 
ensue after succinylcholine administration. Sinus bradycardia is 
treated with atropine, if necessary, but is usually self-limiting. 
Some pediatric practitioners recommend pretreatment with atro-
pine for children younger than 1 year, but there is no evidence for 
benefit, and we do not agree with this recommendation. Adults 
may develop bradycardia after administration of a second dose of 
succinylcholine. Other cardiac dysrhythmias, including ventricu-
lar fibrillation and asystole, have been reported with succinylcho-
line, but it is impossible to distinguish the effects of the drug itself 
from those caused by the intense vagal stimulation and catechol-
amine release that accompany laryngoscopy and intubation. In 

TABLE 1.2 

Conditions Associated With Hyperkalemia After 
Succinylcholine Administration
CONDITION PERIOD OF CONCERN

Burns > 10% BSA >5 days until healed

Crush injury >5 days until healed

Denervation (stroke, spinal cord injury) >5 days until 6 mo postinjury

Neuromuscular disease (ALS, MS, MD) Indefinitely

Intraabdominal sepsis >5 days until resolution

ALS, Amyotrophic lateral sclerosis; BSA, body surface area; MD, muscular dystrophy; 
MS, multiple sclerosis.
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and decrease sympathetic response to the ETT. A sedative strategy 
using propofol (0.1 mg/kg/min IV) is common, especially in 
head-injured patients, because of its beneficial cerebroprotective 
profile and rapid resolution of anesthesia that allows frequent 
neurologic reassessments. With appropriate attention to achieving 
optimal sedation and analgesia, ongoing use of an NMBA usually 
is not necessary.

Induction Agents

A patient with any degree of clinical responsiveness, including 
reactivity to noxious stimuli, should receive a sedative or induc-
tion agent at the time of administration of any NMBA. Patients 
who are deeply unconscious and unresponsive may require only 
a reduced dose of an induction agent if the unconscious state is 
caused by drugs or alcohol, which are themselves general anes-
thetic agents. Patients who are unconscious because of a central 
nervous system insult should receive a full induction dose of an 
appropriate agent to attenuate adverse responses to airway manip-
ulation. Induction agents also potentiate the effect of the NMBA 
and improve intubation conditions because the intubation is 
often initiated on the leading edge of paralysis, and the relaxation 
effects of the induction agent are additive to those of the NMBA.

Etomidate.  Etomidate is an imidazole derivative that has 
been in use since 1972. Its activity profile is similar to that of 
thiopental, with rapid onset, rapid peak activity, and brief dura-
tion, but it is remarkable in its lack of adverse hemodynamic 
effects. Emergency clinicians have high confidence in etomidate 
and, over the last decade, have chosen it for more than 90% of all 
ED intubations.3 The induction dose is 0.3 mg/kg IV. Because 
etomidate is able to decrease ICP, cerebral blood flow (CBF), and 
cerebral metabolic rate without adversely affecting systemic mean 
arterial blood pressure and cerebral perfusion pressure (CPP), it 
is an excellent induction agent for patients with elevated ICP, even 
in cases of hemodynamic instability. Etomidate may cause brief 
myoclonus, but this is of no clinical significance when adminis-
tered for RSI. A single dose of etomidate has been shown to reduce 
serum cortisol levels transiently and blunt the adrenal response to 
adrenocorticotropic hormone (ACTH) by reversibly inhibiting 
11β-hydroxylase, a key synthetic enzyme in the glucocorticoid 
pathway. Since discovering this mechanism, much debate has 
emerged regarding etomidate’s impact on survival in sepsis 
patients. Data from retrospective studies are conflicting, but a 
recent meta-analysis of 18 prospective observational and con-
trolled trials has shown no mortality effect from a single dose of 
etomidate in septic patients.26,27 Recent prospective randomized 
trials looking at undifferentiated ICU admissions and those spe-
cifically involving individuals with septic shock have shown that 
single-dose etomidate has no effect on outcome.28 Ironically, 
much of the original criticism of etomidate arose from the 
hypothesis that the adrenocortical response to exogenous cortico-
tropin predicts outcome in patients with septic shock, a theory 
that has since been discredited.28a The most comprehensive study 
of the role of exogenous corticosteroids in septic shock has failed 
to show any benefit, casting further doubt about any possible 
mortality effect of a single dose of etomidate. Pending a properly 
constructed, prospective, randomized clinical trial, there is not 
sufficient evidence to support the recommendation that etomi-
date be avoided in patients with septic shock. In fact, etomidate’s 
superior hemodynamic profile makes it an excellent choice in 
these and other unstable patients.

Ketamine.  Ketamine, a phencyclidine derivative, has been 
widely used as a general anesthetic agent since 1970. After an IV 
dose of 1 to 2 mg/kg, ketamine produces loss of awareness within 
30 seconds, peaks in approximately 1 minute, and has a clinical 

dialysis) sufficient to be manifest on the electrocardiogram (ECG). 
Treatment for succinylcholine-induced hyperkalemia is the same 
as for any other hyperkalemic emergency.

Masseter Spasm.  Succinylcholine has rarely been reported to 
cause masseter spasm, primarily in children and young adults. The 
clinical significance of this phenomenon is unclear, but adminis-
tration of a competitive NMBA terminates the spasm. Severe per-
sistent spasm should raise suspicion of malignant hyperthermia.

Malignant Hyperthermia.  Succinylcholine has been associ-
ated with malignant hyperthermia, a perplexing syndrome of 
rapid temperature rise and rhabdomyolysis. Malignant hyperther-
mia occurs in genetically predisposed individuals who receive 
certain volatile anesthetic agents or succinylcholine. The condi-
tion is extremely rare and has not been reported in the context of 
ED intubation. Treatment consists of cessation of any potential 
offending agents, administration of dantrolene (1–2.5 mg/kg IV 
every 5 minutes, to a maximum dose of 10 mg/kg IV), and 
attempts to reduce body temperature by external means. A 
national malignant hyperthermia hotline is available for emer-
gency consultation at 1-800-644-9737 (then dial 0).

Competitive Agents.  Competitive NMBAs are classified 
according to their chemical structure. The aminosteroid agents 
include pancuronium, vecuronium, and rocuronium. Vecuronium 
neither releases histamine nor exhibits cardiac muscarinic block-
ade and is an excellent agent for the maintenance of neuromus-
cular blockade when this is desirable. Rocuronium is the best 
agent for use in RSI when succinylcholine is contraindicated. In a 
study of ED intubations performed with rocuronium or succinyl-
choline, first-pass intubation success was independent of the 
NMBA used.24

Rocuronium.  When a patient has a contraindication to suc-
cinylcholine, rocuronium bromide is the paralytic agent of choice. 
At a dose of 1.0–1.2 mg/kg IV, rocuronium achieves intubating 
conditions similar to those of succinylcholine, lasts approximately 
50 minutes, and has been used in the ED with success.3 Intubating 
level paralysis may take 15 to 20 seconds longer than with succi-
nylcholine, and the operator should allow 60 seconds to elapse 
before attempting intubation when rocuronium is used. There are 
no absolute contraindications to rocuronium. In the ED, dosing 
in morbidly obese patients should be based on actual TBW. 
Although adequate intubating conditions can be obtained when 
ideal body weight (IBW) is used, this concept is only pertinent to 
the anesthesiologist who may be titrating neuromuscular block-
ade to a short anesthetic time. Paralysis will be of sufficient dura-
tion, regardless of which weight-based dosing regimen is used, 
that the emergency clinician will need to have managed the airway 
successfully before spontaneous respirations return. The potential 
for inferior intubating conditions using IBW dosing makes this 
approach undesirable. However, in the subset of critically ill 
patients who require frequent, serial, neurologic examinations, 
the more prolonged duration of paralysis with rocuronium may 
make it less desirable than succinylcholine for routine use.

Paralysis After Intubation.  After intubation, prolonged 
paralysis may be desired to optimize mechanical ventilation; 
however, current management is based on use of deep sedation 
and analgesia, with neuromuscular paralysis used only when nec-
essary to maintain ventilatory control. If neuromuscular blockade 
is required, vecuronium (0.1 mg/kg IV) can be given, but longer 
term neuromuscular blockade is not to be undertaken without 
ensuring appropriate sedation and analgesia of the patient and a 
means to ensure that ongoing sedation and analgesia are adequate. 
Prolonged paralysis without adequate sedation occurs in up to 
20% of patients following RSI in the ED.25 A sedating dose of a 
benzodiazepine, such as midazolam (0.1 mg/kg IV), combined 
with an opioid analgesic, such as fentanyl (3–5 µg/kg IV) or mor-
phine (0.2–0.3 mg/kg IV), is required to improve patient comfort 
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exists. Propofol causes pain at the site of administration in as 
many as 60% of patients. Using a proximal (antecubital) vein in 
lieu of a distal venous injection site is the most important preven-
tive measure. Pretreatment with IV lidocaine, coadministration of 
lidocaine mixed with propofol, and pretreatment with opioids or 
ketamine have all been shown to limit this common adverse 
reaction.31

Other Induction Agents.  Given the widespread acceptance 
and familiarity with etomidate, propofol, and ketamine, other 
drug classes such as barbiturates and benzodiazepines are infre-
quently used as induction agents for RSI. In North America, 
nearly all emergency intubations are performed with one of those 
three agents.3 Rapidly acting barbiturates, such as thiopental, are 
highly lipid-soluble and readily cross the blood-brain barrier, 
acting on the GABA receptor neuroinhibitory complex to depress 
central nervous system activity. The last US-based manufacturer 
of sodium thiopental stopped production, and imports into the 
United States are severely restricted, but it is still in use in some 
areas outside of North America. Of the benzodiazepines, only 
midazolam is used as an induction agent, a role for which it is 
inferior to other, more commonly used agents, such as etomidate 
and propofol. The usual induction dose for midazolam is 0.2 to 
0.3 mg/kg IV. At a dose of 0.3 mg/kg IV, midazolam produces loss 
of consciousness in about 30 seconds (but may take up to 120 
seconds) and has a clinical duration of 15 to 20 minutes. Mid-
azolam is a negative inotrope and should be used with caution in 
hemodynamically compromised and older patients, for whom the 
dose can be reduced to 0.1 or 0.05 mg/kg. Onset is slower at these 
reduced doses.

Dexmedetomidine (Precedex) has gained popularity as a solo 
agent, or in combination with benzodiazepines, for procedural 
sedation and awake intubation.21 The typical loading dose is 1 mg/
kg IV over 5 to 10 minutes. At therapeutic levels, it has a minimal 
effect on the respiratory drive or protective airway reflexes but its 
use is limited by bradycardia and hypotension. It has not been 
studied as an induction agent during RSI, and its slow loading rate 
would likely keep it from being effective in that situation.

Special Clinical Circumstances

This section will discuss several specific clinical scenarios that 
often warrant modification of the airway management plan. Pedi-
atric airway management is discussed in Chapter 161.

Status Asthmaticus

RSI is the recommended technique for intubation of a patient in 
status asthmaticus. Difficult airway considerations are complex in 
an asthmatic patient because of impending respiratory arrest and 
the patient’s inability to tolerate attempts at awake intubation. 
When a difficult airway is identified, intubation preparation 
should begin early, so that awake methods, such as flexible endo-
scopic intubation, may be retained as options. Even when a dif-
ficult airway is identified in an asthmatic patient, however, RSI 
usually is the intubation method of choice. Ventilation with a 
BMV or EGD may be difficult because of high airway resistance, 
and the technique should be optimized with the use of a low tidal 
volume and respiratory rate, with a high inspiratory flow rate. 
Reducing the respiratory rate to allow for adequate exhalation, 
even at the expense of retaining CO2, is recommended to prevent 
the development of auto-PEEP, known as breath stacking, which 
can compromise ventilation and cause barotrauma.

The asthmatic patient has highly reactive airways, and steps 
should be taken to minimize any additional bronchospasm that 
may occur during intubation. The bronchoconstriction that 
occurs with ETT placement is thought to be neurally mediated, 

duration of 10 to 15 minutes. As a dissociative anesthetic agent, 
ketamine induces a cataleptic state rather than a true unconscious 
state. The patient has profound anesthesia but may have her or 
his eyes open. Protective airway reflexes and ventilatory drive 
usually are preserved.

The principal uses of ketamine in emergency airway manage-
ment are as a sedative agent for awake intubation (eg, flexible 
bronchoscope) and as the induction agent during RSI for patients 
with acute severe asthma or hemodynamic instability. Because of 
its superior hemodynamic profile, ketamine is an excellent alter-
native to etomidate for a hemodynamically unstable patient, such 
as a patient with sepsis or multiple trauma. Although comparative 
human evidence is lacking, ketamine probably has less propensity 
to exacerbate hemodynamic instability than any other agent, even 
etomidate. However, all sedative induction agents, including ket-
amine, can provoke further hypotension or cardiovascular col-
lapse in patients with profound refractory shock or those with 
depressed myocardial contractility and catecholamine depletion. 
In these settings, dosages are reduced to 50% or 25% of the usual 
dose. In patients with status asthmaticus, etomidate, propofol, or 
another induction agent can be used, with the notable exception 
of sodium thiopental, which releases histamine. Ketamine has 
some bronchodilatory effects and also can cause catecholamine 
release, so it may be useful for intubation and intermittent admin-
istration as part of sedation for mechanical ventilation in patients 
with severe asthma, although no outcome studies have clearly 
demonstrated its superiority.

Controversy exists regarding the use of ketamine in patients 
with elevated ICP because it may increase the cerebral metabolic 
rate, ICP, and CBF. The evidence that ketamine can produce harm 
in this way is conflicting, however, and may be outweighed in 
trauma patients because of its overall favorable hemodynamic 
profile.29 Ketamine does not appear to be harmful in children 
when given in procedural doses to patients with known elevated 
ICP and may actually lower ICP.

Because it may cause release of catecholamines and increase 
blood pressure, ketamine should be avoided in traumatic brain 
injury (TBI) patients with elevated blood pressure. However, we 
recommend the use of ketamine or etomidate during RSI for 
induction of patients with TBI and hypotension or risk factors for 
hypotension. Ketamine may produce unpleasant emergence phe-
nomena, especially disturbing or frightening dreams in the first 3 
hours after awakening. These reactions, which are more promi-
nent in adults than in children, in women than in men, in patients 
receiving larger doses, and in certain personality types, may  
be mitigated by benzodiazepine administration.30 Patients who 
undergo RSI with ketamine should receive a benzodiazepine (eg, 
lorazepam, 0.05 mg/kg, or midazolam, 0.1 mg/kg) as part of post-
intubation management.

Propofol.  Propofol is a highly lipophilic alkylphenol with 
γ-aminobutyric acid (GABA) receptor stimulation activity. Its 
primary use in the emergency setting has been for postintubation 
sedation in head-injured patients; however, it increasingly has 
been used as an induction agent during RSI.3 It reduces ICP and 
cerebral oxygen usage and is indicated for patients with elevated 
ICP caused by a medical or traumatic emergency. Because of the 
propensity of propofol to cause hypotension through vasodilation 
and direct myocardial depression, the dosage is reduced or the 
drug is avoided altogether in hemodynamically compromised 
patients. The usual induction dose of propofol is 1.5 mg/kg IV, 
but reduced dosages should be used in older patients or those with 
hemodynamic compromise or poor cardiovascular reserve. Pro-
pofol is delivered in a soybean oil and lecithin vehicle and should 
not be used for patients with allergies to these substances. Although 
propofol has traditionally been avoided in patients with egg 
allergy, it is likely safe unless a history of anaphylaxis to egg protein 
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sympatholytic dose of fentanyl is much higher, but limiting the 
dose minimizes the likelihood of precipitating or worsening 
hypoventilation. Because fentanyl reduces sympathetic tone, it 
should not be given to patients with hemodynamic compromise 
(eg, bleeding, volume depletion, sepsis). The administration of 
3 µg/kg is safer than larger doses and can be supplemented with 
an additional 3 µg/kg immediately after intubation if greater sym-
pathetic blockade is desired or hypertension and tachycardia 
persist. Fentanyl should be given over 60 seconds to prevent 
hypoventilation or apnea.

Elevated Intracranial Pressure

When the ICP is elevated as a result of head injury or acute intra-
cranial catastrophe, there are two considerations—maintaining 
CPP (by avoiding excessive hypotension) and minimizing supra-
normal surges in the mean arterial blood pressure (MAP), which 
can increase ICP. Normally, cerebrovascular autoregulation main-
tains a constant CBF over a wide range of systemic blood pres-
sures, but this action may be lost in conditions that elevate ICP. 
Maintenance of the systemic MAP at 100 mm Hg or higher sup-
ports CPP and reduces the likelihood of secondary injury. There-
fore, the RSI induction agent for a patient with suspected elevated 
ICP should be selected and dosed to minimize the likelihood of 
exacerbation of hypotension. In patients with suspected or docu-
mented elevation of ICP, control of RSRL is desirable to avoid 
further elevation of ICP. Fentanyl (3 µg/kg) given as a pretreat-
ment drug is the best choice for this purpose in the emergency 
setting.

Although evidence has suggested a separate reflex that increases 
ICP in response to laryngoscopy and intubation, and IV lidocaine 
was formerly recommended for this purpose, evidence is weak, 
and no further evidence has developed. Therefore, we no longer 
recommend lidocaine in this setting. Similarly, RSRL and the ICP 
response to intubation make blind nasotracheal intubation inad-
visable for brain injury patients.

In emergency patients who may have elevated ICP, the emer-
gency clinician should choose an induction agent that balances a 
favorable effect on cerebral dynamics and ICP with a stable sys-
temic hemodynamic profile. We recommend etomidate, although 
propofol is also a good option when there is no hemodynamic 
compromise (Table 1.4).

Hypotension and Shock

In critically ill and injured patients, induction agents have the 
potential to exaggerate preexisting hypotension and, in some 
cases, precipitate circulatory collapse. Peri-intubation cardiac 
arrest, typically pulseless electrical activity (PEA), complicates up 
to 4% of emergency RSIs.3 Risk factors in ED populations include 
advanced age (>70 years), COPD, and shock on arrival.32-34 In 
patients with profound shock, all induction agents have the 
potential to exacerbate hypotension. Shock-sensitive RSI hinges 
on three primary management principles—volume resuscitation 
prior to induction (if time permits), reduced dose induction agent 
administration, and pretreatment with peri-intubation pressor 
agents (Table 1.5).

When time allows, patients with hypotension should be 
administered isotonic fluid boluses or packed red blood cells 
(PRBCs) to maximize preload, increase blood pressure, and allow 
more pharmacologic options during RSI. Phenylephrine hydro-
chloride (Neo-Synephrine; 50–100 µg IV push) administered 
prior to the induction agent can limit hypotensive effects. In addi-
tion, induction agent selection should be limited to etomidate or 
ketamine only, and the dose should be reduced by 50%. Attention 
to these details can reduce the incidence of cardiovascular peri-
intubation adverse events.

TABLE 1.3 

Rapid Sequence Intubation for Status Asthmaticus
TIME STEP

Zero minus 10 min Preparation

Zero minus 5 min Preoxygenation (as possible)
•	 Continuous albuterol nebulizer
•	 100% oxygen for 3 min or eight vital capacity 

breaths, or highest flow oxygen possible

Zero minus 3 min Pretreatment—albuterol, 2.5 mg nebulized, or 
lidocaine, 1.5 mg/kga

Zero Paralysis with induction
•	 Ketamine, 1.5 mg/kg
•	 Succinylcholine, 1.5 mg/kg

Zero plus 30 s Positioning

Zero plus 45 s Placement
•	 Laryngoscopy with intubation
•	 End-tidal carbon dioxide confirmation

Zero plus 2 min Postintubation management
•	 Sedation and analgesia
•	 NMBA only if required after adequate sedation, 

analgesia
•	 In-line albuterol nebulization
•	 Additional ketamine as indicated

aOnly if not already pretreated with β-agonists.
NMBA, Neuromuscular blocking agent.

and local anesthetics, particularly lidocaine, have been studied as 
a way to blunt this airway reflex. We had previously recommended 
lidocaine to suppress the reflexive bronchospasm and coughing 
that occurs in response to airway manipulation in asthmatic 
patients, but there have been no high-level human studies sup-
porting these beneficial effects, particularly in patients who have 
received a β2-agonist. High-dose, inhaled β-agonists, such as alb-
uterol, provide maximal protection against reactive broncho-
spasm during intubation and are indicated for asthmatics with or 
without active bronchospasm. Ketamine has bronchodilatory 
properties and may mitigate bronchospasm in patients who are 
not intubated and in patients who are already intubated and are 
not improving with mechanical ventilation. Although studies to 
date have been limited, ketamine is also a reasonable induction 
agent for the emergency intubation of patients with status asth-
maticus (Table 1.3).

Hemodynamic Consequences of Intubation

Laryngoscopy and intubation are potent stimuli for the reflex 
release of catecholamines. This RSRL produces a modest increase 
in blood pressure and heart rate and is of little or no consequence 
in otherwise healthy patients. The RSRL is of potential clinical 
significance in two settings, acute elevation of ICP and certain 
cardiovascular diseases (eg, intracerebral hemorrhage, subarach-
noid hemorrhage, aortic dissection or aneurysm, ischemic heart 
disease). In these settings, the reflexive release of catecholamines, 
increased myocardial oxygen demand, and attendant rise in mean 
arterial blood pressure and heart rate may produce deleterious 
effects. The synthetic opioids (eg, fentanyl) and β-adrenergic 
blocking agents (eg, esmolol) are capable of blunting the RSRL 
and stabilizing heart rate and blood pressure during intubation. 
In patients at risk from acute blood pressure elevation, adminis-
tration of fentanyl (3 µg/kg) during the pretreatment phase of RSI 
attenuates the heart rate and blood pressure increase. The full 
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setting, a videolaryngoscope should be used and, if not available, 
a direct laryngoscope also can be used. A videolaryngoscope pro-
vides superior laryngeal views without excessive lifting force or 
cervical spine movement and has higher intubation success rates 
when compared with conventional direct laryngoscopy.

The intubating laryngeal mask airway (ILMA) also may result 
in less cervical spine movement during intubation than direct 
laryngoscopy, although the need for a blind intubation devices has 
been decreasing with the advent of videolaryngoscopy.3 Other 
devices have also shown promise for safe intubation of patients 
with cervical spine injury. A fluoroscopic study in which intuba-
tion with the Shikani optical stylet (SOS; Clarus Medical, Min-
neapolis) was compared with DL has shown significantly less 
cervical spine movement with the SOS but a slightly longer intu-
bation time (28 vs. 17 seconds). Video-enhanced rigid stylets, such 
as the Clarus Video System (CVS) are also effective tools for 
patients in cervical collars.35 The Airtraq and Pentax Airway Scope 
are curved intubation devices that integrate an ETT channel and 
either a viewing lens or a video screen to facilitate intubation. 
Both devices have shown high levels of intubation success and 
minimal cervical spine motion compared with direct laryngos-
copy. In the absence of a coexistent blunt traumatic mechanism 
or a neurologic examination indicating spinal cord injury, cervical 
spine immobilization for intubation of patients with penetrating 
head and neck trauma rarely is indicated. It is not proven whether 
patients with gunshot or shotgun injuries to the head or neck are 
at risk of exacerbation of cervical cord injury during intubation, 
and there is no report of such a patient, with or without clinical 
evidence of spinal cord injury, who was injured by intubation. In 
addition, cervical spine immobilization in patients with penetrat-
ing neck injuries may be harmful. A large retrospective review of 
more than 45,000 trauma patients with penetrating injuries has 
found that those in whom prehospital cervical collars were applied 
were two to three times more likely to die. Delays in transport and 
patient assessment and added difficulty for airway procedures 
were postulated as potential contributors.36

Airway Devices and Techniques

Direct Versus Video Laryngoscopy

The inherent limitations of DL make glottic visualization less 
likely when compared to video instruments.6,37 Videolaryngo-
scopes offer the ability to visualize the glottis without creating a 
direct line of sight, thus making irrelevant many of the issues that 
complicate DL. Although DL remains an acceptable technique for 
tracheal intubation, there is mounting evidence of the clear supe-
riority of modern video devices, and DL increasingly is relegated 
to the role of a standby device.3

Videolaryngoscopes

Modern laryngoscopes incorporate video imaging into specially 
designed laryngoscope blades to provide glottic visualization 
superior to that of a direct laryngoscope, without the need to 
create a straight-line visual axis through the mouth. Videolaryn-
goscopes can be separated into two large groups based on shape—
those that use traditional laryngoscope geometry complemented 
by a video viewing device (which also can be used as direct laryn-
goscopes), and those with specially curved or angulated blades, 
designed specifically for use in a video system and not suitable for 
DL. This classification system is important because intubating 
mechanics and success differ between the two groups. Neverthe-
less, regardless of type, videolaryngoscopes provide superior 
glottic views and greater first-pass success when compared with 
direct laryngoscopes, particularly when the airway is difficult or 
when a nonexpert operator is performing the intubation.6,7,37,38 

Potential Cervical Spine Injury

Historically, most patients with suspected blunt cervical spine 
injury were intubated orally by direct laryngoscopy with in-line 
cervical spine immobilization, whether done as an awake  
procedure or with neuromuscular blockade. However, with this 
approach, glottic views can be inadequate, and excessive lifting 
force often is required. Patients with known cervical spine frac-
tures are optimally managed with a flexible bronchoscope to 
minimize cervical spine motion; however, in the emergency 

TABLE 1.5 

Rapid Sequence Intubation for Hypotension  
and Shock
TIME STEP

Zero minus 10 min Preparation—isotonic fluid boluses or blood 
products

Zero minus 5 min Preoxygenation (as possible)—100% oxygen for 
3 min or eight vital capacity breaths

Zero minus 3 min Pretreatment—phenylephrine hydrochloride 
(Neosynephrine), 50–100 µg IV push (if still 
hypotensive after IVFs or blood)

Zero Paralysis with induction
•	 Ketamine, 0.5–0.75 mg/kg OR  

Etomidate, 0.1–0.15 mg/kg
•	 Succinylcholine, 1.5 mg/kg IV

Zero plus 30 s Positioning

Zero plus 45 s Placement
•	 Laryngoscopy with intubation
•	 End-tidal carbon dioxide confirmation

Zero plus 2 min Postintubation management—continued volume 
resuscitation

TABLE 1.4 

Rapid Sequence Intubation for Elevated  
Intracranial Pressure
TIME STEP

Zero minus 10 min Preparation

Zero minus 5 min Preoxygenation (as possible) — 100% oxygen 
for 3 min or eight vital capacity breaths

Zero minus 3 min Pretreatment—fentanyl, 3 µg/kg (slowly)

Zero Paralysis with induction
•	 Etomidate, 0.3 mg/kg
•	 Succinylcholine, 1.5 mg/kga

Zero plus 30 s Positioning

Zero plus 45 s Placement
•	 Laryngoscopy with intubation
•	 End-tidal carbon dioxide confirmation

Zero plus 2 min Postintubation management—sedation and 
analgesia; consider propofol to permit 
frequent reexamination

NMBA only if required after adequate sedation, 
analgesia

aMay substitute rocuronium, 1 mg/kg, for succinylcholine.
NMBA, Neuromuscular blocking agent.
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Although the view is universally better with all videolaryngo-
scopes, the GlideScope’s impact on first-pass success has been  
less clear. A recent large meta-analysis of more than 12 studies  
has shown that GVL is superior in obtaining full glottic views but, 
for experienced laryngoscopists, first-pass success was not supe-
rior to conventional laryngoscopy.7 In ED patients, GVL was asso-
ciated with a lower first-attempt success rate than DL, although 
the groups were not matched.3 Single-center ED observational 
studies, however, have shown that the GlideScope is superior to 
DL for intubating ED patients, and success has increased over 
time.37,44 The GlideScope causes less cervical spine movement than 
conventional DL and provides better glottic exposure in patients 
with strict cervical spine precautions. The C-MAC videolaryngo-
scope (Fig. 1.14; Karl Storz Endoscopy, Tuttlingen, Germany) 

Fig. 1.12.  GlideScope Cobalt system uses a high-resolution digital 
display, includes single-use Stats (blade sheaths) that cover the video 
baton, and can record still images and video clips through internal and 
removable storage devices. (Courtesy Verathon, Seattle.)

Fig. 1.13.  GlideScope Titanium handles incorporate similar video ele-
ments in a lightweight titanium blade with a narrower side profile. Con-
nection to the video display is made by a USB-style cord. (Courtesy 
Verathon, Seattle.)

For routine intubation of nondifficult airways by expert intuba-
tors, success rates with direct laryngoscopy often can match those 
obtained with a videolaryngoscope.7 Because emergency intuba-
tions are by definition emergent and cannot be rescheduled, 
operator experience varies, and airways are often difficult,  
videolaryngoscopy is the first-choice modality for emergency 
intubations.

The GlideScope videolaryngoscope system (GVL; Verathon, 
Seattle) uses a modified Macintosh blade with a straightened, 
angulated, and elongated tip enclosing a proximally placed camera 
to provide a wide-angle view of the glottis and surrounding 
anatomy, even in patients with difficult airways. Video images are 
transmitted to a high-resolution display that can record still pic-
tures and video clips. Handle and blade sizes range from neonate 
to obese adult. The GlideScope Ranger is an ultraportable version 
of the device, designed for use in the out-of-hospital environment. 
One large series of out-of-hospital intubations has shown that the 
Ranger significantly reduces the number of attempts needed to 
intubate compared with DL.39 The GlideScope Cobalt is a system 
designed for a single use, without the need for cleaning (Fig. 1.12). 
It consists of a flexible video wand insert that fits inside a dispos-
able, single-piece transparent blade called a stat and comes in sizes 
comparable to those for the standard GlideScope. The added bulk 
created by the stat can make it harder to maneuver in emergency 
patients and may reduce intubation success compared to the stan-
dard GVL blade.40 The newest generation GlideScope handles are 
made of lightweight titanium, with a narrower side profile (Fig. 
1.13). The placement of the camera distally along the blade to 
create a viewing field essentially negates the obstructive potential 
of the tongue, so GlideScope laryngoscopy and most other hyper-
angulated videolaryngoscopy is performed with the blade intro-
duced in the midline of the mouth and advanced around the 
tongue, with very little lifting. A proprietary rigid, preformed 
stylet is available for use with the GlideScope, or a malleable stylet 
can be shaped to match the exaggerated curve of the GlideScope 
blade. The rigid stylet is less likely to deform during intubation 
attempts and allows the operator better ETT control on the video 
screen. Either stylet may be used, and data are conflicting regard-
ing the advantage provided with a rigid stylet; however, one 
ED-based investigation has suggested that intubation success is 
higher with the rigid stylet compared with a standard malleable 
stylet.41,42 When compared with DL, the GlideScope provides an 
equivalent or superior glottic view and has a very high intubation 
success rate.7 Traditional predictors of difficult direct laryngos-
copy likely will not apply to videolaryngoscopy because most are 
based on limitations of creating a direct line of sight, which is not 
part of videolaryngoscopy.43

Fig. 1.14.  The C-MAC videolaryngoscope (Karl Storz Endoscopy, Tut-
tlingen, Germany) uses an integrated complementary metal oxide semi-
conductor (CMOS) video chip to capture a video image from near the 
distal tip of an otherwise conventional laryngoscope blade. The image  
is conveyed to a video screen, where it is viewed by the intubator.  
(From Walls RM, Murphy MF, eds: Manual of emergency airway manage-
ment, ed 4, Philadelphia, 2012, Lippincott, Williams & Wilkins; with 
permission.)
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Figs. 1.16 and 1.17) based on the same principles likely will 
perform as well as or better than its fiberoptic forerunner. The 
ETT is placed over a semirigid stylet, consisting of a metal sheath 
with a distally placed video image acquisition system, then 
advanced through the mouth and over the tongue in the midline 
and into the trachea under fiberoptic or video visualization. The 
SOS appears to cause less movement of the cervical spine than 
conventional laryngoscopy during intubation with inline stabili-
zation (Fig. 1.16). A smaller version, the Levitan scope (Clarus 
Medical), uses a light-emitting diode (LED)–illuminated fiberop-
tic stylet to facilitate intubation by direct laryngoscopy. The device 
is recommended by the manufacturer to facilitate first-pass success 
when a limited glottic view is obtained by DL. In the only study 
comparing the Levitan scope with the gum elastic bougie, however, 
the two devices achieved similar success.

Flexible Intubating Scopes

Intubation using a flexible endoscope is an important option for 
certain difficult airways, particularly in those with distorted upper 
airway anatomy, such as angioedema or blunt anterior neck 
trauma. These scopes long relied on fiberoptic technology, but this 
has largely been supplanted by miniaturized, high-quality video 
systems (Fig. 1.18). After appropriate patient preparation, the 
endoscope is passed through the vocal cords under continuous 
visualization, serving as an introducer for an ETT, which is then 
placed through the glottis. Flexible endoscopic examination also 
is used for airway assessment to determine whether intubation is 
needed, such as for patients with smoke inhalation or supraglot-
titis. Intubation of morbidly obese patients, those with distorted 
airway anatomy (eg, penetrating or blunt anterior neck injury), 
or those with a fixed cervical spine deformity can be achieved with 
the flexible endoscope with topical anesthesia and judicious seda-
tion, thus preserving the patient’s ability to breathe until intuba-
tion has been achieved. Scopes also have been used successfully to 
intubate through an ILMA, and video systems likely would work 
well in this application also.

Fig. 1.15.  King Vision videolaryngoscope integrates a single-use, curved 
video blade attached to a top-mounted display. The blades come in two 
versions, those with endotracheal tube channels, for advancing the endo-
tracheal tube, and those without. (Courtesy Calvin A. Brown III, MD.)

Fig. 1.16.  The Clarus Video System incorporates a curved stylet contain-
ing a CMOS chip video camera surrounding by a malleable but rigid 
protective metal sheath. Images are displayed on a video screen attached 
to the handle. The screen can swivel for optimal viewing as the stylet is 
inserted into the mouth. (Courtesy Clarus Medical, Minneapolis.)

Fig. 1.17.  The Shikani optical stylet (SOS) with endotracheal tube 
mounted. The eyepiece and battery pack are at the right. (Courtesy Clarus 
Medical, Minneapolis, MN.)

incorporates a complementary metal oxide semiconductor 
(CMOS) video chip into a range of laryngoscope blades to enhance 
glottic views. Images are displayed on a high-resolution monitor, 
with image- and video-saving capabilities. The traditionally 
shaped C-MAC blade can be used as a direct laryngoscope by a 
trainee while a supervisor observes the video output, providing 
an excellent tool for teaching DL. One ED-based direct compari-
son of the C-MAC and GVL has suggested that they perform 
similarly during emergency intubation.45 Compared to DL the 
C-MAC provides better visualization of the glottic inlet, higher 
rates of first-pass success, and outperforms DL when rescuing a 
failed first attempt using DL.3,6,46

The King Vision videolaryngoscope (King Systems, Nobles-
ville, IN) is a single-use, lightweight device with a detachable (and 
reusable) screen that sits on top of a disposable video blade (Fig. 
1.15). There are two blade types, one with an integrated tube 
channel and one without; the latter requires the operator to place 
the ETT manually. In simulated difficult airways using cadaveric 
subjects, the King Vision results in higher success rates and faster 
tube placement compared to DL.47 The McGrath Series 5 is a 
cordless videolaryngoscope with an integrated screen and handle 
configuration.

There are several other models of videolaryngoscopes with 
various sizes and features, such as disposable sheaths or blades, 
and at various price points.48,49 Individual evaluation of these 
devices is important in selecting the best videolaryngoscope for 
an individual practitioner or practice group. In 2012, videolaryn-
goscopes were chosen as the first device for airway management 
in nearly 40% of all intubations.3 Overall, videolaryngoscopy 
offers the promise of transforming laryngoscopy and has the 
potential to render DL obsolete.

Fiberoptic and Video Intubating Stylets

Several semirigid fiberoptic and video intubating stylets also are 
available. The SOS is the most studied of these, although a newer 
video device (Clarus Video System, Clarus Medical, Minneapolis; 
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Fig. 1.18.  New video flexible bronchoscopes are now available and 
integrate fully with the C-MAC high-resolution display. (Courtesy Karl 
Storz Endoscopy, Tuttlingen, Germany.)

providing a seal that permits ventilation of the trachea with 
minimal gastric insufflation. In elective anesthesia, the LMA has 
an extremely high insertion success rate and low complication 
rate, including a low incidence of tracheal aspiration. Evaluations 
of LMA insertion by experienced and inexperienced personnel 
consistently have shown ease of insertion, high insertion success 
rates, and successful ventilation. The LMA may be a viable alterna-
tive to endotracheal intubation for in-hospital or out-of-hospital 
treatment of cardiac arrest, particularly when responders are inex-
perienced airway managers. At a minimum, the device may serve 
a temporizing role equal or superior to BMV until definitive 
airway management can be achieved. The LMA Supreme (Teleflex 
Inc., Morrisville, NC) is a more robust LMA with a rigid angled 
tube, similar to an ILMA; it offers an orogastric tube channel and 
higher seal pressures than the standard LMA. This likely is the best 
version for general ED use.

A noninflatable LMA, the i-gel (Intersurgical, Berkshire, 
England), has a viscous gel cuff and does not require inflation 
(Fig. 1.20). It is available in a variety of sizes for adults and pedi-
atric patients. The device is placed blindly, and insertion depths 
are marked on the side of the device. It has an integrated bite block 
and channel for passage of an orogastric tube. Initial experience 
with the device, even with minimally trained novice users, has 
been promising, with high insertion success rates and shorter 
insertion times when compared with the LMA or laryngeal tube 
airway.50

The ILMA is designed to facilitate intubation through the 
mask after correct placement (Fig. 1.21). It differs from the LMA 
in two main ways. First, the mask is attached to a rigid, stainless 
steel ventilation tube that is curved almost to a right angle, and 
the mask incorporates an epiglottic elevator at its distal end. 
Placement of the ILMA results in successful ventilation in almost 
100% of cases and successful subsequent intubation in 95%.  
The ILMA can also be used for ventilation and intubation in  
obese patients, with similarly high success rates. The ILMA has a 
special ETT and stabilizer rod to remove the mask over the ETT 

There is a significant learning curve for flexible endoscopic 
intubation, and proficiency with this device requires training and 
practice. Fortunately, endoscopic examination of the upper airway 
to the level of the vocal cords is a similar skill set as that needed 
to maneuver the scope through the cords to intubate. This is an 
important alternative method to obtain real-life experience with 
insertion and manipulation of the scope. Only approximately 1% 
of ED patients are managed with a flexible bronchoscope, possibly 
reflecting reluctance to select this instrument if the operator does 
not feel sufficiently trained or competent. Flexible bronchoscope 
intubations are the method of choice for most patients with  
upper airway obstruction.3 The role of flexible endoscopic intuba-
tion in the ED will likely expand as obesity increases in the popu-
lation and, increasingly, difficult airways are handled in the ED 
without backup. The transition from fiberoptic to CMOS video 
technology will make these flexible scopes more durable and less 
prone to fogging, both desirable attributes for emergency intuba-
tion. Although the cost required to purchase and maintain a flex-
ible endoscope can make it challenging for some emergency 
departments, single-use flexible videoscopes, such as the Ambu 
aScope (Ambu, Columbia, MD), provide a less costly option (Fig. 
1.19). Emergency clinicians should have immediate access to flex-
ible endoscopes and should acquire training and regular practice 
in their use.

Extraglottic Devices

Laryngeal Mask Airways.  LMAs collectively include a 
number of commercially available ovoid, silicone mask devices 
designed to seal above the glottis and permit ventilation through 
a central channel with a standard bag. There are several models 
available, and attributes differ among the models, but use and 
success rates are very similar. The most widely used is the original 
LMA. Reusable and single-use configurations, conventional and 
intubating formats, are offered by several manufacturers. The 
mask is inserted blindly into the pharynx and then inflated,  

Fig. 1.19.  The Ambu aScope is a new, fully disposable video flexible 
bronchoscope with an integrated suction port and working channel for 
suctioning and instillation of local anesthetic. Airway images are viewed 
via a reusable digital display. (Courtesy Calvin A. Brown III, MD.)
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LMA-style devices, the Ambu air-Q and Aura-I, can act as stan-
dard LMAs for ventilation and oxygenation but can facilitate blind 
intubation with standard adult endotracheal tubes. Both work 
well intubating a difficult airway, especially when augmented by 
flexible endoscopy.51

In the ED, the primary use of the LMA or ILMA is as a rescue 
technique to provide a temporary airway when intubation has 
failed, bag ventilation is satisfactory, and the patient has been 
paralyzed and may require prolonged ventilation or be in need of 
immediate airway management. In such cases, the LMA is one of 
numerous acceptable devices. In the can’t intubate, can’t ventilate 
situation, cricothyrotomy is indicated, but an ILMA may be placed 
rapidly in an attempt to achieve ventilation (converting the situa-
tion to can’t intubate, can ventilate), as long as this is done in 
parallel with preparations for cricothyrotomy and does not delay 
initiation of a surgical airway. The standard LMA may also offer 
advantages for providing ventilation in unconventional positions, 
such as when the patient is lying on his or her side. In the out-of-
hospital setting, where concerns about esophageal placement of 
ETTs have focused interest on methods used for airway manage-
ment, the LMA and Combitube offer excellent placement and 
ventilation characteristics and may be preferable to endotracheal 
intubation in this setting, especially when intubation is relatively 
infrequently performed.53 If the patient is in a difficult position in 
terms of intubation access, the LMA may facilitate more rapid 
ventilation.

Other Extraglottic Devices.  In addition to LMAs, which 
sit above the glottis, there are several other types of EGDs. These 
are inserted blindly posterior to and beyond the laryngeal inlet to 
provide oxygenation and ventilation through side ports while 
inflatable balloons occlude the pharynx above and the esophageal 
inlet below. Because of their positioning behind the larynx, these 
often are called retroglottic devices. The prototype for these 
devices is the esophagotracheal Combitube. The Combitube is a 
plastic double-lumen tube with one lumen functioning as an 
airway after esophageal insertion and the other lumen functioning 
as a tracheal airway. The tube is placed blindly into the esophagus, 
and proximal and distal balloons are inflated sequentially through 
different ports. The balloons prevent escape of ventilatory gases 
upward through the pharynx or downward through the esopha-
gus. The tube is placed into the esophagus, as designed, almost 
100% of the time, but both lumens are patent, so ventilation is 
still possible if the tube has been placed inadvertently into the 
trachea. It comes in two sizes and is used only in patients taller 
than 48 inches.

The King laryngeal tube airway (King LT; King Systems) has a 
single port through which distal and proximal low-pressure bal-
loons are inflated as a single step (Fig. 1.22). The distal balloon, 
when seated correctly, obstructs the cervical esophagus, and the 
larger proximal balloon obstructs the hypopharynx, preventing 
regurgitation of air. A newer version of the King LT has a posterior 
channel that accepts a nasogastric tube, which can be passed 
through the device into the stomach for aspiration of gastric 
contents. The King LT is disposable, rapidly placed, easy to use by 
operators of various skill levels and has seal pressures similar to 
those of standard LMAs.52 All extraglottic devices can be safely left 
in place for 4 hours without mucosal pressure damage. Another 
device, the Rusch EasyTube (Teleflex, Morrisville, NC), is similar 
in concept and appearance to the Combitube but is available in 
41 Fr and a smaller 28-Fr size for smaller patients. All retroglottic 
devices are primarily a substitute for endotracheal intubation for 
non–ETT-trained personnel, but are also used by advanced airway 
managers as a way to oxygenate and ventilate patients during 
crash and failed airway scenarios. These devices should be consid-
ered temporary measures, do not protect against aspiration, and 
should be exchanged for a definitive airway as soon as possible.

after intubation has been accomplished, but intubation can  
be comparably successful with a conventional polyvinylchloride 
(PVC) ETT.

The ILMA is a better device than the standard LMA for use in 
the ED because it facilitates rescue ventilation and intubation. 
Intubation through the ILMA has compared favorably in terms of 
success with DL and is superior in the hands of novice intubators. 
When the ILMA is placed, intubation can be performed blindly 
or guided by a lighted stylet or fiberoptic scope. The ILMA comes 
only in sizes 3, 4, and 5 and so is not suitable for use in patients 
weighing less than about 30 kg (≈66 lb). For smaller patients, the 
standard LMA, which has sizes down to size 1 (infant), should be 
used. Intubation can be achieved through the standard LMA, but 
the success rate is significantly less than with the ILMA. As experi-
ence with the LMA and ILMA grows, it is likely that there will be 
increasing adoption of the LMA as a primary airway management 
technique by nonhospital first responders, and the ILMA has been 
gaining attention as a primary rescue device in the ED. Newer 

Fig. 1.21.  The intubating laryngeal mask airway is modified to facilitate 
insertion of an endotracheal tube after placement and ventilation have 
been achieved. The epiglottic elevator (arrowhead) lifts the epiglottis to 
allow passage of the special endotracheal tube (arrow). 

Fig. 1.20.  The i-gel mask airway (Intersurgical, Berkshire, England) does 
not have an inflatable cuff and is available in sizes from infant to adult. 
(Courtesy Dr. Calvin A. Brown, III.)
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A number of commercial kits and devices are used to perform 
percutaneous cricothyrotomy. Percutaneous cricothyrotomy with 
the Seldinger technique appears comparable to formal open cri-
cothyrotomy in terms of ease of learning and success rates. Patients 
with clear landmarks are the best candidates for this procedure 
because patient obesity or altered anatomy may lead to paratra-
cheal tube placement. In patients with indistinct landmarks or for 
novice operators, standard open cricothyrotomy may be more 
successful. Bougie-assisted cricothyrotomy, during which a bougie 
is placed through the cricoid incision and used as a guidewire for 
ETT placement, may also improve surgical airway success for 
inexperienced practitioners. The safety and effectiveness of the 
many cricothyrotomy kits and devices have not been clearly estab-
lished. Only two percutaneous cricothyrotomy sets currently on 
the market have the ability to place a cuffed tracheostomy tube. 
One is a dedicated Seldinger cricothyrotomy set; the other is a 
combination set that has all necessary equipment for a Seldinger 
percutaneous cricothyrotomy or standard surgical cricothyrot-
omy (Melker universal cricothyrotomy kit; Cook Critical Care, 
Bloomington, IN; Fig. 1.23).

OUTCOMES

Phase II of the National Emergency Airway Registry study (NEAR 
II) of almost 9000 ED intubations has reported that most  
patients were intubated by emergency clinicians using RSI, with 
overall success rates of 96%.16 The NEAR classification system 
characterizes potentially adverse occurrences during intubation as 
adverse events. In the NEAR study, the overall rate of adverse 
events was 12%, with recognized esophageal or mainstem intuba-
tion and hypotension being the most common.7 Phase III of the 
NEAR project has reported on more than 17,500 adult ED intuba-
tions over an 11-year period (2002–2012).3 This latest multicenter 
report has revealed that first-attempt success (FPS) was 83%. 
However, over the course of data collection, this significantly 
increased from 80% in the first 3 years to 86% during the last 3 
years. Emergency clinicians managed 95% of all patients, and 99% 
were successfully intubated within three attempts. Adverse event 
rates (12%) were identical to those of NEAR II, with recognized 
esophageal intubation and hypotension requiring IV fluids being 
the most common. The incidence of cricothyrotomy dropped 
from 0.9% to 0.5%. No studies have evaluated the long-term 
outcome of intubated ED patients.

Surgical Airway Management

Needle Cricothyrotomy With Transtracheal Jet Ventilation

With the advent of newer airway devices, especially videolaryngo-
scopes, surgical airway management, which always has been dis-
tinctly uncommon, is required even less frequently.3 Needle 
cricothyrotomy, which involves the insertion of a large needle 
(ideally, a large catheter designed for this purpose) through the 
cricothyroid membrane into the airway for transtracheal ventila-
tion, may have a limited role in pediatric airway management (see 
Chapter 161). However, it is rarely, if ever, the right choice for an 
adult airway emergency and will not be discussed further here.

Cricothyrotomy

Cricothyrotomy is the creation of an opening in the cricothyroid 
membrane through which a cannula, usually a cuffed tracheos-
tomy tube, is inserted to permit ventilation. The techniques and 
variations thereof have been well described elsewhere.53 When 
surgical airway management is required, cricothyrotomy is the 
procedure of choice in the emergency setting, where it is faster, 
more straightforward, and more likely to be successful than 
tracheotomy.

Cricothyrotomy is indicated when oral or nasal intubation is 
impossible or fails and when BMV or EGD cannot maintain ade-
quate oxygen saturation (the can’t intubate, can’t ventilate situa-
tion). Previous large series have established that the incidence of 
cricothyrotomy is approximately 1% of all ED intubations, with 
the highest rates seen in trauma patients.16 More recent ED-based 
intubation surveillance has suggested that the rate of salvage 
cricothyrotomy—a surgical airway performed after another tech-
nique was attempted first—has dropped and is now approxi-
mately 0.3%.3 Cricothyrotomy is relatively contraindicated by 
distorted neck anatomy, preexisting infection in the neck, and 
coagulopathy; these contraindications are relative, however, and 
establishment of the airway takes precedence over all other con-
siderations. The procedure should be avoided in infants and 
young children, in whom anatomic limitations make it exceed-
ingly difficult. Studies have suggested that approximately five 
practice cricothyrotomies on a simulator or animal model are 
sufficient to achieve at least baseline capability with the procedure, 
although training intervals for skill maintenance have not been 
well defined.

Fig. 1.22.  King laryngeal tube incorporates two cuffs but inflates with 
a single bolus of air. There is a channel in the back for passage of an 
orogastric tube. It is available in a variety of adult and pediatric sizes. 

Fig. 1.23.  Melker universal cricothyrotomy kit. (Courtesy Cook Critical 
Care, Bloomington, IN.)
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•	 Anticipating the clinical course of the patient’s condition and 
assessing the likelihood of deterioration are crucial to the decision to 
intubate, especially if the patient is to leave the ED for a period of 
time (eg, interfacility transfer, diagnostic testing).

•	 Assessment of the patient for potential difficulty with intubation, 
bag-mask ventilation (BMV), ventilation using an extraglottic  
device (EGD), and cricothyrotomy is an essential step before a 
neuromuscular blockers is administered. The mnemonics LEMON, 
MOANS, RODS and SMART can serve as useful aids.

•	 In the absence of a crash patient (agonal, unresponsive to 
laryngoscopy) or difficult airway, rapid sequence intubation (RSI) is 
the airway management method of choice for ED patients.

•	 Tube placement confirmation using end-tidal CO2 (ETCO2) is 
essential after intubation; failure to detect adequate quantities of 
exhaled CO2 is evidence of esophageal intubation until proven 
otherwise.

•	 Videolaryngoscopy has transformed intubation by eliminating many 
of the traditional anatomic barriers to direct laryngoscopy. 
Practitioners responsible for emergency airway management should 
transition their routine airway management from direct laryngoscopy 
to videolaryngoscopy.

•	 Cricothyrotomy is indicated in the can’t intubate, can’t oxygenate 
failed airway situation and should be performed without hesitation 
once this has been identified. Delays may increase the likelihood or 
severity of hypoxic injury to the patient.

•	 Emergency airway management is evolving, and modern intubators 
should be aware of these fundamental changes. Videolaryngoscopy is 
replacing direct laryngoscopy as the tool of choice for emergency 
airway management. Etomidate is used in more than 90% of all 
RSIs, and rocuronium use has been increasing. EGDs, such as 
laryngeal mask airways, are continually evolving, offering additional 
options for rescue oxygenation of the failed airway.

KEY CONCEPTS
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CHAPTER 1: QUESTIONS & ANSWERS

1.1.	 Which of the following is considered unreliable for 
assessing the need to establish an artificial airway?
A.	 Absence of a gag reflex
B.	 Absence of swallowing on command
C.	 Level of consciousness
D.	Patient’s ability to phonate
E.	 Pooling of secretions in the oropharynx

Answer: A. The gag reflex can be absent in up to 25% of normal 
adults. Moreover, there is no evidence that the presence or absence 
of a gag reflex corresponds to a patient’s ability to protect his or 
her airway. It should therefore not be used as an indicator of the 
need for intubation.

1.2.	 Which of the following is the most reliable overall method 
for confirmation of correct tube placement after 
endotracheal intubation?
A.	 Bulb aspiration
B.	 Chest and gastric auscultation
C.	 Chest radiography
D.	Detection of colorimetric or quantitative end-tidal 

carbon dioxide (ETco2)
E.	 Measurement of exhaled volume

Answer: D. Detection of ETco2 after endotracheal intubation is 
the most reliable of the options listed for the confirmation of tube 
placement. (A fiberoptic scope passed through the endotracheal 
tube, with visualization of the tracheal rings, is the gold standard 
but is not generally required.) Limitations of colorimetric CO2 
detection should be appreciated in cardiac arrest patients. In these 
situations, a bulb aspiration device may provide helpful informa-
tion, even though this technique is generally not as reliable as 
ETco2 detectors. The other listed options, traditional as they may 
be, are prone to failure and should not be relied on for confirma-
tion of tube placement.

1.3.	 During rapid sequence intubation (RSI), what is the 
optimal time to wait between the administration of a 
pretreatment drug and administration of the induction 
agent and neuromuscular blocking agent?
A.	 1 minute
B.	 2 minutes
C.	 3 minutes
D.	4 minutes
E.	 5 minutes

Answer: C. Three minutes is considered the optimal time to wait 
between the administration of a pretreatment drug and adminis-
tration of the induction agent. If the clinical situation does not 
allow for this length of time between administrations, there may 
still be some benefit to administration of the pretreatment agent.

1.4.	 In which of the following conditions is succinylcholine 
contraindicated?
A.	 Acute burn < 5 days
B.	 Acute head injury secondary to motor vehicle accident

C.	 Acute spinal cord injury < 5 days
D.	Renal failure with a serum potassium level of 4.7 mEq/L
E.	 Stable multiple sclerosis

Answer: E. Succinylcholine has been associated with severe fatal 
hyperkalemia when administered in specific clinical circum-
stances. The risk of succinylcholine-induced hyperkalemia in 
patients with denervation syndromes begins with the onset of 
disease and continues indefinitely. With respect to acute burns, 
trauma, stroke, spinal cord injury, and intraabdominal sepsis, the 
risk of hyperkalemia with succinylcholine use becomes evident 5 
days after the onset of injury or disease process. Succinylcholine 
is not contraindicated in renal failure; however, known elevations 
in the potassium level may warrant use of another neuromuscular 
blocking agent.

1.5.	 Which of the following conditions prevents reliable use of 
colorimetric capnometers for the detection of esophageal 
intubation in 25% to 40% of cases?
A.	 Acute asthma exacerbation
B.	 Cardiac arrest
C.	 Chronic obstructive pulmonary disease exacerbation
D.	Head trauma
E.	 Pneumonia

Answer: B. Colorimetric capnometers detect CO2 and can be used 
to confirm tracheal intubation. The absence of CO2 detection 
indicates failure to intubate the trachea and necessitates reintuba-
tion, except in the low-perfusion state of cardiac arrest, when 
quantities of CO2 returned to the lungs may be insufficient to 
produce a color change in the capnometer. This situation occurs 
in 25% to 40% of intubated cardiac arrest patients. The placement 
of the tube needs to be confirmed by clinical means, revisualizing 
placement, or the tube needs to be removed and the patient 
reintubated.

1.6.	 Until how long after an acute burn is succinylcholine 
considered safe to use for RSI?
A.	 30 minutes
B.	 12 hours
C.	 24 hours
D.	48 hours
E.	 5 days

Answer: E. Succinylcholine can produce severe (and fatal) eleva-
tions in serum potassium levels after administration in patients 
with burns. However, this vulnerability to succinylcholine-induced 
hyperkalemia is not clinically significant until at least 5 days after 
the acute burn. As a result, succinylcholine remains the paralytic 
of choice if rapid sequence intubation occurs less than 5 days after 
the burn.
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PERSPECTIVE

Invasive and noninvasive ventilation are essential components in 
the management of critically ill patients. Some patients require 
support for respiratory failure or as part of comprehensive man-
agement of critical illness, whereas other patients require assistance 
primarily for airway protection. The reasons for initiating ventila-
tory support are varied and will influence ventilation strategy, 
hemodynamics, sedation strategy, and subsequent clinical course.

The decision to intubate is discussed in Chapter 1 and in other 
chapters throughout this text in the context of individual condi-
tions. This chapter describes the modalities and techniques of 
noninvasive and invasive mechanical ventilation.

PRINCIPLES OF MECHANICAL VENTILATION

Physiology of Positive-Pressure Breathing

Spontaneous breathing in normal patients is based on the initia-
tion of negative intrathoracic pressure. It is mediated by contrac-
tion and relaxation of the diaphragm in concert with the intercostal 
muscles. Contraction of the diaphragm and intercostal muscles 
increases the intrathoracic volume, creating negative pressure in 
the chest cavity and causing inhalation, whereas relaxation of the 
diaphragm and recoil of the chest wall decreases intrathoracic 
volume, which increases pressure in the chest cavity and results in 
passive exhalation. The amount of force required to generate 
adequate inspiration is influenced by the work of breathing; when 
the work of breathing increases, patients may be unable to gener-
ate enough negative force to sustain successful respiration and will 
require ventilatory support. Unlike spontaneous breathing, inva-
sive and noninvasive mechanical ventilation are based on the 
delivery of humidified air with positive pressure. The amount of 
positive pressure required for adequate ventilation is dependent 
on the patient’s respiratory effort, ranging from mild assistance to 
full support. Inhalation occurs by driving air into the lungs under 
positive pressure; air is passively exhaled when the chest wall 
recoils.

Transition from negative-pressure breathing to positive-
pressure breathing affects cardiovascular and pulmonary physiol-
ogy and can have significant clinical consequences. Pressure 
changes in the thoracic cavity directly affect pressures in the 
chambers of the heart. During spontaneous inspiration, decreased 
intrathoracic pressure augments venous return and preload. 
Cardiac output is increased, and there is an increased pressure 
gradient between the left ventricle and aorta. With the initiation 
of positive-pressure ventilation (PPV), the opposite occurs—
venous return is diminished, cardiac output falls, and there is a 
decreased pressure gradient between the left ventricle and aorta. 
Relative hypotension can occur after ventilatory support has been 
initiated, and this may be exaggerated in patients with clinical 
hypovolemia or vasodilatory states.

Invasive Mechanical Ventilation: Control Variable 
and Ventilator Mode

The primary considerations regarding initiation of mechanical 
ventilation relate to how each breath should be delivered. This 
includes how a breath is defined, the size, duration, and frequency 
of the breath, and the degree of interaction the patient has with 
the ventilator.

How the ventilator defines a breath is referred to as the control 
variable. The ventilator can give breaths based on delivery of a set 
pressure or a set volume, referred to as pressure-controlled venti-
lation (PCV) and volume-controlled ventilation (VCV), respec-
tively. The amount of time over which the breath is delivered is 
defined as the inspiratory time, and the speed at which air travels 
through the circuit is defined as inspiratory flow rate.

In PCV, a set amount of pressure is applied to the airway to 
expand the lungs for a specified amount of time. During PCV, the 
target pressure and inspiratory time are set by the provider, 
whereas the delivered tidal volume and inspiratory flow rate vary 
as functions of dynamic lung compliance and airway resistance. 
Ability to control the pressure delivered to the lungs is particularly 
useful to prevent barotrauma, which is described in more detail 
below. In addition, because inspiratory flow is not fixed, PCV may 
improve ventilator synchrony in intubated patients with a high 
respiratory drive. A significant disadvantage of PCV is that as tidal 
volume changes with acute changes in lung compliance, it can 
neither be guaranteed nor limited. PCV offers advantages over 
VCV in clinical conditions in which control of airway pressure is 
strictly mandated. This includes patients with the potential to 
develop dynamic hyperinflation and intrinsic positive end-
expiratory pressure (PEEP) such as patients with severe asthma 
or respiratory failure from chronic obstructive pulmonary disease 
(COPD).

In VCV, a breath is defined by delivery of a set tidal volume to 
the lungs. Inspiratory volume and flow rate are set by the provider, 
and inhalation ends once a preset tidal volume has been delivered. 
The inspiratory time is a function of the set flow rate. Lung 
pressure—peak inspiratory pressures (PIPs) and end-inspiratory 
alveolar pressures—vary based on lung compliance and set tidal 
volume. The main benefit to the use of VCV is the ability to 
control tidal volume and minute ventilation, but VCV may cause 
spikes in peak pressures when compliance of the respiratory 
system is poor. Clinically, poor respiratory system compliance 
occurs in conditions that increase lung or chest wall stiffness, 
including pulmonary edema, acute respiratory distress syndrome 
(ARDS), pneumothorax, and obesity.

The choice between pressure-cycled ventilation and volume-
cycled ventilation is driven by the underlying indication for 
mechanical ventilation. Volume-cycled ventilation should be used 
when strict control of tidal volume is mandated. Specifically, this 
includes patients with known ARDS, in whom low tidal volume 
strategies have been proven to reduce mortality. In addition, 

C H A P T E R  2 

Mechanical Ventilation and Noninvasive 
Ventilatory Support

Todd A. Seigel



26 PART I  Fundamental Clinical Concepts  |  SECTION One  Critical Management Principles

the airway. These methods are compared in Table 2.2. Other,  
more complex modes of ventilation include proportional assist 
ventilation (PAV) and airway pressure release ventilation (APRV), 
although these generally are not used in the emergency depart-
ment (ED).

CMV is intended to provide full ventilatory support for 
patients with little or no spontaneous respiratory activity continu-
ous delivery of preset breaths. However, if a patient generates 
negative pressure, representing respiratory effort, on CMV, that 
breath will be assisted by the ventilator. For this reason, CMV is 
also referred to as assist-control (A/C) ventilation. In this mode, 
patients can trigger a breath at any rate but will always receive at 
least the preset number of breaths. Notably, when a patient initi-
ates a breath, the assisted breath that he or she receives is the full 
volume breath as set on the ventilator. For the promotion of 
ventilator synchrony, a spontaneous patient-initiated breath will 
take priority over a preset breath, meaning that if the ventilator is 
set to deliver 12 breaths/min, a breath is provided every 5 seconds 
in the absence of spontaneous inspiratory effort. When the patient 
makes a spontaneous effort, the ventilator provides an additional 
breath and the timer resets for another 5 seconds. A/C ventilation 
is the most useful initial mode of mechanical ventilation in ED 
patients, because many patients are initially paralyzed and sedated 
and do not interact with the ventilator. One of the biggest chal-
lenges with A/C ventilation, however, is that patient-initiated 
breaths are not proportional to patient effort; when inspiratory 
effort is detected, a full-sized breath is delivered. Clinically, this 
requires adequate sedation of patients when ventilated in the A/C 
mode to prevent spontaneous respiratory efforts that will result 
in hyperventilation, air trapping, hypotension, and poor ventila-
tor synchrony.1

Synchronized intermittent mandatory ventilation (SIMV) 
provides intermittent ventilatory support to patients by delivering 
mandatory and spontaneous breaths. In SIMV, a mandatory 
breath is given at a preset rate, but the breath is synchronized as 
much as possible with spontaneous patient effort. Similar to A/C, 
the patient will receive at least the minimum number of preset 
mandatory breaths; if the patient provides no effort, the preset 
number of breaths will be given. If a patient has a rate of sponta-
neous respirations lower than the set rate, the ventilator will 
provide the preset number of full breaths but will deliver as many 
as possible in synchrony with patient effort. In these scenarios, 
there is little difference between A/C and SIMV. If a patient has a 
rate of spontaneous respirations higher than the preset rate, the 
patient receives all preset full breaths at the set rate, but additional 

patients with decreased chest wall compliance should be placed 
on VCV to ensure that adequate tidal volume is delivered. This 
includes patients with morbid obesity or severe chest wall burns. 
Conversely, in conditions in which strict control of airway pres-
sure is desired, pressure-cycled ventilation should be used. As 
detailed earlier, this occurs most often in patients with asthma or 
COPD. In addition, because inspiratory flow is not limited in 
pressure-cycled ventilation, this strategy may be preferred to 
volume-cycled ventilation in patients with a high respiratory drive 
such as patients with salicylate overdose. For patients who do not 
require strict control of pressure or volume, similar ventilation 
mechanics can generally be achieved with pressure-cycled or 
volume-cycled ventilation (Table 2.1).

Newer ventilators can deliver breaths that combine volume and 
pressure strategies, referred to as dual-control ventilation. A 
common dual-control method of ventilation is pressure-regulated 
volume control (PRVC). A variation of volume control, PRVC is 
set to deliver a specific tidal volume while simultaneously mini-
mizing airway pressure. Unlike with strict volume control, pres-
sure is measured and modulated by the ventilator with each breath 
to ensure the delivery of the preset tidal volume. In addition, a 
pressure limit is set, and the ventilator sounds an alarm when that 
pressure has been exceeded. Theoretically, this combines the 
advantages of pressure and volume control to ensure the delivery 
of a specific tidal volume while the airway pressure is monitored. 
That said, because the ventilator is set to deliver a specific tidal 
volume, the disadvantages of volume-cycled ventilation persist.  
In addition, elevations in airway pressure are still possible and 
must be addressed if acute changes in respiratory system compli-
ance occur. This mode of ventilation has not been specifically 
studied but likely does not offer significant advantage over tradi-
tional volume- or pressure-cycled ventilation, particularly if strict 
parameters for airway pressure are desired.

The term ventilator mode refers specifically to the amount of 
respiratory support provided by the ventilator. The most common 
ventilator modes can be categorized on the basis of how often the 
ventilator will initiate a breath for the patient and can be divided 
broadly into continuous mechanical ventilation (CMV), intermit-
tent mechanical ventilation (IMV), and continuous spontaneous 
ventilation (CSV). CMV and IMV are intended to provide patients 
with a specific minimum number of preset breaths as defined by 
the ventilator and can be delivered via pressure or volume control 
methods. Conversely, in CSV, no mandatory breaths are delivered 
to a patient; the size and rate of the breaths are determined by the 
effort of the patient and are augmented with applied pressure to 

TABLE 2.1 

Features of Pressure Control Versus Volume Control
SET PARAMETERS VARIABLE PARAMETERS CLINICAL IMPLICATIONS CLINICAL CONDITIONS

Pressure-controlled 
ventilation (PCV)

Pressure target, inspiratory 
time, RR, PEEP

Tidal volume, inspiratory 
flow rate

Controls airway pressure, but tidal 
volume becomes a function of lung 
compliance (no guaranteed tidal volume 
or minute ventilation). Allows estimation 
of end-inspiratory alveolar pressure based 
on ventilator settings. Variable inspiratory 
flow helpful for patients with high 
respiratory drive

Severe asthma COPD, 
salicylate toxicity

Volume-controlled 
ventilation (VCV)

Tidal volume, RR, 
inspiratory flow pattern, 
inspiratory time

PIP, end-inspiratory 
alveolar pressure

Guaranteed delivery of tidal volume, but 
may result in high or injurious lung 
pressures. End-inspiratory alveolar 
pressure cannot be reliably estimated and 
must be measured (plateau pressure)

ARDS, obesity, severe 
burns

ARDS, Acute respiratory distress syndrome; COPD, chronic obstructive pulmonary disease; PIP, peak inspiratory pressure; PEEP, positive end-expiratory pressure; RR, 
respiratory rate.
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