Editor

Joset E. Fischer

% Wolters Kluwer Lippincott
Hely Williams & Wilkins

COMPANION
WEBSITE WITH
FULLY SEARCHABLE

TEXT AND
ONLINE ONLY
CHAPTERS

Fischers

SIXTH EDITION

J e \
('”. \ \a N
Volime ~

Associate Editors
Daniel B. Jones
Frank B. Pomposelli
Gilbert R. Upchurch

Assistant Editors

V. Suzanne Klimberg
Steven D. Schwaitzberg
Kirby 1. Bland







Fischers

Mastery of
surgery

IIIIIIIIIIII



Editor Assistant Editors

Josef E. Fischer, MD V. Suzanne Klimberg, MD
Professor of Surgery and Pathology

F RCS(E)HON, MD(HON) Department of Surgery

William V. McDermott Professor of Surgery

Harvard Medical School

Christian R. Holmes Professor of Surgery and Chair
Department of Surgery

University of Cincinnati College of Medicine, Emeritus

Chair, Department of Surgery

Beth Israel Deaconess Medical Center, Emeritus

Boston, Massachusetts

Associate Editors

Daniel B. Jones, MD, MS, FACS
Professor in Surgery

Harvard Medical School

Vice Chair of Surgery

Office of Technology and Innovation
Chief, Minimally Invasive Surgical Services
Beth Israel Deaconess Medical Center
Boston, Massachusetts

Frank B. Pomposelli, MD

Professor of Surgery

Harvard Medical School

Chief, Vascular and Endovascular Surgery
Beth Israel Deaconess Medical Center
Boston, Massachusetts

Gilbert R. Upchurch Jr., MD

Chief of Vascular and Endovascular Surgery
William H. Muller, Jr. Professor of Surgery
University of Virginia

Charlottesville, Virginia

University of Arkansas for Medical Sciences

Muriel Balsam Kahn Chair in Breast Surgical Oncology
Director of Breast Cancer Program

Winthrop P. Rockefeller Cancer Institute

Little Rock, Arkansas

Steven D. Schwaitzberg, MD
Associate Professor of Surgery
Harvard Medical School

Chief of Surgery

Cambridge Health Alliance
Cambridge, Massachusetts

Kirby 1. Bland, MD

Fay Fletcher Kerner Professor and Chairman

Department of Surgery

University of Alabama at Birmingham School
of Medicine

Surgeon-in-Chief

University Hospital

Senior Advisor to the Director UAB Comprehensive
Cancer Center

Birmingham, Alabama



Mast;i's;th
Surgery

\*()Elm e

eeeee



Acquisitions Editor: Brian Brown

Product Manager: Brendan Huffman

Production Manager: Alicia Jackson

Senior Manufacturing Manager: Benjamin Rivera
Marketing Manager: Lisa Lawrence

Design Coordinator: Doug Smock

Production Service: Aptara, Inc.

© 2012 by LIPPINCOTT WILLIAMS & WILKINS, a WOLTERS KLUWER business
Two Commerce Square

2001 Market Street

Philadelphia, PA 19103 USA

LWW.com

All rights reserved. This book is protected by copyright. No part of this book may be reproduced in
any form by any means, including photocopying, or utilized by any information storage and retrieval
system without written permission from the copyright owner, except for brief quotations embodied
in critical articles and reviews. Materials appearing in this book prepared by individuals as part
of their official duties as US. government employees are not covered by the above-mentioned

copyright.
Printed in the United States of America
Library of Congress Cataloging-in-Publication Data

Fischer's mastery of surgery / editor, Josef E. Fischer ; associate
editors, Daniel B. Jones, Frank B. Pomposelli, Gilbert R. Upchurch, Jr. ;
assistant editors, V. Suzanne Klimberg, Steven D, Schwaitzberg,
Kirby L.
Bland.—6th ed.
p.;cm.
Mastery of surgery
Rev. ed. of: Mastery of surgery / editor, Josef E. Fischer ; associate
editor, Kirby I. Bland ; section editors, Mark P Callery . .. [et al.].
5th ed. ¢2007
Includes bibliographical references and index.
ISBN 978-1-60831-740-0 (hardback : alk. paper)
1 Fischer, Josef E., 1937- IL Mastery of surgery. III, Title: Mastery
of surgery.
[DNLM: 1, Surgical Procedures, Operative. WO 500]
617—dc23 2011041462

Care has been taken to confirm the accuracy of the information presented and to describe generally
accepted practices. However, the authors, editors, and publisher are not responsible for errors or
omissions or for any consequences from application of the information in this book and make no
warranty, expressed or implied, with respect to the currency, completeness, or accuracy of the con-
tents of the publication. Application of the information in a particular situation remains the profes-
sional responsibility of the practitioner.

The authors, editors, and publisher have exerted every effort to ensure that drug selection and
dosage set forth in this text are in accordance with current recommendations and practice at the
time of publication. However, in view of ongoing research, changes in government regulations, and
the constant flow of information relating to drug therapy and drug reactions, the reader is urged to
check the package insert for each drug for any change in indications and dosage and for added warn-
ings and precautions. This is particularly important when the recommended agent is a new or infre-
quently employed drug,

Some drugs and medical devices presented in the publication have Food and Drug Administration
(FDA) clearance for limited use in restricted research settings. It is the responsibility of the health care
provider to ascertain the FDA status of each drug or device planned for use in their clinical practice.

To purchase additional copies of this book, call our customer service department at (800) 638-3030 or
fax orders to (301) 223-2320, International customers should call (301) 223-2300.

Visit Lippincott Williams & Wilkins on the Internet: at LWW.com. Lippincott Williams & Wilkins
customer service representatives are available from 8:30 am to 6 pm, EST.

10987654321



To Karen
Erich and Hallie
Alexandra and Peter

and

The late Dr. Howard 1. Down






 Contributors

Naji N. Abumrad MD, FACS
Professor and Chair

Department of Surgery

Vanderbilt University School of Medicine
Nashville, Tennessee

David B, Adams, MD

Professor and Chief

Division of Gastrointestinal and Laparoscopic Surgery
Co-Director, Digestive Disease Center

Medical University of South Carolina

Charleston, South Carolina

Muneeb Ahmed, MD
Interventional Radiologist

Beth Israel Deaconess Medical Center
Assistant Professor of Radiology
Harvard Medical School

Boston, Massachuselts

Gorav Ailawadi, MD
Assistant Professor

TCV Surgery
University of Virginia
Charlottesville, Virginia

J. Wesley Alexander, MD, ScD
Professor Emeritus

Department of Surgery
University of Cincinnati
Cincinnati, Ohio

Mohamad E. Allaf, MD
Associate Professor of Urology
Brady Urological Institute
Johns Hopkins Hospital
Baltimore, Maryland

Robert J. Allen, Sr., MD, FACS
New York University Langone Medical Center
New York, New York

Waddah B. Al-Refaie, MD

Department of Surgery

The University of Minnesota and Minneapolis VAMC
Minneapolis, Minnesota

Maraya Altuwaijri, MD, RPVI
OC Vein Care
Newport Beach, California

Parvis K. Amid, MD

Clinical Professor of Surgery

Department of Surgery

University of California

Attending Staff

Department of Surgery

Ronald Reagan Hospital/UCLA Medical Center
Los Angeles, California

J. Kyle Anderson, MD

Assistant Professor

Depariment of Urology

University of Minnesota and Velerans Affairs
Medical Center

Minneapolis, Minnesota

Victoria Ardiles, MD
Department of General Surgery
Hospital ltaliano de Buenos Aires
Buenos Aires, Argenfina

Frank R. Arko, MD

Chigf

Department of Endovascular Surgery

Associate Professor

Division of Vascular & Endovascular Surgery

Department of Surgery

University of Texas Southwestern Medical
Center at Dallas

Dallas, Texas

Shalini Arora, MD

Surgeon

Department of Medicine

John H. Stroger, Jr Hospital of Cook County
Chicago, Illinois

Stanley W. Ashley, MD

Chief Medical Officer

Brigham and Women’s Hospital
Frank Sawyer Professor of Surgery
Harvard Medical School

Boston, Massachusetls

Salman Ashruf, MD
Glen Burnie, Maryland

Bernadette Aulivola, MD, RVT, MS

Associate Professor

Department of Surgery

Division of Vascular Surgery and
Endovascular Therapy

Loyola University Medicine Center

Stritch School of Medicine

Maywood, linois

Sanjay P. Bagaria, MD

Departments of General Surgery and
Breast Clinic

Mayo Clinic Hospital

Jacksonville, Florida

Robert W. Bailey, MD
Department of Surgery
Mount Sinai Medical Center
Miami, Florida

Chad G. Ball, MD, MSC, FRCSC
Assistant Professor

Department of Surgery

University of Calgary

Calgary, Alberta, Canada

Hans G. Beger, MD, FACS
Emeritus Professor of Surgery
Depariment of General Surgery
University of Ulm

Ulm, Federal Republic of Germany

Michael Belkin, MD

Professor

Depariment of Surgery

Harvard Medical School

Chief of Vascular and Endovascular Surgery
Brigham and Women’s Hospital

Boston, Massachusetts

Robert Bendavid, MD
Advisory Council Member
American Hernia Society
Haifa, Israel

SteveJ. Beningfield, MD, MBChB, FFRad(D)SA
Chief Specialist and Head of Division

Radiology Department

Groote Schuur Hospital and University of Cape Town
Western Cape, South Affica

Parag Bhanot, MD

Assistant Professor of Surgery
Depariment of Surgery

Georgetown University School of Medicine
Altending Surgeon

Georgetown University Hospital
Washington, DC

James G. Bittner IV, MD

Instructor in Surgery

Department of Surgery

Section of Minimally Invasive Surgery

Washington University in St. Louis School of Medicine
St. Louis, Missouri

KirbyI. Bland, MD

Fay Fletcher Kerner Professor and
Chairman

Department of Surgery

University of Alabama at Birmingham School of
Medicine

Surgeon-in-Chief

University Hospital

Senior Advisor to the Director UAB Comprehensive

Cancer Center

Birmingham, Alabama



viii Contributors

Isaac A. Bohannon, MD

Department of Surgery

Division of Otolaryngology-Head and
Neck Surgery

University of Alabama at Birmingham

Birmingham, Alabama

Richard D, Branson, MS, RRT
Professor of Surgery
Department of Surgery
University of Cincinnati
Cincinnati, Ohio

Igal Breitman, MD

Instructor

Department of Surgery

Vanderbilt University School of Medicine
Nashville, Tennessee

Murray F. Brennan, MD

Professor

Department of Surgery

Weill Cornell Medical College

Attending Surgeon

Memorial Sloan-Kettering Cancer Center
New York, New York

Stacy A. Brethauer, MD

Assistant Professor of Surgery

Cleveland Clinic Lerner College of Medicine
Staff Surgeon

Bariatric and Metabolic Institute
Cleveland Clinic

Cleveland, Ohio

David C. Brewster, MD

Clinical Professor of Surgery

Depariment of Surgery

Harvard Medical School

Senior Surgeon

Division of Vascular and Endovascular
Surgery

Massachuseits General Hospital

Boston, Massachusetts

L. D, Britt, MD, MPH, FACS
Brickhouse Professor and Chairman
Department of Surgery

Eastern Virginia Medical School
Norfolk, Virginia

L. Michael Brunt, MD

Professor

Department of Surgery

Washington University School of Medicine
Barnes-Jewish Hospital

St. Louis, Missouri

Henry Buchwald, MD, PhD
Professor

Department of Surgery
University of Minnesota
Minneapolis, Minnesota

Rudolf Bumm, MD
Professor of Surgery

Chigf, Department of Surgery
Kiinik Weilheim

Germany

Ronald W, Busattil, MD, PhD

Distinguished Professor and Executive
Chairman of Surgery

Chief

Department of Surgery

Division of Liver and Pancreas Transplantation

Dumont-UCLA Transplant Center

David Geffen School of Medicine at UCLA

Los Angeles, CA

Jeffrey A. Cadeddu, MD

Professor

Department of Urology

University of Texas Southwestern
Medical Center

Dallas, Texas

Casey M. Calkins, MD

Associate Professor of Pediatric Surgery
Depariment of Surgery

The Medical College of Wisconsin
Attending Surgeon

General Pediatric and Thoracic Surgery
The Children’s Hospital of Wisconsin
Milwaukee, Wisconsin

Richard P. Cambria, MD

Professor of Surgery

Department of Vascular and Endovascular Surgery
Harvard Medical School

Chief of Vascular and Endovascular Surgery
Massachuseits General Hospital

Boston, Massachusetts

Kenneth L. Campbell, MD
Consultant Colorectal Surgeon
Ninewells Hospital and Medical School
University of Dundee

Scotland

Jeremy W. Cannon, MD, SM
Lt. Col, USAE MC
Assistant Professor of Surgery
Uniformed Services University of the
Health Sciences
Bethesda, Maryland
Staff Surgeon
Division of Trauma and Acute Care Surgery
Brooke Army Medical Center
Ft. Sam Houston, Texas

Tobias Carling, MD, PhD
Assistant Professor of Surgery
Department of Surgery

Yale University School of Medicine
New Haven, Connecticut

Denise M. Carneiro-Pla, MD
Associate Professor

Department of Surgery

Medical University of South Carolina
Charleston, South Carolina

William R, Carroll, MD

George W, Barber Jr. Professor of Surgery
The Universily of Alabama at Birmingham
Division of Otolaryngology

University of Alabama Hospitals
Birmingham, Alabama

Paul F. Castellanos, MD, FCCP
Associale Professor of Surgery
Division of Otolaryngology Head and

Neck Surgery
University of Alabama at Birmingham
Birmingham, Alabama

Robert J. Cerfolio, MD

Department of Cardiothoracic Surgery
University of Alabama at Birmingham
Birmingham, Alabama

Irshad H. Chaudry, MD

Depariment of Surgery

University of Alabama School
of Medicine

Birmingham, Alabama

Clark Chen, MD, PhD

Instructor

Department of Surgery

Director, Clinical Neuro-Oncology
Beth Israel Deaconess Medical Center
Boston, Massachusetts

Constance M. Chen, MD, MPH
Assistant Clinical Professor

Plastic and Reconstructive Surgery
Tulane University

New Orleans, Louisiana

Attending Surgeon

Plastic and Reconstructive Surgery
Lenox Hill Hospital

New York Eye and Ear Infirmary
New York, New York

David C. Chen, MD

Assistant Clinical Professor

Depariment of Surgery

University of California at
Los Angeles

Los Angeles, California

Herbert Chen, MD

Professor and Vice-Chairman

Department of Surgery

University of Wisconsin

Chairman, General Surgery

University of Wisconsin Hospital
and Clinics

Madison, Wisconsin

Yijun Chen, MD, PhD
Department of Medical Oncology
Buffalo Medical Group, P.C.
Williamsville, New York

David K.W. Chew, MD

Division of Vascular and Endovascular
Surgery

Brigham and Womens Hospital

Harvard Medical School

Boston, Massachusetts

Silas M. Chikunguwo, MD, PhD

Depariment of Surgery

Virginia Commonwealth University and
School of Medicine

Richmond, Virginia



Kathleen K. Christians, MD
Professor

Department of Surgery
Medical College of Wisconsin
Milwaukee, Wisconsin

Charles Choy, MD

Department of Surgery

North Shore-Long Island Jewish Health
System

New York, New York

Kevin C. Chung, MD, MS

Charles B. G. deNancrede Professor
Section of Plastic Surgery

Department of Surgery

The University of Michigan Medical School
Ann Arbor, Michigan

G. Patrick Clagett, MD

Jan and Bob Pickens Distinguished Professorship
in Medical Science

Department of Surgery

Division of Vascular Surgery

University of Texas Southwestern Medical
Center at Dallas

Dallas, Texas

Daniel G. Clair, MD

Professor of Surgery

Cleveland Clinic Lerner College of Medicine
Chairman

Department of Vascular Surgery

The Cleveland Clinic

Cleveland, Ohio

Rodrigo Sanchez Claria, MD

Department of HPB Surgery and Liver
Transplant

Hospital ltaliano de Buenos Aires

Argentina

Clancy J. Clark, MD
Department of General Surgery
Virginia Mason Medical Center

Seattle, Washington

Pierre-Alain Clavien, MD, PhD

Swiss HPB and Transplantation
Center

Department of Surgery

University Hospital Zurich

Switzerland

Ronald H. Clements, MD
Professor

Department of Surgery
Vanderbilt University

Director

Center for Surgical Weight Loss
Nashville, Tennessee

Daniel G. Coit, MD

Professor

Department of Surgery

Weill Cornell Medical College

Attending Surgeon

Memorial Sloan-Keitering Cancer Center
New York, New York

Jay Collins, MD, FACS
Associate Professor

Department of Surgery

Eastern Virginia Medical School
Norfolk, Virginia

Anthony J. Comerota, MD, FACS, RVT
Director

Jobst Vascular Center

The Toledo Hospital

Toledo, Ohio;

Department of Surgery

Division of Vascular Surgery

University of Michigan Medical School
Ann Arbor, Michigan

Robert E. Condon, MD
Department of Surgery
Medical College of Wisconsin
Milwakee, Wisconsin

Kevin C, Conlon, MA, MCh, MBA, FRCSI,

FACS, FRCS, FTCD

Professor of Surgery

Professorial Surgical Unit

University of Dublin

Trinity College

Consultant General /Upper GI Surgeon

Adelaide & Meath Hospital Incorporating the
National Childrens Hospital

Dublin, Ireland

Joel D. Cooper, MD

Professor of Surgery

Department of Thoracic Surgery
University of Pennsylvania

Hospital of the University of Pennsylvania
Philadelphia, Pennsylvania

Willy Coosemans, MD, PhD
Head of Clinic

Transplant Surgeon

Thoracic Surgeon

Department of Thoracic Surgery
University Hospital Gasthuisberg
Leuven, Belgium

GeneF. Coppa, MD

Senior Vice President of Surgical Services

North Shore-Long Island Jewish Health System;

Chairman of Surgery

North Shore University Hospital and Long Island
Jewish Medical Center

Staten Island, New York

Alain Corcos, MD

Assistant Professor of Surgery
University of Pittsburgh

Chigf, Section of Trauma and Burns
UPMC-Mercy

Pittsburgh, PA

Robert S. Crawford, MD

Assistant Professor

Division of Vascular Surgery
University of Maryland Medical Center
Attending Surgeon

Baltimore VA Medical Center
Baltimore, Maryland

Contributors

John A, Carci, MD, FACS
Assistant Professor of Surgery
Section of Vascular Surgery
Washington Universily in Saint Louis
Saint Louis, Missouri

Gregory Dakin, MD
Associate Professor of Surgery
Department of Surgery

Weill Cornell Medical College
Associate Attending Surgeon
New York Preshyterian Hospital
New York, New York

Kimberly Moore Dalal, MD
Lieutenant Colonel, United States
Air Force
Chief, Surgical Oncology
David Grant United States Air Force
Medical Center
Assistant Clinical Professor (Volunteer)
University of California at San Francisco
Travis Air Force Base, California

Siamak Daneshmand, MD
Associate Professor of Clinical Urology
USC Keck School of Medicine

Los Angeles, California

Marcelo C. DaSilva, MD
Depariment of Surgery
Division of Thoracic Surgery
Brigham and Womens Hospital
Boston, Massachusetts

Andrew M. Davidoft, MD

Professor

Department of Surgery and Pediatrics
University of Tennessee Health Science Center
Chairman, Department of Surgery

St. Jude Childrens Research Hospital
Memphis, Tennessee

Tomer Davidov, MD

Depariment of Surgery

Universily of Medicine & Dentisiry of New Jersey -
Robert Wood Johnson Medical School

New Brunswick, New Jersey

Brian R, Davis, MD

Assistant Professor of Surgery

Department of Surgery

Texas Tech University Health Sciences
Center

El Paso, Texas

Herbert Decaluwé, MD
Depariment of Thoracic Surgery
University Hospital Gasthuisberg
Leuven, Belgium

Malcolm M. DeCamp, MD

Fowler McCormick Professor

Department of Surgery

Northwestern University Feinberg School of
Medicine

Chief, Division of Thoracic Surgery

Northwestern Memorial Hospital

Chicago, Winois



b4 Contributors

Georges Decker, MD

Visceral & Thoracic Surgery
Zitha Klinik

Department of Thoracic Surgery
University Hospital Gasthuisberg
Leuven, Belgium

G. Michael Deeb, MD

Section of Cardiac Surgery

University of Michigan Medical School
Ann Arbor, Michigan

Alberto De Hoyos, MD

Director

Center for Robotic and Minimally Invasive
Thoracic Surgery

Co-Director

Center for Complex Airway Surgery

Department of Thoracic Surgery

Northwestern Memorial Hospital

Chicago, llinois

John P. Delany, MD

Chair in Clinical Surgical Oncology
Masonic Cancer Center
University of Minnesota
Minneapolis, Minnesota

Jorge 1. de la Torre, MD

Professor and Chigf

Division of Plastic Surgery

University of Alabama at Birmingham
School of Medicine

Director

Center for Advanced Surgical
Aesthetics

Birmingham, Alabama

Paul De Leyn, MD, PhD
Professor of Surgery

Dean of Clinical Clerkship
Faculty of Medicine

Department of Thoracic Surgery
University Hospital Gasthuisberg
Leuven, Belgium

Eric J. DeMaria, MD
Attending Surgeon
Department of Surgery
Durham Regional Hospital
Duke Health System
Durham, North Carolina

Tom R. DeMeester, MD
Emeritus Professor

Depariment of Surgery
University of Southern California
Los Angeles, California

Demetrios Demetriades, MD, PhD, FACS

Professor of Surgery

University of Southern California

School of Mediicine

Director of Traumna, Emergency Surgery, Surgical
Intensive Care Unit

Depariment of Surgery

Los Angeles County and University of Southern
California Medical Center

Los Angeles, California

Daniel T. Dempsey, MD

Chief, Department of Gastrointestinal
Surgery

Assistant Director

Department of Peri-Operative Services

Hospital of the University of Pennsylvania

Philadelphia, Pennsylvania

Eduardo De Santibaiies, DR, MD, PhD

Fyll Professor in Surgery

Depariment of Surgery

Universid ad de Buenos Aires

Chairman General Surgical Service & Liver
Transplant Unit

Hospital Italiano

Buenos Aires, Argentina

J. Michael Dixon, MBChB, MD

Professor of Surgery

Consultant Surgeon

University of Edinburgh

Clinical Director of the Edinburgh
Breast Unit

Western General Hospital

Edinburgh, Scotland

Eric J. Dozois, MD

Program Director

Department of Colon and Rectal Surgery
Mayo Medical School

Rochester, Minnesota

Roger R. Dozois, MD

Department of Colon and Rectal Surgery
Mayo Clinic

Rochester, Minnesota

Richard L. Drake, PhD), FAAA

Director of Anatomy

Professor of Surgery

Cleveland Clinic Lerner College of Medicine
Cleveland, Ohio

Kelli Bullard Dunn, MD

Associate Professor

Department of Surgical Oncology

Roswell Park Cancer Institute
Department of Surgery
University at Buffalo/State University of New York
Buffalo, New York

Philipp Dutkowski, MD

Swiss HPB and Transplantation Center
Department of Surgery

Universily Hospital Zurich

Switzerland

Brian D. Duty, MD

Clinical Instructor

Department of Urology

The Arthur Smith Institute for Urology
New Hyde Park, New York

John F, Eidt, MD

Professor of Radiology and Surgery

Department of Vascular and Endovascular
Surgery

University of Arkansas for Medical Sciences

Little Rock, Arkansas

Jonathan L. Eliason, MD

Assistant Professor of Surgery

Section of Vascular Surgery

Depariment of Surgery

University of Michigan School of
Medicine

Ann Arbor, Michigan

Sean P. Elliott, MD, MS
Associate Professor
Department of Urology
University of Minnesola
Minneapolis, Minnesota

E. Christopher Ellison, MD
Professor and Chair
Depariment of Surgery

The Ohio State University
Columbus, Ohio

Scott A. Engum, MD

Professor

Depariment of Surgery

Indiana University School of
Medicine

James Whitcomb Riley Hospital for
Children

Indianapolis, Indiana

Mark K. Eskandari, MD

Professor and Chigf

Division of Vascular Surgery

Northwestern University Feinberg School of
Medici

Northwestern Memorial Hospital

Chicago, lllinois

N. Joseph Espat, MD, MS, FACS

Harold Wanebo Professor of Surgery

Acting-Chair, Department of Surgery

Director, Adele R. Decof Cancer
Center

Chief, Surgical Oncology

Roger Williams Medical Center

Boston University School of
Medicine

Providence, Rhode Island

Steve Eubanks, MD, FACS

Director of Academic Surgery

Medical Director of the Institute for Surgical
Advancement

Florida Hospital

Orlando, Florida

Douglas B. Evans, MD

Donald C. Ausman Family Foundation Professor
of Surgery and Chairman

Department of Surgery

Medical College of Wisconsin

Milwaukee, Wisconsin

Stephen R. T. Evans, MD
Professor

Depariment of Surgery
Georgetown University

Chief Medical Qfficer
Georgetown University Hospital
Washington, DC



Amy R. Evenson, M}

Instructor

Department of Surgery

Beth Israel Deaconess Medical
Center

Harvard Medical School

Boston, Massachusetts

Salomao Faintuch, MD, MSc
Interventional Radiologist

Beth Israel Deaconess Medical Center
Instructor in Radiology

Harvard Medical School

Boston, Massachusells

Sheung Tat Fan, MS, MD, PhD, DSc
Chair, Professor of Surgery
Department of Surgery

The University of Hong Kong

Honorary Consultant

Queen Mary Hospital

Hong Kong, China

Victor W, Fazio, MD
Chairman, Colorectal Surgery
Vice-Chairman, Division of Surgery
Cleveland Clinic;

Professor of Surgery

Health Science Center

The Chio State University;
Professor of Surgery

Lerner College of Medicine

Case Western Reserve University
Cleveland, Ohio

Robert J. Feezor, MD

Assistant Professor

Department of Vascular Surgery and
Endovascular Therapy

University of Florida

Gainesville, Florida

David V. Feliciano, MD

Professor

Department of Surgery

Mercer University School of Medicine
Medical Center of Central Georgia
Macon, Georgia

Attending Surgeon

Atlanta Medical Center

Atlanta, Georgia

Alessandro Fichera, MD
Associate Professor of Surgery
Department of Surgery

The University of Chicago Medical

Center
Chicago, Illinois

George Fielding, MD

Fellow

Royal Australasian College of
Surgeons

Royal College of Surgeons

England

Associate Professor of Surgery

New York University School of
Medicine

New York, New York

Josef E. Fischer, MD
William V. McDermott Professor of Surgery
Harvard Medical School

Christian R. Holmes Professor of Surgery and Chair

Department of Surgery

University of Cincinnati College of Medicine, Emeritus

Chair, Depariment of Surgery
Beth Israel Deaconess Medical Center, Emeritus

Boston, Massachusetts

James W, Fleshman, MD

Chief of the Section of Colon and Rectal Surgery
Department of Surgery

Washington University School of Medicine
Chief of Surgery

Barnes Jewish West County

St. Louis, Missouri

Jobe Fix, MD

Professor

Department of Surgery

University of Alabama at Birmingham
School of Medicine

Birmingham, Alabama

W. Dennis Foley, MD
Professor of Radiology
Director of Digital Imaging
Medical College of Wisconsin
Milwaukee, Wisconsin

Yuman Fong, MD

Professor of Surgery

Department of Surgery

Weill-Cornell Medical College

Murray E Brennan Chair in Surgery
Memorial Sloan-Kettering Cancer Center
New York, New York

Dennis L. Fowler, MD, MPH

Professor of Clinical Surgery

Department of Surgery

Columbia University College of Physicians
and Surgeons

Medical Director

Simulation Center

New York Presbyterian Hospital/Columbia

New York, New York

Charles J. Fox, MD
Associate Professor
Department of Surgery
Uniformed Services University of the

Health Sciences

ing Surgeon

Walter Reed National Military Medical Center
Bethesda, Maryland

Spiros G. Frangos, MD, MPH, FACS
Associate Professor of Surgery

Trauma & Surgical Critical Care

NYU School of Medicine

New York, New York

Morris E, Franklin, MD, FACS

Director

Department of Minimally Invasive Surgery
Texas Endosurgery Institule

San Antonio, Texas

Contributors

Herbert R. Freund, MD

Emeritus Professor

Department of Surgery

Hebrew Universily Hadassah Medical
School

Senior Surgeon

Hadassah University Medical Center

Jerusalem, Israel

Flavio Frigo, MD
Department of General Surgery
Alta Padovana

Padova, ltaly

Arlan F. Fuller, Jr., MD

Clinical Vice President for Oncology

Chief of Gynecologic Oncology

Winchester Hospital Center for Cancer Care
Winchester, Massachusetts

Susan Galandiuk, MD
Professor of Surgery
Department of Surgery
University of Louisville
Louisville, Kentucky

Steven S. Gale, MD, FACS

Clinical Assistant Professor of Surgery

Medical College of Ohio at Toledo

Associate Director

Jobst Vascular Center for Vascular Laboratories
Vein Solutions

Toledo, Ohio

Sidhu P. Gangadharan, MD

Division of Thoracic Surgery and Interventional
Pulmonology

Beth Israel Deaconess Medical Center

Harvard Medical School

Boston, Massachusetts

Ian Ganly, MD, PhD, FRCS

Assistant Professor

Department of Otolaryngology

Weill Cornell Presbyterian Medical Center
Assistant Attending

Department of Head and Neck Surgery
Memorial Sloan Kettering Cancer Center
New York, New York

Antonio Garcia-Ruiz, MD
Section Head

Minimally Invasive Surgery
Hospital Central Militer
Mezxico City, Mexico

0. James Garden, MD, FRCSEd, FRCPEd,
FRACS(hon), FRCSCan(hon)

Regius Professor of Clinical Surgery

Clinical Surgery

University of Edinburgh

Royal Infirmary

Edinburgh, United Kingdom

Arthur I Gilbert, MD, FACS

Voluntary Associate Professor of Surgery

The Daughtry Family Department of
Surgery

University of Miami Miller School of
Medicine

Miami, Florida



xii Contributors

Armando E. Giuliano, MD, FACS
Clinical Professor of Surgery
University of California, Los Angeles
Executive Vice Chair

Department of Surgery
Cedars-Sinai Medical Center

Los Angeles, California

John M. Giurini, DPM

Associate Professor

Department of Surgery

Harvard Medical School

Chief, Division of Podiatric Medicine and Surgery
Beth Israel Deaconess Medical Center

Boston, Massachusetts

Peter Gloviczki, MD
Professor of Surgery
Chair

Department of Vascular Surgery

Mayo Clinic

Rochester, Minnesota

Christopher J. Godshall, MD

Associate Professor

Department of Surgery

Division of Vascular and Endovascular
Surgery

Wake Forest University School of Medicine

Winston-Salem, North Carolina

Matthew R. Goede, MD

Assistant Professor of Surgery
University of Nebraska Medical Center
Omaha, Nebraska

S. Nahum Goldberg, MD
Radiologist

Hadassah Medical Center;
Professor of Radiology
Hebrew University
Jerusalem, Israel

Philip H, Gordon, MD, FRCS(C), FACS,
FASCRS, FCSCRS, Hon FRSM, Hon FACGBI
Professor, Surgery and Oncology
McGill University
Director of Colon and Rectal Surgery
Sir Mortimer B Davis Jewish General
Hospital
MeGill University
Monireal, Quebec

Clive S. Grant, MD
Professor of Surgery
Department of Surgery
Mayo Clinic

Rochester, Minnesota

Ana M. Grau, MD

Associate Professor

Depariment of Surgery

Division of Surgical Oncology & Endocrine
Surgery

Vanderbilt University Medical Center

Nashville, Tennessee

Arin K. Greene, MD, MMSc
Department of Plastic and Oral Surgery
Childrens Hospital Boston

Boston, Massachusetts

Angelita Habr-Gama, MD, PhD
Professor of Surgery

University of Sao Paulo Medical School
Sao Paulo, Brazil

Michael E, Halkos, MD
Assistant Professor of Surgery
Division of Cardiothoracic Surgery
Department of Surgery

Emory University

Atlanta, Georgia

Allen D. Hamdan, MD

Associate Professor of Surgery

Harvard Medical School

Clinical Director, Vascular and Endovascular
Surgery

Beth Israel Deaconess Medical Center

Boston, Massachusetts

Kimberley J. Hansen, MD

Professor of Surgery

Interim Chair

Department of Surgery

Division of Vascular and Endovascular
Wake Forest University School of Medicine
Winston-Salem, North Carolina

Per-Olof Hasselgren, MD, PhD

George HA. Clowes, Jr. Professor of Surgery
Harvard Medical School

Vice Chairman — Research

Director of Endocrine Surgery
Department of Surgery

Beth Israel Deaconess Medical Center
Boston, Massachusetts

Bruce H. Haughey, MBChB

Professor

Department of Otolaryngology Head and
Neck Surgery

Washington University School of Medicine

St Louis, Missouri

Jeftrey W. Hazey, MD

Associate Professor of Surgery

Ohio State University Center for Minimally
Invasive Surgery

The Ohio State University Medical Center

Columbus, Ohio

Richard John Heald, MB, BChir
Professor

Director of Surgery

Pelican Cancer Foundation
Basingstoke, United Kingdom

Peter Henke, MD

Professor of Surgery

Department of Surgery

Section of Vascular Surgery

University of Michigan School of Medicine
Ann Arbor; Michigan

Jonathan M. Hernandez, MD

Department of Surgery

University of South Florida College of
Medicine

Tampa, Florida

Frank Hinman, Jr. MD (Deceased)
Clinical Professor

Department of Urology

University of California

San Francisco, California

Mitchel S, Hoffman, MD

Program Director

Division of Gynecologic Oncology Fellowship
Program

Department of Obstetrics & Gynecology

University of South Florida College of Medicine

Tampa, Florida

George W. Holcomb I, MD, MBA
Professor

Department of Surgery
University of Missouri-Kansas City
Surgeon-in-Chief
Children’s Mercy Hospital

Kansas City, Missouri

Santiago Horgan, MD

Professor of Surgery

Director of Minimally Invasive Surgery
Director of the Center for Treaiment of Obesity
University of California San Diego

San Diego, California

J. Jason Hoth, MD, PhD
Associate Professor of Surgery

Department of General Surgery
Wake Forest School of Medicine

Winston Salem, North Carolina

Thomas J. Howard, MD, FACS
Willis D. Gatch Professor of Surgery
Indiana University School of Medicine
Indianapolis, Indiania

William J, Hubbard, MD
Assistant Professor
University of Alabama

Thomas S. Huber, MD, PhD

Professor and Chairman

Department of Surgery

Division of Vascular and Endovascular Surgery
University of Florida College of Medicine
Gainesville, Florida

Franziska Huettner, MD
Peoria, lllinois

Eric §. Hungness, M

Assistant Professor

Department of Surgery

Divisions of Gastrointestinal and Endocrine

Surgery

Northwestern University Comprehensive Center on
Obesity

Northwestern University Feinberg School
of Medici

Chicago, lllinois

John G. Hunter, MD

Mackenzie Professor and Chair
Department of Surgery

Oregon Health and Science University
Portland, Oregon



Roger D. Harst, MD

Associate Professor of Surgery

The University of Chicago Medical Center
Chicago, lllinois

John M. Hutson, MB, BS, MD, FRACS
Professor of Pediatric Surgery
Department of Pediatrics

University of Melbourne

Director, Depariment of General Surgery
Royal Children's Hospital

Victoria, Australia

Elias §. Hyams, MD
Instructor in Urology
Brady Urological Institule
Johns Hopkins Hospital
Baltimore, Maryland

Karl A. Illig, MD

Department of Surgery

University of South Florida College
of Medicine

Tampa, Florida

Mihaiela Ilves, MD

Division of Vascular and Endovascular
Surgery

University of Texas Southwestern Medical
Center at Dallas

Dallas, Texas

Carlos Eduardo Jacob, MD, PhD
Depariment of Gastroenterology
Digestive Surgery Unit

University of Sao Paulo Medical School
Sao Paulo, Brazil

Glenn R. Jacobowitz, MD

Associate Professor of Surgery

Department of Surgery

New York University School of Medicine

Vice-Chief, Division of Vascular Surgery

New York University Langone Medical
Center

New York, New York

Garth R. Jacobsen, MD

Department of Surgery

University of California San Diego Medical
Center

San Diego, California

Jay A. Johannigman, MD
Professor of Surgery

Chigf, Trauma & Critical Care
Department of Surgery
University of Cincinnati
Cincinnati, Ohio

Daniel B. Jones, MD, MS, FACS

Professor in Surgery

Harvard Medical School

Vice Chair of Surgery

Office of Technology and Innovation

Chigf, Minimally Invasive Surgical
Services

Beth Israel Deaconess Medical
Center

Boston, Massachusetls

Stephanie B. Jones, MD

Associate Professor of Anesthesia

Harvard Medical School;

Vice Chair for Education

Residency Program Director

Department of Anesthesia, Critical Care and Pain
Management

Beth Israel Deaconess Medical Center

Boston, Massachusetts

Ravi Kacker, MD

Division of Urologic Surgery

Beth Israel Deaconess Medical Center
Boston, Massachusetts

Venkat R. Kalapatapu, MD

Assistant Professor of Clinical Surgery

Clinical Practices of the University of Pennsylvania
University of Pennsylvania College of Medicine
Philadelphia, Pennsylvania

Jeffrey Kalish, MD

Laszlo N. Tauber Assistant Professor of Surgery
Department of Surgery

Boston University School of Medicine

Director of Endovascular Surgery

Section of Vascular Surgery

Boston Medical Center

Boston, Massachuseils

Vikram §. Kashyap, MD, FACS

Professor of Surgery

Chigf, Division of Vascular Surgery and
Endovascular Therapy

Harrington-McLaughlin Heart and Vascular
Institute

Cleveland, Ohio

Burkhard Kasper, MD
Department of Neurology
Epilepsy Centre
University of Erlangen
Erlangen, Germany

Ekkehard Kasper, MD, PhD

Co-Director, Brain Tumor Center

Chigf, Section of Neurosurgical
Oncology

Beth Israel Deaconess Medical Center

Boston, Massachusetts

Mukta V. Katdare, MD

Department of Surgery

University of Chicago Medical Center
Chicago, llinoi

Yoshifumi Kato, MD, PhD

Associate Professor

Pediairic General and Urogenital Surgery
Juntendo University School of Medicine
Tokyo, Japan

Louis R. Kavoussi, MD

Wauidbaum Professor of Urologic Surgery

Smith Institute for Urology

North Shore-LiJ School of Medicine of Hofstra
University

Chairman and Senior Vice President

North Shore-LIf Health System

New York, New York

Contributors xiii

Michael C. Kearney, MD

Division of Urologic Surgery
Department of Surgery

Beth Israel Deaconess Medical Center
Boston, Massachusetis

Michael R.B, Keighley, MBBS, FRCS (Edin),
FRCS (Eng), MS

Consultant Surgeon

Priory Hospital

Birmingham, West Midlands, United Kingdom

Mark Keldahl, MD
Department of Vascular Surgery
Northwestern Memorial Hospital
Chicago, lllinois

Mark C. Kelley, MD, FACS
Associate Professor

Chief

Division of Surgical Oncology
Vanderbilt University Medical Center
Nashville, Tennessee

Edward Kelly, MD

Assistant Professor
Department of Surgery
Harvard Medical School
Associate Surgeon

Brigham and Women’s Hospital
Boston, Massachusetis

Keith A. Kelly, MD
Scottsdale, Arizona

Eugene P. Kennedy, MD
Associate Professor
Department of Surgery
Thomas Jefferson University
Philadelphia, Pennsylvania

Jason K. Kim, MD

Assistant Professor of Surgery
Department of Surgery

University of Rochester Medical Center
Rochester, New York

Young Bae Kim, MD

Division Director, Division of Gynecologic Oncology
Department of Obstetrics and Gynecology

Tufts Medical Center

Boston, Massachusetts

Masaki Kitajima, MD, PhD, FACS(hon),
FRCS(hon), ASA(hon)
President

International University of Health and Welfare (IUHW)
IUHW Mita Hospital
Minato-ku, Tokyo, Japan

V. Suzanne Klimberg, MD

Professor of Surgery and Pathology

Department of Surgery

University of Arkansas for Medical Sciences

Muriel Balsam Kahn Chair in Breast Surgical
Oncology

Director of Breast Cancer Program

Winthrop P Rockefeller Cancer Institute

Little Rock, Arkansas



xiv Contributors

Badrinath R. Konety, MD, MBA
Professor and Chair

Depariment of Urologic Surgery
University of Minnesota
Minneapolis, Minnesota

David A. Kooby, MD

Associate Professor of Surgery

Division of Surgical Oncology

Director of Robotic/Minimally Invasive Gastroin-
testinal Cancer Surgery Program

Winship Cancer Instilute

Emory University School of Medicine

Atlanta, Georgia

Jake E.J. Krige, MB, ChB, MSc, FACS,

FRCS, FCS(5A)

Professor of Surgery

Department of Surgery

University of Cape Town Health Sciences Faculty
Head HPB Unit, Head Surgical Gastroenterology
Department of Surgical Gastroenterology

Groote Schuur Hospital

Cape Town, South Africa

Venkataramu N. Krishnamurthy, MD
Clinical Associate Professor

Department of Radiology and Vascular Surgery
University of Michigan

Ann Arbor, Michigan

Irving L. Kron, MDD
Professor and Chair
Department of Surgery
University of Virginia Hospital
Charloitesville, Virginia

Helen Krontiras, MD

Associate Professor

Co-Director

UAB Breast Health Center

Co-Director

Lynne Cohen Prevention Program for Women
University of Alabama at Birmingham
Birmingham, Alabama

Robert D. Kugel, MD
Surgeon, Inventor
Hernia Treatment Center Northwest

Olympia, Washington

Michael E. Kupferman, MD
Assistant Professor
Depariment of Head and Neck

Surgery
MD Anderson Cancer Center
Houston, Texas

Madhankumar Kuppusamy,

MBBS, MRCS

Specialist Registrar

Department of Cardiothoracic Surgery

Royal Brompton & Harefield NHS Foundation
Trust

London, United Kingdom

Thoracoesophageal Fellow

Depariment of Thoracic Surgery

Virginia Mason Medical Center

Seattle, Washington

Lydia Lam, MD

Assistant Professor

Department of Surgery

Division of Acute Care Surgery and Surgical
Critical Care

USC Keck School of Medicine

Physician Specialist

LAC-USC Medical Center

Los Angeles, California

Gregory J. Landry, MD
Associate Professor
Department of Surgery

Division of Vascular Surgery
Oregon Health & Science University
Portland, Oregon

Jacob C. Langer, MD

Professor

Depariment of Surgery

University of Toronto

Chief, General and Thoracic Surgery
Hospital for Sick Children

Toronto, Canada

Ian C. Lavery, MD

Department of Colorectal Surgery
Cleveland Clinic Main Campus
Cleveland, Chio

Simon Y.K. Law, MS, MA (Cantab), MBBChir,
FRCSEd, FCSHK, FHKAM, FACS

Professor of Surgery

Department of Surgery

The University of Hong Kong

Honorary Consultant

Queen Mary Hospital

Hong Kong, China

Anna M. Ledgerwood, MD
Department of Surgery
Wayne State University
Detroit, Michigan

Bernard T. Lee, MD

Assistant Professor

Depariment of Surgery

Harvard Medical School

Attending Staff

Division of Plastic and Reconstructive Surgery
Beth Israel Deaconess Medical Center

Boston, Massachusetts

Thomas W.J. Lennard, MB, BS, LRCP, MRCS,
MD, FRCS

Professor of Surgery

Newcastle University

Consultant Surgeon in Endocrine and Breast

Surgery
Royal Victoria Infirmary
England, United Kingdom

Tomi E. Lerut, MD, PhD
Emeritus Professor of Surgery
Catholic University of Leuven
Emeritus Chairman
Depariment of Thoracic Surgery
University Hospitals Leuven
Leuven, Belgium

Daniel Leslie, MD

Department of Surgery

The University of Minnesota and Minneapolis VAMC
Minneapolis, Minnesota

John I Lew, MD, FACS

Associate Professor of Surgery

The DeWitt Daughtry Family Department of Surgery

University of Miami Leonard M. Miller School of
Medicine

Attending Surgeon

Division of Endocrine Surgery

University of Miami Health System

Miami, Florida

Carol M. Lewis, MD

Assistant Professor

Department of Head and Neck Surgery
University of Texas

MD Anderson Cancer Center

Houston, Texas

Keith D, Lillemoe, MD
Surgeon-in-Chief

Department of Surgery
Massachusetts General Hospital
Boston, Massachusetts

Robert B. Lim, MD

Assistant Clinical Professor of Surgery
Depariment of Surgery

University of Hawaii

Chief of Metabolic Surgery
Tripler Army Medical Center
Honolulu, Hawaii

Henry Lin, MD

Minimally Invasive & Bariatric Surgeon

General Surgery Dept

National Naval & Walter Reed Army Medical Centers
Bethesda, Maryland

Samuel J. Lin, MD

Assistant Professor of Surgery

Harvard Medical School:

Department of Surgery

Division of Plastic and Reconstructive Surgery
Beth Israel Deaconess Medical Center

Boston, Massachusetts

Chung Mau Lo, MS, FRCS (Edin), FRACS, FACS
Department of Surgery

The University of Hong Kong

Queen Mary Hospital

Hong Kong, China

James N. Long, MD

Assistant Professor

Department of Plastic Surgery

The Kirklin Clinic
University of Alabama at Birmingham
Birmingham, Alabama

Marios Loukas, MD

Chair and Professor

Department of Anatomical Sciences
School of Medicine

St George’s University

Grenada, West Indies



Donald E. Low, MD, FACS, FRCS(C)

Head, Thoracic Oncology and Thoracic
Surgery

Department of General and Thoracic Surgery

Virginia Mason Medical Center

Clinical Assistant Professor of Surgery

University of Washington School of Medicine

Seattle, Washington

Stephen F. Lowry, MD

Department of Surgery

University of Medicine & Dentistry of New Jersey -
Robert Wood Johnson Medical School

New Brunswick, New Jersey

Charles E. Lucas, MD
Professor

Department of Surgery
Wayne State University
Surgeon

Detroit Receiving Hospital
Harper University Hospital
Detroit, Michigan

Layla C. Lucas, MD
Department of Surgery
The University of Arizona
Tucson, Arizona

James D, Luketich, MD

Professor of Surgery

Chair, Department of Cardiothoracic Surgery
Director, Heart Lung Esophageal Surgery Institute
Chief, Division of Thoracic and Foregut Surgery
Co-Director, Minimally Invasive Surgery Center
University of Pittsburgh Medical Center
Pittshurgh, Pennsylvania

Junji Machi, MD, PhD
Professor

Department of Surgery
University of Hawaii
Honolulu, Hawaii

Robyn A. Macsata, MD

Chigf

Department of Vascular Surgery
Veterans Affairs Medical Center
Washington DC

Robert D. Madoff, MD
Professor

Department of Surgery
University of Minnesota
Minneapolis, Minnesota

J. Scott Magnuson, MD

Department of Surgery

Division of Otolaryngology-Head and Neck
Surgery

University of Alabama at Birmingham

Birmingham, Alabama

James W. Maher, MD

Paul]. Nutter Professor and Chair
Division of General Surgery

Virginia Commonwealth University
Professor of Surgery

Medical College of Virginia Hospitals
Richmond, Virginia

Laurie Maidl, RN, BSN, CWOCN
Mayo Clinic
Rochester, Minnesota

Massimo Malagé, MD, PhD
Professor of Surgery
Royal Free Hospital
Hampstead, London, England

John C, Marshall, MD

Professor

Department of Surgery

University of Toronto

Attending Surgeon

Departments of Surgery and Critical Care
Medicine

St. Michaels Hospital

Toronto, Canada

William A, Marston, MD

Professor and Chief

Division of Vascular Surgery

University of North Carolina School
of Medicine

Chapel Hill, North Carolina

Jose M. Martinez, MD
Associate Professor of Surgery
Department of Surgery

University of Miami Health System
Miami, Florida

Tara Mastracci, MD
Department of Vascular Surgery
Cleveland Clinic

Cleveland, Ohio

Viraj A. Master, MD, PhD, FACS
Associate Professor

Department of Urology

Emory University

Attending Surgeon

Grady Memorial Hospital

Emory University Hospital

Atlanta, Georgia

Laura E. Matarese, PhD, RD, LDN,
FADA, CNSC
Associate Professor

Division of Gastroenterology, Hepatology, and

Nutrition
Depariment of Internal Medicine
Brody School of Medicine
Department of Nutrition Science
East Carolina University
Greenville, North Carolina

Jack W, McAninch, MD

Professor

Department of Urological Surgery
University of Caljfornia San Francisco
Chief of Urological Surgery

San Francisco General Hospiial

San Francisco, California

Jennifer M. McBride, PhD

Assistant Professor of Surgery

Cleveland Clinic Lerner College of
Medicine

Cleveland, Ohio

Contributors

David A, McClusky III, MD
Assistant Professor of Surgery
Department of Surgery

Emory University School of Medicine
Atlanta, Georgia

John B. McCraw, MD

Depariment of Surgery

University of Mississippi Medical Center
Jackson, Mississippi

James Thomas McPhee, MD

Vascular Surgery Fellow

Department of Vascular and Endovascular
Surgery

Harvard Medical School

Brigham and Women’s Hospital

Boston, Massachusetfs

Genevieve B, Melton, MD, MA

Assistant Professor; Department of
Surgery

Division of Colon and Rectal Surgery

Faculty Fellow, Institute for Health
Informatics

University of Minnesota

Minneapolis, Minnesota

W. Scott Melvin, MD

Director, Division of Gastrointestinal
Surgery

Department of Surgery

The Ohio State University

Professor of Surgery

Columbus, Ohio

Matthew T. Menard, MD
Instructor

Department of Surgery
Harvard Medical School
Associate Surgeon

Brigham and Women’s Hospital
Boston, Massachusetts

Miguel A. Mercado, MD

Professor of Surgery

Post-Graduate School of Medicine

Universidad Nacional Autdnoma de
México

Professor and Chairman

Department of Surgery

Instituto Nacional de Ciencias Médicas y
Nutricidn "Salvador Zubirdn”

Mexico

David W. Mercer, MD

Professor

Division of General Surgery

McLaughlin Professor and Chairman

Department of Surgery

University of Nebraska Medical
Center

Omaha, Nebraska

J. Wayne Meredith, MD
Director

Division of Surgical Sciences
Wake Forest School of Medicine
Winston-Salem, North Carolina



xvi Contributors

Ingrid M. Meszoely, MD

Assistant Professor of Surgery
(Surgical Oncology)

Clinical Director

Vanderbilt Breast Center

VICC Member

Surgical Oncologist

Vanderbilt-Ingram Cancer Center

Nashville, Tennessee

Fabrizio Michelassi, MD
Lewis Afterbury Stimson Professor and
Chairman

Department of Surgery

Weill Cornell Medical College

Surgeon-in-Chief

New York Presbyterian
Hospital

New York, New York

Mira Milas, MD
Director

Thyroid Center
Cleveland Clinic
Cleveland, Ohio

Miroslav N. Milicevie, MD, PhD, FACS
Professor
Department of Surgery
Belgrade School of Medicine
Head, HPB Surgery and Liver
Transplant
Clinical Center of Serbia
Belgrade, Serbia

Joseph L. Mills, Sr., MD

Professor

Department of Surgery

University of Arizona Health Sciences Center

Chief, Vascular and Endovascular Surgery

Co-Director, Southern Arizona Limb Salvage
Alliance (SALSA)

University Medical Center

Tucson, Arizona

Petros Mirilas, MD, MSurg, PhD

Pediatric Surgeon-Microsurgeon

Clinical Professor of Surgical Anatomy and
Technique

Centers for Surgical Anatomy & Technique

Emory University School of Medicine

Atlanta, Georgia

J. Gregory Modrall, MD
Associate Professor of Surgery

Division of Vascular and Endovascular Surgery

Department of Surgery
Veterans Affairs North Texas Health Care

System

University of Texas Southwestern Medical
Center

Dallas, Texas

Ernesto P. Molmenti, MD, PhD, MBA
Associate Professor of Surgery
Department of Surgery

Division of Transplantation

Johns Hopkins Medicine

Baltimore, Maryland

Gregory L. Moneta, MD
Professor and Chief

Division of Vascular Surgery
Department of Surgery

Oregon Health & Science University
Portland, Oregon

Samuel R, Money, MD, MBA
Chair

Department of Surgery
Division of Vascular Surgery
Mayo Clinic

Phoenix, Arizona

Stephen G. Moon, MD
Department of Emergency Medicine
West Valley Hospital

Dallas, Oregon

John T. Moore, MD, FACS

Program Director, Surgery Residency
Program

Chair

Department of Surgery

Exempla Saint Joseph Hospital

Denver, Colorado

Thomas R. Moore, MD

Professor

Department of Reproductive Medicine
UC San Diego School of Medicine

San Diego, California

Wesley S, Moore, MD
Professor and Chief Emeritus
Division of Vascular Surgery
University of California, Los Angeles
Staff Surgeon

Department of Surgery

Los Angeles, California

Katherine A. Morgan, MD, FACS

Associate Professor

Section of Gastrointestinal and Laparoscopic
Surgery

Medical University of South Carolina

Charleston, South Carolina

A.James Moser, MD

Division of Surgical Oncology

University of Pittsburgh School
of Medicine

Pittsburgh, Pennsylvania

Eric W. Mueller, PharmD

Clinical Pharmacy Specialist, Critical Care

UC Health-University Hospital

Adjunct Assistant Professor of Pharmacy
Practice

University of Cincinnati
Cincinnati, Ohio

John T. Mullen, MD

Assistant Professor of Surgery
Department of Surgery

Harvard Medical School
Assistant Surgeon
Massachusetts General Hospital
Boston, Massachusetls

John B. Mulliken, MD

Professor of Surgery

Harvard Medical School

Director, Craniofacial Centre
Department of Plastic and Oral Surgery
Children’s Hospital

Boston, Massachusetts

Gerhard §. Mundinger, MD

Division of Plastic, Reconstructive, & Maxillofacial

Surgery
Johns Hopkins Hospital
University of Maryland Medical Center
Baltimore, Maryland

Noriko Murase, MD

Associate Professor of Surgery

Thomas E. Starzl Transplantation Institute
University of Pittsburgh

Pittsburgh, Pennsylvania

Erin H. Marphy, MD
Division of Vascular and Endovascular

Surgery
University of Texas Southwestern Medical Center
at Dallas
Dallas, Texas

Philippe Naftenx, MD
Department of Thoracic Surgery
University Hospital Gasthuisberg
Leuven, Belgium

Govind Nandakumar, MD

Assistant Professor of Surgery

Department of Surgery

Weill Cornell Medical College;

Assistant Attending Surgeon

NewYork-Preshyterian Hospital/ Weill Cornell
Medical Center

New York, New York

April E. Nedeau, MD

Surgeon

Department of Vascular Surgery

Central Maine Heart and Vascular Institute
Lewiston, Maine

Mark R. Nehler, MD

Associate Professor of Surgery

Chief

Division of Vascular Surgery

General Surgery Residency Program
Director

University of Colorado School of Medicine

Denver, Colorado

Jeffrey M. Nicastro, MD

Departments of Surgery and Surgical
Critical Care

North Shore-Long Island Jewish Health
System

Staten Island, New York

Kelvin K. Ng, MS, PhD, FRCS (Edin)
Department of Surgery

The University of Hong Kong
Queen Mary Hospital

Hong Kong, China



Jeffrey A. Norton, MD
Professor

Med Center Line, Surgery
General Surgery Member
Cancer Center

Stanford School of Medicine
Stanford, California

Michael S, Nussbanm, MD

Chair, Department of Surgery

University of Florida College of Medicine-Jacksonville
Surgeon-in-Chief

Shands Jacksonville

Jacksonville, Florida

Lloyd M. Nyhus, MD (DECEASED)
Department of Surgery
University of Hliinois College of Medicine
Peoria, lllinois

Paul E. 0’Brien, MD, FRACS

Emeritus Director

Cenire for Obesity Research and Education
Monash University

Melbourne, Australia

Jill Ghland, MS, RN, CWOCN

Keith T, Oldham, MD

Professor and Chief

Department of Surgery, Division of Pediairic
S

urgery
Medical College of Wisconsin;
Surgeon-in-Chief
Childrens Hospital of Wisconsin
Milwaukee, Wisconsin

Frank G. Opelka, MD

Professor, Vice Chancellor

Department of Surgery

Louisiana State University Health Sciences Center
New Orleans, Louisiana

Marshall J. Orloff, MD

Distinguished Professor of Surgery, Emeritus
Chair of Surgery, Emeritus

Department of Surgery

University of California, San Diego

UCSD Medical Center

San Diego, California

Mark B. Orringer, MD

Professor

Department of Surgery

Section of Thoracic Surgery
University of Michigan Health System
Ann Arbor, Michigan

C. Keith Ozaki, MD

Harvard Medical School
Department of Surgery
Brigham and Women's Hospital
Boston, Massachusetts

Soji Ozawa, MD, PhD

Professor

Department of Gastroenterological Surgery
Tokai University School of Medicine

Japan

H. Leon Pachter, MD
Chairman

Department of Surgery
NYU School of Medicine
Langone Medical Center
New York, New York

Himanshu J. Patel, MD

Associate Professor of Surgery

Section of Cardiac Surgery

University of Michigan Medical School
Ann Arbor, Michigan

Jonathan P. Pearl, MD, FACS
Assistant Professor of Surgery
Uniformed Services University
Beihesda, Maryland

Andrew B, Peitzman, MD
Mark M. Ravitch Professor
Department of Surgery
University of Pittshurgh
Pittsburgh, Pennsylvania

Rodrigo Oliva Perez, MD, PhD
Angelita and Joaquim Gama Institute
Colorectal Surgery Division

University of Sao Paulo School of Medicine
Sao Paulo, Brazil

Kyle A. Perry, MD

Assistant Professor of Surgery

Division of General and Gastrointestinal Surgery
The Ohio State University

Columbus, Ohio

Glenn E. Peters, MD

Department of Surgery

Division of Otolaryngology-Head and Neck
Surgery

University of Alabama at Birmingham

Birmingham, Alabama

Henrik Petrowsky, MD

Assistant Professor of Surgery

Department of Surgery

Division of Liver and Pancreas Transplantation
Dumont-UCLA Transplant Center

David Geffen School of Medicine at UCLA

Los Angeles, CA

Brian Peyton, MD

Associate Professor of Surgery and Radiology
Department of Surgery

University of Colorado School of Medicine
Denver, Colorado

Thai H. Pham, MD
Assistant Professor
Department of Surgery
Veterans Affairs North Texas Health
Care System
UT Southwestern Medical Center
Dallas, Texas

Scott R. Philipp, MD
Department of Surgery
Vallejo Medical Center
Vallgjo, California

Contributors

Jack R. Pickleman, MD
Maywood, Tllinois

K. Todd Piercy, MD

Section on Vascular and Endovascular Surgery
Wake Forest University School of Medicine
North Carolina Baptist Hospital
Winston-Salem, North Carolina

Bertram Poch, MD
Department of Visceral Surgery
Donauklinik

Neu-Ulm, Germany

Hiram C. Polk, Jr., MD

Ben A. Reid, Sr. Professor of Surgery Emeritus
Depariment of Surgery
University of Louisville

Louisville, Kentucky

Alfons Pomp, MD, FACS, FRCSC

Leon C. Hirsch Professor

Vice Chairman, Department of Surgery

Chigf, Section of Laparoscopic and Bariatric
Surgery

Weill Medical College of Cornell University

New York Presbyterian Hospital

New York, New York

Frank B. Pomposelli, MD

Professor of Surgery

Harvard Medical School

Chief of Vascular and Endovascular Surgery
Beth Israel Deaconess Medical Center
Boston, Massachusetts

Jefirey L. Ponsky, MD

Oliver H. Payne Professor and Chairman
Department of Surgery

Case Western Reserve University School of Medicine
Surgeon in Chief

University Hospitals Case Medical Center
Cleveland, Ohio

Benjamin K. Poulose

Assistant Professor

Division of General Surgery
Vanderbilt University Medical Center
Nashville, Tennessee

Kinga A. Powers, MD, PhD, FRCSC, FACS
Assistant Professor of Surgery

Virginia Tech Carilion School of Medicine
Carilion Roanoke Memorial Hospital
Roanoke, Virginia

Vitaliy Y. Poylin, MD

Instructor

Department of Surgery

Harvard Medical School:

Division of Colon and Rectal Surgery
Beth Israel Deaconess Medical Center
Boston, Massachusetts

Igor Proscurshim, MD

Angelita & Joaquim Gama Institute
Colorectal Surgery Division

University of Sao Paulo School of Medicine
Sao Paulo, Brazil



xviii Contributors

Aunrora Dawn Pryor, MD, FACS
Professor of Surgery

Chief, General Surgery

Vice Chair for Clinical Affairs
Depariment of Surgery

Storty Brook University Medical Center
Stony Brook, New York

Motaz Qadan, MD, PhD, MRCS(Ed)
Department of Surgery
University of Louisville

Louisville, Kentucky

Arnold Radtke, MD, PhDd

Department of General and Thorax Surgery
University Hospital Schleswig-Holstein, Campus Kiel
Kiel, Germany

Janice F. Rafferty, MD
Professor
Department of Surgery
University of Cincinnati
Surgeon

The Christ Hospital
Cincinnati, Ohio

Bruce J. Ramshaw, MD
Chairman

Depariment of General Surgery
Halifax Health

Daytona Beach, Florida

Sowsan Rasheid, MD

Assistant Professor

Department of Surgery

University of South Florida College of Medicine
Tampa, Florida

Todd E. Rasmussen, MD, FACS

Colonel USAF MC

Chief

San Antonio Military Vascular Surgery

Deputy Commander US Army Institute of Surgical
Research

Fort Sam Houston (San Antonio), Texas

Associate Professor of Surgery

The Uniformed Services University of the
Health Sciences

Bethesda, Maryland

Beitina M. Rau, MD

Associate Professor of Surgery

Department of General, Thoracic, Vascular and
Transplantation Surgery

University of Rostock

Rostock, Germany

Arthur Rawlings, MD
Department of Surgery

Ellis Fischel Cancer Center
University of Missouri Healih Care
University of Missouri

Columbia, Missouri

John E. Rectenwald, MD, MS
Associate Professor of Surgery
Department of Surgery

Section of Vascular Surgery
University of Michigan

Ann Arbor, Michigan

Amy B, Reed, MD

Chief, Vascular Surgery

Penn State Heart and Vascular Institute
Penn State College of Medicine

Penn State Hershey Medical Center
Hershey, Pennsylvania

Ari R, Reichstein, MD

Surgeon

University of Wisconsin and Clinics
Madison, Wisconsin

Feza H. Remzi, MD

Chairman

Department of Colorectal Surgery
Digestive Disease Institute
Cleveland Clinic

Cleveland, Ohio

Frederick Rescorla, MD
Lafayette L. Page Professor of Surgery
Director Section of Pediatric Surgery
Surgeon-in-Chief
Riley Hospital for Children
Indiana University School
of Medicine
Indianapolis, Indiana

William O. Richards, MD, FACS

Ingram Professor of Surgical Sciences

Vanderbilt School of Medicine

Director of Laparoendoscopic General
Surgery

Medical Director

Center for Surgical Weight Loss

Vanderbilt University Medical Center

Nashville, Tennessee

Richard R. Ricketts, MD
Professor

Department of Surgery

Emory University

Department of Surgery
Childrens Healthcare of Atlanta
Atlanta, Georgia

Paul F. Ridgway, MD, MMedSc, FRCSI

Associate Professor

Professorial Surgical Unit

University of Dublin, Trinity College

Consultant HPB, Upper Gl and General
Surgeon

Department of Surgery

Adelaide & Meath Hospital Incorporating the
National Children’s Hospital

Dublin, Ireland

Bryce R.H. Robinson, MD
Assistant Professor of Surgery
University of Cincinnati
Cincinnati, Ohio

Caron B. Rockman, MD
Associate Professor

Department of Surgery

New York University Medical Center
Attending Surgeon

Depariment of Vascular Surgery
New York, New York

Eduardo De Jesus Rodriguez, MD, DDS
Associale Professor

Department of Surgery

University of Maryland School of Medicine
Chief, Plastic, Reconstructive and Maxillofacial

Surgery
R Adams Cowley Shock Trauma Center
University of Maryland Medical Center
Baltimore, Maryland

Alexander S. Rosemurgy, MD
Surgical Director
Center for Digestive Disorders

Raul J. Rosenthal, MD, FACS, FASMBS

Professor of Surgery

Chairman, Department of Minimally lnvasive Surgery

The Bariatric and Metabolic Institute

Director, General Surgery Residency Program

Director, Fellowship in Minimally Invasive and
Bariatric Surgery

Cleveland Clinic Florida

Weston, Florida

David A. Rothenberger, MD
Associate Director for Clinical Affairs
Deputy Chairman and Professor
Depariment of Surgery

University of Minnesota Medical Center
Minneapolis, Minnesota

Ornob P. Roy, MD

Clinical Instructor

Department of Urology

Arthur Smith Institute for Urology:
Clinical Instructor

Depariment of Urology

Long Island Jewish Medical Center
New Hyde Park, New York

Aaron Ruhalter, MD, FACS

Professor of Anatomy

University of Cincinnati College of Medicine
Executive Director of Medical Education
Johnson & Johnson Endo-Surgery Institute
Cincinnati, Ohio

Karla Russek, MD

Research Professor

Department of Minimally Invasive Surgery
Texas Endosurgery Institute

San Antonio, Texas

Robb H. Rutledge, MD, FRCPC
Associate Professor
Faculty of Medicine

Dalhousie University

Radiation Oncologist

Halifax, Nova Scotia, Canada

Frederick C. Ryckman, MD
Professor of Surgery
Department of Pediatric Surgery
University of Cincinnati

Sr. Vice President Medical Operations
Cincinnati Childrens Hospital
Cincinnati, Ohio



Bashar Safar

Jacqueline M. Saito, MD

Assistant Professor of Surgery

Division of Pediatric Surgery

Washington University School of
Medicine

Attending Surgeon

Department of Pediatric Surgery

St. Louis Children’s Hospital

St. Louis, Missouri

Atef A, Salam, MD

Professor of Surgery

Department of Surgery

Division of Vascular Surgery

Emory University School of Medicine
Chigf, Vascular Service

Atlanta VA Medical Center

Atlanta, Georgia

Rodrigo Sanchez-Claria, MD
Attending

Department of General Surgery
Hospital ltaliano de Buenso Aires
Buenos Aires, Argentina

Martin G. Sanda, MD

Associate Professor of Surgery
Department of Surgery

Division of Urology

Harvard Medical School

Beth Israel Deaconess Medical Center
Boston, Massachusetts

Luigi De Santis, MD
Department of Internal Medicine
Stonybrook Medical Center
Levittown, Pennsylvania

John L. Sawyers, MD

Foshee Distinguished Professor of
Surgery, Emeritus

Vanderbuilt University Medical Center

Nashville, Tennessee

Philip R. Schauer, MD

Professor of Surgery

Cleveland Clinic Lerner College
of Medicine

Director

Bariatric and Metabolic Institute

Cleveland Clinic

Cleveland, Ohio

Mare Schermerhorn, MD

Associale Professor

Department of Surgery

Harvard Medical School

Chigf, Division of Vascular and Endovascular

Surgery
Beth Israel Deaconess Medical Center
Boston, Massachusetts

Bruce David Schirmer, MD
Stephen H. Watts Professor of Surgery
Department of Surgery
University of Virginia Health System
Charlottesville, Virginia

Steven D. Schwaitzberg, MD
Associate Professor of Surgery
Harvard Medical School

Chief of Surgery

Cambridge Health Alliance
Cambridge, Massachusetts

Michael F. Sedrak, MD
Department of Surgery

University of California San Diego
San Diego, California

Evelyn G. Serrano, MD

Department of Obstetrics & Gynecology
The Womans Group

Tampa, Florida

Jatin P, Shah, MD, PhD(Hon), FACS,
FRCS(Hon), FRACS(Hon), FDSRCS(Hon)
Professor of Surgery

E. W. Strong Chair in Head and Neck Oncology
Department of Surgery

Weil Medlical College of Cornell University
Chief. Department of Head and Neck Surgery
Memorial Sloan Kettering Cancer Center

New York, New York

Sajani Shah, MD

Assistant Professor of Surgery
Department of Surgery

Tufts Medical Center

Boston, Massachusetts

Samir Shah, MD, FACG

Clinical Associate Professor of Medicine
Division of Gastroenterology

Brown University

Gastroenterology Associates, Inc
Providence, Rhode Island

Claudie M. Sheahan, MD

Assistant Professor of Surgery

Louisiana State University Health Sciences
Center

Marrero, Louisiana

Malachi G. Sheahan, MD

Associate Professor of Surgery

Louisiana State University Health Sciences Center
Marrero, Louisiana

Adam M, Shiroff, MD

Department of Surgery

University of Medicine & Dentistry of New Jersey
Robert Wood Johnson Medical School

New Brunswick, New Jersey

Gregorio A. Sicard, MD

Eugene M. Bricker Professor of Surgery
Department of Vascular Surgery Service
Washington University School of Medicine
Executive Vice Chairman

Department of Surgery

Barnes-Jewish Hospital

St Louis, Missouri

Anton N, Sidawy, MD, MPH
Professor and Chair
Department of Surgery

George Washingion University
Washington, DC

Contributors xix

J. Riidiger Siewert, MD, FACS
Klinikum rechis der Isar
Technical University

Munich, Germany

Ronald J. Simon, MD, FACS
Professor of Surgery

NYU School of Medicine

New York, New York

Head and Neck Oncology Fellow

Department of Otorhinolaryngology and Head
Neck Surgery

Washington University School of Medicine

St. Louis, Missouri

Allan E, Siperstein, MD
Department Chair

Center for Endocrine Surgery
Cleveland Clinic

Cleveland, Ohio

LeeJ. Skandalakis, MD, FACS

Clinical Professor of Surgical Anatory and Technique
Centers for Surgical Anatomy and Technique
Emory University School of Medicine;

Attending Surgeon

DPiedmont Hospital

Atlanta, Georgia

Eila Skinner, MD
Professor of Clinical Urology
USC Keck School of Medicine
Los Angeles, California

Michael A. Skinner, MD
Professor

Department of Pediatric Surgery
University of Texas Southwestern
Vice-Chairman

Children’s Medical Center of Dallas
Dallas, Texas

Joseph S. Solomkin, MD

Professor of Surgery Emeritus

Depariment of Surgery

University of Cincinnati College of Medicine
Cincinnati, Ohio

Carmen C. Solorzano, MD

Professor of Surgery

Division of Surgical Oncology and Endocrine Surgery
Vanderbilt University

Nashville, Tennessee

Nathaniel J. Soper, MD

Loyal and Edith Davis Professor and Chair
Department of Surgery

Northwestern University Feinberg School of Medicine
Chair and Surgeon-in-Chief

Northwestern Memorial Hospital

Chicago, Illinois

George C. Sotiropoulos, MD, PhD

Department of General, Visceral and
Transplantation Surgery

University Hospital Essen

Essen, Germany



XX Contributors

William N, Spellacy, MD
Director
Depariment of Obstetrics & Gynecology
University of South Florida College
of Medicine
Tampa, Florida

James C, Stanley, MD

Professor of Surgery

Marion and David Handleman Research Professor
of Vasuclar Surgery

Associate Chair

Department of Surgery

Director and Marketing/Development Lead

Cardiovascular Center

University of Michigan Medical School

Ann Arbor, Michigan

Adam Stannard, BSc, MB, ChB, FRCS

Senior Research Fellow

Academic Department of Military Surgery and
Trauma

Royal Centre for Defense Medicine
Birmingham, England

Benjamin W, Starnes, MD, FACS
Professor and Chief

Division of Vascular Surgery
University of Washington

Seattle, Washington

Thomas E, Starzl, MD, PhD
Distinguished Service Professor of Surgery
Thomas E. Starzl Transplantation Institute
University of Pittsburgh School

of Medicine
Pittsburgh, Pennsylvania

Steven M. Strasberg, MD

Pruett Professor of Surgery

Division of General Surgery

Hepatobiliary-Pancreatic and Gastrointestinal
Surgery Section

Carl Moyer Departmental Teaching
Coordinator

Washington University School of Medicine
in St. Louis

St. Louis, Missouri

Robert J. C. Steele, MDD, FRCS

Head of Academic Surgery
Department of Surgery

University of Dundee

Professor of Surgery

Depariment of Surgery

Ninewells Hospital and Medical School
Dundee, United Kingdom

Ezra Steiger, MD

Professor

Department of Surgery

Cleveland Clinic Lerner College
of Medicine of Case Western
Reserve University

Consultant

Department of Digestive Disease
Institute

Cleveland Clinic

Cleveland, Ohio

Charles J.H. Stolar, MD

Professor

Departments of Surgery and Pediatrics

Columbia University; College of Physicians and
Surgeons

Director, Pediatric Surgery and Surgeon-in-Chief

Morgan Stanley Children’s hospital/Columbia
University Medical Center

New York, New York

William M. Stone, MD
Division of Vascular Surgery
Mayo Clinic

Phoenix, Arizona

René F. Stoppa, MD
Centre Hospitalier
University of Amiens
Amiens, France

Julianne Stoughton, MD, FACS

Instructor, Department of Surgery

Harvard Medical School

Surgeon

Department of Vascular and Endovascular Surgery
Massachusetts General Hospital

Boston, Massachusetts

Stacey Su, MD

Assistant Professor
Department of Surgery
Division of Thoracic Surgery
University of Pennsylvania
Philadelphia, Pennsylvania

David J. Sugarbaker, MD

Chief, Division of Thoracic Surgery
Brigham and Women's Hospital
Boston, Massachusetts

Timothy M. Sullivan, MD, FACS, FACC
Department of Vascular Surgery
Minneapolis Heart Institute

Abbott Northwestern Hospital
Minneapolis, Minnesota

John D. Symbas, MD
Plastic Surgeon

Department of Surgery
Wellstar Kennestone Hospital
Marigtta, Georgia

Panagiotis N. Symbas, MD
Emory University School of Medicine
Atlanta, Georgia

Samuel Szomstein, MD

Clinical Assistant Professor of Surgery
NOVA Southeastern University
Cleveland Clinic Florida

Weston, Florida

Michael E, Tarnoff, MD, FACS
Adjunct Associate Professor of Surgery
Department of Surgery

Tufts University School of Medicine
Staff Surgeon

Tufts Medical Center

Boston, Massachusetts

Sumeet §. Teotia, MD

Assistant Professor

Department of Plastic Surgery

University of Texas Southwestern Medical Center
Dallas, Texas

Oreste Terranova, MD

Department of Surgical and Gastroenterological
Sciences

Geriatric Surgery Clinic

University of Padua School of Medicine

Padua, Italy

Robert W. Thompson, MD

Departments of Surgery (Section of Vascular
Surgery), Radiology; and Cell Biology and
Physiology

Washington University School of Medicine and
Barnes-fewish Hospital

8t. Louis, Missouri

Gregory M. Tiao, MD

Assistant Professor

Division of Pediatric Surgery

Associate Director

Pediatric Surgery Training Program

Surgical Director

Liver Transplantation

Pediatric Surgeon

Cincinnati Children’s Hospital Medical Center
Cincinnati, Ohio

Carlos H, Timaran, MDD}

Associate Professor of Surgery

Department of Surgery

University of Texas Southwestern Medical
Center

Dallas, Texas

Nam. T. Tran, MD

Assistant Professor

Division of Vascular and Endovascular Surgery
University of Washinglon

Attending Vascular Surgeon

Division of Vascular and Endovascular Surgery
Harborview Medical Center

Seattle, Washington

L. William Traverso, MD
Clinical Professor of Surgery
Department of Surgery
University of Washington
Seattle, Washington

Director

Center for Pancreatic Disease
St. Lukes Health System
Boise, Idaho

Donald D. Trunkey, MD

Professor Emeritus

Department of Surgery

Oregon Health and Sciences University
Portland, Oregon

Shawn T., MD

Assistant Professor of Surgery
Depariment of Surgery

University of Nevada School of Medicine
Las Vegas, Nevada



Robert Udelsman, MD, MBA
Professor and Chairman
Department of Surgery

Yale University School of Medicine
Surgeon-in-Chief

Yale-New Haven Hospital

New Haven, Connecticut

A Kuezunkpa 0. Ude Welcome, MD
Assistant Professor of Surgery
Department of Surgery

Columbia University

New York, New York

Heidi Umphrey, MD

Department. of Radiology

University of Alabama at Birmingham
Birmingham, Alabama

Gilbert R. Upchurch Jr., MD

Chief of Vascular and Endovascular Surgery
William H. Muller, Jr. Professor
University of Virginia

Charlottesville, Virginia

Dirk Van Raemdonck, MD, PhD
Depariment of Thoracic Surgery
University Hospital Gasthuisberg
Leuven, Belgium

Frank C. Vandy, MD

Department of Surgery

Division of Vascular Surgery
University of Michigan Medical School
Ann Arbor, Michigan

Luis 0. Visconez, MD

Professor of Surgery, Plastic Surgery
Vice Chair, Department of Surgery
University of Alabama Medical Center
Birmingham, Alabama

Dionysios K. Veronikis, MD

Chigf, Division of Gynecology
Director

Urogynecology and Reconstructive Pelvic Surgery
St. John's Mercy Medical Center

St Louis, Missouri

Selwyn M. Vickers, MD

Professor and Chair

Department of Surgery

The University of Minnesota and Minneapolis VAMC
Minneapolis, Minnesota

Gary C. Vitale, MD
Professor of Surgery
Department of Surgery
University of Louisville
Louisville, Kentucky

Guy R. Voeller, MD

Professor of Surgery

Department of Surgery

University of Tennessee Health Science Center
Memphis, Tennessee

Daniel von Allmen, MD

Professor, Department of Surgery
University of Cincinnati

Director, Division of General Surgery
Cincinnati Children’s Hospital
Cincinnati, Ohio

Andrew A. Wagner, MD

Assistant Professor of Surgery/Urology
Department of Surgery

Harvard University
Director of Minimally Invasive Urologic Surgery
Beth Israel Deaconess Medical Center

Boston, Massachusetts

John C. Wain, MD, FACS
Depariment of Surgery

Harvard Medical School
Division of Thoracic Surgery
Massachusetts General Hospital
Boston, Massachusetts

Brad W, Warner, MD

Jessie L. Ternberg Distinguished Professor of
Pediatric Surgery

Department of Surgery

Washington University School of Medicine

Surgeon-in-Chief

Director of Division of Pediatric Surgery

Department of Pediatric Surgery

St Louis Childrens Hospital

St. Louis, Missouri

Jennifer Y. Wang, MD
Department of Surgery

Division of Colon and Rectal Surgery
San Jose Medical Center

San Jose, California

David I. Watson, MBBS, MD, FRACS
Head of Department

Department of Surgery

Flinders University of South Australia
Head of Oesophagogastric Surgery Unit
Flinders Medical Centre

Bedford Park, South Australia

Julia Wattacheril, MD

Assistant Professor of Medicine
Columbia University School of Medicine
New York, New York

Kaare J. Weber, MD
Department of Surgery

Mount Sinai Medical Center
Mount Sinai School of Medicine
New York, New York

Alejandro Weber-Sanchez, MD
Chigf

Department of Surgery

Hospiital Angeles Lomas
Huixquilucan, State of Mexico

Jon (. Wee, MD

Co-Director of Minimally Invasive Thoracic Surgery
Division of Thoracic Surgery

Brigham & Women's Hospital

Harvard Medical School

Boston, Massachuseits

Martin R, Weiser, MD

Associate Professor

Department of Surgery

Weill Cornell Medical School

Associate Member

Memorial Sloan-Keitering Cancer Center
New York, New York

Contributors

Steven Wexmer, MD
Voluntary Professor of Colon, Rectal and General

Surgery
Associate Dean for Academic Affairs
Department of Surgery
Florida Atlantic University
Boca Raton, Florida
Chief Academic Qfficer and Chair
Department of Colorectal Surgery
Cleveland Clinic Florida
Weston, Florida

Bruce G. Wolff, MD

Department of Colon and Rectal Surgery
Mayo Clinic

Rochester, Minnesota

Mark C. Wyers, MD, FACS
Division of Vascular Surgery

Beth Israel Deaconess Medical Center
Boston, Massachusetts

Atsuyuki Yamataka, MD, PhD
Professor and Head

Department of Pediatric General & Urogenital

Surgery
Junteno University School of Medicine
Tokyo, Japan

Richard A. Yeager, MD
Department of Surgery
Portland VA Medical Center
Portland, Oregon

Charles J. Yeo, MD

Samuel D. Gross Professor and Chairman
Department of Surgery

Jefferson Medical College

Philadelphia, Pennsylvania

Jerrold Young, MD, FACS

Voluntary Associate Professor of Surgery

The Daughtry Family Department of Surgery
University of Miami Miller School of Medicine
Miami, Florida

Tonia M. Young-Fadok, MD, MS,
FACS, FASCRS

Chair

Division of Colon and Rectal Surgery
Mayo Clinic

Phoenix, Arizona

Herbert J. Zeh ITI, MD

Division of Surgical Oncology

University of Pittsburgh School of Medicine
Pitisburgh, Pennsylvania

Steven M. Zeitels, MD, FACS

Eugene B, Casey Professor of Laryngeal Surgery

Depariment of Surgery

Harvard Medical School

Director

Center for Laryngeal Surgery and Voice
Rehabilitation

Massachusetts General Hospital

Boston, Massachusetts

xxi






This book comes at a critical time in sur-
gery, a time the various external pressures
have conspired to reduce surgery from a
proud profession to a group of “employees”.
It was not always so. My late father-in-law,
Dr. Howard L. Down, one of those to whom
the book is dedicated, was born on a farm
near Odebolt, Iowa in 1901, one of ten chil-
dren on 640 acres of rich Missouri bottom-
land, All of the children survived into adult-
hood - a remarkable achievement. The
family still holds five-year reunions on that
farmland which is owned as an investment
by Princeton University which generously
allows the family visits. While the older
boys worked the fields, as a young boy my
father-in-law was assigned to help out his
sisters in the house, Working in the house
allowed him ample opportunities to read
and develop his desire for knowledge. All of
the children were offered college as an op-
tion and all but one attended at least one
year. Howard decided to attend Morning-
side, a small Methodist college in Sioux City,
then went on to medical school at North-
western. He elected to train at the Mayo
Clinic which he completed in 1932. He
would tell me “they wanted to give me a
room” which meant they wanted him to
join the staff, but he wanted to return home
to northwest lowa to build a practice. In
fact, he was the first well-trained and expe-
rienced surgeon in that vast area. On al-
most a weekly basis he, and later his part-
ner, Martin Blackstone, and a nurse, rode
circuit, operating in various towns; return-
ing the following week to see how well the
patients fared under the care of their gen-
eral practitioner. The practice expanded
and eventually he established a general
medical practice and a busy surgical prac-
tice in Sioux City, population 85,000, which
then and now serves as a catchment area
for prosperous and relatively well-to-do
farmers. Appointments were made for “the
day” not for a “specific time’. Patients
checked in, went shopping downtown and
returned at the appropriate time. When Dr.
Down died at the age of 91 we found his ac-
count books, An office visit was 50¢, Many
of the patients could not pay and later sent

bushels of potatoes, wine, butter, etc.,
which were offered as payment and were
duly noted in that account book. Some did
not pay at all. When he died in 2001, Karen
and I went through the house and found
some of the most interesting gifts, and I
might add, some of the worst liquor, obvi-
ously given as payment. For the most part
he operated daily, came home for dinner
with the family, and then returned to make
rounds, The only way Dr. Down could get
away on vacation was to get out of town. It
took me along time before I could live up to
the two trips Karen made with the family
when she was eleven and thirteen traveling
to a variety of states so that he could get
away from his practice,

Dr. Down lived very modestly in a three-
bedroom, two-story house with one full-
bath in a very nice neighborhood. He was
highly respected and beloved. He sat on a
number of boards while his wife was the
president of a number of organizations in-
cluding the YWCA and Planned Parent-
hood. He loved music and was on the Board
of the Sioux City Symphony. In this capacity
as a board member, Karen and I were in-
vited to dine with Dr. Down and soprano
Victoria de Los Angeles. One of Karen's
fondest memories was watching Dr. Down
“conduct” Tchaikovsky’s Symphony #5 in
the family living room. He continued to op-
erate until late in life and then practiced as
a general internist until he was 80 years old.
He was a tall, attractive and quiet man who
never said much yet dominated a room
whether or not he spoke. During his long
career he served as governor of the College
and President of the ITowa Surgical Society.
Every six months he returned to the Mayo
Clinic - his equivalent of CME.

He never told Karen whether he ap-
proved of me as a son-in-law. Probably the
closest he came to doing so was after I gave
grand rounds at one of his hospitals in
Sioux City. As he walked me out to the tar-
mac and just before I boarded the plane to
return to Boston, without a word he stuffed
a quart of Johnny Walker Black Label under
my arm. I must have done something right!
Speaking at his memorial service I reflected
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that Dr. Down terrified colleagues, nurses
and at least one son-in-law without saying
much; everyone knew his standards were
extremely high. On the day of his funeral his
brother and best friend Charles, a lawyer,
told me that Howard was indeed very proud
of me and he asked if he could get copies of
the articles I had written and that his
brother had discussed with him. As you can
imagine, it was wonderful to hear this from
his best friend but it would have been better
to hear it while he was alive,

We were fortunate enough to obtain his
vast library which consisted of a large num-
ber of medical books among which were
three books: Jergen Thorwald, “The Century
of the Surgeor”; Owen and Sarah D. Wan-
gensteen, “The Rise of Surgery: From Empiric
Craft to Scientific Discipline”; and Knut Hae-
ger, “The Ilustrated History of Surgery”.

This was a time when surgeons were re-
vered for their daring, their inventiveness,
their interest in patients and what they did
to cure disease. Dr. Francis D. Moore, long-
time chief at Brigham & Women'’s Hospital,
made the cover of Time magazine with the
caption “You're lucky if they can operate”.
They were feared but committed. They were
respected, They were surgeons! One of my
mentors, Dr. Edward D. Churchill, my first-
year chief and long time chair of the depart-
ment of surgery at Massachusetts General
Hospital (MGH), believed in surgery and felt
that surgery was the answer to disease. Dr.
Claude Welch, Dean of Boston Surgeons
and another one of my mentors believed
that an exploratory laparotomy was merely
an extension of the physical exam. Dr.
Welch was a remarkable surgeon who per-
formed the first 10 aneurysmectomies at
the Massachusetts General Hospital and
some of the first parathyroidectomies, in
addition to being a superb and busy GI sur-
geon. Dr. Robert Linton, another mentor
and a giant in the field of vascular surgery,
was a meticulous surgeon and taught me a
great deal about the technique of surgery.
He taught me to own my instruments. He
sharpened his own scissors so that he
would “feel with the scissors the differences
in tissue and be careful”. I have taken that

se
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much to heart and find that having my own
familiar scissors and other instruments en-
abled me to be a better technical surgeon.

Dr. Churchill was one of the wisest men
I have ever met, If you asked him about the
chicken—and you could commit to the
time to listen—he would begin with the
creation of the egg at the birth of the world.
He is not adequately credited for taking the
daring stance that he could recognize an
applicant at the beginning of the surgical
program and commit to finish them five
years later. His rectangular program finally
became the surviving form of the American
Surgical Residency Program. This is not to
take anything from Dr. Stewart Halsted and
Johns Hopkins Hospital but Dr. Halsted was
not interested in meeting the surgical needs
of the United States. He was interested in
producing elite professors. In Cincinnati,
Dr. George Heuer, a direct descendent of the
Hopkins system and the first Christian Hol-
mes professor, Dr. Mont Reed, Dr. B. Nolan
Carter and Dr. Gunderson, who filled in
during the war waiting for Dr. Carter to re-
turn - they were all giants and products of
the Hopkins program. They made enor-
mous contributions to surgery: Dr. Heuer to
neurosurgery, Dr. Reed to wound healing
and general physiology and, Dr. Carter to
early cardiothoracic surgery and perform-
ing some of the first cardiac perfusion op-
erations in the United States.

While I dedicate this volume in part to
my late father-in-law, Dr. Howard Down, I
dedicate it to all of those surgeons who
dominated American medicine for a cen-
tury - the century of the surgeon as Dr.
Thorwald put it. They were surgeons who
believed in the discipline, they were at the
top of their game and looked up to by all as
being inventive, courageous and making
American surgery the envy of the world as
Germanic surgery was destroyed by World
War II. I mourn the passing of that time,

We are no longer at the top of the heap.
We are no longer the adventurous and rig-
orous group that were simultaneously
feared and admired, who did things under
difficult conditions, but kept at it until they
had perfected operations that have since
saved thousands of lives, In the early and
middle stages of my career surgeons were

independent professional who firmly ad-
vanced ideas they believed in. Now, more
than 50% of surgeons are employed by hos-
pitals. Surgical training has been con-
stricted so that surgical residents perform
50% fewer operations due to the 80-hour
work week. Yet the diseases for which we
operate are the same and most of our pa-
tients are older with a greater number of
co-morbidities. Greater technical and ana-
Iytical skills are required to ensure a live pa-
tient at the end of an operative procedure.
When will our surgical residents learn these
skills? This the driving reason for this book.
We need this book to teach how operations
are performed — so that residents and
young attendings can have some under-
standing of the intricasies of operative pro-
cedures.

Much has changed in the past five years
as evidence of our results leads to decreased
mortality and morbidity and better out-
comes for our patients. Many changes in
surgery have occurred since our work on
the 5th edition began eight years ago. The
Roux-en-y reconstruction following gas-
trectomy is generally agreed to be the best
reconstruction, better than the gastroduo-
denostomy (Billroth 1) and gastrojejunos-
tomy (Billroth 2). The fall in parathyroid
hormone is no longer utilized by everyone
as the sine qua non for parathyroidectomy
although it does seem it is necessary to
achieve a 99% cure. Thyroid carcinoma is
being treated as a malignancy and node dis-
section is part of the best practice. Cancer
of the head and neck is being treated with
chemotherapy and radiation even if nodes
are negative — with a better outcome - and
operations are less destructive. Patients
with carcinoma of the lung can undergo
less extensive resections with no sacrifice of
outcome and with minimally invasive tech-
niques less pain and disability. In vascular
disease, minimally invasive techniques
done to a considerable extent by vascular
surgeons are accompanied by less pain and
disability. Eighty-five percent of vascular
cases are done endovascularly.

I owe immense gratitude to too many
people and undoubtedly will inadvertently
miss mentioning all of them. First and fore-
most to my family: although I was often ab-

sent, it was kept stable by my lovely wife
Karen whom my friends call “my better
7/8th”. To our children, Erich and Alexan-
dra, of whom I am immensely proud and
whose interests I share and I hope partially
cultivated. Our son Erich is a space and as-
tronomy enthusiast due in part to our fam-
ily’s interest in astronomy. Our daughter,
Alexandra, a successful practicing veteri-
narian, has expressed to me that this is the
closest she could come to being a “3rd gen-
eration surgeon” without taking a lot of guff
from being my daughter. And I must men-
tion my daughter-in-law Hallie, and my
son-in-law Peter, both of whom have enthu-
siastically been welcomed into our family.

Thank you to Bob Baker who was kind
enough to take me, along with Dr. Lloyd Ny-
hus, in the 3rd edition; Dr. Baker, an attrac-
tive, urbane and, “cool hand and head” who
tolerated and aided the transformation of
the book from strictly an atlas to a textbook;
to the various assistant and associate edi-
tors who do so well in the commentaries
and in keeping the national and interna-
tional views on track; to the hundreds of au-
thors who humored me when I made “sug-
gestions” on the first drafts of their excellent
manuscripts; to the production staff at Lip-
pincott most notably Brian Brown and Julia
Seto who kept cool throughout what has
been a difficult and taxing production; sin-
cere thanks to Pat McGovern, Esq. and Rich-
ard Glovsky, Esq,, both of whom enabled the
production of this edition without physical
interruption; and finally, thank you to a
most dedicated office staff, including Edith
Burbank-Schmitt now in her second year of
a0 8 e
pitched in and Abigail Smith who did a mag-
nificent job of research for the 6th edition as
well as the 5th—only better. I hope we have
succeeded in producing a textbook of sur-
gery that is also an atlas reflecting the latest
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Chapter 85: Selective Vagotomy, Antrectomy, and
Gastroduodenostomy for the Treatment of Duodenal
Ulcer e-1

Lioyd M. Nyhus

Selective vagotomy, antrectomy and gastroduodenostomy for the
treatment of duodenal ulcer is an operation that is no longer done.
Very frequently parietal cell vagotomy has largely supplanted selective
vagotomy, but antrectomy and gastroduodenostomy are useful for car-
cinoma of the stomach with some slight modifications as pictured
elsewhere in the book. This is a classic chapter, and it is included for
historical reasons but also because Dr. Nyhus, one of the originators of
Mastery of Surgery wrote a superb chapter. It can be read with profit.

Chapter 86: Selective Vagotomy and Pyloroplasty e-13
Steven D, Schwaitzberg, John L. Sawyers, and William O. Richards

Dr. Steven Schwaitzberg has written an excellent chapter on selec-
tive vagotomy and pyloroplasty. However, as Dr. Schwaitzberg
pointed out to me himself, this is an operation that is no longer
done very frequently, if at all. However, it is a chapter that eluci-
dates some points concerning surgery of the stomach, unfortu-
nately no longer carried out with any great degree of regularity. It is
a chapter that can be read with significant profit.

Chapter 139: Distal Splenorenal Shunts: Hemodynamics
of Total versus Selective Shunting e-21

AtefA. Salam

The distal splenorenal shunt was advocated originally as an opera-
tion for portal hypertension which had a lower rate of hepatic en-
cephalopathy as compared to the central splenorenal shunt (which
is useful in patients with significant ascites, patients on whom dis-
tal splenorenal is contraindicated), a claim which has not held up.
In addition, recent data from randomized prospective trials seem
to conclude that the portacaval shunt is at least as good and per-
haps better as in regard to long term outcomes. (See commentar-
ies on Chapters 137 and 138)

Chapter 145: The Continent Ileostomy e-30

Eric J. Dozois and Roger R. Dozois

This procedure was originally proposed as an alternative to Ileal
Pouch Anal Anastomosis. However, as the pouch has become

the standard operation for ulcerative colitis—and in some hands,
familial polyposis—very few now perform this procedure.

Chapter 152: Care of Stomas e-37

Laurie Maidl and Jill Ohland
The care of stomas has become a nursing subspecialty, and the
presence of a stoma nurse is a very important part of most hospi-

tals of any size. The stoma nurse helps with preoperative planning
of the operation, siting of the ileostomy or colostomy, help with
difficult stomas, and care of patients with gastrointestinal cutane-
ous fistulas.

Chapter 180: Operations on the Ureteropelvic
Junction e-53
Frank Hinman, Jr.

“Operations of the Ureteropelvic Junction” is another operation that
has given way to minimally invasive and endourological procedures.
Dealing with the ureteropelvic junction in open fashion is an art
form that will be applied to the minority of patients, Nonetheless, it
is important that one know how to do the operation if the occasion
demands and the preservation of renal function is at stake.

Chapter 194: Anterior and Posterior Colporrhaphy e-60
Dionysios K. Veronikis

The chapter on anterior and posterior colporrhaphy presented
here is a rather detailed chapter and one which can be read with
profit. However, the vaginal floor and its repair has become much
more complicated and so anterior and posterior colporrhaphy, in
and ofitself, are used less frequently. They may be used with opera-
tions for the prolapse of the rectum and they may be utilized in the
more sophisticated approach to cystocele and urethracele.

However, the anatomy which is described in the anatomical re-
pair, is valuable and can shed light in other specialties to the neces-
sity for having pelvic floor repair, for example, or come in useful as
stated in my commentary for repair of rectal prolapse.

Chapter 196: Bassini Operation e-75
Oreste Terranova, Luigi De Santis, and Fiavie Frigo

Drs. Terranova, DeSantis and Frigo, as they have in the past, have
contributed to the classic operation which started all repairs of in-
guinal hernia by Dr. Edoardo Bassini. “The Bassini Operation”
probably is the first one that gained credence and has held for ap-
proximately 100 years or more. However, as the authors come to
the conclusion that “The Bassini Operation” even carried out with
repair of the transversalis fascia, as originally described by Bassini
and shown here in the original pictures, has a recurrence rate any-
where from 3-22% although it may fall as they say in the text below
1.5-2%. They come to the conclusion that while of historical inter-
est and of interest as far as the anatomy of the inguinal canal, this
operation as currently described in and of itself is no longer viable.

The Shouldice operation described elsewhere in this volume
may actually disagree with that particular conclusion, But accord-
ing to the authors, prosthetic material must be used in order to get
a reasonable recurrence rate. Thus, despite the importance of
Bassini and his operation as it was originally described, this is no
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longer a contemporary utilization of surgery for inguinal hernia
cause of the recurrence,

It is presented on the website for historical interest as it really
started everything, One may differ as to whether or not Shouldice
repair is useful or whether I use a variant of the Shouldice opera-
tion, sometimes with vicryl mesh and seem to have low recurrence
rates. However, the reader will decide from all of the repairs which
are made available in the hernia section.

Chapter 197: Cooper Ligament Repair of Groin
Hernias e-87
Robb H. Rutledge

Dr. Robb Ruttledge is an excellent practitioner who preceded me in
the Massachusetts General Hospital residency by a number of years.
He is an exemplary gentleman and a superb surgeon who, despite
being in private practice is highly academic in his approach. I con-
sider him a friend. The Cooper’s ligament repair once was a staple of
herniorraphy. Indeed, when I was a resident, the Cooper’s ligament
repair was the standard procedure we carried out at the Massachu-
setts General Hospital despite the fact that it is more painful and its
primary utility is in the area of femoral hernias. Dr. Ruttledge nicely
describes it. The chapter appeared in the fourth edition.

Chapter 198: The Shouldice Method of Inguinal
Herniorrhaphy e-96

Robert Bendavid

The Shouldice Clinic declined to bring the operation up to date. It is
still useful to review this procedure because it is, in its best sense, the

descendent of the Bassini repair. It has largely been supplanted by
the various mesh repairs and the Lichtenstein tension free repairs.

Chapter 199: Iliopubic Tract Repair of Inguinal Hernia:
The Anterior (Inguinal Canal) Approach e-108
Robert E. Condon

A classic article on the standard repair of Inguinal Hernia.

Chapter 200: Iliopubic Tract Repair of Inguinal
and Femoral Hernia: The Posterior
(Preperitoneal) Approach e-118

Lioyd M. Nyhus

Chapters 172 and 173 are two classic articles appearing from a
golden age in surgery, the collaboration with Dr. Robert Condon
and Dr. Lloyd Nyhus. They deal with the anatomy first and fore-
most of the inguinal canal by two individuals who have made this
a major focus of their long and distinguished academic careers.
The anatomy is masterfully described and is well argued. Familiar-
ity with this approach is essential because there are times when
there is a hernia in the vicinity of the abdomen and anatomical
knowledge of this area will enable a repair to be done with less dif-
ficulty, thus preventing another operative procedure.

These two classics have appeared in every previous edition and
they are included here on the website, At a time when most surgi-
cal residents never learn the anatomy of the inguinal canal, which
I find unfortunate, these two chapters are superb in how the
knowledge of surgical anatomy can lead not only to a concept but
also to performance of an excellent clinical operation at that time.

Chapter 204: Giant Prosthesis for Reinforcement
of the Visceral Sac in the Repair of Groin and
Incisional Hernias e-126

René E. Stoppa

The Stoppa procedure is good for bilateral hernia and has the ad-
vantage of a very low complication rate of ingninodynia, which oc-
curs in as many as 10% of groin prosthetic repairs. Patients with
severe inguinodynia are incapacitated and operative repair is suc-
cessfully only in up to 80% of patients.
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Trauma and Infection
Naji N. Abumrad, Igal Breitman, Julia Wattacheril, William J. Hubbard, and Irshad H. Chaudry

INTRODUCTION

Surgery has its roots in providing care for
those patients coping with injury or infec-
tion.Inthelastdecade, an enormous amount
of data has been published, which describes
the wide spectrum of illnesses that can re-
sult following trauma or infection—from a
minor, local reaction to surgery, to a sys-
temic stress response, to sepsis, to systemic
inflammatory response syndrome (SIRS),
and, finally, to multi-organ failure (MOF).
This information has provided the basis for
many new concepts and techniques, which
are now used daily in modern surgery. Having
a thorough understanding of the mecha-
nismsleading to illness following trauma and
infection is crucial for any practicing surgeon.
'This understanding is the very hallmark of
transferring knowledge gained in research to
innovative surgical care at the bedside.

OVERVIEW

Following extensive tissue damage or sys-
temic insult, such as infection, hypoperfu-
sion, hypothermia, acid-base disturbance,
pain or severe emotional stress, various
physiologic and biochemical local and sys-
temic alternations can be present and are
referred to as “the stress response”. The sys-
temic alternations are mediated by a com-
plex signaling system, including afferent
and efferent nervous signals, immunologi-
cal and hormonal adaptations, and a sys-
temic washout of locally produced sub-
stances like cytokines and other mediators.
The first reference to the stress response re-
sulted from keen observations by Sir David
Cuthbertson in the 1930s who described a
biphasic immune, inflammatory, and meta-
bolic response to injury. This was further
modified by Francis Moore in the 1970s. The
first short (<24 hours) hypometabolic phase
(termed “Ebb” by Cuthbertson) represents a
coordinated response directed toward im-
mediate survival. It starts with the activa-
tion oflocal coagulation and innate immune
system factors. While evidence of a systemic
response may be minimal in subjects with
mild injury, in an insult of sufficient magni-
tude, the local activation is followed by sys-
temic inflammatory and endocrine re-
sponses. These can present as surges in
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plasma catecholamine, cortisol and aldos-
terone levels inflicting tachycardia, tachyp-
nea, vasoconstriction, lower cardiac output,
lower oxygen consumption, lower basal
metabolic rate, sodium and water retention,
translocation of blood from the peripheral
to the central vital organs, and acute-phase
protein (APP) production. If the organs sur-
vive, there is transition from the “ebb” phase
to the "Flow” phase. The flow phase of the
stress response is characterized by explosive
metabolic activity, increasing immune ac-
tivity, enhanced enzymatic activity, and tis-
sue repair. This response is mediated by a
massive neuroendocrine flux involving the
productionandsecretion of catecholamines,
antidiuretic hormone (ADH), cortisol, insu-
lin, glucagon, and growth hormone (GH).
Theincreased adrenergic stimulation causes
an increase in the ratio of glucagon to insu-
lin and, combined with the increased corti-
sol and cytokines, induces the state of en-
hanced proteolysis and lipolysis.

The supply of amino acids comes from
catabolism of mostly skeletal muscle and
visceral organs. Some of these amino acids
are taken up by the liver as substrates for
gluconeogenesis and protein synthesis.
Others are reserved for enzyme synthesis
and collagen deposition at the site of injury.
The energy needs of most other tissues are
met by the availability of free fatty acids
(FFA) and ketone bodies. These are made
available via enhanced lipolysis with re-
leased glycerol acting as a glucose precur-
sor. The hepatic glucose production supplies
the glucose obligatory tissues.

Clearly, this process of catabolism re-
quires an enhancement of blood flow to the
muscle, the liver, and the areas of injury.
Individuals present with tachycardia and
tachypnea, peripheral edema, fever, hyper-
glycemia, leukocytosis, increased O, con-
sumption, increased CO, production, in-
creased minute ventilation, elevated resting
energy expenditure and negative nitrogen
balance. Consequently, the liver provides
substrates through gluconeogenesis and
synthesis of ketone bodies, detoxifies ni-
trogenous waste via the synthesis of urea
and elaborates a series of APPs that bind
metabolic by-products or limit the activity
of proteolytic enzymes secreted by acti-
vated leukocytes. Renal blood flow and
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glomerular filtration increase and facilitate
excretion of the nitrogenous by-products.
Cytokines released from macrophages and
adipokines released from adipose tissue re-
sult in disruption of capillary tight junc-
tions, leading to vascular leak allowing fluid
and substrates to flow toward the avascular
area of injury, as well as to the interstitium
in other body parts.

Manifestations of this hypermetabolic
phase can be seen clinically in every postop-
erative patient. Patients retain fluid and so-
dium via concentrated urine, and redistrib-
ute blood flow to the vital organs, as well as
compensate for the intravascular depletion
secondary to capillary leak and possible ex-
ternal losses, If allowed to go unchecked,
this catabolic response would deplete en-
dogenous resources and become maladap-
tive. Systemic inflammatory response, se-
vere metabolic depletion, and possible
secondary infection can all cause damage
to vital organs that were not initially com-
promised by the injury. Adult respiratory
distress syndrome (ARDS), renal insuffi-
ciency, hepatic dysfunction, loss of gut epi-
thelial barrier function, immunoparalysis,
and sepsis may develop and the multi-organ
dysfunction can be fatal. Fortunately, with
appropriate support measures, the stress
response nearly always resolves itself with-
out complications,

The intensity and duration of the flow
phase roughly correlate to the extent and
type of injury. The catabolic process usually
peaks at about 48 to 72 hours post-injury. If
the insult is resolved, it can lead to an ana-
bolic state, dominated by insulin, GH, and
insulin-like growth factor I (IGF-I) within
5-10 days of injury. The change is associated
with a flux of protein, fluid, and electrolytes
returning to depleted intracellular space,
particularly the muscle, Interstitial edema
fluid is reabsorbed and the excess fluid is
eliminated with a brisk diuresis. As the cel-
lular space re-expands, the need for electro-
chemical equilibrium mandates the move-
ment of ions (K*, Mg®* and PO,*") from the
blood into the cells. Serum levels of these
ions decrease and require repletion. An-
orexia and fatigue gradually resolve, and
heart rate, respirations, and plasma glucose
normalize. Nitrogen balance becomes posi-
tive and homeostasis is restored.



INFLAMMATORY RESPONSE

The inflammatory response to injury involves
interplay between several hormones (cate-
cholamines and cortisol) and a large number
of mediators (cytokines and chemokines).
The immune and inflammatory responses to
injury are predictable and well-orchestrated,
and adaptive series of events evolve leading
to maximize healing potential. A normal, bal-
anced, and well-controlled inflammatory re-
sponse in previously healthy patients almost
always results in an uneventful recovery.

Innate Immune System

'The immune response can be divided into an
early innate and a later adaptive responses.
The innate immune system is the first line of
defense and its principal components are
the epithelial barriers, immune cells (phago-
cytes such as neutrophils, macrophages and
dendritic cells, and natural killer [NK] cells).
Tissue damage, or microorganisms invading
one or more of the epithelial barriers, is im-
mediately recognized by the multiple com-
ponents of innate immunity. The mecha-
nisms used by the innate immune system to
recognize nonself entities have been eluci-
dated only recently. The innate immune re-
sponse derives from preexisting recognition
of pathogen-associated molecular patterns
(PAMPs) or microorganism-associated mo-
lecular patterns (MAMPs). The best known
examples of PAMPs are lipopolysaccharides
(LPS) in gram-negative bacteria, lipote-
ichoic acids in gram-positive bacteria,
mannose-rich oligosaccharides in micro-
bial glycoproteins, mannans, unmethylated
CpG sequencesinbacteria, double-stranded
RNA in replicating viruses, glucans, and
N-formylmethionine (bacterial eukaryotic
protein).

The receptors that have evolved to rec-
ognize these PAMPs are called pattern-
recognition receptors, and these can func-
tionally be divided into endocytic receptors,
which mediate internalization and phago-
cytosis of microbes, and signaling recep-
tors, which activate cellular signaling path-
ways that induce the expression of a variety
of immune-response genes. The most im-
portant receptors that mediate endocytosis
are the mannose receptors of the calcium-
dependent lectin family, which recognize
terminal mannose and fucose residues of
glucoproteins and glycolipids that are char-
acteristic of microorganisms, as well as the
scavenger receptors that bind to bacterial
cell walls. Among these signaling receptors,
the two main groups of receptors are
the Toll-like receptors (TLRs) and the G-
protein-coupled receptors, of which the
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TLRs are the most prominent in the induc-
tion of immune and inflammatory responses.

Toll-like Receptors

The Toll signaling pathway was initially de-
scribed in Drosophila in 1985, with the hu-
man homologue identified in 1997, This fam-
ily of type I transmembrane receptors is
characterized by an extracellular domain
with leucine-rich repeats and a cytoplasmic
domain. At least 11 human TLRs have been
identified, and each is known to detect a spe-
cific PAMP and has a specific intracellular
signaling pathway. TLR-1, 2,4, 5, and 6 mainly
recognize bacterial products, of which TLR2
has been implicated in the signaling process
of gram-positive bacteria. TLR4 is the main
receptor mediating the proinflammatory cy-
tokines' response to LPS. TLR-3, TLR-7, and
TLR-8 are specific for viral detection and
TLR-9 seems to be involved in both micro-
bial and viral recognition.

TLRs seem to play a bridging role be-
tween the innate and the adaptive immune
systems. They are expressed on dendritic
cells and T-lymphocytes, as well as on a vari-
ety of parenchymal cells (e.g., adrenals, liver,
and spleen). The adrenal-expressed TLRs in-
fluence the systemic inflammatory response
by their effect on cortisol secretion. Upon
sensing danger, the TLRs are activated on
immune, competent, and endothelial cells
ultimately resulting in the translocation of
nuclear factor (NF)-kB. NF-kB then migrates
to the nucleus and mediates gene transcrip-
tion and the production of inflammatory me-
diators, such as chemokines, adhesion mole-
cules, growth factors, and pro-inflammatory
cytokines, especially tumor necrosis fac-
tor-at (TNF-ct) and interleukin-1 (IL-1). The
IL-1 and TNF-a receptors, after binding to
their ligand, can further activate the same
signaling pathways amplifying the immune
response (Figure 1). TLRs are also involved
in the recognition of endogenous ligands,
which are released from damaged or dying
cells, or come from a depredated extracellu-
lar matrix. These molecules include lipids,
carbohydrates, proteins, and nucleic acids.

Extensive research has been conducted
on whether genetic variations can be used to
identify patients at high risk of developing
sepsis and organ dysfunction during severe
infection. Increasing evidence suggests thata
genetic polymorphism in TLRs may influ-
ence a patient’s outcome in sepsis. For ex-
ample, a single nucleotide polymorphism of
TLR1 (TLR1-7202A/G) has been associated
with higher organ dysfunction, increased
gram-positive infections, and death by sep-
sis. Patients with a TLR4 gene mutation, es-
pecially those involving TLR4, Asp**Gly allele
have a higher incidence of gram-negative in-

fections; this polymorphismis also attributed
to the severity of SIRS. Although septic pa-
tients with TLR4 polymorphism have been
shown to have reduced levels of circulating
inflammatory cytokines and an increased
risk of bacterial infection, the associations of
mortality with polymorphism in TLRs during
sepsis are still controversial. New research
suggests that manipulation of TLR signaling
pathways offers significant therapeutic po-
tential, particularly in the treatment of organ
injury accompanying sepsis, but this concept
requires further exploration.

G-Protein-Coupled Receptors

These receptors initiate intracellular re-
sponses through the associated guanosine
triphosphate (GTP)-binding G protein.
These receptors are activated by chemok-
ines, proteolytic products of complement
proteins (e.g., C5a), and lipid mediators of
inflammation (platelet-activating factor,
prostaglandin E, and leukotriene B4).

Complement

The complement system consists of more
than 30 proteins, including serum, serosal,
and cell membrane proteins. Being part of
the innate immune system, the comple-
ment system does not require prior immu-
nization for activation; it is rapidly acti-
vated in a nonspecific manner in one of
three main pathways: classic, alternative,
and mannan-binding lectin pathways. In
the classical pathway, it is activated by an
IgM or IgG antibody-antigen complex. The
alternative pathway does not rely on an
antibody-antigen complex; it is activated
directly by bacterial cell wall components.
The mannan-binding lectin pathway is ho-
mologous to the classical pathway, except
that the cascade is initiated by a mannan-
bindinglectin protein, produced by the liver
that can activate complement cleavage
when binding to a pathogen surface. Acti-
vation of the complement cascade results
in the formation of products that act to lyse
microbes, activate platelets, stimulate his-
tamine release, recruit neutrophils by
chemotactic action, and facilitate both
phagocytosis and bacterial killing through
opsonization of bacteria and stimulation of
neutrophil degranulation.

Complement activation pathways are
regulated by a large number of regulatory
complement-control proteins, preventing
over-activation of the whole system; sys-
temic overwhelming activation of the sys-
tem can result in changes in hemodynamic
parameters, leading to shock. Persistent ele-
vation of the complement-derived chemot-
axins C3a, C4a, and Cba have been correlated
with increased remote organ damage and
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Fig. 1. The proinflammatory signal transduction pathway. ACP, accessory membrane-spanning protein;
IKKey, inhibitory protein IxB kinase o; IKK(, IxB kinase B IL-1, interleukin-1; IL-1R, IL-1 receptor; IRAK,
IL-1R-activated kinase; NIK, NF-kB-inducing kinase; RIP, receptor-interacting protein; TNFR, tumor ne-
crosis factor receptor; TRADD, TNFR and associated death-domain protein; TRAF2, TNFR-associated
factor 2. (Modified from Baeuerle PA. Pro-inflammatory signaling last pieces in the NF-kappaB puzzle?
Curr Biol 1998;8:R19, with permission.)

mortality following sepsis. Neutralization of leased either after a nonprogrammed cell

C5a, using a monoclonal antibody, resulted
in improved survival and decreased organ
damage in animal models.

Alarmins

Activation of the immune system is trig-
gered by injury or trauma without evidence
of a bacterial focus. This is mediated by
alarmins or PAMPs. The alarmins are re-

death or by cells of the immune system.
Within this family of endogenous triggers
are high mobility group box 1 (HMGB1), heat
shock proteins (HSPs), defensins, cathelici-
din, eosinophil-derived neurotoxin (EDN),
and others. These structurally diverse pro-
teins serve as endogenous mediators of in-
nate immunity as chemoattractants and ac-
tivators of antigen-presenting cells,

HMGBI1 was originally identified as a
chromatin-binding protein that exists ubiq-
uitously in the nucleus of all eukaryotic
cells, HMGB1 plays a critical role in stabiliz-
ing nucleosome formation and in regulating
transcription; it also plays an important role
in signaling following tissue damage. When
present in an extracellular location, HMGB1
can activate the innate immune system and
promote inflammation. It is passively re-
leased by necrotic, but not apoptotic cells as
well as actively secreted by immune cells,
macrophages, and NK cells upon activation
with TNF. HMBG1 acts as a chemokine and
is a chemoattractant for macrophages, neu-
trophils, and dendritic cells and causes the
secretion of several proinflammatory cytok-
ines (e.g, TNF, IL-1a, IL-1b, IL-1RA, IL-6;
IL-8, MIP-1a, and MIP2b) (Figure 2).

The role of HMGBI in multi-organ dam-
age in severe sepsis was demonstrated in an
animal model. Inhibition of HMGB1 by spe-
cific antibodies protected mice from mor-
tality in both LPS-induced and cecal ligation
and puncture-induced sepsis. Furthermore,
administration of recombinant HMGBI
protein recapitulated severe sepsis by in-
ducing lethal organ dysfunction. Several
techniques have been developed to inhibit
the biological activity of HMGBI in sepsis. A
protein fragment A-box, which contains the
DNA-binding domain of HMGB1, competes
with intact HMGBI for binding to its cell
surface receptor, and exhibited a therapeu-
tic effect in sepsis models even when ad-
ministered after the onset of the diseases.
Ethyl pyruvate, a stable and nontoxic deriv-
ative of pyruvic acid, has been shown to
suppress HMGB1 release from macrophages
in vitro, reduce serum HMGBI1 levels, and
improve survival in sepsis models in mice.

Adaptive Inmune System

Adaptive immunity constitutes the second,
but more specific and efficient response to
invaders. It is subdivided into cellular and
humoral immunity.

Cellular Immunity

Surgical insult leads to the activation of lo-
cal host responses necessary for protection
against invading microorganisms and for
the initiation of tissue repair. The sequence
of events begins immediately after injury,
with the activation of the coagulation
cascade and the initiation of the inflamma-
tory phase. Local mediators of inflamma-
tion, such as cytokines, histamine, kinins,
and arachidonic acid metabolites, cause
increased capillary permeability, allowing
immune cell infiltration (primarily neutro-
phils, followed by monocyte/macrophages
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Fig. 2. Schematic of the chemokines-mediated process of polymorphonuclear leukocyte (PMN) recruit-
ment and infiltration. Chemokines emanating from a source of injury and/or infection mediate the
positively regulated expression of adhesion molecules. In this example, selectins and integrins cause
tumbling and adherence, respectively, of PMNs to the endothelial Iumen wall, The adherent PMN then
moves through the wall by diapedesis and migrates along the chemokines gradient, eventually infiltrat-
ing in and around the focus of injury. ROS, reactive oxygen species.

infiltration). Immune cell migration is a
complex process involving attachment to
the endothelial cells and extravasation reg-
ulated by many substances, the most im-
portant of which are the chemokines and
adhesion molecules. Most of these media-
tors act in a paracrine fashion and they are
short-lived because of rapid metabolism,
Therefore, serum measurements of these
mediators may not reflect their activity in
local tissues.

TLR activation causes secretion of cy-
tokines (TNF-a and IL-1) and chemokines,
especially by local macrophages. Chemok-
ines are produced and secreted to the extra-
cellular matrix by activated leukocytes and
by various skin cells (epithelial cells, fibro-
blasts, and endothelial cells), and mediate
cell motility. The local microcirculatory
inflammatory response is reflected by a
pronounced leukocyte accumulation and
adherence to the endothelial lining of post-
capillary and collecting venules. This re-
sponse is associated with an increase in
microvascular permeability, indicating the
disruption of endothelial integrity.

Cytokines act on endothelial cells and
induce the adhesion molecules. Leukocytes
express carbohydrate ligands to bind to E
and P endothelial selectins (a family of three
single-chain transmembrane glucoproteins,
named L, E, and P selectins), a process called
“tethering” These are low-affinity interac-
tions and the leukocytes begin to roll along
to the endothelial surface due to the force of
the flowing blood. Chemokine signaling on

rolling leukocytes results in the modifica-
tion of the structure of a family of trans-
membrane proteins called “integrins, al-
lowing for firm adherence of leukocytes to
the endothelial surface. Chemokines can
then stimulate the extravasation and mi-
gration of the cells to the wound space.

Finally, at the time of injury, the produc-
tion of pro-inflammatory cytokines and the
expression of E-selectin, chemokines, and
integrin ligands on endothelial cells medi-
ate the selective recruitment of cutaneous
lymphocyte antigen (CLA)-positive T-cells
into the wound. There, they recognize the
antigen for which their receptor is specific
and become activated. The local mac-
rophages act as antigen-presenting cells
and also express the costimulatory mole-
cules that are essential for T-cell activation.
After antigen binding, T-cells differentiate
preferentially into Th1 subsets, and secrete
interferon-gamma (IFN-y), the major
macrophage-activating cytokine. The acti-
vated macrophages remove debris from
dead cells to facilitate repair after the infec-
tion is controlled. The clearance of the de-
bris and the infectious organisms promotes
resolution of the inflammatory phase and
ensuing repair responses, which include
formation of granulation, reepithelializa-
tion, and neovascularization. The immune
response then produces the cardinal signs
of swelling, pain, erythema, and fever.

In the normal host response, these pro-
cesses are mostly limited to the site of
trauma; however, every substantial trau-

matic injury also leads to a degree of sys-
temic inflammation. Depending on the
magnitude of tissue damage, the local in-
flammatory process will cause washout of
pro-inflammatory mediators into the sys-
temic circulation and inflicts a systemic in-
flammatory process. The systemic leak of
cytokines leads to further activation of im-
mune cells, mostly polymorphonuclear leu-
kocytes (PMN) priming, more cytokine se-
cretion, activation of complement and the
coagulation cascade, and secretion of APPs
and neuroendocrine mediators, This sys-
temic inflammation is followed by a compen-
satory anti-inflammatory response, creating
a balance, which will have significant im-
pact on the clinical outcome. Hence, the
“right tuning” of systemic inflammation is
crucial for restoration of homeostasis. Se-
vere inflammation may lead to tissue de-
struction in organs not originally affected
by the initial trauma by a process com-
monly referred to as the multiple-organ
dysfunction syndrome (MODS). A lesser in-
flammatory response (or too much anti-
inflammatory regulation) will induce a
state of immunosuppression during the
vulnerable time of recovery, which can re-
sult in deleterious sepsis for the host.

Cytokines

Cytokines are small proteins, secreted by
systemicimmune cells, macrophages, mono-
cytes, or lymphocytes (mostly T-cells) and by
diverse cell types at the site of injury. Cytok-
ines are crucial mediators in cell immunity
and inflammatory response. In healthy hu-
mans, they are produced at low constitutive
levels, reaching just picograms per milliliter
in plasma, and function in an endo-, para-,
or autocrine manner. Cytokine receptors are
expressed on the surface of the majority of
human cells, and some soluble cytokine re-
ceptors are detectable in plasma at low lev-
els. Cytokines activate intracellular signaling
pathways that regulate gene transcription.
Examples include NF-kB, activating protein
1(AP-1), signal transduction- and transcrip-
tion-activating factor 3 (STAT-3), and mem-
bers of the CCAAT/enhancer binding protein
(C/EBP) family of transcription factors, in
particular C/EBP-B and 8.

The NF-«B family of transcription factors
is most often studied because of its central
role in the inflammatory process. Cytokines
influence immune cell activity, differentia-
tion, proliferation, and survival. These me-
diators also regulate the production and
activity of other cytokines in a watershed
manner. There is a significant overlap in bio-
activity among different cytokines.

Cytokines are not antigen-specific and
their effect can be stimulatory or inhibitory.

Perioperative Care of the Surgical Patient
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TNF, IL-1b, IL-6, IL-8, IL-12, and IFN-y are
the dominant stimulatory (or pro-inflam-
matory) cytokines and IL-4, IL-10, and IL-13
are considered inhibitory (or anti-inflam-
matory). Those compounds acting in be-
tween cells of the immune system are called
interleukins, and those inducing chemot-
axis of leukocytes are referred to as chemok-
ines. Including about 50 chemokines and 30
interleukins, the number of characterized
cytokines is now well in excess of 100, The
number of cytokines recognized continues
to grow, and a list of cytokines and their
function(s), origin, target cells, and proper-
ties is provided in the Cytokine Online
Pathfinder Encyclopedia (COPE) web site,
created by Dr. Horst Ibelgaufts (www.cope-
withcytokines.de/cope.cgi).

During acute localized inflammation,
connective tissue, endothelial cells, and lo-
cal immune cells are first to secrete pro-
inflammatory cytokines, mostly IL-1 and
TNF. Cytokines may leak to the circulation
and exceed the levels of soluble receptors,
which results in systemic inflammation and
possible development of SIRS and MODS.
The monocyte/macrophage also produces
the only natural and well-characterized
competitive cytokine antagonist, IL-1 re-
ceptor antagonist (IL-1ra), as well as liber-
ates soluble forms of TNF and IL-1 receptors
(IL-1RI) that are able to bind and neutralize
TNF and IL-1, respectively. The t3 of circu-
lating unbound cytokines can vary from <5
minutes to a few hours,

Interleukins

One of the best-described pro-inflamma-
tory cytokines, TNF (previously known as
cachectin) is mainly produced by mac-
rophages and monocytes, and by T-cells,
endothelial cells, fibroblasts, and adipose
tissues. TNF is among the early cytokines
secreted after trauma with a t% << 20 min-
utes. TNF acts through its receptors TNFR1
and TNFR2,

TNE, through TNF-R1, activates the cas-
pase cascade and induces cell apoptosis, as
well as induction of transcription factors
(e.g.. NF-kB) and activation of the mitogen-
activated protein kinase (MAPK) pathways
both involved in cell proliferation, transcrip-
tion of inflammatory genes, and anti-apop-
tosis. Binding of TNF to TNFR2 leads to acti-
vation and proliferation of immune cells.
TNF induces secretion of a variety of pro-
and anti-inflammatory cytokines (e.g., IL-6,
IL-8, IFN~y, and IL-10), increases synthesis of
nitric oxide , activates the arachidonic acid
pathway and induces activation of cyclooxy-
genase and lipoxygenase enzymes. This leads
to the production of thromboxane A2 and
prostaglandins E2, which have multiple

physiological effects, including increased
permeability of endothelial cells. It also in-
duces the production of adhesion molecules,
such as selectins, platelet-activating factors,
and intracellularadhesion molecules (ICAM).
In addition, TNF increases the pro-coagu-
lated activity of endothelial cells.

The local effects of TNF can be physio-
logic, but the systemic effects often lead to
adverse outcomes. TNF has been identified
as a principal mediator in septic shock. In
the central nervous system (CNS), TNF
stimulates the release of corticotropin-
releasing hormone (CRH), induces fever,
and reduces appetite. In the liver, it stimu-
lates production and secretion of APPs, and
also causes insulin resistance. Inhibition of
TNF by either anti-TNF antibodies or solu-
ble receptors for TNF has become a strategy
in the treatment of patients with chronic
inflammatory diseases, but this strategy
does not work in septic patients.

IL-1 was first described as endogenous
pyrogen over a half century ago, because it
caused fever when injected into rabbits. Af-
ter being secreted by monocytes, mac-
rophages, or endothelial cells, it has a t¥%% of
only 6 minutes. The two forms, IL-1a and
IL-1B, are regulated by different antigens,
but both bind to the same IL-1RI. Binding
to this receptor activates a signaling cas-
cade that is shared also with IL-18 and
TLRs.The IL-1 is a potent pyrogen, which
influences the hypothalamus to reset the
temperature of the body and induces fever.
It is associated with local hyperalgesia. IL-1
has similar effects to TNF on the immune
system following trauma. In fact, TNF and
IL-1 are often described as synergistically
acting mediators.

Similar to other cytokines, IL-6 is pro-
duced by a variety of cell types. It is detect-
able within an hour of trauma, and peaks at
4-48 hours following surgery. The secretion
of IL-6 is induced by TNF and IL-1. IL-6 in-
duces a proliferation and differentiation of
B- and T-lymphocytes, activates NK cells
and neutrophils, and inhibits its apoptosis.
IL-6 regulates the hepatic synthesis of APP,
such as C-reactive protein (CRP), fibrino-
gen, complement factors, a-2 macroglobu-
lin, at1-antitrypsin, and others. IL-6 also in-
duces the release of soluble TNF-R and IL-I
receptor antagonist, and therefore plays a
dual role in the inflammatory response by
acting as both a pro-inflammatory and an
anti-inflammatory mediator. IL-6 has a lon-
ger t% than TNF or IL-1, which makes it
easier to monitor, and seem to correlate
with the magnitude of trauma. For example,
despite similar procedure times, there is a
greater degree of IL-6 elevation after ab-
dominal aortic and colorectal surgery than

after hip replacement; there are lower IL-6
levels after laparoscopic than after open
procedures, including cholecystectomy and
small-bowel and colonic resections. It has
been shown in murine models that IL-6 is
an important mediator of inflammation,
and blocking IL-6 increases survival, Fur-
thermore, IL-6 is regarded as a prognostic
marker of trauma patients with SIRS, sep-
sis, or MODS and as such has been used in
the intensive care unit (ICU) setting as an
indicator for the severity of the inflamma-
tory responses that is relatively indepen-
dent of bacterial infections.

Chemokines

Overall, 18 chemokine receptors and 43
chemokines have been described, demon-
strating a sharing of receptors. Chemokines
acts as attractants to almost all blood cell
types of the innate and adaptive immune
response. In lower doses, chemokines act
mostly as chemoattractants, while in in-
creased concentrations they can lead to cell
activation, including cytotoxicity and even
respiratory burst. Their receptors have also
been detected in endothelial cells, keratino-
cytes, and fibroblasts, suggesting that some
chemokines also contribute to the regula-
tion of epithelialization, angiogenesis, and
tissue remodeling. The chemokine recep-
tors belong to the family of G-protein-
coupled receptors, and binding to these re-
ceptors leads to effects, including both
chemotaxis and activation.

IL-8 is a typical chemotactic cytokine
and its secretion is induced by IL-1, TNF-c,
Cba, microbes and their products, hypoxia,
hyperoxia, and reperfusion. Interferons at-
tenuate the expression of IL-8, It can be pro-
duced in an early state of inflammation fol-
lowing trauma and can persist over a long
period of time, even weeks. It has the ability
to act as potent angiogenic factor, as a po-
tent chemoattractant, and as an activator of
immune cells, IL-8 signaling also induces
the shedding of L-selectin from the neutro-
phil cell surface, and together with TNF-«
and IL-6 is responsible for the regulation of
adhesion molecules on endothelial cells. It is
not the concentration of IL-8, itself, but the
development of a concentration gradient
that directs the cellular recruitment to the
site of inflammation. There is also evidence
that IL-8 can protect neutrophils against
apoptosis, which could be one reason for
prolongation of the inflammatory response
at the site of injury or infection. It has also
been shown that IL-8 plays an important
role in the development of the ARDS,

Recently, a group of so-called silent
chemokine receptors has gained more atten-
tion. These receptors can bind chemokines,



but do not evoke chemokine-related cell re-
sponses, suggesting a role as decoy or scav-
enger receptors. One member of this family
is the decoy receptor D6. D6 binds most in-
flammatory chemokines, except IL-8, and is
now known to be important in limiting the
inflammatory response in different animal
models, allowing degradation of chemok-
ines. Another important member is the
Duffy Antigen Receptor for Chemokines
(DARC). DARC, first described as a blood
group antigen, is also expressed by red blood
cells and endothelial cells. It binds angio-
genic chemokines, including IL-8. While D6
eliminates the cellular response to chemok-
ines, the DARC receptor seems to act more
to differentiate this response, and chemok-
ines retain their biological activity after
binding to this receptor. DARC on red blood
cells seems to capture chemokines and is,
therefore, supposed to prevent leukocyte ac-
tivation in the systemic circulation. On the
other hand, DARC on endothelial cells is re-
quired for leukocyte recruitment.

Cytokines Post-elective Surgery

Elective surgery followed by an uneventful
clinical course may induce only minor sys-
temic inflammatory changes. As one could
expect, the acute-phase response, post-
elective surgery, is proportional to the sur-
gery-related tissue trauma or to the severity
of the procedures. Virtually, all mediators of
inflammation (cellular, cytokines, and APPs)
peak post-injury at about day 1 to 2and then
return to baseline levels by post-injury days
6 to 7. Persistent postoperative pain, stress,
or a second insult will change that pattern.

THE NEURO-IMMUNE AXIS

The systemic and even local inflammatory
responses posttrauma are regulated by the
nervous system. Considerable attention has
been given to the effectiveness of parasympa-
thetic nerve stimulation in suppressing the
magnitude of the proinflammatoryresponse,
leading to coining of the term “inflammatory
reflex”” Like other reflex arcs, the inflamma-
tory reflex is comprised of a sensory afferent
arm and an efferent motor arm.

Afferent/Sensory Input to the Brain

During stress, afferent signals from the in-
jury site can reach the CNS through two
main routes: the neural route, mostly by af-
ferent vagal fibers, and through blood-
borne inflammatory mediators.

Neural Route
The neural afferents present a rapid means
to activate the CNS; the mechanism of their
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activation remains unclear. Various investi-
gators demonstrated the effects of comple-
ment (C5a) fragments, PGE,, coagulation
factors (Factor XII), kinins (bradykinin),
and cytokines (TNF, IL-1, and IL-6). Increas-
ing evidence has suggested that vagal path-
ways are utilized as the communication
link between the peritoneal cavity and the
CNS, especially during episodes of intraab-
dominal infection. It has been shown that
many CNS effects induced by intraperitoneal
administration of LPS or IL-1 (fever, in-
creased elaboration of adrenocorticotrophic
hormone [ACTH]) can be blocked or atten-
uated by subdiaphragmatic vagotomy. This
sensory arm can be activated by the pres-
ence of IL-1 in peripheral tissues. Specific
IL-1 binding sites have been revealed on
glomus cells adjacent to the vagus nerve.
IL-1 binding and an intact vagus nerve are
both required for the development of fever
following intraperitoneal administration of
low quantities of IL-1,

Humoral Route

Cytokines are lipophobic molecules and do
not have ready access to the CNS, since the
blood brain barrier (BBB) excludes entry of
such proteins, An exception is in regions
where the BBB is not well formed, such as
around the circumventricular organs(CVOs),
the meninges and the choroid plexus. There
may be active transport into specific regions
of the brain of circulating cytokines by the
vascular endothelium. Alternatively, cytok-
ines may damage the integrity of the vascu-
lar endothelium that forms the BBB, enter
the brain, and stimulate central neural
circuits. Several factors have been impli-
cated, most notably IL-1 and IL-6. Prosta-
glandins, mostly PGE,, locally produced in
the hypothalamus in reaction to cytokines,
play a crucial role in inducing pyrexic reac-
tion, as known for many years from the abil-
ity of cyclooxygenase inhibitors to prevent
fever.

Efferent Regulation

Following integration of afferent signals the
CNS has two major effector/efferent arms
that are used to regulate physiologic re-
sponses. The first is the activation of the
hypothalamus-pituitary-adrenal (HPA) axis,
and the second is the direct activation of the
sympathetic system while suppressing the
other parasympathetic “half” of the auto-
nomic nervous system. The CNS regulates
the “level of ongoing inflammation” through
multiple pathways, both pro- and anti-
inflammatory. The anti-inflammatory effect
was studied more thoroughly. The inflamma-
tory opposing response suppresses the im-
mune system through at least two main

routes: byincreasing corticosteroid hormone
levels (activation of the HPA axis) and by ac-
tivation of the cholinergic anti-inflammatory
pathway. Evidence exists that hormones and
cytokines interact at several levels. For ex-
ample, TNF-a, IL-1, and IL-6 stimulate the
HPA axis resulting in the release of ACTH
and glucocorticoids (Figure 3). IL-1 also has
a direct enhancing effect on the adrenals.
The glucocorticoids secreted down-regulate
cytokine release from macrophages in a neg-
ative feedback mechanism. The negative
feedback between glucocorticoids and cy-
tokines is one of the main mechanisms pro-
tecting the organism from the possible dam-
age from over inflammation.

Reduced triiodothyronine (Ts) levels af-
ter treatment with TNF-a or IL-1 demon-
strate another link between hormones and
cytokines. Hormones can also influence
each other, as catecholamines increase cel-
lular uptake of Ts. The “low T; syndrome” in
sepsis and following trauma maybe due toa
combination of cytokine and catecholamine
effects. The complex interactions among
different mediators may explain, at least in
part, why treatment directed against indi-
vidual mediators following trauma or sepsis
has not been successful.

Immunosuppression Following Trauma
More and more evidence is emerging that
the neurologic system plays a major role in
the coordination of inflammatory and anti-
inflammatory immune response. While mi-
nor surgery is suggested to stimulate com-
ponentsofthe immune system, itisgenerally
agreed that after the acute-phase response,
major surgery, and to a higher extent, major
trauma cause immunosuppression that may
render the host anergic to opportunistic in-
fections. The initial response to surgical
trauma is characterized by activation of the
specific and nonspecific immune system’s
release of pro-inflammatory cytokines (TNF,
IL-1B, IL-6, IL-18, and HMGB1 and more),
neutrophil activation, microvascular adher-
ence, as well as PMN and macrophage oxi-
dative burst, but this rapidly gives way to a
state of depressed immune function.

The production of immunoglobulins fall
and many patients become anergic as
assessed by delayed hypersensitivity skin
testing. Defects in neutrophil chemotaxis,
phagocytosis, and lysosomal enzyme con-
tent and respiratory burst have all been
reported. This condition is referred to as a
compensatory anti-inflammatory response
syndrome; it is induced by multiple media-
tors and affects all subtypes of immunity.
The counter anti-inflammatory mechanism
is as complex and multi-factorial as the pro-
inflammatory one. It includes cytokines

Perioperative Care of the Surgical Patient
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Fig. 3. Relationship between the hypothalamus-pituitary—gonad-adrenal (HPA) axis and the immune sys-
tem in physiological responses to injury. The HPA is a neuroendocrine system that also has bidirectional
communication with the immune system in homeostasis and in times of injury, giving the brain a major
role in regulating endocrine and immune functions. The hormonal responses are apparent at three levels:
the hypothalamus, the pituitary, and the adrenals, It can be seen that organs are coupled with one another
( functioning as a biologic oscillators), with the coupling being mediated by neural, hormonal, and cytokine
networks, Notably, cytokines and sex hormones are closely coupled in a counterregulatory fashion, which
sheds light on the beneficial effects of sex hormones, especially B-estradiol, in responses to injury.

such as IL-10, TGF-§, TNF-binding protein,
and hormones such as corticosteroids,
adrenaline, and o-melanocyte stimulating
hormone (o-MSH). These act in concert with
local effectors, such as PGE,, HSPs, and APPs.
These factors interact to inhibit macrophage
activation and down regulate the synthesis
of pro-inflammatory cytokines,

'The Cholinergic

Anti-inflammatory Pathway

The activation of the cholinergic pathway
leads to acetylcholine release in the reticu-
loendothelial system that includes the
spleen, liver, lymphoid tissue, and GI tract.
Acetylcholine binds to an &7 subunit of the
nicotinic acetylcholine receptor, expressed
on tissue macrophages, to inhibit the re-
lease of pro-inflammatory (TNF, IL-18, IL-6,
and IL-18), but not the anti-inflammatory
cytokine IL-10. In macrophages, signaling
through o7 attenuates TNF production
through a mechanism dependent upon in-
hibition of NF-«kB nuclear translocation and

activation of Jak-STAT pathways. Direct
electrical stimulation of the peripheral va-
gus nerve in vivo during lethal endotoxemia
in rats inhibited TNF synthesis in liver, at-
tenuated peak serum TNF amounts, and
prevented the development of shock. Sev-
eral reports have confirmed that the activa-
tion of this pathway, either by electrical
stimulation of the vagus nerve or by admin-
istration of a7 selective drugs, is effective in
ameliorating inflammation and improving
survival in a number of experimental mod-
els, such as sepsis, hemorrhagic shock, pan-
creatitis, and postoperative ileus.

IL-6, As an Immunosuppressor

The massive and continuous IL-6 release
accounts for the up-regulation of major
anti-inflammatory mediators, such as glu-
cocorticoids, PGE, IL-10, and TGFB. IL-6
stimulates the macrophage expression of
anti-inflammatory mediators, such as IL-1RI
antagonist and soluble TNF receptors. These
bind to the pro-inflammatory cytokines

TNFa and IL-1B and truncate the inflam-
matory response.

Cell-Mediated Immune Dysfunction
Cellularimmuno-incompetence (also called
“immune paralysis”) is induced by elevated
PGE,, IL-10, and other anti-inflammatory
mediators, mainly caused by the deactiva-
tion of monocytes. The central role of IL-10
and TGFB in inducing monocyte “immune
paralysis” is demonstrated by the up-
regulation of HLA-DR expression on mono-
cytes following the application of an IL-10
neutralizing antibody and the restoration
of macrophage antigen presentation by us-
ing TGF-B neutralizing antibodies.

Lymphocyte Dysfunction

Major surgical interventions are associated
with a significant decrease in total systemic
lymphocyte counts, including both CD4*
and CD8"* cells. This lymphocyte depression
correlates with the duration of the surgical
procedure and the volume of blood loss,
however, is not associated with the extent
of the trauma, the age of the patient, or the
type of intensive care intervention. These
events are accompanied (within 24 h) with
elevated IL-10 and increased frequency of
apoptosis of CD4* and CD8* cells accom-
panied by marked down-regulation of anti-
apoptotic factors such as Bcl-2. The impact
of this immune dysfunction was under-
scored by the fact that the rate of apoptotic
CD8* cells significantly correlated with the
manifestation of infectious complications
during the postoperative course,

A considerable number of studies have
shown that modulation of T-helper lym-
phocytes (Th cells) is also involved in the
development of immune suppression fol-
lowing surgical trauma., The cells can be
subdivided into two functionally distinct
subsets: Thl and Th2, according to individ-
ual functional parameters. Thl cells may
support an inflammatory response by pro-
ducing IL-2, IL-12, and IFN-y, while Th2
cells act as anti-inflammatory agents by se-
creting IL-4, IL-5, IL-6, IL-10, and IL-13,
Major trauma is associated with a shift of
the Th1/Th2 balance toward a Th2 response.
Lymphocyte dysfunction may present as a
complete lack of response to external stim-
uli, that is, anergy.

The Second Hit Phenomenon

The so-called two-hit model of inflamma-
tory insult has become a commonly ac-
cepted paradigm. It takes place in many
common scenarios in which the patient has
to undergo a surgical procedure following
initial trauma or suffers further insults due
to a complication. The second hit may be



sterile- (operation after trauma) or pathogen-
induced infection post-surgery.

Although influenced by many factors,
the inflammatory and metabolic response is
relatively predictable. The immune reaction
to further insults is not as consistent. Varia-
tions in the competence of innate and adap-
tive immune defenses become evident; there
is an innate immune tolerance and dimin-
ished adaptive immune capacity of response
to a new antigen. On the other hand, the re-
current immunological activation causes a
persistent systemic pro-inflammatory activ-
ity that may lead to SIRS and MOF. The per-
sistent inflammation could take place only
in some aspects of immunity and not in oth-
ers. An example of this is the, continuation
of coagulation system activation, even while
other pro-inflammatory activity is waning,
Not infrequently, a prolonged stress state
manifests diminishingamplitude, frequency,
and efficiency of autonomic and neuroen-
docrine signaling, Disturbances in circadian
rhythmicity of neuroendocrine hormone se-
cretion are also observed during prolonged
inflammatory illness. The attenuated hor-
mone rhythmicity and signal amplitude may
contribute to disordered metabolic and im-
mune functions,

Systemic Inflammatory Response
Syndrome and Multiple Organ
Dysfunction Syndrome
Cytokine-mediated inflammation is usually
short-lived and is resolved. In some cases,
however, cytokine production can become
excessive, and rather than resolving, inflam-
mation persists or even spreads, causing
damage in adjacent tissues. This hypermet-
abolic response, often called the SIRS, en-
compasses excessive whole body inflamma-
tion and is considered a major determinant
in the development of multiple organ dys-
functions (MODs), often with a lethal result.
The pathophysiology of SIRS and MODS is
explored in Chapter 8,

Endocrine Response

Role of the Central Nervous System

The CNS response consists primarily of
three parallel, coordinated effects: fever,
HPA axis activation, and sickness behavior
(such as anorexia or somnolence). Follow-
ing integration of afferent signals, the hypo-
thalamus has two major effector arms that
are used to regulate physiological responses.
The first is the activation of the HPA axis
and the second is the direct activation of
the sympathetic system, while suppressing
the other parasympathetic “half” of the
autonomic nervous system. At rest, the hy-
pothalamus secretes, in a pulsing manner,
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CRH, thyrotrotropin-releasing hormone
(TRH), gonadotropin-releasing hormone
(GnRH), growth hormone-relapsing hor-
mone (GHRH), and dopamine. During
stress, the afferent signals from the injury
site reach the hypothalamus through the
neural route (impulses are transferred from
the cephalad to the ventral-posterior nu-
cleus of the thalamus) mostly by afferent
vagal fibers or through blood-borne inflam-
matory mediators, Humoral mediators
reach the hypothalamic-hypophysial portal
capillaries in the median eminence through
the anterior hypophyseal arteries. The cy-
tokines can diffuse into the portal capillar-
ies, areas that are free from the BBB.

Endogenous Opioids (Endorphins)
Many of the mediators released during in-
flammation of peripheral tissue are known
to elicit pain by activation of specialized pri-
mary afferent neurons called “nociceptors”
(defined as “neurons preferentially sensitive
to a noxious stimulus or to a stimulus which
would become noxious if prolonged”). Noci-
ceptor stimuli propagate through the dorsal
horn of the spinal cord to the supraspinal
sites where a sensation of pain is eventually
elicited. Various opioid peptides, such as
B-endorphin, met-enkephalin, dynorphin,
and endomorphins are produced and se-
creted by the hypophysis, hypothalamus,
and, as demonstrated most recently, locally
by leukocytes. Opioid peptides can bind to
opioid receptors. The most studied opioid
receptor groups are |, k, and 8. These recep-
tors are part of the G-protein-coupled re-
ceptors, which are synthesized in dorsal
root ganglia and are transported intra-
axonally, The opioid receptors are repre-
sented in the brain, spinal cord, sensory pe-
ripheral nerve endings, and in the intestinal
tract. Agonist binding elicits potent analge-
sia, a quality often used to treat pain, with
induction of external opioids.

The balanced activation of sympathetic
and parasympathetic pathways, as well as
HPA axis, in response to injury is crucial in
dynamic regulation of a host’s defense mech-
anisms, The endorphins are part of the coun-
terregulatory system activated in a state of
shock. The opioids enhance the parasympa-
thetic tone, balancing the increased sympa-
thetic drive. A meta-analysis review of the
literature concerning the use of opioid an-
tagonist (Naloxone)in clinical setup indicates
that opiate antagonist treatment does im-
prove mean arterial blood pressure in shock
patients. The mechanism involved in mediat-
ing the salutary effects of opiate antagonists
has not been completely elucidated.

Immume cells carry all three opioid recep-
tors, Opioids have been shown to modulate a

number of aspects of the immune response,
including antibody responses in vitro and
in vive, phagocytic cell function, NK-cell ac-
tivity, chemokine-induced chemotaxis, the
development and function of T-cells in the
thymus, and cytokine and cytokine receptor
expression. Opiate-mediated immune effects
have been postulated to result from either
direct interaction with opioid receptors on
cells of the immune system or indirectly
through the activation of opioid receptors
within the CNS, and the resulting modula-
tion of HPA axis (cortisol) and the sympa-
thetic nerve system activities. Although al-
ternations in various aspects of immune
function in patients exposed to opioid treat-
ment were demonstrated in clinical practice
(post-elective abdominal surgery, orthopedic
surgery, and in healthy volunteers), there are
no actual prospective clinical studies explor-
ing the possible interaction between expo-
sure to opiates and rates of infection.

Hormonal Changes During

Acute and Chronic Surgical Illness

There is a biphasic neuroendocrine re-
sponse to critical illness. The acute phase is
characterized by an actively secreting pitu-
itary; whereas, in prolonged critical illness,
there is a hypothalamic suppression of the
neuroendocrine axes.

Glucocorticosteroids

In a stress-free healthy human, cortisol is
secreted from the zona fasciculata of the
adrenal cortex, according to a diurnal pat-
tern. Cortisol release is controlled by ACTH
produced by the pituitary, in turn under the
influence of the hypothalamic CRH. Corti-
sol itself exerts negative-feedback control
on both hormones, Approximately 10% cor-
tisol is found free in the plasma. Of the re-
mainder, 20% is bound to albumin, and 70%
is bound to cortisol-binding globulin. Only
the free hormone, however, is biologically
active. Glucocorticoids exert their effects by
binding to and activating an intracellular re-
ceptor protein. The cortisol-glucocorticoid
receptor complex moves to the nucleus
where it binds as a homodimer to DNA se-
quences located in the promoter regions
of target genes. In addition, the cortisol-
glucocorticoid receptor complex may affect
cellular function indirectly by binding to
and modulating the transcriptional activity
of other nuclear transcription factors, such
as NF-kB.

Cortisol During Stress

Cortisol levels usually rise in the early phase
of critical illness. The excited neurons in
the hypothalamus release CRH and arginine
vasopressin (AVP) from their terminals
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into the capillaries of the hypothalamo-
hypophysial portal system. CRH and AVP
act on CRH-1 and vasopressin-1f3 receptors
on the anterior pituitary to stimulate ACTH
secretion. Plasma ACTH levels rise directly
due to increased secretion and due to resis-
tance to or inhibition of the negative-feed-
back mechanism exerted by cortisol. Several
of the elevated cytokines have been shown
to modulate cortisol production, either by
directly affecting the hypothalamus/pitu-
itary (IL-lov, IL-1B, IL-6, and TNF-at) or by
direct stimulation of the adrenal cortex
(IL-1e, IL-1B, and IL-6). Cytokines can also
influence glucocorticoid receptor numbers
and affinity. During severe illness, corticos-
teroid-binding globulin levels are decreased,
resulting in proportionate increases in the
free hormone. The diurnal variation in corti-
sol secretion is lost in response to any type of
acute illness or trauma, An appropriate acti-
vation of the HPA axis and cortisol in re-
sponse to critical illness is essential for sur-
vival, The adrenal gland does not store
cortisol; therefore, increased secretion arises
due to increased synthesis of cortisol from
its principal precursor, cholesterol.

Cortisol Influence on
Post-trauma Physiology
The stress-induced hypercortisolism fosters
the acute provision of energy. Glucocorti-
coids increase blood glucose concentra-
tions by increasing the rate of hepatic glu-
coneogenesis and inhibiting adipose tissue
glucose uptake, Hepatic gluconeogenesis is
stimulated by increasing the activities of
phosphoenolpyruvate carboxykinase and
glucose-6-phosphatase as a result of bind-
ing of glucocorticoids to the glucocorticoid
response elements of the genes for these en-
zymes. Glucocorticoids also stimulate free
fatty acid release from adipose tissue and
amino acid release from body proteins. Major
roles of these processes are to supply energy
and substrate to the cell, which are required
for the response to stress and repair to injury.
The rise in glucocorticoids also protects
against excessive inflammation. The rise in
glucocorticoids during acute illness plays a
crucial role in preventing hazardous over-
stimulation of the immune system, including
lymphocytes, NK cells, monocytes, mac-
rophages, eosinophils, neutrophils, mast cells,
and basophils. Glucocorticoids decrease the
accumulation and function of most of these
cells at inflammatory sites, Most of the sup-
pressive effects of glucocorticoids onimmune
and inflammatory reactions appear to be a
consequence of the modulation of produc-
tion or activity of cytokines, chemokines,
eicosanoids, complement activation, and
other inflammatory mediators. Glucocorti-

coids control mediator production predomi-
nantly through inhibition of transcription
factors, such as NF-kB. Glucocorticoids also
produce anti-inflammatory effects by en-
hancing release of factors, such as IL-1RI an-
tagonist, soluble TNF receptor, and IL-10.
Glucocorticoids also block the transcription
of messenger RNA for enzymes required for
the synthesis of some mediators (cyclooxyge-
nase-2 and iNOS).

A rise in glucocorticoid concentrations
plays an important role in improving hemo-
dynamic levels, by inducing fluid and sodium
kidney retention. Glucocorticoids are also
required for the needed increased sensitivity
of the cardiovascular system to vasocon-
strictors, The reactivity to angiotensin II, epi-
nephrine (Epi), and norepinephrine (Norepi)
contributes to the maintenance of cardiac
contractility, vascular tone, and blood pres-
sure, These effects are mediated partly by the
increased transcription and expression of
the receptors for these hormones. Glucocor-
ticoids are required for the synthesis of Na-+,
K+-ATPase, and catecholamines. The ef-
fects of glucocorticoids on synthesis of cate-
cholamines and catecholamine receptors
are partially responsible for the positive ino-
tropic effects of these hormones. Glucocorti-
coids also decrease the production of nitric
oxide, a major vasorelaxant and modulator
of vascular permeability.

During surgical procedures, such as lap-
arotomy, serum corticotropin and cortisol
rise rapidly, peaking in the immediate post-
operative period. The magnitude of the
postoperative increase in serum cortisol
concentration is correlated with the extent
of the surgery. From a normal secretion rate
of 10 mg/day, cortisol production rate in-
creases to 75 to 150 mg/day following major
surgery and can reach to 250 to 300 mg/day
in severe stress. Unless there is a repeated
insult, such as sepsis, the glucocorticoid
concentrations decline to baseline levels
over the next 72 hours. This decline can of-
ten be noticed clinically as increased diure-
sis, improved glucose control, and, occa-
sionally, increased pain. In critical illness,
the kinetics of the response differ from
those mentioned above: pain, fever, hypov-
olemia, hypotension, and tissue damage all
result in a sustained increase in corticotro-
pin and cortisol secretion and a loss of the
normal diurnal variation in these hor-
mones. During severe illness, serum corti-
sol concentrations tend to be higher than
even in patients undergoing major surgery
(~30 pg/dL vs. 40-50 pg/dL).

Adrenal Insufficiency
Critical illness is associated with activation
of the HPA axis; however, many factors can

impair the integrity of the HPA axis, such ag
blunt normal response leading to either
transient or, rarely, permanent adrenal in-
sufficiency. This scenario can lead to a po-
tentially lethal condition. Refractory hy-
potension is the most common aspect of
acute adrenal insufficiency. Adrenal insuf-
ficiency should be suspected in any criti-
cally ill patient who has persistent hypoten-
sion and hemodynamic instability that
persists despite adequate fluid resuscita-
tion and/or requires vasopressor support.
Other nonspecific signs can include multi-
ple organ dysfunction, otherwise unex-
plained hypoglycemia, hyponatremia, hy-
perkalemiametabolicacidosis,eosinophilia,
hyperdynamic circulation, and other pitu-
itary deficiencies (gonadotropin, thyroid,
and diabetes insipidus). Recently, much at-
tention had been focused on the so-called
relative or functional adrenal insufficiency
of critical illness, a condition defined as
subnormal adrenal corticosteroid produc-
tion in the absence of any structural defects
of the HPA axis. The explanation for the de-
velopment of this condition is hypothetical
exhaustion of the secretory adrenocortical
reserve as a result of ongoing near-maximal
stimulation., Other contributing factors
may include the suppression of cortisol and
ACTH production by circulating cytokines
and other inflammatory mediators, as well
as the development of target tissue resis-
tance to glucocorticoids and/or adrenal
cortexresistance to ACTH action. Currently,
the clinical significance of this condition is
not clear and was only demonstrated in a
setup of septic shock. Although corticoster-
oid replacement therapy might also be ben-
eficial to patients who have other critical
illnesses in which there is evidence of rela-
tive hypoadrenalism, no high-quality data
from large randomized studies is available.
As mentioned earlier, there is no clear
or current threshold definition for physio-
logical “normal” and low cortisol plasma
concentration during critical illness. Since
about 90% to 95% of plasma cortisol is
bound to protein, the routine decrease in
cortisol-binding protein and albumin fol-
lowing critical illness makes it difficult to
calculate and interpret the meaning of total
cortisol concentration. While the plasma
proteins are low and there is a peripheral
increased resistance to cortisol, as often
happens in critical illness, the free cortisol
levels are not a reliable reflection of either
total cortisol secretion or action. Many
thresholds, below which adrenal insuffi-
ciency is likely to be present, have been sug-
gested, ranging widely from 10 to 34 pg/dL.
Many textbooks and published articles
state that the normal circulating cortisol



response to stress is a level >18 to 20 pg/
dL. However, the choice of 18 to 20 pg/dL is
based primarily on the response to exoge-
nous high-dose ACTH stimulation and the
response to insulin-induced hypoglycemia
in nonstressed patients.

'The high-dose (250 pg) ACTH stimulation
test, instead of random cortisol levels, is tra-
ditionally used in ICU setup and is regarded
as the “gold standard” for adrenal testing.
One should be aware, however, that although
this test can be informative as it relates to
adrenal ability to react to excessive ACTH
(cortical reserve), it does not reflect the in-
tegrity of the entire hypothalamic pituitary
adrenal axis. As a result, it may not be able to
properly diagnose secondary adrenal insuf-
ficiency. A low-dose (1 pg) cosyntropin stim-
ulation test has been used to a small extent
to diagnose secondary insufficiency in ICU
setup. Other methods that have been sug-
gested include calculated free cortisol index,
measuring salivary cortisol, or measuring
other ACTH-dependent adrenal steroids
(DHEA, DHEAS). None have yet become the
gold standard in the clinical setup. The Sur-
viving Sepsis guidelines currently endorse
the use of corticosteroids (200 mg of hydro-
cortisone/day in divided doses) in patients
who have refractory septic shock. Although a
reasonable recommendation, the authors
would point out that this is essentially based
on a single study from a single center that
has not yet been confirmed adequately.

Vasopressin

Vasopressin, also known as ADH, is synthe-
sized as a large prohormone in the hypo-
thalamus. The prohormone complex is
transported to the posterior pituitary where
it is stored in granules, Vasopressin is re-
leased mainly in response to hyperosmolal-
ity, hypotension, and hypovolemia, and has
vasopressor and antidiuretic effects. Vaso-
pressin levels increase rapidly in the early
phase of certain stressful situations, such as
hemorrhagic and septic shock. With persis-
tence of the septic shock state, however,
vasopressin falls to very low levels.

Thyroid

TRH secreted by the hypothalamus stimu-
lates the pituitary to produce thyrotropin
(TSH), which, in turn, regulates the synthe-
sis and secretion of thyroid hormones in
the thyroid gland. The thyroid hormones, in
turn, exert feedback control on both TRH
and TSH secretions. The early response of
the thyroid axis to a severe physical stress
consists of a rapid decline in the circulating
levels of T3 and a rise in r'T3 levels, predom-
inantly as a consequence of altered periph-
eral conversion of T4 to T3, a reaction that
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is catalyzed by 5’ monodeiodinase (or type
1 deiodinase) located in the kidney, the
liver, and the muscle. TSH and T4 levels are
elevated very briefly and subsequently re-
turn to “normal,” although in more severe
illness, T4 levels can be decreased .The low
T3 levels persist beyond TSH normaliza-
tion, a condition referred to as “the low T3
syndrome.” The severity of illness is reflected
in the degree of the fall in serum T3 during
the first 24 hours after the insult. Further-
more, an inverse correlation between T3
levels and mortality has been demon-
strated. Other factors involved in the low-T3
syndrome at the tissue level include low
concentrations of thyroid hormone-binding
proteins, and inhibition of hormone bind-
ing, transport, and metabolism by elevated
levels of glucocorticoids, FFA, and some
commonly used medications (amiodarone,
iodine contrast). It remains controversial
whether development of the aforemen-
tioned changes in thyroid metabolism re-
flects a protective mechanism (attempt to
reduce the elevated energy expenditure), or
a maladaptive process during illness.

In prolonged critical illness, a state of eu-
thyroid sick syndrome is usually present, in
which the pulsatile TSH secretion is dramat-
ically reduced and serum levels of both T4
and T3 are low. Reduced 7RH gene expres-
sion in the hypothalamus has been observed
in chronically ill patients who died, which is
in line with the predominantly central origin
of the suppressed thyroid axis. Since the
presence of euthyroid sick syndrome is as-
sociated with an increased mortality among
critically ill patients, it could indicate an ab-
erration that may delay recovery from acute
illness and, therefore, would require inter-
vention, To date, however, a routine thyroid
hormone therapy has not been demon-
strated to improve clinical outcomes in crit-
ically ill patients with normal previous thy-
roid function. Ifhypothyroidism is suspected
clinically (hypothermia, bradycardia, respi-
ratory acidosis, pleural effusions, and failure
to wean), thyroid function should be mea-
sured and corrected. In a critically ill patient
with hypothyroidism, central hypothyroid-
ism should be ruled out.

Growth Hormone

The regulation of the physiological pulsatile
release of GH by the somatotrope cells in
the anterior pituitary is highly complex. Hy-
pothalamic GHRH stimulates, while soma-
tostatin inhibits the secretion of GH. But
many other stimulating (ghrelin, andro-
gens, estrogen, hypoglycemia, sleep, fasting,
and exercise) and inhibiting (circulating GH
and IGF-1, hyperglycemia, and glucocorti-
coids) factors have been identified. GH

exerts both direct and indirect effects. It
directly promotes muscle mass increase
through sarcomere hyperplasia, lipolysis,
protein synthesis, and liver gluconeogene-
sis. The indirect effects are mediated by in-
creases in IGF-1. IGF-I bioactivity is regu-
lated by several IGF-binding proteins and it
has growth stimulation effects on a wide
variety of tissues. The pulsatile nature of GH
secretion consists of peak serum GH levels
alternating with virtually undetectable
troughs. During the first hours to days after
an acute insult, the GH profile changes dra-
matically. The amount of circulating GH
rises, with increased pulsatile peak secre-
tion and frequency. Concomitantly, a state
of peripheral GH resistance develops, in
part, triggered by cytokines such as TNFa
and IL-6. These events are preceded by a
drop in circulating GH-binding protein,
which presumably reflects the functional
GH receptor status. Theoretically, this con-
stellation could enhance the direct lipolytic
and insulin antagonizing effects of GH, re-
sulting in elevated fatty acid and glucose
levels in the circulation, whereas the indi-
rect, IGF-I-mediated somatotropic effects
of GH are attenuated. As a result, costly
anabolism, largely mediated by IGF-I and
considered less vital at this time, could be
postponed. Hence, from a teleologic point
of view, this response to acute injury within
the GH axis seems appropriate in the strug-
gle for survival,

In contrast with the observations during
the acute phase of critical illness, the pulsa-
tile release of GH is suppressed in patients
who are critically ill for a prolonged time.
The loss of pulsatile GH release contributes
to the low levels of IGF-I in prolonged criti-
cal illness.

The administration of GH secretagogues
has been shown to increase IGF-I- and GH-
dependent IGF-binding protein levels. Since
the robust release of GH in response to GH
secretagogues excludes a possible inability
of the somatotropes to synthesize GH, the
origin of the relative hyposomatotropism is
probably situated within the hypothalamus,
through induced GHRH deficiency. The
“relative hyposomatotropism” is thought to
contribute to the pathogenesis of the “wast-
ing syndrome” that characterizes prolonged
critical illness. The “wasting syndrome” is
believed to increase the rate of organ dys-
function, muscle weakness, prolonged me-
chanical ventilation, and length of stay in
the ICU. Recombinant GH supplementation
in surgical trauma and burn injury patients
has demonstrated nitrogen retention, in-
creased IGF-I levels, decreased length of
stay, and improved survival, As a result, GH
became widely used in the ICU, until two
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large randomized trials in 1999 noted in-
creased mortality associated with infection
and organ dysfunction. Currently, the pos-
sible use, correct dosage, and method of
administration of GH/ILG-I in critically ill
patients are under investigation.

‘The Gonadal Axis

GnRH, secreted in a pulsatile pattern by the
hypothalamus, stimulates the release of
luteinizing hormone (LH) and follicle-stimu-
lating hormone (FSH) from the gonadotro-
pes in the pituitary. In men, LH stimulates
the production of androgens (testosterone
and androstenedione) by the Leydig cells in
the testes, whereas the combined action of
FSH and testosterone on Sertoli cells sup-
ports spermatogenesis. In women, LH also
mediates androgen production by the ovary,
whereas FSH drives the aromatization of an-
drogens to estrogens in the ovary, Sex ste-
roids exert a negative feedback on GnRH and
gonadotropin secretion.

Acute stress brings along an immediate
fall in the serum levels of testosterone, even
though LH levels are elevated. The en-
hanced release of CRH and B-endorphin
suppresses GnRH release directly and indi-
rectly through the release of glucocorti-
coids, which in turn also produce gonado-
tropin resistance at the gonads. Clinical
data on the changes within the gonadal axis
are scarce in critically ill women, as most
patients are older and thus in the meno-
pausal state, It seems that in the days di-
rectly following surgery, the FSH, LH, and
estradiol levels decline, while the proges-
terone and prolactin levels do not change
significantly. The state of relative hypogo-
nadism is often expressed in premeno-
pausal women by an unexpected metror-
rhagia shortly after trauma.

With prolongation of the disease, a more
substantial hypogonadotropismin both men
and women ensues. The circulating levels of
testosterone become extremely low and are
often even undetectable; yet the mean LH
concentrations and pulsatile LH release are
suppressed. Total estradiol levels in women
are relatively low. Since exogenous GnRH is
only partially and transiently effective in cor-
recting these abnormalities, the profound
hypoandrogenism must result from com-
bined central and peripheral defects,

Prolactin

Prolactin is synthesized and secreted by
lactotrophs in the anterior pituitary gland.
Prolactin levels are higher in females than
in males, and the role of prolactin in male
physiology is not completely understood. It
is physiologically secreted in a pulsatile and
diurnal pattern. Plasma concentrations of

prolactin are highest during sleep and lowest
during the waking hours. Prolactin release is
predominantly under tonic inhibition by dop-
amine derived from hypothalamic dopamin-
ergic neurons. Prolactin release is affected by
a large variety of stimuli, the most important
being suckling, increased levels of estrogen,
and stress. Several neuropeptides have been
identified as prolactin-releasing factors.
These include TRH, oxytocin, vasoactive in-
testinal peptide (VIP), and neurotensin.

Prolactin is a well-known stress hor-
mone and is presumed to have immune-en-
hancing properties. It increases the synthe-
sis of IFN-y and IL-2 by Thl lymphocytes,
and induces pro-inflammatory responses
and antibody production. While the main
physiological functions of prolactin are re-
lated to the mammary glands and the ova-
ries, it has been shown to also have an im-
portant role in the innate and adaptive
immune response. Prolactin receptors can
be found throughout immune system cells.
Binding of prolactin to its receptor activates
several signaling pathways, which include
the Janus kinase-signal transducer and acti-
vator of transcription (Jak-Stat), the MAPK,
and the phosphoinositide 3 kinase (PI3K).
Activation of these cascades results in end-
points such as differentiation, proliferation,
survival, and secretion.

Sympathetic Stress Response

Physiology of Sympathetic Activation

The sympathetic reaction is activated by a
vast range of stressful stimuli, including
both psychological and physical stressors.
Afferent neurons of the sympathetic system
are multiple in quantity and quality
(chemoreceptors, baroreceptors, and vis-
ceral receptors). The activity of autonomic
nerves is dependent on descending excit-
atory and inhibitory inputs from several
brain regions, including the cortex and the
hypothalamus. A major source of excitatory
drive to sympathetic preganglionic neurons
comes from the rostral ventrolateral me-
dulla in the medulla oblongata. This region
of the brain stem contains the cardiac, re-
spiratory, and vasomotor autonomic cen-
ters, and connects the upper brain area to
the spinal cord. Medullary neurons project
to the spinal cord to inhibit or excite sym-
pathetic activity. In addition, many brain
stem nuclei that feed directly into these
pathways can modulate these activities. In
contrast to the parasympathetic nervous
system with its predominantly selective in-
nervation of single effector organs, the sym-
pathetic system often reacts with a “mas-
sive none organ specific discharge. Increased
traffic down the spinal cord via the lateral

funiculi causes an increased activity in the
sympathetic preganglionic nerve fibers,
which results in burst-pattern release of
norepinephrine from the sympathetic post-
ganglionic nerve terminals, as well as
epinephrine (about 80% of the secretion),
norepinephrine, and dopamine from the
adrenal gland. The secretion of norepineph-
rine from nerve terminals is immediate fol-
lowing the trigger (some of it originating
from a spinal reflex arc). After secretion into
the synaptic gap, norepinephrine is cleared
by reuptake into the nerve endings, degra-
dation by the catechol-o-methyltransferase
or diffusion into the extra-synaptic space
and blood. During stress, the latter mecha-
nism is the main source of circulating nor-
epinephrine. In view of its richness in sym-
pathetic nerve endings, the intestinal tract
is the main producer of norepinephrine
(40% of total body norepinephrine) and do-
pamine (>50% of total body dopamine).
Circulating epinephrine and norepineph-
rine are degraded 5 to 10 times more slowly
than when secreted into the synaptic gap
(20 to 30 s). Mechanisms of degradation of
circulating catecholamine are nonenzy-
matic (extra-neural uptake in the lung, kid-
ney, and intestines, and neural uptake into
postsynaptic sympathetic nerve endings),
and enzymatic (cytoplasmic monoamine-
oxidase in sympathetic nerve endings, the
liver, kidney, stomach, and jejunum).

Adrenal catecholamine secretion is also
very rapid and it takes place within seconds
of stimulation. Norepinephrine and epi-
nephrine are stored in granules within the
adrenal medulla and their exocytosis is ini-
tiated by acetylcholine stimulation from by
the preganglionic sympathetic fibers that
innervate the medulla. The normal resting
rate of secretion by the adrenal medulla is
about 0.2 pg/kg/min of epinephrine and
~0.05 pg/kg/min Norepinephrine. These
quantities give rise to circulating levels of
catecholamines that in basal conditions are
enough to maintain the blood pressure near
normal, even if all direct sympathetic path-
ways to the cardiovascular system are re-
moved. During severe physical stress or
sepsis, both plasma epinephrine and nor-
epinephrine rise significantly.

Medullary epinephrine secretion is de-
pendent not just on neural acetylcholine
stimulation, but also on the hormonal HPA
axis. The activity of phenylethanolamine N-
methyltransferase (the rate-limiting en-
zyme in the conversion of norepinephrine
to epinephrine) is enhanced by high doses
of glucocorticoids. The medulla is exposed
to uniquely high doses of glucocorticoster-
oid directly through a cortical-medullary,
intra-adrenal portal vascular system.



The sympathetic system plays a crucial
role in the maintenance of homeostasis dur-
ing the stress response, and the changes to
this system affect almost every possible
body system, The cardiac output increases
by P-receptor enhancement of heart rate
and myocardial contractility. Blood pressure
increases by a-receptor-mediated vasocon-
striction, and blood flow is redistributed in
favor of the more vital functions. Broncho-
dilatation, through the B2 influence, eases
the need for increased minute ventilation.
Thermoregulation is reset. The kidneys re-
tain water and sodium, and secrete renin.
Bowel motility decreases. Based on these ef-
fects, Walter Cannon called the emergency-
induced discharge of the noradrenergic sys-
tem the “preparation for flight or fight””

Adrenergic tone also plays a significant
role in regulating intermediary metabolism
in the body. Epinephrine’s capacity to influ-
ence metabolism is 5 to 10 times greater
than norepinephrine. Catecholamine-
related hyperglycemia is induced by in-
creased liver glucose secretion, on one side,
and by decreased peripheral intake of glu-
cose, due to insulin resistance and inhibi-
tion of insulin secretion, on the other. Cat-
echolamines induce catabolism, leading to
extensive lipolysis and protein breakdown,
which are needed to supply energy for vital
functions and substrates for synthesis of
various enzymes, antibodies, and glucose.

Autonomic Dysfunction

The sophisticated sympathetic-parasympa-
thetic balance is maintained by several re-
flex arches: arterial baroreflex, peripheral
arterial chemoreflex, central arterial
chemoreflex, and pulmonary stretch reflex.
These reflexes represent the major compo-
nents of blood pressure control and breath-
ing regulation. Aside from massive stimula-
tion, during critical illness, defects in the
afferent and central pathways of the auto-
nomic nervous system may develop. This
condition is referred to as “autonomic dys-
function.” This is seen mostly in ICU pa-
tients suffering from MODS, sepsis, severe
head and brain injuries, as well as Guillain—
Barré syndrome or myocardial infarction.
Clinically, the heart rate, which is strongly
influenced by the impact of sympathetic
and parasympathetic tones, is usually the
most sensitive measure of autonomic dys-
function. Autonomic dysfunction is usually
expressed as restricted heart rate variabil-
ity. Long recording (24 h) or short recording
(5 to 20 min) recording of heart rate will
show narrow heart rate variations. Auto-
nomic nerve function could also be evalu-
ated by baroreflex sensitivity (increased va-
gal and reduced sympathetic tone following
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sudden increase in blood pressure) and by
chemoreflex sensitivity (sympathetic reac-
tion to peripheral hypoxic or hypercapnic
stimulus). It is not clear whether this
phenomenon is an integral part of MODS
or secondary to sedation, neuromuscular
blocking agents, catecholamines, and me-
chanical ventilation, all frequently used in
ICU setup. The reduction in physiological
heart rate variability is one of the strongest
predictors of death in critically ill patients.

Adverse Effects of Adrenergic Stress

It is undisputable that the adrenergic reac-
tion is crucial to survive the insult of major
trauma or injury. However, in critical illness,
an overshooting influence of the sympa-
thetic nervous system can become hazard-
ous. This hazardous influence is exacerbated
in the traditional setup of the ICU for pa-
tients requiring high-dose sympathetic sup-
port. Several organ systems may be affected.
The heart seems to be most susceptible to
sympathetic overstimulation: detrimental
effects include impaired diastolic function,
tachycardia and tachyarrhythmia, myocar-
dial ischemia, apoptosis, and necrosis. Ad-
verse catecholamine effects have also been
observed in other organ functions, such as
the lungs (pulmonary edema and elevated
pulmonary arterial pressures), coagulation
(hypercoagulability and thrombus forma-
tion), GI (hypoperfusion and inhibition of
peristalsis), endocrinologic (decreased pro-
lactin, thyroid, and GH secretion) immune
systems (immunomodulation and stimula-
tion of bacterial growth), metabolism (in-
crease energy expenditure, hyperglycemia,
catabolism, lipolysis, hyperlactatemia, and
electrolyte changes), bone marrow (anemia),
and skeletal muscles (enhanced protein deg-
radation and apoptosis). Catecholamines
are known to increase O, consumption
mainly through B1 and B2 receptors. In ad-
dition, epinephrine-induced “overstimula-
tion” of [B-mediated-aerobic glycolysis
through Na/K-ATPase stimulation contrib-
utes to hyperlactatemia, independent of the
presence of hypoxia. Apart from their meta-
bolic effects, catecholamines are known to
have effects on the transcellular shift of elec-
trolytes. Epinephrine causes, at first, a tran-
sient increase in potassium (mediated by a1
and o2 receptor stimulation of hepatic cal-
cium-dependent potassium channels), but
shortly thereafter, 32 and 3 receptor stim-
ulation of membrane-bound Na/K-ATPase
in skeletal muscle and other tissues, as well
as activation of the renin-angiotensin—
aldosterone system, causes a decrease in
serum potassium and magnesium concen-
trations. The electrolyte disturbances that
increase the risk of cardiac arrhythmias can

contribute to or induce neuromuscular

weakness and result in difficulty weaning
from mechanical ventilation. Other effects
may include changes in renal (polyuria), gas-
trointestinal (intestinal paralysis), and met-
abolic (alkalosis) functions.

The point where the beneficial effects of
adrenergic stress are limited by adverse
consequences varies individually depend-
ing on age and the presence of preexisting
comorbidities. It seems that prolonged
sympathetic stimulation carries a myotoxic
and apoptotic effect on skeletal and cardiac
muscles. This contributes to myopathy,
muscle wasting, and difficulty in ventilatory

weaning.

Metabolic Alterations

Injury and infection induce substantial
changes in carbohydrate, lipid, and protein
metabolism in most organs and tissues. The
short initial ebb response is characterized by
an enhanced gluconeogenesis, glycogenoly-
sis, and lipolysis to recruit the much needed
energy. As the “stress response” continues,
the energy needs, lack of dietary input, and
the body’s limited available resources (glyco-
gen) mandate the hypercatabolic state,
which is the focus of this section.

Hypercatabolic Syndrome
Hypercatabolic syndrome is a biochemi-
cal state induced by increased circulating
catabolic hormones (cortisol and cate-
cholamines) and cytokines (TNF, IL-1B)
on one hand, and decreased anabolic insu-
lin effects on the other. The most impor-
tant metabolic consequence of hypercata-
bolic syndrome is the skeletal and cardiac
muscle protein breakdown that releases
amino acids, which, in turn, supports in-
dispensable body energy requirements but
also reduces skeletal and cardiac physio-
logic and metabolic functions (Figure 4).
An abundance of substrate is provided
to ensure the function of essential visceral
organs, supply building blocks for tissue re-
pair, and support an upregulated and ex-
panding immunologic system, post-injury
or during infection. The total body energy
requirements during the hypermetabolic
period are not necessarily substantially
higher than in a normal state. Although the
REE is higher, the bed rest and diminished
physical activity compensates for that
change, Due to lack of dietary input in the
immediate posttrauma period, the meta-
bolic energy requirements must be pro-
vided by endogenous supply. Glucose is the
main source of energy in normal physio-
logic circumstances, Endogenous glucose is
supplied by the liver (to some extent also by
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Fig. 4. Interactions among (1) glucocorticoids, (2) tumor necrosis factor (TNF), and (3) interleukin-1
(IL-1) in the regulation of sepsis-induced muscle proteolysis, The effect of TNF on muscle proteolysis is
mediated primarily by glucocorticoids, whereas IL-1 regulates muscle proteolysis by glucocorticoid-
independent pathway(s). (From Hasselgren PO. Protein Metabolism in Sepsis. Austin, TX: RG Landes;

1993, with permission,)

the kidney) mostly by using the glycogen
storage. The quantity of glucose stored as
liver glycogen is about 65 g/kg of liver mass,
which is about 100 g glycogen for a normal
1,500 g adult liver. This amount of liver
glycogen is limited to approximately 1 to 1.5
days of systemic glucose supply. So, about
24 hours post-injury, the hepatic glucose
production has to change from hepatic gly-
cogenolysis to gluconeogenesis. An average
human of 75 kg has roughly 15 kg of fat
stored in 16 kg of adipose tissue (the rest is
water) and 10 to 12 kg of protein suspended
in 60 kg of lean body mass, mostly muscle.
Nearly all of the body fat is expendable
without serious adverse effects. Unfortu-
nately, glucose synthesis by the liver to sup-
ply the glucose-dependent metabolism is
primarily from protein, not from fat. Unlike
lipids or glucose, there is no bodily “protein
storage,” per se. The body protein compo-
nent consists of muscle protein, visceral
organs, protein, and enzymes. Under nor-
mal circumstances, there is a continuous
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protein turnover, mostly of skeletal and car-
diac muscles. In healthy humans under
physiologic conditions, approximately 250
350 g of proteins are degraded each day.
Most of the amino acids produced are re-
used to synthesize new proteins, but some
are lost (energetic purposes, secreted in
urine or feces). The depleted protein is re-
placed by dietary protein.

In the post-injury period, the balance
between muscle degradation and synthesis
is changed due to increasing influence of
catabolic hormones and cytokines, and the
limitations imposed by bed rest and lack of
dietary input, The muscle is not merely an
organ restricted to movement or contrac-
tion; it also plays an important role in main-
taining the general metabolism of the hu-
man body. Muscle mass is ~45% of the dry
weight of a healthy person, and most recep-
tors for insulin, cortisol, and glucagon are
located in the muscle.

With mild to moderate injury, this cata-
bolic response causes minimal debility. In

the more extensive injuries and/or infec-
tions, one can see a urinary loss of up to 30
g nitrogen/day, which represents a degra-
dation rate of about 180 g protein or 900 g
muscle a day. Utilization of body protein
may prolong convalescence and even con-
tribute to mortality.

In contrast to fat, less than one-half of the
body’s protein can be mobilized before death
occurs, which means that only about 4 to
5 kg of protein (or 500 to 800 g of nitrogen)
can be degraded. This suggests that only
1,500 to 2,400 g of glucose could be synthe-
sized without an external source of glucose
and/or proteins (1 g of nitrogen can be
equated to hepatic synthesis of about 3 g of
glucose), If the brain continued to oxidize
100 to 145 g of glucose each day during star-
vation, survival would be limited to 10 to 20
days. During “simple” fasting, the patient’s
body gradually adapts to use FFAs and ke-
tone bodies as the main energy source,
which decreases the daily glucose consump-
tion to about 30 to 40 g. This enables the
gradual decrease of the protein degradation
rate to about 10 g/day of nitrogen after a
week and about 5 g/day of nitrogen loss after
3 weeks of starvation, allowing a much lon-
ger survival period. (There are reports of up
to 2 months of starvation with drinking.)
Unlike in starvation, the posttrauma pa-
tients are exposed to the persistent influence
of catecholamines, glucocorticoids, and glu-
cagon. These catabolic hormones preclude a
similar substantial reduction in protein deg-
radation and the hypercatabolism of muscle
and organ protein continues as part of the
systemic inflammatory process.

Mitochondria: The Center
of Metabolism

Although metabolic dysfunction post-
trauma or as a result of infection affects
critical organs in a variety of ways, its gene-
sis is generally linked to a single organelle,
the mitochondrion (Figure 5). Mitochondria
are commonly referred to as the “power-
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Fig. 5. Oxidative phosphorylation in mitochondria. The diagram depicts the enzymes and cofactors involved in oxidative
phosphorylation employed within the mitochondrion to produce ATP from a variety of substrates, Electrons are transferred
via a sequence of redox acceptors, ultimately being accepted by oxygen. The molecules that shuttle electrons are coenzyme Q
and cytochrome c. Gray shading denotes the points at which reactive oxygen species (ROS) may be liberated. ROS are promi-
nent in injury, and have the potential to do damage to biologic molecules, compromising cells and organs.
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Fig. 6. Consequences of mitochondrial dysfunction in injury, Mitochondrial dysfunction has several
forms, the most important of which are the generation of reactive oxygen species (ROS) and the opening
of permeability transition pores, The transition pores release mitochondrial contents, which can cause
severe damage to the cell, such as induction of apoptosis as mediated by mitochondrial cytochrome e.
The combination of lung, heart, and vascular pathophysiology in injury can lead to mitochondrial dys-
function by virtue of inadequate respiration, poor blood flow and vascular transport and delivery, which

in turn adversely affects these same organs,

house of the cell” The power is distributed
via the high-energy phosphate bonds of ATP.
This energy resides in the terminal phos-
phate of ATE. When this bond (i.e., between
the second and the third phosphates) is
cleaved, it releases a substantial amount of
energy (~7 kcal/mol ATP). ATP is thus a
safe and stable fuel, which contains a large
amount of energy that may be used to facili-
tate a wide variety of biologic processes. The
conversion of substrates (glucose, ketones,
fatty acids, lactate, etc.) to ATP is accom-
plished via a highly efficient process that
uses oxygen. Although it is extremely effi-
cient, the process is not absolutely perfect
as it has the capacity to “leak” electrons. As
a consequence, these free electrons can gen-
erate oxygen-free radicals. Mitochondria
can increase the output of ATP in response
to a variety of triggering events. These in-
clude accumulation of ADP or the greater
availability of “fuel” and oxygen. Cell-stimu-
latory signals, such as the presence of in-
creased Ca®* in the cytoplasm, also stimu-
late the mitochondria to generate more ATP.
These stimuli are tied to an increased de-
mand for work from the body, be it muscu-
lar (heart or skeletal muscle contraction),
biosynthesis (production of proteins by the
liver), cell division (immune responses or
tissue repair), or the generation of heat (re-
sponse to hypothermia). Clearly, all of these
functions can be tied to the demands of
dealing with infection and injury.

Mitochondrial Dysfunction

The failure of mitochondrial energy produc-
tion lies not with the organelle itself, but
with its various “supplies” Unlike sugars or
fats, which are stored as glycogen or adipose
tissue, respectively, there are no depot stores
of ATP. Thus, with a failure to deliver any of
the essential components (cardiac output

and/or blood flow, lung oxygenation, glu-
cose transport, etc.), there is a rapid onset of
metabolic dysfunction. At the level of the
mitochondrion, this dysfunction has many
forms. One failure of the mitochondrion
with immediate biochemical consequences
is the production of reactive oxygen species
(ROS). These products take numerous forms,
such as superoxide, peroxides, nitric oxide,
and peroxynitrite. Since ROS are constitu-
tively produced by mitochondria, neutraliz-
ing compounds (antioxidants) such as glu-
tathione can buffer against the damage of
ROS (Figure 6). An additional consequence
of mitochondrial dysfunction is spillage of
the contents of the mitochondrion into the
cell’s cytoplasm. This is initiated at times by
“permeability transition pores,” which are
transient structures that open in a fission
response to stress, enabling molecules
<{1,500 Da to move between inner mem-
branes. Mitochondrial transition pore open-
ing can lead to swelling and rupture of the
mitochondria. This ultimately will allow
larger molecules, such as cytochrome C, to
enter the cytosol and trigger programmed
cell death (apoptosis). Thus, besides failing
to produce urgently needed ATP in times of
crisis, the mitochondrion generates sub-
stances that do considerable, often irrepa-
rable, damage and, in the extreme, can cause
death to itself and its host cell. This is the
stage in which insults of injury and infection
can wreak havoc on metabolism.

Under conditions of severe injury and
especially shock, there will very likely be se-
vere morphologic damage to the mitochon-
dria. ATP levels will decline, ROS will in-
crease, exhausting the reserve of
antioxidants and damaging not only the
mitochondrion itself, but also other organ-
elles and molecules within the cell, includ-
ing DNA. There may be serious impairment

of vital (renal, hepatic, lung, and cardiac)
and nonvital (skeletal muscle) organ func-
tions. These failures are exacerbated by per-
sistent hypotension, even in the face of
more than adequate volume resuscitation.
In most cases, these tissues exhibit a loss of
mitochondrial function, Cellular tissue ATP
levels will also fall, matched by a rise in
ADP and adenosine monophosphate
(AMP),

Although injuries vary greatly, serious
injuries have common characteristics that
can unfavorably affect mitochondrial me-
tabolism. Hemorrhage effectively produces
hypoxia, which initiates a cascade of re-
sponses that are directed toward adapta-
tion to lowered oxygen, which, at the same
time, can be damaging to an already injured
body. Hypoxia and ischemia-reperfusion,
with their lowered oxygen availability to the
tissues, will drive the cells to depend on an-
aerobic glycolysis for their high-energy
phosphate production, This can initiate a
feedback situation, wherein lactic acid in-
creases, effectively shutting down anaero-
bic glycolysis as an energy source. In this
setting, FFA can also increase systemically,
probably from peripheral adrenergic stimu-
lation of lipolysis. Limited oxygen also com-
promises B-oxidation, the principal means
of converting fats to energy. This, in turn,
causes a similar “stacking up” of FFA, acyl
coenzyme A (acyl CoA), acylcarnitines, and
so on, which compromises the heart. Under
these conditions, the heart and other tis-
sues are already at a disadvantage because,
despite the high energy stored in fat, B-
oxidation cannot match the efficiency of
carbohydrate metabolism. Thus, reoxygen-
ation, if it occurs, may take place in a setting
in which aerobic metabolism is not possi-
ble, because of large-scale diversion of me-
tabolism into the less efficient “backup”
modes of B-oxidation and anaerobic glyco-
lysis. There is one additional consequence
of elevated lactic acid worth noting. As
mentioned previously, an intracellular flux
of calcium will cause a demand for in-
creased ATP synthesis. The presence of
increased lactic acid in the cell will cause
calcium to enter the cytoplasm from the
exterior, providing a spurious signal for in-
creased workload at a time when the meta-
bolic machinery is incapable of reacting
appropriately. This has the untoward effect
of further depleting already low supplies of
ATP. Finally, regarding the lowered ATP sup-
plies, an obvious solution for treatment
would be to administer agents/drugs that
increase ATP production under low-flow
conditions. However, such agents will not
be effective if the microcirculation is mark-
edly impaired prior to its administration.

Perioperative Care of the Surgical Patient
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Carbohydrate Metabolism

Glucose plasma concentration in healthy
subjects is strictly controlled, During the
fed state, digested carbohydrates are deliv-
ered to the liver, with galactose and fructose
rapidly converted into glucose. The glucose
is either secreted to the circulation or used
for storage in the form of glycogen or fat. An
increased post-prandial glucose level is fol-
lowed by pancreatic B-cell insulin secretion,
which enhances peripheral glucose utiliza-
tion, as well as glycogen and fat synthesis. In
the fasted state, the plasma glucose origi-
nates mostly from hepatic output. Liver
glucose production arises from glycogen
breakdown, synthesis from recycled carbons
(lactate and glycerol), and (to a much lesser
extent) de novo synthesis from amino acids
such as alanine. Under normal conditions,
the rates of liver glucose production and pe-
ripheral incorporation of glucose is matched
exactly, keeping the plasma concentration
of glucose set within a very strict limit.
After being absorbed by peripheral cell
tissue, the glucose is processed through gly-
colysis. The glycolysis yields three types of
products: energy as ATP, pyruvate, and inter-
mediates for amino acid production. The
pyruvate can be further processed to water
and CO, through the citric acid cycle for
more ATP production, or be secreted to the
blood stream as lactate. Most glucose uptake
is completely metabolized to CO, and water.

Pathophysiology of Hyperglycemia

in Critical Illness

Early in the course of the stress response,
serum glucose levels rise. Glucose availabil-
ity is needed to supply the immediate en-
ergy demand during the posttrauma hyper-
metabolism, especially for the explosive
immune activity. Glucose utilization is in-
creased in multiple tissues, including liver,
spleen, small intestine, skin, and some
muscles. A common feature of some of
these tissues is a high content of mac-
rophages. Studies have shown that in the
liver, the high glucose uptake reflects in-
creased utilization of glucose by Kupffer
cells. However, because the overall rate of
glucose secretion into the plasma exceeds
the rate of glucose disposal, serum glucose
levels are elevated.

Hyperglycemia as a sequela of critical ill-
ness commonly appears even in patients
who do not have diabetes mellitus. There
are many preexisting conditions (diabetes
mellitus, pancreatitis, cirrhosis, advancing
age, and obesity) or possible iatrogenic
causes (administration of corticosteroids,
sympathomimetics, total parenteral nutri-
tion, or dextrose in excess) to hyperglyce-

mia in the posttraumatic patient, but usu-
ally the hyperglycemia is due to alterations
in glucose metabolism, secondary to the
adaptive metabolic response. The synergis-
ticactivitiesofthe HPA axis (catecholamines
and glucocorticoids), pancreatic endocrine
hormones (glucagon and insulin), and pro-
inflammatory cytokines are at the heart of
that change to glucose metabolism.

Increased Sympathetic Tone

and Hyperglycemia

Elevated catecholamine levels post-injury
have a well established effect on glucose me-
tabolism by a number of mechanisms, Epi-
nephrine directly promotes hepatic and
skeletal muscle glycogenolysis, and hepatic
gluconeogenesis independent of insulin or
glucagon concentrations. Dufour et al. dem-
onstrated that under constant insulin con-
centration, anincrease of epinephrine plasma
concentration from 100 to 2,000 pmol/L
(which is equivalent to the levels observed
during exercise at 60% to 80% of VOuya.) was
followed by a 3-fold increase in glucose
plasma concentration and a 2.5-fold increase
in liver glucose production. During the first
hour of epinephrine infusion, glycogenolysis
was the source of 60% of glucose production
and later gluconeogenesis accounted for
about 80%.

Gluconeogenesis is further increased by
catecholamines through the peripheral in-
duction of lipolysis, which supplies the liver
with glycerol. In addition, epinephrine stim-
ulates pancreatic release of glucagon and
inhibits release ofinsulin, further contribut-
ing to hyperglycemia. The catecholamines
also affect glucose disposal through in-
creased peripheral insulin resistance.

Hypercortisolism

Diabetes mellitus is very common (>50%)
in patients with Cushing’s syndrome. The
typical elevated cortisol concentration
found posttrauma promotes hyperglycemia
through a number of mechanisms. In the
liver, cortisol stimulates phosphoenolpyru-
vate carboxykinase, the enzyme that cata-
lyzes the rate-controlling step of gluconeo-
genesis. Cortisol also stimulates the activity
of the enzyme glucose-6-phosphatase,
which catalyzes the completion of the final
step in gluconeogenesis and glycogenolysis.
Hepatic glucose production is further en-
hanced by the excessive flow of substrates
to the liver, secondary to peripheral lipoly-
sis and proteolysis. As with catecholamines,
glucocorticosteroid not only increases the
amount of glucose secreted to the blood
stream, but also induces increased insulin
resistance. In this manner, it contributes
even more to hyperglycemia.

Insulin

Insulin levels vary depending on the phase
of injury. During the ebb phase, insulin lev-
els are reduced despite hyperglycemia. The
combined effects of catecholamines, soma-
tostatin, glucocorticoids, and reduced pan-
creatic blood flow may reduce pancreatic
B-cell sensitivity to glucose. During the flow
phase, B-cells regain their sensitivity, and
insulin concentrationsrise. Despite increased
insulin concentrations, however, hypergly-
cemia may persist due to peripheral insulin
resistance,

Insulin resistance: Insulin resistance is
the inability of insulin to adequately stimu-
late glucose uptake, mainly into skeletal
muscle, or to inhibit gluconeogenesis in the
liver. Unlike in the case of chronic insulin
resistance, such as in type 2 diabetes, which
takes years and even decades to develop, in-
sulin resistance post-injury develops within
hours or minutes of insult. This form of in-
sulin resistance is called "acute insulin resis-
tance” and sometimes “stress diabetes” or
“critical illness diabetes.’ There are numer-
ous studies on the development of chronic
insulin resistance, but little is known regard-
ing the pathophysiology of acute insulin re-
sistance. Studies suggest that acute insulin
resistance is complex and might differ in a
tissue-specific manner, involving multiple
causative factors and intracellular signaling
pathways.

Insulin signaling is initiated by binding
of insulin to its receptor, followed by activa-
tion of two main intracellular insulin signal-
ing pathways: the metabolic pathway (the
IRS/PI3K/Akt pathway) and the anabolic
pathway (MEK/ERK) pathway. The meta-
bolic pathway involves the activation of glu-
cose transporter-4 (GLUT-4), which charac-
teristicallyisinvolvedintheinsulin-mediated
glucose transport into the skeletal muscle,
cardiac muscle, and adipose tissue.

Several tissue-specific mechanisms are
involved in the development of insulin re-
sistance including alterations related to in-
sulin receptors, including impairment of
receptor expression, or binding or inhibition
of intermediaries involved in the insulin-
signaling pathway for glucose uptake. Stud-
ies investigating potential mechanisms of
skeletal muscle insulin resistance in experi-
mental animal models demonstrated de-
creased insulin signaling via the metabolic
pathway following burn injury and reduced
GLUT4 mRNA and protein levels in rat adi-
pose tissue during sepsis. Epinephrine has
been reported to enhance insulin resistance
through inhibition of insulin binding,
GLUT+ translocation, and IRS-1(metabolic
pathway). Moreover, different tissues have
been shown to develop various degrees of



insulin resistance and to be affected by dif-
ferent mechanisms. For instance, in rats,
posttrauma, and as a result of hemorrhage,
there was a severe insulin resistance in skel-
etal muscles, mild resistance in cardiac
muscle and only minimal resistance in dia-
phragmatic muscle. The glucocorticoid re-
ceptor antagonist, RU486, was ineffective in
blocking acute insulin resistance in the
liver. However, in contrast to the liver, block-
ing the rise in corticosterone levels by me-
tyrapone or blocking corticosterone action
with RU486 prevents the development of
acute skeletal muscle insulin resistance.

Some proinflammatory cytokines, in-
cluding TNF, decrease insulin signaling via
the metabolic pathway. Administration ofa
TNF-oa¢ neutralizing antibody following
trauma and hemorrhage in rodents reverses
the acute insulin-resistant state in the liver,
but not in skeletal muscle.

Thus, several tissue-specific mecha-
nisms seem to be involved in the develop-
ment of insulin resistance.

Glucagon

Another counter-regulatory hormone of
interest during stress of the critically ill is
glucagon. Glucagon, like epinephrine, is re-
sponsible for increased glucose production
through both gluconeogenesis and glycog-
enolysis. The action of glucagon alone is not
maintained over time; however, its action
on gluconeogenesis is sustained in an addi-
tive manner with the presence of epineph-
rine, cortisol, and GH. Likewise, epineph-
rine and glucagon have an additive effect on
glycogenolysis, The important role of hy-
perglucagonemia, present during sepsis,
was demonstrated in experiments in which
the hormone was blocked by infusion of so-
matostatin in septic rats, and the elevated
rate of glucose production was reduced to
control levels.

Cytokines

Pro-inflammatory cytokines have a hyperg-
lycemic affect through stimulation of the
release of counter-regulatory hormones, in-
cluding cortisol, epinephrine, norepineph-
rine, and glucagon. The most extensively
studied cytokine in terms of regulation of
carbohydrate metabolism is TNFE. Changes
in glucose metabolism during endotoxemia
and sepsis can be reproduced by in vivo ad-
ministration of TNF, which results in in-
creased hepatic production of glucose,
hyperglycemia, and stimulated glucose uti-
lization by macrophage-rich tissues and the
diaphragm. The effect of TNF on glucose
kinetics is dose dependent, with relatively
modest doses causing hyperglycemia and
larger doses inducing hypoglycemia. The
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hepatic increase in glucose production sec-
ondary to TNF can be blocked by an infu-
sion of phentolamine and propranolol,
which suggests that most of the TNF effect
on the liver is secondary to adrenergic acti-
vation. In addition to the effect on the coun-
terregulatory hormones, TNF may have a
direct effect on cellular glucose kinetics in
muscle and adipose tissue. In myocyte and
adipocytes culture cells TNF-a may hold
some direct responsibility for insulin resis-
tance at the level of the insulin receptor and
through altered regulation of the insulin
signaling pathway, most probably by acti-
vating an inhibitory serine phosphorylation
of insulin receptor-1.

Similar to TNF, IL-1 also can influence
carbohydrate metabolism. According to
animal models, it seems that the IL-1B
main effect is in inducing hypoglycemia by
binding the hypothalamic receptors. Other
factors also play a role in the regulation of
metabolism during infection and injury, in-
cluding nitric oxide and prostaglandins.

Glucose Control in ICU

Persistent hyperglycemia is hazardous and
has been shown to impair wound healing,
increase susceptibility to infections, and
even increase mortality. A single-center trial
in Leuven, Belgium, published in the ¥ Engl
J Med, emphasized the importance of tight
glucose and changed the approach to glu-
cose control in the ICU. In this study which
involved 1,548 patients, most of whom had
undergone cardiac surgery, patient hyperg-
lycemia was aggressively treated with insu-
lin, and glucose levels were kept in between
80-110 mg/dL (4.4 to 6.1 mmol/L) as com-
pared with conventional insulin therapy,
which has a target blood glucose level of 180
to 200 mg/dL (10.0 to 11.1 mmol/L). This ap-
proach significantly reduced mortality from
8% in the controls to 4.6% in the experimen-
tal group. The benefit of intensive insulin
therapy is particularly apparent in those
who required intensive care for more than
5 days. However, the study was criticized be-
cause of serious hypoglycemia that occurred
in 5% of the patients. In addition, the study
was not blinded, and the mortality in the
control group was highly relative to that in
other cardiac surgical centers. A subsequent
study by the same group that included 1,200
medical ICU patients failed to reduce over-
all mortality and was associated with even a
higher rate of serious hypoglycemia (18.7%).
Number of additional studies including the
Normoglycemia in Intensive Care Evalua-
tion-Survival Using Glucose Algorithm Reg-
ulation (NICE-SUGAR) trial that included
6,104 patients and 42 centers failed to dem-
onstrate a benefit in mortality and had a

high rate of hypoglycemic episodes second-
ary to intense insulin therapy. A recent
meta-analysis of 26 randomized trials that
included more than 13,500 patients showed
that intensive insulin therapy had no overall
effect on mortality and resulted in an inci-
dence of hypoglycemia that was six times as
high as that among patients not receiving
intensive therapy. In summary, the prepon-
derance of available evidence suggests that
intensive insulin therapy, as compared with
standard therapy, does not provide an over-
all survival benefit and is associated with a
higher incidence of hypoglycemia.

Lipid Metabolism

Lipids, as a class of biological molecules, are
the most efficient at metabolic energy stor-
age. The energy yield from 1 g of fatty acid is
~9 keal, compared to 4 kcal from 1 g of car-
bohydrates, Moreover, since lipids are hydro-
phobic in nature, these molecules can be
stored in arelatively water-free environment.
Carbohydrates, on the other hand, are hy-
drophilic. This fact increases the total mass
of glycogen storage. For example, 1 g of glyco-
gen binds ~2 g of water, which translates to
an actual 1.33 keal/g stored. This means that
fat can actually hold more than six times the
amount of energy per weight unit than gly-
cogen. As such, lipids, in the form of triglyc-
erides (TGs), are the main source of stored
energy. Lipids also play an important role in
many other cellular functions, such as syn-
thesis of cell membranes, and production of
steroid hormones, intracellular signal medi-
ators as prostaglandins, fat-soluble hor-
mones, and others. Fatty acids are either de-
rived from diet or synthesized in the liver
from carbohydrates. Dietary lipids absorbed
as fatty acids form into TG and are trans-
ported as chylomicrons. These newly synthe-
sized FFAs as well as those derived from diet
are converted to TG in the liver, a process
called esterification. The nonsoluble esteri-
fied, hepatic TG are packaged into the solu-
ble very low density lipoproteins (VLDL) and
secreted into the blood. Triglycerides are
mainly stored in adipocytes in distinct ana-
tomic locations, such as fat tissue or diffused
with other tissue types, including muscle or
liver. The endothelial enzyme lipoprotein k-
pase hydrolyzes circulating TGs back to fatty
acids, enabling their diffusion into the cells
of peripheral tissues.

Hydrolysis TGs within adipocytes into
FFA and glycerol is known as lipolysis,
which is stimulated by various hormones.
Some examples are glucagon during fasting/
hypoglycemia, epinephrine, norepineph-
rine, and possibly cortisol during stress,
and GH during anabolism. These hormones
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bind to cell-surface receptors that are cou-
pled to the activation of adenylate cyclase
upon ligand binding. The result is activation
of cAMP-dependent protein kinase, which,
in turn, activates the intracellular version
of lipoprotein lipase, known as hormone-
sensitive lipase (HSL). The net result of the
action of these enzymes is FFA and glycerol,
The FFAs diffuse from adipose cells, com-
bine with albumin in the blood, and are
thereby transported to other tissues where
they are transported into cells. Fatty acids
are the most efficient source of energy for
most cell types. For example, catabolism of
1 mol of a six-carbon fatty acid through the
citric acid cycle to CO; and H,0 generates
44 mol of ATP, compared with the 38 mol
generated by catabolism of 1 mol of the six-
carbon carbohydrate glucose.

In the normal state, glucose is the domi-
nant contributor of energy production. Ac-
tive glucose metabolism down regulates FFA
oxidation, thereby channeling those fatty ac-
ids into TG stores in the muscle, liver, and
adipose tissue. However, in the fasted state,
FFA is the dominant contributor of energy
production. The main breakdown of fatty ac-
ids for energy happens within the mitochon-
dria in a process called (3-oxidation, as it oc-
curs by recurrent oxidation of the fatty acid
chain, at the 3-carbon position. The rate of
FFAs oxidation is determined by the rate of
transfer into the mitochondria. Medium-
and short-chain fatty acids can enter the mi-
tochondria without difficulty, but the major-
ity, which make up thelong-chain fatty acids,
must be transferred actively through the mi-
tochondrial outer membrane. This process
starts with the fatty acid reacting in the cy-
tosol with ATP and coenzyme A to become a
fatty acyl-CoA. The fatty acyl-CoA is trans-
ferred to the mitochondria via the carnitine
palmitoyltransferase enzyme system (CPT-I,
CPT-II). This is the crucial point in the regu-
lation of the FFA oxidation rate. Glucose
availability and metabolism control the oxi-
dation of fatty acyl-CoA by regulating CPT-1
activity via changes in malonyl CoA concen-
tration (malonyl CoA is a regulator of CPT-I
and its activity is dependent on the activity
of acetyl CoA carboxylase [ACC]). ACC, in
turn, is regulated by changes in the concen-
tration of citrate, which is activator and pre-
cursor. Citrate is the intermediate product
of glucose metabolism through the Krebs
cycle. Once inside mitochondria, the fatty
acyl-CoA undergoes [3-oxidation until the
entire chain is cleaved into acetyl CoA units,
which, in turn, enter the citric acid cycle.

Lipid Metabolism During Critical Illness
Duringa critical illness, under the increased
influence of hormones such as epinephrine

and glucagon, and under substantial influ-
ence by pro-inflammatory cytokines, exces-
sive peripheral lipolysis and mobilization of
FFAs is observed. Likewise, a concomitant
increase in the de nove synthesis of FFAs
takes place in the liver, The FFAs are used as
an alternative, available energy source for
the peripheral tissue in a time of need,
which spares much needed glucose reserves
for use by the nervous system and erythro-
cytes. TNF was found to play a major role in
enhancing peripheral lipolysis and hepatic
synthesis of FFAs. TNF also has an inhibit-
ing effect on peripheral lipoprotein lipase,
which causes a peripheral resistance to TG
resulting in increased lipemia. Other cytok-
ines, including IL-1, IFN-o, B, and vy, may
also influence lipid metabolism,

At the same time, while the organism re-
cruits its energy sources, there is a para-
doxical increase in liver esterification of
FFAs to TG. A number of contributing fac-
tors play a part in this paradox:

1. FFA flux is elevated to higher level than
the oxidation rate of the body, which ex-
poses the liver to an excess of FFAs.

2. Both glucose and FFA levels simultane-
ously increase in blood plasma. This hy-
perglycemia leads to increased hepatic
glucose uptake and metabolism, which
leads to inhibition of CPT-I and fatty
acid oxidation, leading to more accumu-
lation of hepatic pool FFAs.

3. The increased B-adrenergic stimulation
causes increased peripheral glycolysis
with concomitant production of pyru-
vate, which exceeds its utilization by
the mitochondria. The pyruvate-lactate
equilibrium results in excessive secre-
tion of lactate to the blood even without
any hypoxia or hypoperfusion. This lac-
tate is metabolized by the hepatocytes,
increasing either gluconeogenesis or the
citrate production through the Krebs
cycle, and possibly the de novo fatty acid
synthesis, thereby also contributing to
the inhibition of FFA oxidation or TG
synthesis in the liver.

The result of this process is an enhanced
liver TG synthesis causing hypertriglyceri-
demia and often accumulation of hepatic
TG that leads to a fatty liver. The reduced
activity of the enzyme lipoprotein lipase in
the muscle and the adipose tissue decreases
the clearance of lipoproteins, leading to
worsened hypertriglyceridemia. The clini-
cal significance of this hyper lipidemia, hy-
pertrigliceridemia, and the tendency for
fatty liver during critical illness is not com-
pletely clear, However, these findings have
important implications to the management
of nutrition support in these patients. It has

been observed with regularity that over-
feeding, especially by parenteral access,
causes enhanced steatohepatitis and a de-
teriorating prognosis for ICU patients.

Protein Metabolism

Proteins contribute to both structure (skel-
etal muscle) and the function (enzymes) of
the body. The absolute amount of protein
depends on the age, weight, disease state,
and nutritional status of the patient. Skeletal
muscle mass represents 30% to 50% of total
body protein, is greater in men than women,
and declines with age. Between the ages
20 and 80, total muscle cross-sectional area
declines about 40%. Following injury, the in-
creased urinary excretion of nitrogen from
the body is roughly related to the extent of
the injury. Nitrogen is primarily lost in the
form of urea, which represents about 85% of
the urinary nitrogen loss, although this pro-
portion varies widely. Creatinine, ammonia,
uric acid, and amino acids are also found in
the urine in larger quantities than normal
following injury. The nitrogen molecule is
used as a surrogate marker of protein be-
cause of the fixed relation between the two
substances (6.25 g protein to 1 g of nitrogen).
Thus, the net loss or gain of body protein is
determined by nitrogen balance, and this is
a general measure of the catabolic state.

Maintenance of protein within an indi-
vidual tissue is a balance between rates of
protein synthesis and breakdown. Synthe-
sis and breakdown are often mismatched
during catabolic states, resulting in organ
protein loss or gain. The catabolic response
occurs by a relative increase of breakdown
over synthesis, Protein turnover responds
to injury and infection in a manner that re-
distributes body protein to satisfy its needs.
The synthesis rate is decreased in "nones-
sential” tissues (e.g., limb skeletal muscle or
gut) and is maintained or enhanced in tis-
sues where work is increased (respiratory
and cardiac muscle, lung, liver, and spleen).
These events result in translocation of pro-
tein from skeletal muscle to the visceral or-
gans (primarily liver, spleen, and heart),
which are vital for survival.

Two amino acids, alanine and glutamine,
account for approximately 50% to 75% of the
amino acid nitrogen released from skeletal
muscle, Alanine is used as a building block
for various proteins and it is an important
glucose precursor. Glutamine plays a very
important role during the stress response.
Similar to alanine, glutamine is also a gluco-
neogenesis substrate, but it mainly serves as
a primary substrate for immune cells and
enterocytes as both rely on glutamine for
optimal function and energy production.



Glutamine also participates in acid-base
homeostasis, and serves as a precursor for
glutathione, an important intracellular anti-
oxidant. In critically ill patients, the intra-
muscular concentration of glutamine may
fall by as much as 80% to 90%. Part of this
drop is due to accelerated outward trans-
port and partly due to a decrease in glu-
tamine de novo synthesis. Glutamate serves
as the precursor for both glutamine and ala-
nine. Under a variety of circumstances, the
formation of alanine from glutamate is the
preferred pathway, leading to depletion of
glutamate availability for glutamine synthe-
sis. It has been hypothesized that the tissue
requirements for glutamine may outstrip
the body’s ability to produce this amino acid.
Hence, a relative deficiency state exists char-
acterized by a fall in glutamine concentra-
tions in both plasma and tissue compart-
ments. Thus, glutamine is considered a
conditional essential amino acid.

Muscle Catabolism

The story of muscle in the stress response is
the story of protein degradation and wast-
ing. Accelerated catabolism of muscle pro-
tein is a universal problem in critically ill
patients; loss of muscle mass and strength is
secondary to protein breakdown due to the
metabolic needs. The typical prolonged bed
rest and inactivity play a large role in muscle
wasting, Muscle wasting may impair recov-
ery if severe enough and certainly limits the
return of patients to normal function after
recovery. Plank et al. demonstrated the
changes in total body protein over a 21-day
period, following onset of sepsis or major
trauma. They noted that losses were great-
est during the first 10 days, amounting to
approximately 1.0% of total body protein
per day during both sepsis and trauma. To-
tal protein lost over the study period aver-
aged 1.21 * 0.13 kg in sepsis patients and
1.47 = 0.20 kg in trauma patients. Approxi-
mately 70% of the total protein loss came
from skeletal muscle. This loss occurred in
sepsis patients during the first 10 days and
in trauma patients in the first 5 days. After
these intervals, more of the protein loss was
derived from the nonmuscle tissues.

Liver

The liver plays a major role in a number of
critical aspects of the stress response. It is
the central metabolic organ coordinating
the cardinal changes in glucose, protein, and
lipid metabolism. The hepatic cell types that
are involved in liver response to sepsis and
SIRS include Kupffer cells, hepatocytes, and
sinusoidal endothelial cells. These cell types
communicate in a paracrine fashion and
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with bidirectional signaling via different me-
diators. These mediators modify the meta-
bolic pathway of hepatocytes to support
amino acid uptake, ureagenesis, increased
synthesis of coagulant factors, complement
factors, APPs, and anti-proteolytic enzymes

Immunological Function

The liver contains the largest mass of mac-
rophages (Kupffer cells) in the body and it
plays a crucial role in the inflammatory re-
sponse, both as a source of inflammatory
mediator and as a target organ for the ef-
fects of the inflammatory mediators. The
interaction between hepatocytes and
Kupffer cells plays a key role in the regula-
tion of the acute-phase response. Kupffer
cells are pivotal in the hepatic response to
sepsis. Once activated, Kupffer cells are
a major source of soluble mediators of sep-
sis, including pro-inflammatory cytokines,
chemokines, nitric oxide, reactive oxygen
products,and eicosanoid mediators. Kupffer
cells are also important in preventing the
dissemination of bacteria and endotoxins
from the portal circulation to the systemic
circulation. In an animal model, 5 minutes
after intravenous injection, 50% of radiola-
beled endotoxin is localized in the Kupffer
cells, Hepatocytes play not only a crucial
metabolic role, but also an immune role.
Hepatocytes exhibit receptors for most of
the soluble mediators of sepsis, including
endotoxin, cytokines, inflammatory media-
tors, and vasoactive substances. Studies in
rats showed that treatment with gadolinium
chloride, which blocks Kupffer cell function,
resulted in clearance of circulating endo-
toxin with endotoxin secreted in bile, where
it was inactivated and secreted in the feces.
The liver is also a major site for removal of
bacteria from the systemic circulation.
About 70% of radio-labeled E. coli and 96%
of P. aeruginosa are localized in the liver 10
minutes after intravenous injection.

Hepatic endothelial cells are in contact
with Kupffer cells and hepatocytes and in-
teract with both. The endothelial cells par-
ticipate in the inflammatory reaction by
secreting pro-inflammatory cytokines (IL-1
and IL-6). They also play an important role
in the regulation of the hepatic, and to some
extent, systemic circulation. The liver sinu-
soids, which are analogous to tissue capil-
laries, are lacking smooth muscle cell;
therefore, the liver capillary flow is instead
regulated by NO and CO, which are released
by the sinusoidal endothelium.

APP are plasma proteins primarily of he-
patic origin; their plasma levels increased by
at least 25% following sepsis, injury, or in-
flammation. The APPs consist of coagulation
and anti-coagulation (o2-macroglobulin),

complement system components, and in-
flammatory (CRP, serum amyloid A), anti-
inflammatory (ctl-antitrypsin and al-
antichemotrypsin),and variousotherproteins
(e.g. haptoglobin and ceruloplasmin). The
concentration of other liver-derived proteins,
particularly albumin, is reduced in sepsis
(negative APP). In a rat model of chronic sep-
sis, studies showed that albumin synthesis
was actually increased within 4 days of initia-
tion of sepsis. It seems that the decreased
circulatinglevels of albumin reflect increased
leak of albumin to the extravascular com-
partment and possibly an increased rate of
degradation, but not a reduced synthesis.
The enhanced synthesis of all these APPs is
regulated by the Kupffer cell-derived cytok-
ines and is a part of the complex systemic
and local changes needed to defend the
host. For instance, otl-antitrypsin has anti-
proteinase activity and inactivates excess
extracellular elastase and other proteases
that are produced by activated leukocytes in
sepsis. Additional hepatic APP scavengers
include ceruloplasmin and a2-macroglobu-
lin, which inactivate reactive oxygen radicals.
One of the key factors of APP is the CRE. CRP
functions as part of the innate immune sys-
tem., Its main role is in binding to a phospho-
choline expressed on the surface of dying
cells and some bacteria, causing activation
of the complement system (classical path-
way) and promotion of phagocytosis by mac-
rophages. The CRP level is elevated within
hours ofthe insult; it peaks at about 48 hours
post-injury. The measurement of CRP plasma
level has become a common and reliable tool
for the evaluation of the extent of a patient’s
inflammatory process.

Hypercoagulation
During the stress response, the liver pro-

motes a hypercoagulable state by the en-
hanced synthesis of coagulation factors,
such as fibrinogen, prothrombin, factor
VIIL, von Willebrand, and, at the same time,
decreased synthesis of protein C and anti-
thrombin III. The increased CRP plasma
level also promotes the expression of tissue
factor, the initial activator of the extrinsic
clotting system, by mononuclear cells and
neutrophils. Promotion of coagulation ca-
pacity by the liver is needed in case of tissue
injury and possible excess consumption of
coagulation factors, but it is also responsi-
ble for many fatal thrombotic and throm-
boembolic complications.

Liver Dysfunction During

Critical lllness

The unusually high metabolic and inflamma-
tory needs present during severe illness must
be addressed by a liver that may already be
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compromised due to stress (shock and sep-
sis), a situation that maylead to liver dysfunc-
tion. Liver dysfunction can be divided into
two: primary and secondary. In normal phys-
iologic conditions, post-prandial splanchnic
blood flow accounts for up to 30% of total
cardiac output. During the stress response
period after a severe tissue trauma or sepsis,
the portal flow, which arises from the
splanchno-mesenteric vascular bed, is sub-
ject to disproportionate vasoconstriction
(under the influences of o-adrenergic and
renin-angjotensin stimulus), A physiologic
compensatory process (referred to as hepatic
arterial buffer response) of inverse changes in
hepatic blood flow in response to changes in
portal flow takes place, but this response of
the hepatic artery is often altered during se-
vere sepsis or shock, compromising hepatic
blood flow. Hepatic dysfunction that occurs
in the hours after the insult or onset of sepsis
can be viewed as a primary dysfunction and
is most likely linked to hypoperfusion. The
outcome of such acute liver dysfunction can
be catastrophic with disseminated intravas-
cular coagulation, reduced hepatic lactate
and amino acid clearance with metabolic
acidosis, decreased gluconeogenesis, and
glycogenolysis with subsequent hypoglyce-
mia. These effects are potentially fatal.

Secondary hepatic dysfunction is be-
lieved to be caused by spillover of bacteria
or endotoxin and the subsequent activation
of inflammatory cytokines and mediators
in the absence of circulatory changes. Mild
cholestasis is a common sign of secondary
liver dysfunction during critical illness. It is
often an isolated finding secondary to intra-
hepatic cholestasis caused by rapid down-
regulation of transporter proteins, such as
NTCP (abasolateral sodium-dependent bile
salt transporter) and multidrug-resistant
protein 2 (MRP2), which is a canalicular an-
ionic conjugate transporter, and a bile salt
pump.

Heat Shock Proteins

One of the hepatic mechanisms to deal with
the stress and avoid a secondary liver dys-
function is dramatic up-regulation of liver
synthesis of HSPs. The HSPs are a group of
proteins discovered during the 1960s in
drosophila cells that were exposed to sub-
lethal temperature. Although named heat
shock proteins after their discovery, HSPs
actually serve as general survival proteins
by increasing cellular resistance against a
vast range of stressors and not just elevated
temperatures. In normal physiological con-
ditions, HSPs act as regulatory intra-cellu-
lar proteins, stabilizing other proteins in
proper formation by chaperoning proteins
across cell membranes. HSPs have the

capacity to repair denatured/injured pro-
teins and serve as part of the cells’ own re-
pair system. HSPs serve as one of the most
highly conserved mechanisms of cellular
protection, are found in virtually all living
organisms, and are a key part of cellular re-
sponse to stress. Enhanced HSP expression,
using transgenic mice or by a mild stress
before the insult, has been shown to be cy-
toprotective in experimental models of sep-
sis and other types of stress. Increased ex-
pression of HSPs has been detected in a
variety of clinical settings. In patients with
severe trauma, a correlation was shown be-
tween survival and the ability to mount a

higher HSP.

Glutathione

Cellular glutathiones play an important
role in the cells’ ability to reduce cellular
damage, which is initiated by the typically
high oxidative stress present during severe
illness. In an animal model of sepsis, a six-
fold increase in de novo synthesis of gluta-
thione by hepatocytes was demonstrated in
the first 2 days of sepsis. In contrast to acute
phases proteins, persistence of stress re-
sponse throughout the course of sepsis in
rats (4 days after infection) led to depletion
of liver glutathione. The mechanism of late
glutathione depletion is not clear; one hy-
pothesis is that it is secondary to selenium
depletion. Selenium is an essential cofactor
for glutathione peroxidase activity and it
has been shown that depletion of that mi-
cronutrient in sepsis is associated with in-
creased morbidity and mortality. The sele-
nium requirement in sepsis increases in
parallel with increased glutathione peroxi-
dase activity and glutathione turnover. Re-
cent randomized and placebo-controlled
trials indicated that high-dose selenium
supplementation can improve outcome in
sepsis and septic shock.

Steatohepatitis

Another important factor related to liver
dysfunction in critically ill patients is ste-
atohepatitis. The liver in critically ill pa-
tients faces an increased flux of FFA, amino
acids, and carbon-3 compounds, such as
lactate and glycerol, together with condi-
tions of hyperglycemia and hyperinsuline-
mia. The hepatic capacity of FFA oxidation
and secretion seems to be inhibited, and
TGs accumulate in hepatocytes leading to
steatosis. Steatohepatitis in critically ill pa-
tients has been reported mostly in relation
to artificial nutrition, especially total par-
enteral nutrition. Torgersen et al. have re-
cently reported in a retrospective study the
pathological findings of a postmortem ex-
ploration performed on 235 patients who

died in ICU due to sepsis. They found ste-
atosis in 33.2% patients, signs of hypoxic
liver damage and cholestasis in 13.2% and
14% respectively. Koskinas et al. reported
on end-stage pathologic changes in the liver
of 15 septic patients dying in the ICU, His-
tology of liver biopsy specimens showed
portal inflammation in 73.3%, centrilobular
necrosis in 80%, lobular inflammation in
66.7%, and hepatocellular apoptosis in
66.6%. Various degree of steatosis was ob-
served in 11/15 (73.3%) of patients.

Intestine

Our understanding of intestinal barrier
function biology, its potential clinical im-
portance, as well as the pathophysiology
and consequences of gut barrier failure has
changed considerably over the course of
time, Now, it is clear that the intestinal mu-
cosa functions physiologically as a local de-
fense barrier to prevent bacteria and endo-
toxin, which normally are present within
the intestinal lumen, from escaping and
reaching extra-intestinal tissues and organs,
More recently, it has become apparent that
the gut can become a pro-inflammatory or-
gan and that gut-derived factors, liberated
after periods of splanchnic hypoperfusion,
can lead to acute distant organ dysfunction,
playing a role in the development of multi-
ple organ failure,

Initial interest in gut barrier failure and
bacterial translocation was based on clini-
cal observations that trauma, burn, and
critically ill patients, especially those
developing MODs, frequently had life-
threatening bacteremias with enteric or-
ganisms in the absence of an identifiable
focus of infection. These clinical observa-
tions resulted in a large body of work inves-
tigating the relationships among gut barrier
function, intestinal bacterial flora, systemic
host defenses, and injury in an attempt to
delineate the mechanisms by which bacte-
ria contained within the GI tract can trans-
locate to cause systemic infections. From
these and subsequent studies, the current
role of the gut and gut barrier function in
the prevention and potentiation of systemic
infections and MODS have evolved.

Gut Barrier and
Bacterial Translocation

Intestinal barrier function can be seen to be
of major importance when one considers
that the distal small bowel and colon con-
tain enormous concentrations of bacteria
and endotoxin. Under certain clinical cir-
cumstances, intestinal barrier function be-
comes impaired, resulting in the movement



of bacteria and/or endotoxin to the sys-
temic tissues, This process of bacteria and
their products crossing the intestinal mu-
cosal barrier and spreading systemically
has been termed bacterial translocation.
'The underlying mechanisms of how and un-
der what circumstances bacteria contained
within the gut translocate across the mu-
cosal barrier have been studied extensively
in a number of animal models. Although
both an intact epithelial barrier and a nor-
mal functioning immune system are impor-
tant for adequate gut barrier function, it
appears that an intact mucosa will prevent
bacterial translocation even in rats with se-
lectively impaired cell-mediated immunity.
Reduced splanchnic blood flow, leading to
an ischemia-reperfusion-mediated gut in-
jury has been shown to be a key factor in
the loss of mucosal barrier function and
bacterial translocation in models of ther-
mal injury, hemorrhagic shock, and endo-
toxemia, In these models, mucosal injury
appears secondary to a gut ischemia-
reperfusion injury, which is mediated, in part,
by xanthine oxidase-generated oxidants.

Nutrition and Gut Barrier

The area of nutrition received increasing
clinical and experimental attention during
the past two decades. In fact, the recogni-
tion of the concept of gut barrier failure and
bacterial translocation was one of the major
impetuses leading to the initiation of early
enteral feeding of patients shortly after in-
jury. The optimal functional and structural
integrity of the GI tract depends on whether
or not the gut is fed enterally. Enteral feed-
ing supports intestinal structural integrity
by maintaining mucosal mass, stimulating
epithelial cell proliferation, maintaining vil-
lus height, and promoting the production of
brush border enzymes. Functional integrity
of the mucosa also is supported by enteral
feeding in several ways, through the mainte-
nance of tight junctional integrity between
the intestinal epithelial cells, stimulation of
blood flow to the gut, and the production
and release of a variety of endogenous
agents, such as cholecystokinin, gastrin,
bombesin, and bile salts, all of which exert
major trophic effect on the intestinal epi-
thelium. In fact, experimental evidence ex-
ists that nutrition has a profound impact on
gut barrier function. Enteral feeding pre-
serves intestinal barrier function better
than parenteral feeding. Enterally fed ani-
mals survived a septic challenge better than
animals fed an identical diet parenterally.
This experimental observation has been
verified in several prospective randomized
clinical studies involving burn and trauma
patients. These studies indicate that the
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route by which patients are fed may influ-
ence the immune-inflammatory and meta-
bolic response to injury as well as the inci-
dence of infectious complications and
thereby modulate clinical outcome. Al-
though bacterial translocation has been
demonstrated consistently in experimental
animal models, results of clinical human tri-
als failed to find bacteria or endotoxin in the
portal blood of severely injured patients and
its occurrence in humans is uncertain. One
possible explanation to resolve these dis-
concordant results is that gut-derived fac-
tors contributing to systemic inflammation
and organ injury is reaching the systemic
circulation via the mesenteric lymphatics
rather than the portal venous system. One
important conceptual consequence of the
gut-lymph hypothesisis that the lung rather
than the liver would be the first major vas-
cular bed to be exposed to gut-originated
mesenteric lymphatic factors (mesenteric
lymph reaches the systemic circulation via
the thoracic duct, which empties into the
subclavian vein and hence the pulmonary
circulation). There is extensive clinical and
experimental evidence showing that after
hemorrhagic shock, trauma, or a major burn
injury, the gut releases pro-inflammatory
and tissue injurious factors that lead to
acute lung injury.
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444 EDITOR'S COMMENT

This is an encyclopedic chapter concerning the
metabolic and inflammatory components of
trauma and infection. It is probably the most
complete and encyclopedic chapter that has ever
been written in any literature including both
surgical and medical literature. As will be clear
to the reader, there are an enormous number of
components to the inflammatory and metabolic
response to trauma and infection. To a consider-
able extent, they are synergistic. The most promi-
nent of the classics that we deal with are the cy-
tokines, interleukins and transporting factors, if
you will, such as NF-kB. Many of them have very
short half-lives, such as TNF with a half-life of
20 minutes and then among the cytokines IL-1
with a half-life of 6 minutes. The entire process is
to a considerable extent integrated and combines
to have a series of responses, which indicate in
the response what the organism perceives, in this
case the human organism, is the degree of insult.
For ordinarily elective surgery, for example, of
rather small invasiveness, there is a programmed
response, which Iwill discuss, but it is small, and
it is temporary. If the surgery is larger, or if there
is an infectious postoperative complication, or if
this is a moderate traumatic episode, the cytok-
ines, interleukins, Toll receptors and other pro-
cesses begin to bring about a response which is
close to life-threatening.

On the other hand, a number of these very
same factors which bring about the response,
which, when it gets out of hand, is deleterious,
on the obverse side of the response aid in the
survival mechanism of the organism, such as
acute-phase protein synthesis. Other aspects of
the response include the release of neutrophils
over a few hours, in which it is proposed that
10 billion are released, which have a half-life of
approximately a few hours and then
apotosis or programmed cell death, which brings
about a utilization of some of the components of
neutrophils to participate in synthesis of various
proteins and other components which aid in the
healing and in the positive response to trauma
and the metabolic and inflammatory response
which helps the organism survive, In the initial
complex from a rather minor injury or compara-
tively minor surgery, or even slightly more major
surgery which goes well and does not have any
postoperative complications, the entire duration
is 1-2 days. It then subsides.

One of the problems in this area is what I call
the “holy-grail syndrome”. It will be obvious after
reading this chapter that it is highly unlikely that
there is a “holy grail”. There may be some com-
ponents of the inflammatory response which are
critical or central to the response, but, to my way
of thinking, there is no central or essential com-

ponent, although there may be components with-
out which the inflammatory response will not
take place, or at least will not resemble what we
actually see now. Therefore I get a little depressed,
when I go to surgical meetings, and particularly
when I see a bright young man or woman pre-
senting a paper as if to say that this is the holy
grail of inflammatory and metabolic response
to injury or trauma. It is highly unlikely that it
is, and some bit of modesty probably should be
maintained. Let us go through the components
in outline form and point out some of the issues
that have come to light. I would urge the reader
to bear in mind that, as the result of these vari-
ous components which seemingly come together,
MODS (multiple organ dysfunction syndrome)
and SIRS (systemic inflammatory response syn-
drome) accrue. This is covered nicely in Chapter
8 by Dr. Marshall, and I do like his approach, that
much of what happens to patients we in fact cre-
ate by the way we take care of them.

In the overview, the authors present a list
of the immume, inflammatory and metabolic
responses to injury. It starts as a local activa-
tion but then is followed shortly thereafter by a
systemic inflammatory and endocrine response.
These can be manifest to us as surges in plasma
catecholamine, cortisol and aldosterone levels
resulting in tachycardia, tachypnea, vasocon-
striction, reduced cardiac output, lower oxygen
consumption, lower basal metabolic rate, sodium
and water retention, translocation of blood from
the peripheral to the central vital organs, and
acute-phase protein production. This is the “ebb”
phase originally proposed by Sir David Cuthbert-
son in the 1930s. If the organism and the organs
survive, we then transition to a “flow” phase. The
duration and the number of organs involved re-
ally depends on, first, how extensive the injury or
insult is and, second, whether or not the organs
have survived the initial ebb phase. The stress re-
sponse here is, as the authors say, “characterized
by explosive metabolic activity,” which is “medi-
ated by a massive neuroendocrine flux involving
the production and secretion of catecholamines,
antidiuretic hormone, cortisol, insulin, glucagon
and growth hormone. The increased adrenergic
stimulation causes an increase in the glucagon
to insulin ratio and, combined with . . . cortisol
and cytokines, induces the state of enhanced pro-
teolysis and lipolysis” This is the nub of the issue.
There are other parts that will be covered by Dr.
Hasselgren in Chapter 2 and by Dr. Marshall in
Chapter 8.

Furthermore, a critical part of the issue here
is that there is no inactive store of protein. The
storehouse for protein, as we know it, is the mus-
cle. The protein content of organs such as heart,
liver or kidneys may also “store this protein”,
when the stress is high enough, and may lead to
the failure of the organ and then the organism, as

in liver failure. Massive destruction, catabolism of
skeletal muscle to the point where the abilities of
the patient to move and breathe are threatened
is also part and parcel of this response. I assume
that in the evolutionary component, skeletal
muscle is seen as less valuable to the organism
than, for example, heart, brain, kidneys and liver;
however, continued destruction of lean body
mass, of which these latter are all part, is part and
parcel of the hypermetabolic response.

The other major destructive impulse, at least
it seems to me it is, is the widespread capillary
leak and the opening up of tight junctions of the
capillaries and also perhaps enlargement of the
pores or the spaces in the endothelium, which
keep material in the circulating compartment.
The capillary leak would deplete if allowed to go
on, and if it does go on, endogenous resources and
is maladapted as the author says. The systemic
inflammatory response, severe metabolic deple-
tion, and possible secondary infection all cause
damage to vital organs, but were not initially
compromised by the injury. These include adult
respiratory distress syndrome, which I believe
has two components, the first is the capillary leak
and the second is the use of excessive crystalloid
in resuscitation. Happily, many people taking care
of patients with severe injury and with infection
now realize that the continued resuscitation of pa-
tients who are suffering from a capillaryleak is not
helpful and contributes not only to ARDS but re-
nal insufficiency, hepatic dysfunction, loss of duct
epithelial-barrier function, immunoparalysis and
the multi organ dysfunction after sepsis develops,
which can be fatal. The stress response, however,
with the appropriate support and provided the
stress response is not complicated by later infec-
tion usually resolves without complication. The
catabolic process usually peaks at 48 to 72 hours
post injury.

If the catabolic response is resolved it then
leads to the beginnings of an anabolic state with
insulin, growth hormone, insulin like
factor 1, and perhaps insulin like growth factor
2 within five days of injury, as the author says.
'The mechanistic change is a flux of protein, fluid,

and electrolytes returning to the depleted cellu-
lar space, particularly muscle, and cellular space
ds.

There is much that is new in this chapter,
which has not made its appearance in the stan-
dard textbook of surgery. These include from this
point on a number of headings, including “The
Innate Immune System”, which include the “Toll
Like Receptors’, which are the Toll-signaling
pathway initially described in Drosophila in 1985,
as the author says and finally recognized in hu-
mans in 1997; at least 11 human toll-like recep-
tors have been identified. These, which have not
received a great deal of recognition in the con-
temporary surgical literature at least appears

(continued)

Perioperative Care of the Surgical Patient



24

Part I: Perioperative Care of the Surgical Patient

to play an adaptive role on adaptive immune
systems. They are expressed on dendritic cells,
T-lymphocytes, a number of parenchymal cells,
including adrenals, liver and spleen and which
in the adrenal-expressed TLRs (toll-like recep-
tors), the systemic inflammatory response. NF-B,
which is a major facilitator to all of this migrates
from the cytoplasm, where it usually resides with
the destruction of the inhibiting LB and trans-
migrates to the nucleus. Here, it mediates gene
transcription and the production of inflamma-
tory mediators, such as chemokines, adhesion
molecules, tumor necrosis factor, interleukin-1,
and TNF-u receptors,

Other new terminology, which will be new or
at least unfamiliar to the average surgeon read-
ing this chapter includes complement, which is
recognizable, except for the fact that what is new
is that the complement system consists of more
than 30 proteins. These are divided into three
main pathways:

1. classic
2. alternative
3. mannan-binding lectin pathways.

Another relatively new term is alarmins,
which is triggered by injury or trauma without
evidence of a bacterial focus. They are released
after a non-programmed cell death or by cells
of the immune system. Heat shock proteins, de-
fensins, cathelicidin, eosinophil-derived neuro-
toxin (EDN), and others. There are a number of
systems which ordinarily do not receive a great
deal of attention in a standard textbook version
of the acute phase reaction. These are systems
such as the adaptive immune system, which is a
secondary and more efficient response to invad-
ers, and which is made up of cellular immunity.
The cellular immunity is the cellular response of
the organism, namely the patient that is a local
host response against invading organisms. Local
mediators of inflammation, such as cytokines,
histamine, kinins, and arachadonic acid metabo-
lites allow increased capillary leakage, which in
this sense is a good thing as it allows diapedesis
of cells to infiltrate into the site of injury. These
are primarily neutrophils and also to a lesser
extent monocyte macrophages. The humeral
community is much more diffuse and involves
toll-like receptor activation, which causes secre-
tion of cytokines including our friends TNF and
IL-1 and the chemokines, especially derived from
macrophages. There are a variety of other compo-
nents in this including cytokine receptors, which
are on the surface of the majority of human cells
andintracellular signaling pathways that regulate
gene transcription. We have already heard of the
nuclear factor-,B (NF-B) activating protein AP1
and the C/EBP family of transcription factors, in
particular C/EBP-B and 8.

NF-B is studied because it is central in the
inflammatory process as a transcription fac-
tor once its inhibitor has been metabolized
will translocate to the nucleus. The number of
cytokines is legion but the important ones for
our purposes, TNF, IL-1B, IL-6, IL-8, IL-12 and
IFN-A, are pro-inflammatory cytokines and IL-4,
IL.-10, and I1-13 are considered to be inhibitory
or anti-inflammatory. Interleukin-1 is ancient
as compared with some of these other factors
as it was described as a pyrogen a half century
ago. It does have a short half life of six minutes,
as mentioned earlier. Of the two forms, IL-1 is

regulated by different antigens, IL-1B is the more
common and more involved in what its role is.
IL-6 is another popular cytokine, as it were, and it
peaks and 4 to 48 hours. It is induced partially by
TNF and partially by IL-1. Its function is operant
by the proliferation and differentiation of B and
T-lymphocytes. It also regulates the synthesis of
another acute phase protein, such as C-reactive
protein and fibrinogen and other complement
factors. One of the significant findings of laparo-
scopic procedures is that there is less elevation of
116 following laparoscopic cholecystectomy as
well as abdominal, aortic, and colorectal surgery.
Similarly, small bowel and colonic resections car-
ried out laparoscopically have lower elevations
of IL-6. Another feature of IL-6 is that it seems to
have a prognostic significance in patients with
SIRS, sepsis, or MODS and has been tested in the
ICU in this regard and has come to be a prognos-
tic indicator.

Of the chemokines, these have not had much
presence, on the surgical scene at least, and there
are 18 chemokine receptors and 43 chemokines.
Their role is still being elucidated, but some have
suggested that some of these are “decoy recep-
tors”,

A major and relatively novel discussion in a
surgical text is the neuro-immune axis. We re-
main very concerned about what the accurate
sensory input to the brain is during siress. We
know that there are neural routes, mostly by
afferent vagal fibers and then there are blood-
borne inflammatory mediators. Elsewhere in this
volume we have called attention to the fact that
vagal pathways pass from the peritoneal cavity to
the CNS and in a paper that appeared in Science
in 2000 as discussed elsewhere, there was a ben-
efit to subdiaphragmatic vagotomy. The stimulus
for the vagus is activated it seems, at least in part
by IL-1 in peripheral tissues. IL-1 binding and an
intact vagus nerve seem to be required for the
generation of the fever following intraperitoneal
IL-1. However, vagotomy alone does not block the
effects of various cytokines on CNS despite the
protective character of the blood brain barrier.
However, in the third ventricle the blood brain
barrier may be deficient and thus there may be
places where the cytokine may damage the cen-
tral blood brain barrier, giving results of continu-
ing inflammation.

‘We have talked about the afferent effects of
the neuro-immune axis, but one should not lose
sight of the fact that there is an efferent regulation
going through the sympathetic and suppressing
the parasympathetic portion of the autonomic
nervous system,

Another novel discussion is the immunosup-
pression following trauma, which we have been
aware of in a vague way and find that there is
a cholinergic anti-inflammatory pathway and
some cytokine immunosuppressant such as IL-6.
Immune dysfunction may also be cell mediated
and cellular immunoincompetence, which is also
defined as immune paralysis, may be induced by
PGEZ, 11-10 and other anti-inflammatory media-
tors. IL-10 and TGFB may induce monocyte im-
mune paralysis. Another form of dysfunction is
lymphocyte dysfunction, in which T-helper lym-
phocytes may also be involved in immunosup-
pression following surgical trauma.

In the development of SIRS and MODS, the
“second hit phenomenon” has become part of
our normal language. For example, there may

be initial trauma and a complication may result,
which may be the second hit, The second hit may
be sterile, for example the need for an operation
in general, or it maybe infectious with a pathogen
induced infection. Whatever causes the second
hit, however, has now become synonymous with
the development of MODS, This is further cov-
ered in Chapter 8. There is a very extensive dis-
cussion of hormonal relationships in trauma and
inflammation, but I do want to mention adrenal
insufficiency, which may occur in prolonged stay
in the ICU. The point is that one must think about
this in order to rule it out. Patients with transient
adrenal insufficiency basically may have a de-
creased blood pressure, decreased urine output,
other inexplicable hypoglycemia, hyponatremia,
hyperkalemia metabolic acidosis, eosiniphilia,
and a hypodynamic circulation as well. To think
of adrenal insufficiency should give one a very ag-
gressive response to this. A 250 microgram ACTH
stimulation test, which is recognized as being of
a very high level, is probably the best way to tell
whether the patient has a hypoadrenal response.
This seems to be much more accurate than ran-
dom cortisol levels.

Another hormonal deficiency that can oc-
cur after prolonged ICU stay is hypothyroidism.
There is a low T3 syndrome, and interestingly
enough, there is an inverse correlation between
T3 levels and mortality. In prolonged critical ill-
ness, an “euthyroid sick syndrome” may present,
in which the TSH exhaustion is what would best
beidentified, and there would be reduced TSH se-
cretion and reduced levels of T3 and T4. Low TRH
expression in the hypothalamus has been seen in
patients who have been chronically ill, as if this
particular function has been depleted.

'The sympathetic nerves and the whole sym-
pathetic system are extremely important in pro-
longed trauma and stress. The catecholamine
immune secretion from the adrenals takes place
within seconds of stimulation. Since both Norepi-
nephrine and Epinephrine are stored in granules
within the adrenal medulla and their exocytosis
is initiated by acetylcholine secretion in the adre-
nal medulla. The sympathetic system is involved
in almost every possible body system, which is
important in the response to trauma, including
cardiac output, myocardial contractility, main-
tenance of blood pressure, bronchodilatation,
thermoregulation, retention of water and sodium
in the kidneys, and not paradoxically—almost
purposefully—decrease in bowel motility. The
dysfunction of the adrenal system, such as exhaus-
tion, probably presages a poor outcome.

Metabolic alterations are extremely impor-
tant, but there is one concept here, which is also
brought on in Chapter 8, that is mitochondrial
dysfunction. The mitochondrial dysfunction may
be the result of failure of the mitochondrial energy
production but less and less likely so. The basic is-
sue appears to be the failure of adequate supplies
to the mitochondria. ATP is not contained in a
depot. Any of the components such as glucose,
fat, other sugars, and protein to mitochondria
because of decreased cardiac output and blood
flow, oxygenation by the lung, glucose transport
leads to a rapid onset of mitochondrial dysfunc-
tion. If the mitochondrial transitional pore open-
ing are open, large molecules such as cylochrome
C can enter the cytosol and trigger apoptosis—
programmed cell death. This results in the failure
to produce ATP in a period of crisis.
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The following two areas which should be
emphasized are glucose control in the ICU and
the liver, in particular, the failure of protein me-
tabolism. Glucose control in the ICU is not new,
but the emphasis on it is. Maintaining blood
glucose in sick patients in the ICU is beneficial.
However, the question is how low does the blood
sugar have to be maintained. There is a gradually
evolving agreement that using a superior level of
120 mg/dl of glucose leads to too frequent occur-
rence of hypoglycemia, which is damaging. Most
of us are ready to accept the target of 150 mg/dl,
although some believe it should be higher at 180
to 200 mg/dl.

Finally, hepatic failure. In addition to mi-
tochondrial failure, probably the sine-qua-non
of evolving death is due to hepatic failure. The
hepatic cells, which are involved are the Kupffer
cells and closely related to them and to the he-
patocytes are the sinusoidal endothelial cells.
These cells are in contact in a paracrine fash-
ion, and have bidirectional signaling via dif-

ferent mediators. One of the most important
functions of the liver is the large mass of mac-
rophages (Kupffer cells) and the role they play
in the inflammatory response. They are both
as a source of inflammatory mediators and the
target cells for the effects of the inflammatory
mediators, They produce a large number of the
soluble mediators of sepsis, including proin-
flammatory cytokines, chemokines, nitric ox-
ide, reactive oxygen products, and eicosanoid
mediators. Kupffer cell dysfunction in close as-
sociation with hepatocytes is one of the main
common pathways to death when the liver is
dysfunctional. There iz a nice discussion of liver
dysfunction and critical illness,

Finally, I would simply like to mention that
the authors concentrate on the intestine and the
intestinal barrier. Despite the flood of papers in
the “90s concerning the breakdown of the intes-
tinal barrier, I remain somewhat unconvinced.
Ibelieve that the intestinal barrier remains intact
until agonal times,

Summary: In short, I think we have come a
long way from Sir David Cuthbertson's first de-
scription of biphasic immune inflammatory and
metabolic response to injury, as it was elucidated
by Dr. Frannie Moore in probably the best book
and most influential surgery book The Metabolic
Care of the Surgical Patient. We have begun to un-
derstand more of the critical components in what
takes place, It is extremely complicated and there
is no "A ha” moment in what happens to patients
as they get critically ill. Likewise, there is no
“magic bullet” to protect them from what seems
to be an increasingly difficult support system as
they go into a downward spiral of MODS, with or
without SIRS.

As I said at the beginning of my discussion,
I think this is a superb chapter, probably the
best and most encyclopedic that has ever been
written and I am especially pleased to have my
good friend Professor Naji N. Abumrad be its
author.

JEE
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INTRODUCTION

Preparing patients for surgery has grown
increasingly complex as the severity of
chronic illness within our patients has
worsened even as the options for manag-
ing these conditions in the perioperative
period have expanded. In addition, over
the past decade, the process of surgical
care in the operating room (OR) and after-
wards has been refined in a number of re-
spects aimed at improving patient safety
and quality of care. Throughout this peri-
operative time, the patient’s physiology is
taxed to tolerate the surgical insult and
then to heal the operative site. This chap-
ter summarizes our perioperative man-
agement approach from the time the deci-
sion to operate is made through the
operative and postoperative course. The
most recent evidence on risk minimiza-
tion is reviewed in order to provide sur-
geons a practical approach to assuring as
safe a surgical course as possible. The
physiologic underpinnings of the response
to injury are also discussed along with ar-
eas for future investigation aimed at re-
ducing the perioperative patient risk.

PERIOPERATIVE EVALUATION
AND MANAGEMENT

The perioperative period is defined as the
time from preoperative workup through the
first 30 days of postoperative care. From
the patient’s perspective, a surgical proce-
dure and the perioperative period are often
a momentous occasion, which involves sig-
nificant loss of personal control. As such,
the surgeon’s responsibility is to engender
trust that the decision to operate is sound
and that every measure to ensure the
patient’s safety throughout the periopera-
tive course is taken.

A careful preoperative history, review of
systems, and physical examination will re-
veal preexisting medical conditions and
risk factors known to worsen surgical out-
comes. This process can be facilitated by a
screening questionnaire structured to trig-
ger the patient’s memory about significant
medical illnesses or previous perioperative
experiences (Table 1). Findings during this
evaluation then guide the array of labora-
tory studies and additional tests needed to
more specifically assess the patient’s risk of
an adverse perioperative event. Once all of

this information is gathered, a periopera-
tive management plan can be fashioned by
the surgeon often with input from the pa-
tient’s primary care physician and possibly
other specialty consultants in fields such as
cardiology, geriatrics, and anesthesiology.
The following sections review many of the
issues that arise during the perioperative
period and provide a recommended ap-
proach based on current evidence,

SCREENING TESTS IN GENERALLY
HEALTHY PATIENTS

For patients with no or few comorbidities, a
selective preoperative testing approach is
advised (Table 2). Laboratory testing options
include a complete blood count (CBC), elec-
trolyte and renal function tests, serum glu-
cose, liver function tests (LFT), coagulation
studies, urinalysis, and pregnancy test. With
the exception of pregnancy test, these stud-
ies can be obtained within several months of
the planned procedure. Patient’s age has
been identified as a minor predictor of mor-
bidity and mortality although this seems to
be related more to the associated comor-
bidities that develop with advancing age.

Perioperative Care of the Surgical Patient
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m Preoperative Screening

8.
9,

10.
11.
12,
13.

14,
15.

16,

17.

Questionnaire

. Do you usually get chest pain or

breathlessness when you climb up two
flights of stairs at normal speed?

. Do you have kidney disease?
. Has anyone in your family (blood

relatives) had a problem following an
anesthetic?

. Have you ever had a heart attack?
. Have you ever been diagnosed with an

irregular heartbeat?

. Have you ever had a stroke?
. Ifyou have been put to sleep for an

operation, were there any anesthetic
problems?

Do you suffer from epilepsy or seizures?
Do you have any problems with pain,
stiffness, or arthritis in your neck or jaw?
Do you have thyroid disease?

Do you suffer from angina?

Do you have liver disease?

Have you ever been diagnosed with heart
failure?

Do you suffer from asthma?

Do you have diabetes that requires
insulin?

Do you have diabetes that requires
tablets only?

Do you suffer from bronchitis?

Adapted from Hilditch et al. (2003).

Consequently, age alone should not be used
in determining the types of preoperative
tests to obtain with the exception of a base-
line hemoglobin (Hb) for those over 65 years
undergoing major surgery and any patient in
whom significant blood loss is anticipated.
The cost of an added white blood cell and
platelet count is often minimal; so these are
often obtained as part of the baseline Hb. Be-
cause renal insufficiency strongly correlates
with poor perioperative outcomes, identify-
ing patients with occult renal disease is essen-
tial. No consensus exists on the indications
for such testing, but it has been suggested
that a BUN and Cr should be obtained in pa-
tients over 50 years of age scheduled for in-
termediate or high-risk surgery or when pe-
rioperative hypotension is considered likely
or when nephrotoxic medications are
planned. Routine electrolyte, serum glucose,
and LFT are not recommended in healthy
patients. Patients with a history of a bleeding
disorder or an associated illness, which can
result in abnormal coagulation function
should have coagulation studies performed.
Otherwise, routine testing of the partial
thromboplastin time, prothrombin time, and
international normalized ratio (INR) is not
recommended. Routine urinalysis testing is
a matter of ongoing debate. On one hand, pa-
tients scheduled to have a surgical prosthesis
implanted may be at an increased risk for
wound or implant infections from a preexist-

y11 8N Preoperative Laboratory Testing Indications

Laboratory test Indication

CBC Age = 65 + major surgery; anticipated significant blood loss

Renal function Age = 50 + major surgery; suspected renal disease; anticipated
hypotension; planned nephrotoxic agents; poorly controlled
hypertension

Serum electrolytes Routine testing not recommended

Serum glucose Routine testing not recommended

Liver function Routine testing not recommended

Nutrition labs History of unintentional weight loss; chronic Gl illness

Coagulation studies Routine testing not recommended

Urinalysis Routine testing not recommended

Pregnancy test Women of childbearing age

Additional basic tests Indication

EKG Vascular surgery planned; history of cardiovascular disease; poorly
controlled hypertension

CXR Age = 50 + AAA or upper abdominal/thoracic surgery; history of
cardiopulmonary disease

PET Unexplained dyspnea

CBC, complete blood count; GI, gastrointestinal; EKG, electrocardiogram; CXR, chest x-ray; PFT, pulmonary
function tests.

ing urinary tract infection (UTI). However,
even with treatment, patients with an as-
ymptomatic preoperative UTI develop more
postoperative infections, and the cost-bene-
fit ratio of prosthetic infection prevention
with routine urinalysis screening does not
clearly favor testing the asymptomatic pa-
tient. Patients of childbearing age should have
aurine or serum pregnancy test, which many
institutions require as a matter of policy.

Additional basic testing options include a
12-lead electrocardiogram (EKG), PA and lat-
eral chest x-ray (CXR), and pulmonary func-
tion test (PFT). We reserve these tests almost
exclusively for patients with prior history of
cardiovascular or cardiopulmonary disease,
With regards to PFT, these are only obtained
in patients with dyspnea in whom a thor-
ough history and physical examination fails
to reveal the source of this complaint, Qur
approach to obtaining these additional tests
is also summarized in Table 2,

RISKASSESSMENT AND
MANAGEMENT IN PATIENTS WITH
CHRONIC MEDICAL ILLNESS

The most common preexisting medical con-
dition requiring perioperative risk assessment
and management is either known or sus-
pected cardiovascular disease. Other com-
mon preexisting conditions that are amenable
to risk modification include pulmonary dis-
eases, renal insufficiency, liver failure, diabe-
tes mellitus, immunosuppression, and hema-
tologic conditions. The surgeon’s goal should
be to minimize the impact of these conditions
on the surgical outcome while using a surgical
and anesthetic approach, which avoids any
further deterioration of the involved organ
system and the patient. In each case, commu-
nication between the surgeon and the pri-
mary care physician or medical specialists in-
volved in the patient’s care is essential while
preparing such patients for surgery.

Cardiovascular

Cardiovascular events are responsible for
one-third to one-half of perioperative
deaths, and of the patients who present for
noncardiac surgery, nearly one-third have a
known diagnosis of cardiovascular disease.
Consequently, cardiovascular risk stratifi-
cation and modification are fundamental
to the perioperative care of many patients.
Patients with a good functional status
have a low risk of perioperative cardiovas-
cular complications. This can be assessed
by determining the types of daily routines
the patient can perform, which translate
into multiples of the amount of oxygen con-
sumed while seated at rest (1 MET). Patients
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(WS PEY Revised Cardiac Risk Index and Associated Rates of Significant
Perioperative Cardiovascular Events

Risk factor
High-risk surgery

Comment
Intraperitoneal, intrathoracic, or supra-ingninal vascular

procedures

Ischemic heart disease

History of myocardial infarction, history of a positive

exercise test, current complaint of chest pain consid-
ered to be secondary to myocardial ischemia, use of
nitrate therapy, or ECG with pathological Q waves

History of heart failure

History of congestive heart failure, pulmonary edema, or

paroxysmal nocturnal dyspnea; physical examination
showing bilateral rales or 83 gallop; or chest radiograph
showing pulmonary vascular redistribution

History of cerebrovascular disease
Insulin therapy for diabetes
Preoperative serum Cr > 2 mg/dL

History of transient ischemic attack or stroke

Risk of perioperative cardiac complications including cardiac death, nonfatal MI, and
nonfatal cardiac arrest based on the number of risk factors (% [95% CI]).
0.4 [0.1to 0.8]

1.0[0.5t01.4]

0
1
2 24[1.3t0 35]
3

54[28t079]

Adapted from Lee et al. (1999) and Devereaux et al. (2005).

MI, myocardial infarction; CI, confidence interval.

who are unable to walk up two flights of
steps or four blocks (>4 METs) have an in-
creased risk of postoperative cardiovascular
events. In addition to functional status, car-
diovascular risk scoring systems are useful
in quantifying the risk of a major periopera-
tive cardiovascular event. The Revised Car-
diac Risk Index (RCRI) is the tool we prefer
given its simplicity and validation in multi-
ple clinical studies Table 3.

In addition to basic laboratory studies,
patients with cardiovascular disease should
have a baseline EKG. Additional testing op-
tions include transthoracic echocardiogra-
phy, exercise or chemical stress testing with
or without supplemental echocardiography
or radionuclide myocardial perfusion imag-
ing, and coronary angiography. The 2007
American College of Cardiology/American
Heart Association (ACC/AHA) guidelines
reflect the most current recommended ap-
proach to the use of these additional stud-
ies (Fig. 1). Alternative algorithms have
been proposed by the American College of
Physicians (ACP) and by Fleisher and Eagle.
In general, if the patient’s cardiovascular
disease warrants immediate intervention
(i.e., the cardiovascular symptoms are more
pressing than those that prompted surgical
consultation), additional studies are war-
ranted. Although these algorithms serve to
identify and further evaluate patients
deemed to be at either intermediate or high

risk for adverse perioperative cardiovascu-
lar events, their use has, to date, not been
shown to improve patient outcomes.

Based on the coronary artery revascular-
ization prophylaxis (CARP) trial and the DE-
CREASE-V pilot study, prophylactic coronary
revascularization by percutaneous coronary
intervention (PCI) or coronary artery bypass
grafting does not appear to alter postopera-
tive outcomes, Accordingly, the current ACC/
AHA guidelines recommend preoperative
PCI only in patients with an acute coronary
syndrome for whom PCI is independently
indicated. Patients who undergo coronary
revascularization with a bare metal stent
should have surgery delayed for 4 to 6 weeks
but no more than 12 weeks when the inci-
dence of stent restenosis begins to rise. Con-
versely, patients who have a drug-eluting
stent (DES) placed should have surgery de-
layed for a year if possible while the patient is
on dual antiplatelet therapy. Aspirin should
be continued in the perioperative period if at
all possible, and thienopyridine therapy (e.g.,
clopidogrel) should be resumed as soon as
possible after surgery to minimize the risk of
stent thrombosis.

Patients with unstable angina or a recent
Ml bear special consideration. Historic stud-
ies suggested that a significant and persis-
tent risk of reinfarction or death existed for
up to 6 months after an acute MI. However,
with improved perioperative monitoring

and management, the rates of such compli-
cations after subsequent noncardiac surgery
have dropped significantly. A stress test af-
ter MI or an episode of unstable angina reli-
ably identifies patients who will benefit
from revascularization. Those who have no
evidence for at-risk myocardium have a low
likelihood of reinfarction with noncardiac
surgery and can likely be taken for surgery
within 4 to 6 weeks.

Preexisting essential hypertension is a
common medical problem among patients
facing surgery. Good blood pressure control
(<140/90 mm Hg in most patients or
<(130/80 mm Hg in patients with DM or CKD)
is ideal. However, national guidelines do not
recommend delaying surgery unless the pa-
tient’s blood pressure is over 180/110 mm Hg,
Patients with poorly controlled hypertension
have an increased risk of perioperative blood
pressure lability, arrthythmias, and myocar-
dial ischemia. Such patients should have an
IKG and renal function testing and should be
evaluated for secondary hypertension prior
to elective surgery if this workup has not been
previously performed. Then, improved blood
pressure control should be pursued for 6 to 8
weeks prior to surgery if the urgency of the
indicated procedure permits.

Pulmonary

Patients with a known diagnosis of chronic
obstructive pulmonary disease (COPD),
asthma, upper respiratory tract infections,
pneumonia, or other pulmonary conditions
warrant special attention. In addition to an
assessment of the patient’s smoking status,
pulmonary functional baseline, need for sup-
plemental oxygen, and current pulmonary
medications, use of a pulmonary risk index
can aid in the quantification of the periop-
erative risk of respiratory failure (Table 4).
Patients with pulmonary risk factors should
have a preoperative CXR supplemented by
PFTs in those with unexplained dyspnea.
There is no role for routine preoperative ar-
terial blood gas testing. The benefits of peri-
operative smoking cessation are discussed
below. If the patient has had a recent deterio-
ration in pulmonary function in the recent
past due to a reversible cause, elective sur-
gery should be deferred until the patient re-
turns to their prior baseline. Patients with
COPD should be managed with an inhaled
anticholinergic (e.g.. ipratropium) and as
needed inhaled beta-agonists, Patients with
asthma should be maintained on their home
medication regimen unless their current
symptom control is poor. In these cases, a
step-up in therapy in the perioperative pe-
riod is warranted. Prophylactic administra-
tion of glucocorticoids to asthmatics is not

Perioperative Care of the Surgical Patient
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Need for emergency Yes Operatin Perioperative surveillance
; g room I—D e
noncardiac surgery? (Class I, LOE C) and postoperative risk
stratification and risk factor
| management
No
BiERS conditions* (Class I, LOE B) ACC/AHA guidelines operating room
No
Proceed with
Low risk surgery |7 Yes ——p
‘ | (Class T, LOE B) planned surgery
No
Functional capacity greater tan or Yes Proceed with
Step 4 equal to 4 METS without symptoms (Class I, LOE B) ’ planned surgery
No or unknown
1 or 2 clinical
3 or more clinical risk factorsf
sk o | No clinical
| Intermediate risk factorsf
| .
V. surgery' risk surgery? ‘
it | | + | Intermediate risk Class L,
Vascular surgery surgeryt LOEB
Class ITa,
LOEB
i h 4
\ 4 h 4 A Proceed with
e
r— mmt:‘gm:zi vl Proceed with planned surgery with HR control (Class Ila, LOE B) planned surgery
or consider noninvasive testing (Class IIb, LOE B) if it will change management

Fig 1. 2007 ACC/AHA algorithm for the perioperative cardiovascular management of patients aged 50 and above undergoing non-
cardiac surgery (Adapted from Fleisher et al. 2007.) *Active cardiac conditions include unstable or severe angina, MI between 7 and
30 days prior, decompensated heart failure, significant arrhythmia, severe aortic stenosis, or symptomatic mitral stenosis. "Low risk
surgery includes endoscopic procedures, superficial procedures, cataract surgery, breast surgery, and ambulatory surgery; interme-
diate risk surgery includes intraperitoneal/intrathoracic surgery, carotid endarterectomy, head and neck surgery, orthopedic sur-
gery, and prostate surgery; vascular surgery includes aortic and other major vascular surgery (except carotid endarterectomy) and
peripheral vascular surgery. *Clinical risk factors are similar to the revised Cardiac Risk Index factors in Table 3 and include history
of ischemic heart disease, cerebrovascular disease, compensated or prior heart failure, diabetes mellitus, and renal insufficiency.

required unless they are maintained on sys-
temic or high-dose inhaled steroids. In pa-
tients at high risk for perioperative pulmo-
nary complications, consideration should
be given to use of spinal or epidural anesthe-
sia over general anesthesia. Long-acting
neuromuscularblockade (e.g., pancuronium)
should be avoided. If a laparoscopic surgical
option is available, this should be used over
open surgery if possible. For postoperative
risk mitigation, an epidural catheter for an-
algesia should be planned in these patients,
and preoperative incentive spirometryteach-
ing should be conducted so the patient is

prepared to participate in early and aggres-
sive postoperative lung expansion.

Renal

Chronic renal insufficiency with a serum Cr
of 22 mg/dL is an independent predictor of
postoperative cardiac complications. In ad-
dition, the surgical team must take special
care to avoid further kidney injury in these
patients by maintaining euvolemia, taking
appropriate precautions to avoid contrast-
induced nephropathy, and by appropriately
dosing all medications while minimizing

the use of those with potential nephrotoxic
effects. In addition, in the perioperative pe-
riod, intravascular volume status can be
more difficult to gauge in this patient popu-
lation; so we are aggressive with employing
all available monitors to assure adequate
intravascular volume to include use of a
pulmonary artery catheter in some cases,
Patients with end-stage renal disease
(ESRD) require coordination of perioperative
care between the surgical team, the anesthe-
sia team, and nephrology. Preoperative elec-
trolytes should be obtained in close proxim-
ity to the procedure to ensure the serum
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Arozullah Respiratory Failure Index and the Associated Risk of

Respiratory Failure®
Preoperative predictor Points
Type of surgery
Abdominal aortic aneurysm 27
Thoracic 21
Neurosurgery, upper abdominal, peripheral vascular 14
Neck 11
Emergency surgery 11
Albumin <3 g/dL 9
BUN >30 mg/dL 8
Partially or fully dependent functional status 7
History of COPD 6
Age
>170 years 6
60 to 69 years 4
Class Points Risk of respiratory failure (%)
1 =10 0.5
2 11to 19 18to 2.1
i 20 to 27 42t05.3
4 28 to 40 10.1to 11.9
5 >40 26.6 to 30.9

Adapted from Arozullah et al. (2000).

“Respiratory failure is defined as either mechanical ventilation for >48 hours after surgery or reintubation and
mechanical ventilation after initial postoperative extubation.

potassium is within normal limits and that
there are no significant derangements in the
other values. If the patient is on hemodialy-
sis or peritoneal dialysis, the timing of pre-
and postoperative dialysis should be decided
upon in advance. Patients who are on the
cusp of requiring renal replacement therapy
(RRT) require similar surveillance and coor-
dination in the event that transient RRT is
required for postoperative electrolyte man-
agement, volume overload, or azotemia.

Liver

Patients with preexisting hepatic failure are
at increased risk for complications and death
after surgery. The Child-Turcotte and Child-
Pugh classification schemes were originally
developed to estimate the risk of death after
portal-caval shunting and have since been
validated as a good estimate for death follow-
ing a range of other surgeries. More recently,
the model for end-stage liver disease (MELD)
score has also been used to assess periopera-
tive risk in these patients (Table 5). An online
calculator, which uses the patient’s age, ASA
class, and MELD score to calculate 7-day,
3-day, 90-day, 1-year, and 5-year predicted
mortality is also available at http://www.
mayoclinic.org/meld/mayomodel9.html.

In general, patients with mild cirrhosis
(Child’s A or MELD < 10) tolerate surgery
well while patients with fulminant hepatic
failure, severe hepatitis, extrahepatic com-
plications, and advanced cirrhosis (Child’s C
or MELD > 15) are likely to have a poor
postoperative outcome and should have
surgery delayed until their liver function can
be optimized or they undergo a liver trans-
plantation if possible. Patients with moder-
ate cirrhosis (Child's B or MELD 10 to 15)

SN 4 Use of the MELD Score

for Preoperative Risk

Assessment in Patients

with Cirrhosis

Mortality (%)

MELD Score 7-day 30-day 90-day
Oto7 19 5.7 9.7
8to 11 33 10.3 17.7
12 to 15 77 254 323
16 to 20 146 4.0 55.8
21to 25 23.0 53.8 66.7
=26 300 90.0 90.0

Adapted from Teh et al. (2007).
MELD, model for end-stage liver disease.

can be considered for surgery after careful
preoperative evaluation. Reports of hernior-
rhaphy outcomes in these patients (both
umbilical and inguinal) suggest that these
operations can be performed safely. Simi-
larly, cholecystectomy has been reported in
patients with cirrhosis for a range of indica-
tions, and recent reports indicate that the
laparoscopic approach is safe and appears
to have improved outcomes when compared
with open cholecystectomy. The preopera-
tive preparation of these patients should fo-
cus on minimizing ascites, correcting vita-
min deficiencies (especially vitamin K), and
assessing for and correcting malnutrition.

Endocrinopathies and Obesity

Diabetes mellitus is a common medical con-
dition present in up to 20% of surgical pa-
tients. As shown in Table 3, insulin-requiring
diabetes is a marker for increased postoper-
ative cardiac morbidity in the RCRI. Historic
glycemic control is a known marker for post-
operative infections (pneumonia, wound
infection, UTI, and sepsis), and poor periop-
erative glycemic control has been shown to
correlate with surgical complications and
death. Thus, careful attention must be paid
by the surgical team to cardiac risk modifi-
cation in diabetic patients and to glucose
management throughout the entire periop-
erative period to assure optimal outcomes.

A reliable measure of historic glycemic
control over the previous 3 months is the he-
mogiobinﬂlc (Hb Al(:). If the Hb A]c is = 7%,
postoperative infections are increased while
a preoperative glucose level of >200 mg/dL
is associated with an increased rate of post-
operative deep wound infections, Perioper-
ative management of oral hypoglycemics
and insulin is discussed below (see section
on “Medication Management”).

Patients with hypothyroidism should con-
tinue on their baseline medication regimen
throughout the postoperative period. Those
who are nil per os (NPO) can have these med-
ications safely held or converted to IV supple-
mentation if a prolonged period of fasting is
anticipated, Those with hyperthyroidism un-
dergoing surgery should achieve a euthyroid
state before surgical intervention and their
antithyroid medications should be continued
up until the time of surgery. If urgent surgery
is required in a thyrotoxic patient, consulta-
tion with an endocrinologist is warranted.

Obesity has been extensively evaluated as
arisk factor for poor perioperative outcomes.
Recent evidence suggests that, in fact, there
is a so-called “obesity paradox” in that such
patients have fewer complications than con-
trols. The exceptions to this paradox are
wound and thromboembolic complications

Perioperative Care of the Surgical Patient
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including deep venous thrombosis (DVT)
and pulmonary embolism (PE).

Malnutrition

Preoperative malnutrition has been recog-
nized as an important risk factor for postop-
erative morbidity and mortality for over 70
years. Quantification of the degree of malnu-
trition and the correction of severe malnu-
trition preoperatively remain an important
part of surgical management. Assessment of
nutritional status begins with a thorough
history and physical examination paying
careful attention to dietary changes, evi-
dence of malabsorption, and evidence for
loss oflean body mass. The Subjective Global
Assessment has been used to facilitate this
evaluation. Laboratory testing should in-
clude albumin, transferrin, and prealbumin
to assess the long-term, intermediate-term,
and short-term nutritional state of the pa-
tient, respectively, If the patient is found to
be severely malnourished, surgery should be
delayed so that supplemental nutrition can
be administered. Enteral supplementation
is preferred if the patient can tolerate this
route; otherwise, parenteral nutrition (PN)
should be initiated. In this population, im-
provements in nutritional status are as-
sessed at regular intervals until surgery is
deemed safe (after 7 to 15 days in some stud-
ies). Supplemental nutrition is then contin-
ued postoperatively until the patient can
meet their caloric needs independently.

Coagulopathy

Patients with inherited coagulopathies and
those who are maintained on therapeutic an-
ticoagulation present special challenges with
regards to achieving and maintaining post-
operative hemostasis. Perioperative manage-
ment of anticoagulant and antiplatelet med-
ications is discussed below (see section on
“Medication Management”). The most com-
mon intrinsic coagulopathies in surgical pa-
tients are von Willebrand's disease and the
hemophilias. Patients with chronic renal in-
sufficiency also have some baseline degree of
platelet dysfunction. The surgical review of
systems should specifically focus on a predi-
lection for prolonged epistaxis, easy bruising,
and any bleeding complications during pre-
vious surgeries, If this evaluation is negative
for a bleeding history and the physical ex-
amination does not reveal any petechiae or
stigmata of chronic renal or liver disease,
routine testing of coagulation studies is not
indicated. If these studies are obtained and
are abnormal, a mixing study is required to
determine whether the abnormality is the
result of a factor deficiency or an inhibitor

(e.g. lupus anticoagulant). If the patient’s
personal family history is strongly suggestive
of an undiagnosed coagulopathy, consider-
ation should be given to testing for von Wille-
brand’s disease using the triad of plasma von
Willebrand’s factor (VWF) antigen, plasma
VWEF activity, and factor VIII activity. Patients
who carry a diagnosis of von Willebrand's
disease should be pretreated in consultation
with a hematologist with either desmopres-
sin (DDAVP) for minor surgery if the patient
has previously responded or with VWF con-
centrate for major surgery. Patients with mild
hemophilia A or B can similarly be pretreated
with DDAVP while those with severe hemo-
philia can be treated with specific factor con-
centrates (Factor VIII or IX) or activated Fac-
tor VII in the presence of inhibitors. Patients
with thrombocytopenia (e.g., those with in-
herited thrombocytopenic purpura) should
have a preoperative platelet transfusion tar-
geting a minimum of 50,000/pL.

Malignancy and
Immunocompromise

Patients with malignancy and those on im-
munosuppressive medications or with an in-
herited or acquired immunocompromised
state frequently undergo surgery. The preop-
erative evaluation should proceed as de-
scribed above guided by the patient’s other
medical conditions and nutritional status,
For patients on chemotherapy, the timing of
the last dose of chemotherapy, the projected
cell count nadirs, and planned future therapy
should be discussed with the patients and
their oncologist. For patients with HIV, a his-
tory of an AIDS-defining illness and their
current medication regimen should be elic-
ited. Laboratory testing should include a CBC
with differential, chemistries, renal function,
and liver function studies. If malnutrition is
suspected by history and physical examina-
tion, nutrition labs should be obtained. Pa-
tients with HIV should have a CD4 and a viral
load obtained as the former is a surrogate for
immunocompetence while the latter has
been specifically correlated with increased
perioperative complications at a level of
30,000 copies/mL or greater. Patients with
neutropenia should have surgery delayed if at
all possible. For those with neutropenia in
the postoperative state, development of fever
should prompt treatment with broad-spec-
trum antibiotics and, in some cases, an anti-
fungal agent as well. The role of colony stimu-
lating factors in neutropenic patients is
limited to those with additional indicators
that prolonged neutropenia will be poorly
tolerated such as poor functional status, poor
nutrition, an open wound, or active infection.
It has been shown that although these stimu-

lating factors reverse the neutropenia, they
do not reliably reduce hospital length of stay
or culture-positive infections,

Rheumatologic

Patients with rheumatologic diseases have a
high incidence of associated cardiovascular
disease as well as unique pathology, which
increases the risk of perioperative complica-
tions. Patients with rheumatologic condi-
tions are often maintained on immune-mod-
ulating medications such as glucocorticoids,
methotrexate, and so-called biologic agents
that interfere with the action of TNF and IL-1.
The perioperative management of these med-
ications is discussed in section on “Medica-
tion Management.’ In patients with rheuma-
toid arthritis, lateral cervical spine films with
flexion and extension should be obtained
within a year of surgery to assess for atlanto-
axial subluxation. Patients with ankylosing
spondylitis with severe kyphotic deformities
may be difficult to intubate, and thoracic cav-
ity restriction may require postoperative ven-
tilator support. Thus, preoperative anesthesia
and critical care consultations should be con-
sidered. Likewise, patients with scleroderma
can present special anesthetic challenges, in-
cluding a small oral aperture, difficult intra-
venous access, a propensity for vasospasm,
prolonged response to local anesthetics, and
a significant risk of aspiration due to esopha-
geal dysmotility. In addition, preoperative de-
tection of pulmonary or myocardial involve-
ment is essential; so consideration should be
given to obtaining PFTs, an arterial blood gas,
and echocardiography in addition to a CXR
and EKG. Patients with psoriatic arthritis
should be advised of the risk for a psoriatic
flare at both the surgical and the remote sites,
In addition, these patients may be at in-
creased risk for postoperative infection. Pa-
tients with systemic lupus erythematosus
(SLE) are at increased risk for postoperative
wound infection, renal insufficiency, and
thrombotic complications, including pulmo-
nary embolism. SLE patients with active dis-
ease and imminent vital organ failure can be
treated with intravenous immunoglobulin in
the perioperative period.

PREOPERATIVE BEHAVIORAL
MODIFICATION

In addition to risk modification interventions
discussed above, a number of preoperative
behavioral modification strategies have been
investigated in an attempt to improve surgical
outcomes. The most widely published inter-
ventions include smoking cessation, preoper-
ative weight loss, and various preoperative
exercise regimens (so-called prehabilitation).
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Historic evidence suggested that smoking
cessation within 8 weeks of surgery actually
results in increased pulmonary complica-
tions, presumably from bronchorrhea. On
the other hand, several smaller studies indi-
cate that some complications such as wound
infections and seromas are reduced if smok-
ing cessation occurs as early as 4 weeks prior
to surgery although these studies have been
inadequately powered to detect differences
in pulmonary complications,

Although obesity is associated with an
overall increase in cardiovascular disease
as well as perioperative wound and throm-
boembolic complications, the effect of pre-
operative weight loss on these risks has not
been well studied. In patients preparing for
bariatric surgery, preoperative weight loss
has been correlated with more durable
postoperative weight loss. However, im-
proved perioperative surgical outcomes in
terms of fewer surgical complications, car-
diovascular events, or pulmonary compli-
cations have yet to be documented for
either bariatric surgery or other surgical
procedures in the obese population.

Because functional status correlates
strongly with cardiovascular and pulmo-
nary complication rates, several groups
have investigated the benefits of specifically
targeting improved functionality in the pre-
operative period. Recent evidence suggests
that a simple regimen of daily walking and
deep breathing exercises improves exercise
capacity in patients awaiting abdominal
surgery, an effect that is preserved postop-
eratively. Similarly, preoperative inspiratory
muscle training appears to result in fewer
pulmonary complications and a shorter
hospital stay.

MEDICATION MANAGEMENT

Adult patients facing surgery are often tak-
ing a number of medications for manage-
ment of their chronic medical conditions.
Prior to surgery, a complete list of all medi-
cations and herbal supplements must be
obtained from the patient and reconciled
with the most recent list of medications in
their medical record. The most common
outpatient medications and their recom-
mended perioperative management are
summarized in Table 6. In general, essential
medications are continued through surgery
with any doses due at the time of surgery
taken with a sip of water. Essential medica-
tions and those with a significant risk of re-
bound effects (e.g.. beta blockers and cloni-
dine) arecontinued in anenteral, parenteral,
transdermal, or inhaled form during the
early postoperative period. As soon as fea-
sible, the patient’s outpatient medication

regimen should be resumed or revised in
consultation with their primary care physi-
cian or medical specialist.

Because of the risk of hemorrhage with
surgical intervention, the management of
outpatient therapeutic anticoagulation in
the perioperative period bears special men-
tion. Patients are maintained on anticoagula-
tion for a range of indications from the man-
agement of thromboembolic events to
anticoagulation for prosthetic heart valves,
The indication for anticoagulation dictates
the need for therapeutic “bridge” therapy
with a short acting agent while both the sur-
gical procedure and the indication for antico-
agulation are used to develop a postoperative
anticoagulation plan. For patients with me-
chanical heart valves, the 2006 ACC/AHA
guidelines are the most straightforward to
apply. In a patient with a bi-leaflet mechani-
cal aortic valve and no additional risk factors
for hypercoagulability (e.g., atrial fibrillation
or previous thromboembolism among oth-
ers), warfarin can be held 48 to 72 hours prior
to surgery with an INR checked on the day of
surgery targeting less than 1.5. All other pa-
tients (e.g. those with mechanical mitral
valves and those with additional risk factors
for thromboembolism or hypercoagulability)
should be managed with bridge therapy.
These guidelines recommend the use of ther-
apeutic heparin during this time although
therapeutic low-molecular-weight heparin is
included in other guidelines. Postoperatively,
in patients who do not require bridge therapy,
warfarin is resumed 24 hours after surgery.
'Those on bridge therapy have their anticoag-
ulation resumed as soon as the bleeding risk
permits, usually at 24 hours after surgery.

In all other conditions for which patients
are on therapeutic anticoagulation, the pe-
rioperative management of this regimen re-
quires an estimate of the bleeding risk from
surgery and the risk of a perioperative
thromboembolic complication. There are
no guidelines to inform practice, but some
general practice recommendations can be
made from the current literature on this
topic. Patients with a recent episode of ve-
nous or arterial thromboembolism should
have surgery delayed for at least 1 month if
at all possible. Minor surgery (e.g., outpa-
tient herniorrhaphy or cataract surgery) can
be done safely in patients on warfarin so
long as the INR is at the low end of the thera-
peutic range. Those undergoing major sur-
gery should have warfarin therapy withheld
approximately 5 days prior to surgery with
an INR checked on the day of surgery. Those
on the orally available direct thrombin in-
hibitor dabigatran (Pradaxa) should have
this withheld 1 to 2 days before surgery if re-
nal function is normal or 3 to 4 days with a

Cr clearance <50 mL/min, Bridging antico-
agulation with either intravenous heparin
or therapeutic low-molecular-weight hepa-
rin should be used in patients at high or in-
termediate rigk for a thromboembolic event.
For many indications including atrial fibril-
lation, individual patient risk stratification
should be conducted to determine the need
for bridge therapy. Bridge therapy with hep-
arin should be held 4 to 5 hours prior to sur-
gery while low-molecular-weight heparin
should be held 24 hours prior. As mentioned
above, postoperative resumption of bridge
therapy or oral anticoagulants depends on
the risk of postoperative bleeding but gener-
ally can be considered after 24 hours.

Patients on antiplatelet therapy also com-
monly face noncardiac surgery. The avail-
ability of thienopyridines (e.g. clopidogrel)
and the significant increase in DES implan-
tation have also made the scenario of dual
antiplatelet therapy in the surgical patient
increasingly common., Patients on antiplate-
let therapy should have a careful history
taken to determine their indication for
treatment—primary prevention versus pro-
phylaxis against stent thrombosis. As de-
scribed above, in patients with coronary
stents, the timing of surgery should take into
consideration the type of stent and the age
of the stent. Similarly, the risk ofhemorrhage
from the surgery should be considered. Cat-
aract surgery is often performed in the pa-
tient on aspirin as is coronary artery bypass
grafting, If aspirin is held, this should be 7 to
10 days prior to surgery and then resumed
when surgical hemostasis is assured, typi-
cally within or at 24 hours of the operation.
The use of clopidogrel or another thienopyri-
dine either alone or in combination with
aspirin should be elicited as well. Some lim-
ited data in the vascular surgery literature
suggests that with careful attention to he-
mostasis, even major vascular operations
can be done on dual antiplatelet therapy if
necessary with no significant increase in pe-
rioperative bleeding complications.

Patients with rheumatologic diseases as
well as many other conditions ranging from
reactive airway disease to inflammatory
bowel disease are maintained on systemic
glucocorticoids, Although historically, these
patients were given additional steroid doses
in the perioperative period—so-called stress
dose steroids—recent evidence has called
this routine practice into question. Patients
who havebeen on prednisone doses of 20 mg/
day (or the equivalent of another agent) for 3
weeks or more or who have a Chushingoid
appearance should be presumed to have hy-
pothalamic—pituitary—adrenal (HPA) sup-
pression, which will require supplemental
steroid dosing. For patients on lower doses,
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§v1) XN Perioperative Management of Outpatient Medications and Herbal Supplements

Medication class
Cardiovascular Medications

Beta blockers and non-dihydropyridine calcium channel

blockers
Alpha-2 agonists
ACE inhibitors, ARBs
Dihydropyridine calcium channel blockers
Diuretics
Statins
Other lipid lowering agents

Agents Affecting Hemostasis
Aspirin

Thienopyridines (e.g., clopidogrel and ticlopidine)

Dipyridamole
NSAIDs/COX-2 Inhibitors

Heparin/LMWH

Warfarin
Dabigatran

Pulmonary Medications
Inhaled bronchodilators

Leukotriene inhibitors (e.g., montelukast [Singulair])

Theophylline
Diabetic Medications
Insulin

Oral hypoglycemics

Other Endocrine/Hormonal Agents
Thyroxine (T4)

Oral contraceptives, HRT, and selective estrogen receptor

modulators (e.g., tamoxifen)
Glucocorticoids

Comment

Acute withdrawal of beta blockers can increase morbidity and mortality. Continue
perioperatively. Consider substituting a beta blocker in patients taking non-
dihydropyridine calcium channel blockers.

Acute withdrawal can precipitate rebound hypertension although this is usually at
higher oral doses. Continue perioperatively.

Generally continue perioperatively when blood pressure is stabilized and renal
function is at baseline, Consider holding one preoperative dose in patients with a
low baseline blood pressure,

Resume when blood pressure has stabilized.

Resume when blood pressure has stabilized and renal function is at baseline,

Withdrawal may increase perioperative cardiovascular events. Continue periopera-
tively.

Increased risk of myopathy perioperatively with some (e.g,, niacin}; others interfere
with GI absorption (e.g., colestipol). Hold perioperatively.

Balance individual patient risk of cardiovascular event versus the consequences of
ableeding complication, Hold for 7 to 10 days preoperatively if bleeding would
cause significant morbidity. Resume when hemostasis is adequate (e.g., within
12 to 24 hours of surgery).

If given for a DES placed within the past year, consider delaying surgery, Hold for 5
to 10 days preoperatively if bleeding would cause significant morbidity. Resume
when hemostasis is adequate (e.g., within 12 to 24 hours of surgery).

Hold for 2 days preoperatively if bleeding would cause significant morbidity.

Hold NSAIDs for 24 to 72 hours preoperatively. COX-2 inhibitors have minimal
effect on platelet function but have potential for renal toxicity and can lead to
cardiovascular events.

Management depends on the indication and dose. Administer prophylactic doses
preoperatively if indicated according to the patient’s risk profile for a VTE
complication; Therapeutic doses are generally held for 6 to 12 hours preopera-
tively and are resumed when hemostasis is assured postoperatively (usually
within 12 to 24 hours),

See discussion in the body of the chapter for recommendations on holding and
resuming warfarin.

See discussion in the body of the chapter for recommendations on holding and
resuming dabigatran (Pradaxa).

Continue perioperatively
Resume when tolerating oral medication

May cause arrhythmias and neurotoxicity. Hold perioperatively.

See discussion in the body of the chapter. Determine the sensitivity factor for
patients using an insulin pump.

Hold on the morning of surgery. Resume when tolerating a regular diet and risk of
returning to NPO status is minimal. Ensure normal renal function prior to
resuming metformin,

Can be safely held for 5 to 7 days postoperatively; resume when tolerating oral
medications, Parenteral dose is approximately 80% of the oral dose

In patients at increased risk for VTE, discontinue 6 weeks preoperatively. Resume
when the risk of VTE has resolved.

See discussion in the body of the chapter.
(continued)



Chapter 2: Perioperative Management: Practical Principles, Molecular Basis of Risk, and Future Directions 33

Perioperative Management of Qutpatient Medications and Herbal Supplements (Continued)

Medication class
Rheumatologic Agents
Antirheumatic agents

Gout agents
Neurologic Agents and Chronic Opioids
Antiepileptic agents

Anti-Parkinson agents

Chronic opioids

Psychotropic Medications
SSRI

MAOI
Lithium
Antipsychotics

Anxiolytics

Psychostimulants (e.g., methylphenidate [Ritalin])

Other
Herbal medications

Comment

There is no definitive increased risk of wound complications with these agents.
Methotrexate can be continued preoperatively in patients with normal renal
function; sulfasalazine and azathioprine should be held for 7 days preoperatively;
hydroxychloroquine can be continued periopeartively; biologic agents (e.g.,
etanercept [Humira)] and rituximab [Rituxin]) should be held for 7 or more days

preoperatively.

Hold on the morning of surgery, Resume when tolerating oral medications.

Continue perioperatively. In patients at low risk of a generalized seizure, resume
when tolerating oral medications. In patients at increased risk, administer a

parenteral antiepileptic agent.

Anti-Parkinson agents increase the risk of perioperative hemodynamic lability and
arrhythmias while abrupt withdrawal may result in neuroleptic malignant

syndrome and wo

rsening of Parkinsonian symptoms. Dopamenergic agents

should be tapered to the lowest possible dose 2 weeks preoperatively and
restarted at this dose postoperatively.

Patients on methadone should have their maintenance dose continued periopeart-
ively, Methadone can be given subcutaneously or intramuscularly (at 1/2 to 2/3 of
the usual dose divided into two to four equal doses) for patients who cannot

tolerate oral medications,

May interfere with platelet aggregation; so balance the risk of bleeding against the
risk of exacerbating the underlying disorder.

Management of an MAOI perioperatively should involve consultation with an
anesthesiologist and the patient’s psychiatrist.

Consider checking thyroid function tests preoperatively. Continue perioperatively;
monitor for nephrogenic DI and serum lithium levels.

Continue with cantion in patients at risk for exacerbation of psychosis; monitor QT
interval; be aware of drug-drug interactions,

Continue perioperatively if used on a chronic, routine basis,
Hold on the day of surgery. Resume when the patient is stable,

Some are associated with an increased risk of MI and stroke (ma huang), bleeding
(ginko, ginseng, and garlic), hypoglycemia (ginseng), or altered drug effects. Hold

for 7 days preoperatively.

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; NSAID, nonsteroidal anti-inflammatory drug; LMWH, low-molecular-weight heparin; HRT, hormone
replacement therapy; VTE, venous thromboembolism; SSRI, selective serotonin reuptake inhibitor; MAOL monoamine oxidase inhibitor; DI, diabetes insipidus; ML, myocardial

infarction.

our usual approach is to resume their home
dose or the equivalent in the postoperative
period and observe for hemodynamic insta-
bility or significant malaise as a trigger for
supplemental steroid dosing. An alternative
strategy is to perform specific testing for
HPA suppression using either high- or low-
dose ACTH stimulation testing, Those who
respond normally will likely not need supple-
mental steroid dosing postoperatively.

There has been some recent interest in
perioperative risk reduction through initiat-
ing new medications around the time of
surgery. Examples include starting a beta

blocker or statin in patients with cardiovas-
cular risk factors in the immediate preop-
erative period. Enthusiasm for initiation of
beta blockers around the time of surgery
has been recently tempered by the results of
the POISE trial and a subsequent meta-
analysis, which indicated that although this
practice reduces the incidence of periopera-
tive ML, the incidence of perioperative stroke
isincreased and all-cause mortality is either
increased or, at best, unchanged (although
the dose of beta blockade in the POISE trial
was moderately aggressive at 200 mg of ex-
tended release metroprolol daily). In light of

these results, the ACC/AHA released a fo-
cused update to their perioperative guide-
lines in 2009, which recommend against the
initiation of high-dose beta blockade with-
out dose titration in beta-blocker-naive pa-
tients undergoing surgery. Similarly, the in-
dications for perioperative statin initiation
in those without classic indications for lipid
lowering therapy have been clarified by re-
cent studies. These indicate that vascular
surgery patients likely benefit from this in-
tervention with fewer episodes of myocar-
dial ischemia and a lower perioperative car-
diac death rate.

Perioperative Care of the Surgical Patient
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PREQPERATIVE SPECIALTY
CONSULTATION

Patients with complex or refractory medical
problems may benefit from preoperative con-
sultation by a general medical internist, geri-
atrician, or other medical specialist. Studies
evaluating patient outcomes and utilization
of medical resources with this practice have
generated mixed results. However, provided
the consultants role is clearly delineated in
the initial request and the consultant makes
evidence-based recommendations, surgeon
satisfaction is high and the surgical patient’s
care is likely to improve, It should be evident
from the discussion above that asking a medi-
cal consultant to “clear” a patient for surgery
is a nonsequitur. Instead, the surgeon should
ask specific questions relating to risk stratifi-
cation and perioperative management of par-
ticular disease processes or medications, With
this approach, the consultant’s input is more
likely to be useful to the surgeon and the surgi-
cal team in making decisions on surgical tim-
ing and perioperative management strategies.
Postoperatively, continued involvement of
these consultants or a medical hospitalist can,
in some cases, improve the care of the patient
and should be considered by the surgeon.

World Health
Organization

RISK REDUCTION IN THE
IMMEDIATE PERIOPERATIVE
PERIOD

Multiple interventions and quality improve-
ment measures have been advanced in re-
cent years to reduce the risk of adverse
events in the OR ranging from wound infec-
tions to wrong-site surgery. This section re-
views some of the processes that now rou-
tinely occur as a result of these initiatives
and the management decisions that are
most often made from the time the patient
enters the preoperative area until the surgi-
cal intervention commences. In our view,
surgeons should continue to take a leading
role in directing the surgical team during
this time in the patient’s care as it sets the
stage for the entire postoperative course,

SURGICAL CHECKLIST AND
PREOPERATIVE TIMEOUT

Increased awareness of wrong-site surgery
led to a summit to address this problem in
2003 and 2007. Attended by leaders from
multiple surgical organizations and the Joint
Commission on Accreditation of Healthcare
Organizations (JCAHO), the 2003 summit

Before induction of anaesthesia »»»»»»»»» Before skin incision serrrrrrrerr

PATIENT HAS CONFIRMED CONFIRM ALL TEAM MEMBERS HAVE
® IDENTITY INTRODUCED THEMSELVES BY NAME AND
* SITE ROLE
* PROCEDURE
* CONSENT [0 SURGEON, ANAESTHESIA PROFESSIONAL
- AND NURSE VERBALLY CONFIRM
[0 SITE MARKED/NOT APFLICABLE * PATIENT
* SITE
[0 ANAESTHESIA SAFETY CHECK COMPLETED * PROCEDURE
[0 PULSE OXIMETER ON PATIENT AND FUNCTIONING ANTICIPATED CRITICAL EVENTS
DOES PATIENT HAVE A: [0 SURGEON REVIEWS: WHAT ARE THE
CRITICAL OR UNEXPECTED STEPS,
KNOWN ALLERGY? OPERATIVE DURATION, ANTICIPATED
O NO BLOOD LOS5?
0O YES
[0 ANAESTHESIA TEAM REVIEWS: ARE THERE
- :gHCUIIAIRNAWASHRAﬂDN RISK? ANY PATIENT-SPECIFIC CONCERNS?
[0  YES AND EQUIPMENT/ASSISTANCE AVAILABLE [J NURSING TEAM REVIEWS: HAS STERILITY
{INCLUDING INDICATOR RESULTS) BEEN
RISK OF >500ML BLOOD LOSS CONFIRMED? ARE THERE EQUIPMENT
(7MIL/KG IN CHILDREN)? ISSUES OR ANY CONCERNS?
O No
[0  YES, AND ADEQUATE INTRAVENOUS ACCESS HAS ANTIBIOTIC PROPHYLAXIS BEEN GIVEN
AND FLUIDS PLANNED WITHIN THE LAST 60 MINUTES?
[ YES
[J NOT APPLICABLE
IS ESSENTIAL IMAGING DISPLAYED?
[ Y¥YES
[0 NOT APPLICABLE

resulted in the introduction of the Universal
Protocol for Preventing Wrong Site, Wrong
Procedure, Wrong Person Surgery in 2004.
This protocol consists of three components:
preoperative verification of patient informa-
tion, surgical site marking to prevent ambi-
guity with unilateral procedures, and con-
ducting a presurgical timeout to review the
planned procedure and resolve any con-
cerns. Many hospitals promote use of the
final presurgical time out as an opportunity
for the entire OR team to review the surgical
plan and to confirm that all necessary medi-
cations have been given. Despite (or perhaps
because of) this increased emphasis on pa-
tient safety, the number of reported wrong-
site procedures has steadily increased since
the introduction of the Universal Protocol.
The anticipation by proponents of this cul-
ture of safety is that as the number of reports
rise and the freedom to raise safety concerns
in the OR disseminates, the frequency of
major errors will decrease significantly.

The Safe Surgery Saves Lives Study Group
has recently evaluated an intraoperative
checklist developed from the World Health
Organization (WHO) guidelines for improv-
ing perioperative surgical safety. The 19-
item checklist used by this group (Fig. 2)

SURGICAL SAFETY CHECKLIST (First Epimion)

Before patient leaves operating room

NURSE VERBALLY CONFIRMS WITH THE
TEAM:

[0 THE NAME OF THE PROCEDURE RECORDED

[0 THAT INSTRUMENT, SFONGE AND NEEDLE
COUNTS ARE CORRECT (OR NOT
APPLICABLE)

[0 HOW THE SPECIMEN IS LABELLED
(INCLUDING PATIENT NAME)

[0 WHETHER THERE ARE ANY EQUIPMENT
PROBLEMS TO BE ADDRESSED

[0 SURGEON, ANAESTHESIA PROFESSIONAL
AND NURSE REVIEW THE KEY CONCERNS
FOR RECOVERY AND MANAGEMENT
OF THIS PATIENT

Fig 2. Perioperative checklist. (Adopted from the WHO guidelines for safe surgery, 2008.)
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emphasizes communication between the
patient and all the various surgical team
members in the immediate preoperative
period and then focuses the team on criti-
cal decisions and communication points in
the OR and at the conclusion of the proce-
dure. Use of this checklist in eight different
hospitals in eight countries resulted in
fewer postoperative complications, includ-
ing death, This report and others highlight
the importance of communication between
the surgeon, anesthesiologist, OR nurse,
surgical technician, and the patient to en-
sure that the planned surgical procedure is
conducted safely and unplanned intraoper-
ative contingencies are readily identified
and well managed.

PREVENTION OF DEEP
VENOUS THROMBOSIS

Venous thromboembolic (VTE) complica-
tions are an all too common perioperative
complication. Over half of surgical patients
are at moderate risk or greater for VIE
events in the postoperative period, and PE
is still the most common preventable cause
of hospital death. In a recent study of surgi-
cal inpatients in 358 hospitals in 32 differ-
ent countries, although 64.4% of patients
were found to be at-risk for VTE, only 58.5%
of patients received appropriate VTE pro-
phylaxis, The American College of Chest
Physicians Evidence-based Clinical Practice
Guidelines (8th edition) on the Prevention
of Venous Thromboembolism have been
used to establish local policies in many hos-
pitals and serve as a benchmark for best
practice in this area (Table 7). These guide-

lines stratify patients into low-, moderate-,
and high-risk categories based principally
on the nature of the surgical procedure—an
approach that relies on overall group risk
assessment as opposed to individual risk
assessment. Although some investigators
have attempted to develop individual pa-
tient risk assessment models, to date, none
of these models have been validated. In fact,
it appears with few exceptions that the
principal predictor of risk is the primary
reason for the patient’s hospitalization.
Mechanical thomboprophylaxis includes
intermittent pneumatic compression de-
vices, venous foot pumps, or graduated
compression stockings. These modalities
have been shown to reduce the risk of DVT
in numerous patient populations. However,
they have not been demonstrated to reduce
the rate of PE or death, and compliance with
their use is often poor in the postoperative
period. Nonetheless, they are at low risk pre-
ventive measure that can be initiated prior
to induction of anesthesia in most surgical
patients. Those patients at moderate to high
risk of VTE should be considered for chemo-
prophylaxis starting preoperatively within 2
hours of surgery. If the patient is to receive
an epidural catheter, local policies should be
developed weighing the risk of VTE versus
an epidural hematoma as detailed in the
American Society of Regional Anesthesia
and Pain Medicine (ASRA) evidence-based
guideline on regional anesthesia in the pa-
tient receiving antithrombotic or throm-
bolytic therapy. In patients at moderate and
greater risk of VTE perioperatively, chemo-
prophylaxis should be started or resumed as
soon as bleeding risk is acceptably low; often

Summary of the Level of Thromboembolism Risk and Recommended
VTE Prophylaxis in Hospitalized Patients from the American College of
Chest Physicians Evidence-Based Clinical Practice Guideline on the
Prevention of Venous Thromboembolism (8th Edition)

Risk group Group characteristics DVT risk without prophylaxis Suggested prophylaxis

Low Minor surgery in

mobile patients

Moderate  Most general surgery
patients

Moderate VTE risk and
high bleeding risk

High Major trauma, SCI

High High VTE risk and
bleeding risk

10% to 40%

40% to 80%

<10% No specific prophylaxis;
early, “aggressive”
ambulation

LMWH, LDUH BID or
TID, fondaparinux
Mechanical prophylaxis

LMWH, fondaparinux,
warfarin (INR 2 to 3)

Mechanical prophylaxis

From Geerts et al. (2008).

LMWH, prophylaxis dose low molecular weight heparin; LDUH, low-dose unfractionated subcutaneous heparin;
VTE. venous thromboembolism; SCI, spinal cord injury; INR, international normalized ratio.

shortly postoperatively. This therapy should
be continued through the inpatient course
in most cases. High-risk general surgical pa-
tients, who have undergone major oncologic
surgery should also be considered for ex-
tended chemoprophylaxis for up to 28 days,
even as an outpatient.

POSTOPERATIVE ILEUS
PREVENTION

Patients undergoing bowel resection are at
risk for development of a postoperative
ileus. The recent availability of peripherally
acting mu-opioid receptor antagonists
(PAM-OR) such as alvimopan (Entereg) al-
lows surgeons to preemptively treat patients
at risk for postoperative ileus. The first dose
is given orally from 30 minutes to 5 hours
prior to surgery and is then continued dur-
ing the inpatient course. Use of this preven-
tive strategy appears to result in earlier re-
turn of bowel function by multiple measures
and shorter inpatient hospital length of stay.
Use of chronic narcotics is a contraindica-
tion to use of this medication, and hospitals
that wish to offer this medication must par-
ticipate in the ENTEREG Access Support
and Education (E.A.S.E.™) Program.

WOUND INFECTION

The Surgical Care Improvement Project
(SCIP) sought to reduce postoperative com-
plications (primarily SSI and VTE) by 25%
from 2006 to 2010. This broad-based initia-
tive supported by numerous national organi-
zations used a number of quality measures
to achieve this goal by promoting evidence-
based practice. SCIP quality measures spe-
cific to perioperative infectious complica-
tions include timely administration of
prophylactic antibiotics (within 1 hour prior
to the incision), use of appropriate antibiot-
ics for SSI prophylaxis, timely discontinua-
tion of prophylactic antibiotics (within 24
hours of the end of the operation for noncar-
diac surgery or 48 hours for cardiac surgery),
and appropriate hair removal (no hair re-
moval or use of clippers). Additional SCIP
measures relating to infectious complica-
tions include use of intraoperative tempera-
ture management, early removal of indwell-
ing urinary catheters, and glycemic control
on the morning after surgery in cardiac pa-
tients. Evidence of the impact of compliance
with these measures is just now emerging—
initial reports suggest that while global com-
pliance may result in a small reduction in SSI,
compliance on individual measures results
in little or no improvement in SSI rates.
Recommended perioperative antimicro-
bial prophylaxis regimens are periodically
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updated in several publications including
Treatment Guidelines from the Medical
Letter (2009). The role of several additional
SSI reduction strategies have been clarified
in the recent literature, including topical
antisepsis, the role of mechanical bowel
preparation (MBP) for colorectal surgery,
fascial closure techniques, and periopera-
tive oxygen supplementation. A recent study
comparing skin antisepsis with a chlorhexi-
dine-alcohol preparation versus betadine
in a range of clean contaminated surgical
cases demonstrated significantly reduced
SSI rates with the use of chlorhexidine-
alcohol, However, there was no description
of whether the betadine was allowed to dry,
and a betadine-alcohol preparation was
not included in the study. In addition, use of
chlorhexidine-containing solutions is not
recommended for preparation of exposed
mucosal surfaces and alcohol-based prepa-
rations are generally considered too risky
for use in emergency operations where
enough time may not be afforded for the al-
cohol to dry prior to the use of electrocau-
tery. Nonetheless, chlorhexidine-alcohol
preparation appears to be a good choice for
a range of surgical procedures.

MBP has been a mainstay of periopera-
tive surgical practice aimed at reducing
anastamotic and wound complications for
decades, However, systematic study by mul-
tiple investigators and subsequent meta-
analyses have not convincingly demon-
strated any benefit to this practice with
respect to either of these complications. In
fact, there may be a slight reduction in
anastamotic leakage when preoperative
MBP is not performed, although, as of 2003,
MBP was still widely practiced by colorectal
surgeons. Current guidelines leave the use
of MBP to the discretion of the surgeon for
open low anterior resection and all laparo-
scopic colonic procedures where the site of
the tumor may not be immediately obvious
and where intraoperative colonoscopy may
be required. For all other colonic resections,
preoperative MBP can be safely eliminated.

Fascial closure techniques for abdomi-
nal operations have also been evaluated
over many years searching for the optimal
method, which reestablishes abdominal
domain while minimizing the risk of post-
operative wound complications ranging
from superficial wound infections to com-
plete dehiscence with evisceration. Most
studies evaluating fascial closure methods
use incisional hernia as the primary end-
point, and until recently, SSI was thought to
not be affected by the technique of fascial
closure. However, a recent study suggest
that when using a running absorbable su-
ture technique, relatively small (5 to 8 mm),

closely spaced fascial bites resulting in a su-
ture to wound length ratio of =4:1 may re-
duce the incidence of SSI. Likewise, there is
growing interest in using antibiotic-coated
suture material that may also reduce the
rate of wound infections.

Oxygen supplementation in the immedi-
ate postoperative period has also been evalu-
ated by several randomized controlled trials,
including the recently published Periopera-
tive Oxygen Fraction (PROXI) study. Although
the original US-based study demonstrated
increased infections in the oxygen-treated
group and the PROXI study showed no ben-
efit to 80% O, supplementation for 2 hours
postoperatively, three other studies have
shown a benefit to various types of O, sup-
plementation. Consequently, pooled analysis
of these results still falls in favor of perioper-
ative hyperoxia although the likely benefit is
relatively small.

INTRAOPERATIVE
RESUSCITATION

Inappropriate management of intravenous
fluid volumes during surgery can resultin a
number of postoperative complications
ranging from ranging from pulmonary and
renal dysfunction to anastamotic failure
and sepsis. Achieving the appropriate bal-
ance of adequate intravascular volume and
oxygen delivery during the surgical proce-
dure has proven difficult, however. This dif-
ficulty arises for many reasons, mostly be-
cause direct measures of intravascular
volume and end-organ perfusion are not
readily available while estimates of intraop-
erative bleeding and insensible losses are
notoriously inaccurate. Furthermore, a
standard nomenclature for the various fluid
administration strategies is lacking, leading
to imprecise and variable definitions from
study to study. Recognizing these limita-
tions, it has become clear that either too
much or too little intravenous fluid admin-
istration of any type is harmful. In major
abdominal operations where additional
monitoring is justified, a “goal-directed” ap-
proach based on surrogates for intravascu-
lar volume measurement (e.g., esophageal
Doppler measurement of changes in peak
aortic stroke velocity or arterial waveform
variability) while monitoring indicators of
oxygen consumption such as ScvQ, is ap-
pealing. Combining this approach with a
relatively restrictive (but not too restrictive)
background of intravenous fluid adminis-
tration (e.g., 8 to 12 mL/kg/h) appears to
balance the various risks of respiratory fail-
ure, renal insufficiency, wound infections,
congestive heart failure, and postoperative

arrhythmia.

POSTOPERATIVE RISK
MINIMIZATION

Relative to preoperative office visits and OR
time, the postoperative course typically
represents the time in which the patient
has the most direct contact with the health-
care system. This poses both advantages
and disadvantages—the patient is immedi-
ately at hand so that care can be directly
monitored, although as the complexity of
the system and the duration of contact in-
creases, so to does the possibility of error.
The overall goals of this phase of care should
be to restore the patient to their preopera-
tive functional level or to an even higher
functional level as quickly as possible while
minimizing iatrogenic events and nosoco-
mial infections. Recent advances in postop-
erative care include the introduction of
clinical care pathways, development of a
systematic approach to care provider hand-
offs, recognition of the importance of early
mobilization even in an intensive care unit
(ICU) setting, refinement of our use of post-
operative organ support devices and moni-
tors, and clarifying the management goals
for chronic illnesses (e.g., diabetes mellitus)
in the postoperative time period.

CLINICAL PATHWAYS
AND HANDOFFS

Clinical pathways are tools which incorpo-
rate evidence-based practice guidelines into
a timeline, which is then tracked so that de-
viations can be monitored. Hospitals and
clinical services may develop these pathways
to communicate expected postoperative
events to patients and support staff while en-
suring the consistent use of evidence-based
practice for a given disease process. They are
best applied to common surgical procedures
within moderate- to high-volume centers.
Examples include coronary artery bypass
graft surgery, laparoscopic Roux-en-Y gastric
bypass, and laparoscopic cholecystectomy.
Use of these pathways has been shown to
standardize patient care while reducing
length of hospital stay and use of resources
with improved patient satisfaction.

Multiple forces within healthcare from
resident work hour restrictions to changing
practice models have increased the fre-
quency of patient handoffs between provid-
ers. This represents both a time when criti-
cal information can be reviewed and
summarized and a time where lapses in
communication can ultimately lead to poor
patient care. Approaches to minimizing the
latter include use of a standardized ap-
proach to handoffs such as the Situation-
Background-Assessment-Recommendation
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model, specific training on how to performa
comprehensive patient handoff, and proc-
tored simulation training on performing
handoffs. There is emerging evidence that
such efforts do indeed avoid lapses in pa-
tient care,

POSTOPERATIVE MONITORING
AND MANAGEMENT OF CHRONIC
MEDICAL ILLNESSES

Postoperatively, patients with chronic med-
ical illnesses require monitoring of these
illnesses and a plan for resuming their
home medication regimen. Our general ap-
proach to postoperative medication man-
agement in patients with chronic medical
conditions is included in Table 6. Regarding
postoperative monitoring, selecting the ap-
propriate level of monitoring usually de-
pends on local hospital policies and unit
expertise, In some cases, the type of surgery
will dictate the level of care required such
as craniotomy patients who need frequent
neurologic exams or vascular surgery pa-
tients require frequent pulse checks in a
specialized unit. Patients on a mechanical
ventilator universally undergo postopera-
tive care in an ICU for some period of time.
For patients who do not require specialized
checks or a ventilator, the patient’s chronic
illnesses and the extent of surgery will guide
the need for postoperative monitoring. In
recent years, enthusiasm for the use of pul-
monary artery catheter for routine postop-
erative monitoring in certain patient popu-
lations has waned in the absence of any
demonstrable benefit and significant risks
of complications, including pulmonary ar-
tery embolism and rupture in addition to
incorrect management decisions made due
to misinterpretation of available data.
Other monitoring decisions are discussed
below individually in the context of each
specific organ system.

Patients with known cardiovascular dis-
ease should be considered for telemetry
monitoring. Some recommend a postopera-
tive 12-lead EKG and a single set of cardiac
enzymes in these patients as well although
this practice is not universal. These patients
should have beta blockers and statins re-
sumed as soon as feasible in the postopera-
tive period. For patients with essential hy-
pertension, target blood pressures are
relaxed to avoid hypoperfusion with inter-
vention warranted if systolic pressures trend
around 180 mm Hg or diastolic pressures
rise to 100 to 110 mm Hg. These patients
should have pain and other causes of ele-
vated blood pressure, such as urinary reten-
tion ruled out as well. Patients chronically

on clonidine should have this resumed early
in the postoperative course. Angiotensin-
converting enzyme (ACE) inhibitors and
angiotensin receptor blockers (ARBs) are
generally resumed when intravascular vol-
ume shifts have subsided and renal func-
tion is shown to either remain at baseline or
returns to baseline. Similarly, after major
surgery, diuretics are resumed when the pa-
tient is ready to mobilize fluid or the patient
is determined to have little risk for becom-
ing excessively dehydrated.

Patients with chronic pulmonary condi-
tions should be resumed on their home
regimen of inhaled beta agonists and anti-
cholinergics via metered dose inhaler or
nebulizer either orally or in-line with the
ventilator. Inhaled and systemic glucocorti-
coids for control of reactive airway disease
should similarly be continued postopera-
tively. Leukotriene inhibitors (e.g., montelu-
kast [Singulair]) can be resumed when the
patient is taking oral medications. Theo-
phylline should be discontinued periopera-
tively given its narrow therapeutic window.

Surgical intervention can result in poor
glycemic control in diabetic patients or can
unmask insulin resistance in patients not
previously known to be diabetic. Much at-
tention has been given to glycemic control
in the perioperative period over the past de-
cade. Initial enthusiasm for tight glycemic
control has been tempered by the recogni-
tion of the significant deleterious effects of
hypoglycemic events which, in some cases,
negate the benefits of tight control. Current
recommendations aim for “reasonable”
control over normoglycemia in the postop-
erative period generally defined as most
readings below 180 to 200 mg/dL. One ben-
efit of this movement is that surgeons and
surgical units are now much more familiar
with the management options for patients
with hyperglycemia in both the fasted and
the partially fasted state ranging from insu-
lin infusions to resumption of subcutane-
ous insulin regimens. Patients on oral hypo-
glycemics can generally be managed with a
short-acting insulin administered on a slid-
ing scale until oral intake has reliably re-
turned when most of these agents can be
restarted. One exception is metformin,
which should not be resumed until renal
function is proven to be normal and there is
little risk of significant intravascular vol-
ume shifts, which is generally proximate to
the time of discharge.

Postoperative nutritional support is
sometimes required if patients were se-
verely malnourished preoperatively or if
bowel function does not return within a
week of surgery. Options include enteral
and PN. If the patient is unable to take ade-

quate calories due to critical illness but the
gastrointestinal system is functional, en-
teral support is preferred. In cases where
enteral support is not possible or only par-
tial enteral support can be achieved, PN is
used. When this strategy is chosen, care
must be taken to meticulously care for the
central venous catheter to avoid blood-
stream infections, glycemic control should
be maintained in a “reasonable” range as
described above often with insulin added to
the PN mix, protein doses are initially esti-
mated based on the patient’s diagnosis and
other chronic conditions and then adjusted
to avoid azotemia, and fat is used sparingly
balancing the avoidance of fatty acid defi-
ciency against the immunosuppressive ef-
fects of long-chain fatty acids and the con-
cern that cholestasis and PN-associated
hepatic injury may result from intravenous
fat formulations currently available in the
United States.

Patients with rheumatologic conditions
should generally have their medications re-
sumed with the initiation of a postoperative
diet. Patients taking methotrexate should
have normal renal function confirmed be-
fore this agent is restarted. Patients with a
history of gouty arthropathy should have
colchicine or any hypouricemic agents re-
sumed when they can tolerate oral medica-
tions. If a gout flare occurs postoperatively
in a patient who is an NPO, management
options include intravenous ketorolac (Tor-
adol), intra-articular steroid injections, or
systemic steroids.

EARLY MOBILIZATION

Although bed rest was historically routinely
prescribed after surgical interventions, the
negative side effects of this practice ranging
from pressure sores to osteopenia have
been recognized for decades. As discussed
in the next section, loss of lean body mass is
associated with a range of adverse out-
comes in the postoperative period, and en-
forced bed rest has been shown to reduce
lean body mass and total body strength in
healthy adults. In fact, prolonged weakness
is now recognized as one of the most dura-
ble and troublesome side effects of critical
illness. Efforts to minimize this complica-
tion by increasing postoperative mobility
have been advanced in a number of patient
populations, including cardiac surgical pa-
tients, patients undergoing elective colon
resection, and in those with respiratory fail-
ure on ventilator support. These interven-
tions range from passive range of motion
exercises performed by family members
and bedside nurses to lengthy training ses-
sions with physical therapists depending
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