






19TH EDITION 

COURTNEY M. TOWNSEND, JR., MD 
Professor and John Woods Harris Distinguished Chairman 
Robertson-Path Distinguished Chair in General Surgery 
Department of Surgery 
The University of Texas Medical Branch 
Galveston, Texas 

R. DANIEL BEAUCHAMP, MD 
J.C. Foshee Distinguished Professor and Chairman, Section of 

Surgical Sdences 
Professor of Surgery and Cell and Developmental Biology and 

Cancer Biology 
Vanderbilt University School of Medicine 
Surgeon-in-Chief, Vanderbilt University Hospital 
Nashville, Tennessee 

B. MARK EVERS, MD 
Professor and Vice-Chair for Research, Department of Surgery 
Director, Ludlle P. Markey Cancer Center 
Markey Cancer Foundation Endowed Chair 
Phys1dan-in-Chief, Oncology Service Line UK Healthcare 
The University of Kentucky 
Lexington, Kentucky 

KENNETH L. MATTOX, MD 
Professor and Vice Chairman 
Michael E. DeBakey Department of Surgery 
Baylor College of Medidne 
Chief of Staff and Chief of Surgery 
Ben Taub General Hospital 
Houston, Texas 

with 1645 illustrations 

ELSEVIER 
SAUNDERS 



ELSEVIER 
SAUNDERS 

1600 John F. Kennedy Blvd. 
Sre \ 800 
Philadelphia, PA 19103-2899 

SABISTON TEXTBOOK OF SURGERY ISBN: 978-I-4377-1560-G 
lrucmational Edition ISBN: 978-1-4557-I 146-8 

Copyright © 2012, 2008, 2004, 200 1, 1997, 199 1, 1986, 1981 , 1977, 1972, 1968, 1964, 1960, 1956 by 
Saunders, :m imprint of Elsevier Inc. 

Copyright 1949, 1945, 1942, 1939, 1936 by Elsevier lnc. 

Copyright renewed I 992 by Richard A. Davis, Nancy Davis Regan, Susan Okum, Joanne R. Arrz, and 
Mrs. Mary E. Am. 

Copyright renewed 1988 by Richard A. Davis and Nancy Davis Regan. 

Copyright renewed 1977 by Mrs. Frederick O tristopher. 

Copyright renewed 1973, 1970, 1967, 1964 by \V.B. Saunders Company. 

All rights reserved. No part of this publication may tx- reproduced or uansmined in any form or by any means, 
elccrronic or mc:ch:anical, including phowcopying, recording., or any information srorJgc and rcrri~val sysrem, 
wirhour permission in writing from the publisher. Derails on how to seek permission, fun:hcr infonnarion about 
the Publisher's permissions policks artd our arrrutgemem:s witl1 orgJnizatious such as tl1e Copyright Cle<trane<' 
C:nter ar1d the Copyright LiU'nsing Agency, can be found a t our website: www.els..-vieccom/pc::rmissions. 

Tit is book and the individual conuiburions contained in it are prorecred under copyright by the Publisher (other 
than as may be norcd herein). 

Notices 

Knowledge and besi" praaice in this field are constant!)' changing. As n<w r~"Search and exp<orknU' broaden 
our undersranding, changes in research methods, professional practices, or medic.alrrearmenr may becomt­
necessarv. 

Pmcririoners and rest-archers muSt always rely on rheir own exp<'ricm:e and knowlcdg'" in t"vJiuating and 
using any information, mcrhods, compounds, or experimenrs described herein. In using such information or 
rnetltods tl1q should bt- mindful of their own safety and the safety of orhers, including parries for whom th<"Y 
have a professional responsibili ty. 

Wirh respect to any drug or pharmaccutictl productS identified, readers :tre advised to check dtt- mosr 
current information provided (i) on procedures featured or (ii) by d1c manufacturer of e~.ch product to be 
administered, ro verify the recommended dose or formula. the mcr:hod and duration of admin isuarion, and 
contraindications. It is d1~ responsibility of pmcr:irioners, rdying on d1eir own c:xpcricnce and knowledge of 
their parienrs, ro make cliagnoSI:'s, to determine dosagc:s and rhe besr rrearmenr for each individual parienr, and 
to rake all appropr·iate safety precautions. 

To the fullest .:-xt..-nr of the law, neither r:hc Publisher nor the authors, contributors, or editors, a~l!rnc any 
liabilit}' for any injury and/or damage ro persons or property as a mart<·r of products liabiliry, ncgli~no: or 
otherwise, or from any use or operarjon of any methods, products. instructions, or ideas conrained in the 
material herein. 

Library of Congress Cataloging-in-Publication Data or Control Number 
Sabisron ro.>xrbook of surgery : d1e biological basis of modern surgical pr~ctice.- 1 9th ed. I [edited by] Courtney 
M. lown&nd) r . .•. [er al.]. 

p.; ern. 

Tc:>-'tbook of surg<>ry 
Includes bibliographical references and index. 
ISBN 978- I-4377-1560-6 (hardcover: alk. paper) 
I. Sabisron. David C., 1924-2009. IT. Townsend, Courm..-y M. I!J. Tide: T<'Xtbook of surgt:ry. 
[DNLM: I. Surgical Proa:durcs, Op<orativc. 2. General Surgery. 3. ftrioperati~ Care. WO 500] 
617-dc23 

201104062 1 

Global Courmr Dn•clopmmr Dinrror: Judith Flercher 
Commt Drt•£lopmrumi Mounger: Maureen Iannuzzi 
Publisbiug Srrrifces Mauaga: Ca.rherine Jackson 
Srmor Projm Mounger: Rad1cl E. McMullen 
Design Dir~ctiou: Lou is Forgione 

Primed in Clnada 

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

Working togerher to grow 
libraries in developing counrries 

www.els.•vier.com I www.bookaid.org I www.s:<brc.org 



DE CA ,~------=-~ 

To OUR PATIENTS, who grant us the privilege of practicing our craft; to our students, residents, and colleagues, from whom we 
learn; and to our wives-Mary, Shannon, Karen, and ]tme-without whose support this would not have been possible. 



ONTRIBU1i R -~------=-~ 

ANDREW B. ADAMS, MD, PHD 
Associate, Department of Surgery, Emory Transplant Center, 

Emory University School of Medicine, Atlanta, Georgia 
Transplantation /mmunobiology and Immunosuppression 

CHARLES A. ADAMS, JR., MD 
Chief of Trauma and Surgical Critical Care, Rhode Island 

Hospital; Assistant Professor of Surgery, Alpert Medical School 
of Brown University, Providence, Rhode Island 

Surgical Critical Core 

AHMED AL-MOUSAWI, MD 
Clinical Fellow, Burns & Critical Care, Shriners Burns Hospital for 

Children, Department of Surgery, University of Texas Medical 
Branch, Galveston, Texas 

Metabolism in Surgical Patients 

WADDAH B. AL-REFAIE. MD, FACS 
Co-Director, Minnesota Surgical Outcomes Workgroup, Associate 

Professor of Surgery and Staff Surgeon, Division of Surgical 
Oncology, Department of Surgery, University of Minnesota and 
Minneapolis VAMC, Minneapolis, Minnesota 

Exocrine Pancreas 

NANCY L. ASCHER, MD, PHD 
Professor and Chair, Department of Surgery, University of 

California at San Francisco, San Francisco, California 
Liver Transplantation 

STANLEY W. ASHLEY, MD 
Chief Medical Officer, Vice President for Med1cal Affairs, Brigham 

and Women's Hospital; Frank Sawyer Professor of Surgery, 
Harvard Medical School, Boston, Massachusetts 

Acute Gastrointestinal Hemorrhage 

PAUL S. AUERBACH, MD, MS, FACEP 
Redlich Family Professor of Surgery, Department of Surgery, 

Division of Emergency Medicine, Stanford University School of 
Medicine, Stanford, California 

Bites and Stings 

BRIAN BADGWELL, MD 
Ass1stant Professor, Department of Surgery, University of 

Arkansas for Medical Sciences, Little Rock, Arkansas 
Abdominal Wall, Umbilicus, Peritoneum, Mesenteries, Omentum, 

and Retroperitoneum 

FAISAL G. BAKAEEN, MD, FACS 
Chief of Cardiothoracic Surgery, The Michael E. DeBakey VA 

Medical Center; Associate Professor, Cardiothoracic Surgery, 
Baylor College of Medicine, Houston, Texas 

Acquired Heart Disease: Coronary lnsuffidency 

PHILIP S. BARIE. MD, MBA, FIDSA, FCCM. FACS 
Professor of Surgery and Public Health, Weill Cornell Medical 

College; Chief, Preston A. (Pep) Wade Acute Care Surgery 
Service, New York~Presbyterian Hospitai-Weill Cornell Medical 
Center, New York, New York 

Surgical Infections and Antibiotic Use 

B. TIMOTHY BAXTER, MD 
Professor of Vascular Surgery, Department of Surgery, University 

of Nebraska Medical Center, Omaha, Nebraska 
The Lymphatics 

R. DANIEL BEAUCHAMP, MD 
J.C Foshee Distinguished Professor and Chairman, Section of 

Surgical Sciences, Professor of Surgery and Cell and 
Developmental Biology and Cancer Biology, Vanderbilt 
University School of Medicine; Surgeon-in-Chief, Vanderbilt 
University Hospital, Nashville, Tennessee 

Perioperotive Patient Safety 

YOLANDA BECKER, MD, FACS 
Professor of Surgery, Director, Kidney and Pancreas Program, 

Div1sion of Transplant Surgery, University of Chicago, 
Chicago, Illinois 

Kidney and Pancreas Transplantation 

PAUL R. BEERY, MD 
Clinical Assistant Professor, Department of Surgery, Ohio State 

University Grant Medical Center, Columbus, Ohio 
Surgery in the Pregnant Patient 

DAVID H. BERGER, MD 
Professor of Surgery and Vice-Chair, Michael E. DeBakey 

Department of Surgery, Baylor College of Medicine; Operative 
Care Line Executive, Michael E. DeBakey VA Medical Center, 
Houston, Texas 

Surgery in the Geriatric Patient 

JOSHUA I.S. BLEIER, MD, FACS, FASCRS 
Assistant Professor, Department of Surgery, University of 

Pennsylvania, Philadelphia, Pennsylvania 
Colon and Rectum 

DANIEL BORJA-CACHO, MD 
HPB Fellow, Department of Surgery, University of Minnesota, 

Minneapolis, Minnesota 
Exocrine Pancreas 

HOWARD BRODY, MD, PHD 
Director, Institute for the Medical Humanities; John P. McGovern 

Centennial Chair in Family Medicine, Family Med1cine, 
University of Texas Medical Branch, Galveston, Texas 

Ethics and Professionalism in Surgery 

BRUCE D. BROWNER, MD, MS, FACS 
Gray-Gossling Chair, Professor and Chairman Emeritus, 

Department of Orthopedic Surgery, New England 
Musculoskeletal Institute, University of Connecticut Health 
Center; Director of Orthopaedics, Hartford Hospital, 
Farmington, Connecticut 

Emergency Core of Musculoskeletal Injuries 

THOMAS A. BUCHHOLZ, MD, FACR 
Head, Division of Radiation Oncology, The University of Texas 

M.D. Anderson Cancer Center, Houston, Texas 
Diseases of the Breast 

vii 



------------------------------------------------------- -

BRIAN B. BURKEY, MD, FACS 
Vice-Chairman and Section Head, Head and Neck Surgery 

and Oncology, Head and Neck Institute, Cleveland Clinic 
Foundation; Adjunct Professor, Department of Otolaryngology, 
Vanderbilt University Medical Center, Nashville, Tennessee 

Head and Neck 

KATHLEEN E. CARBERRY, BSN, RN. MPH 
Research Specialist-clinical Outcomes, Center for Clinical 

Outcomes, Congenital Heart Surgery Service, Texas Children's 
Hospital, Houston, Texas 

Congenital Heart Disease 

CHARLIE C. CHENG, MD 
Assistant Professor, Division of Vascular Surgery and 

Endovasrular Therapy, University of Texas Medical Branch, 
Galveston, Texas 

Peripheral Arterial Ocdusive Disease 

KENNETH J. CHERRY, JR .. MD 
Professor, Department of Surgery, School of Medicine, University 

of Virginia, Charlottesville, Virginia 
Aorta 

LORI CHOI, MD 
Assistant Professor, Division of Vascular Surgery and 

Endovasrular Therapy, University of Texas Medical Branch, 
Galveston, Texas 

Peripheral Arterial Ocdusive Disease 

DANNY CHU, MD 
Associate Chief of Cardiothoraac Surgery, Operative Care Line, 

Michael E. DeBakey VA Medical Center; Assistant Professor of 
Surgery, Michael E. DeBakey Department of Surgery, Texas 
Heart Institute/Baylor College of Medicine, Houston, Texas 

Acquired Heart Disease: Coronary Insufficiency 

DAI H. CHUNG, MD 
Professor and Chairman, Janie Robinson and John Moore Lee 

Endowed Chair, Department of Pediatric Surgery, Vanderbilt 
University Medical Center, Nashville, Tennessee 

Pediatric Surgery 

WILLIAM G. CIOFFI, MD 
Surgeon-in-Chief, Department of Surgery, Rhode Island Hospital; 

Professor and Chairman of Surgery, Alpert Medical School of 
Brown University, Providence, Rhode Island 

Surgical Critical Core 

MICHAEL COBURN. MD 
Professor and Chair, Scott Department of Urology, Baylor College 

of Medicine; Carlton-Scott Chair in Urologic Education; Chief 
of Urology, Ben Taub General Hospital, Houston, Texas 

Urologic Surgery 

MARION E. COUCH, MD, PHD 
Associate Professor, Department of Otolaryngology/Head and 

Neck Surgery, University of North Carolina School of Medicine, 
Chapel Hill, North Carolina 

Head and Neck 

viii 

MICHAEL D'ANGELICA, MD 
Associate Member, Department of Surgery, Memorial Sloan­

Kettering Cancer Center; Associate Attending Surgeon, 
Department of Surgery, Memorial Hospital for Cancer and 
Allied Diseases; Associate Professor, Department of Surgery, 
Cornell University, Weill Medical College, New York, New York 

The Liver 

ALAN DARDIK, MD, PHD 
Associate Professor of Surgery, Yale University School of 

Medicine; Chief, Peripheral Vascular Surgery, VA Connecticut 
Healthcare System, West Haven, Connecticut 

Surgery in the Geriatric Patient 

MERRIL T. DAYTON. MD 
Professor and Chairman, Department of Surgery, State University 

of New York- Buffalo; Chief of Surgery, Kaleida Health System, 
Buffalo General Hospital, Buffalo, New York 

Surgical Complications 

JOSE J. DIAZ, MD, CNS, FACS, FCCM 
Professor of Surgery, Chief Acute Care Surgery, R Adams Cowley 

Shock Trauma Center, University of Maryland Medical Center, 
Baltimore, Maryland 

Bedside Surgical Procedures; The Diffirult Abdominal Wall 

QUAN-YANG DUH, MD 
Professor of Surgery, University of California San Francisco; 

Surgical Service, San Francisco VA Medical Center, 
San Francisco, California 

The Adrenal Glands 

WILLIAM D. DUTTON. MD, CDR, MC, USN 
Instructor of Surgery, Acute Care Surgery Fellow, Division of 

Trauma and Surgical Critical Care, Vanderbilt University 
Medical Center, Nashville, Tennessee 

The Difficult Abdominal Wall 

TIMOTHY J. EBERLEIN, MD 
Bixby Professor and Chairman of the Department of Surgery, 

Spencer T. and Ann W. Olin Distinguished Professor and 
Director, The Alvin J. Siteman Cancer Center, Barnes-Jewish 
Hospital and Washington University School of Medicine; 
Surgeon-in-chief, Barnes-Jewish Hospital, St. Louis, Missouri 

Tumor Biology and Tumor Markers 

JAMES S. ECONOMOU, MD, PHD 
Beau mont Professor of Surgery, Chief of Division of Surgical 

Oncology, Professor of Microbiology, Immunology and 
Molerular Genetics, Professor of Molecular and Medical 
Pharmacology, UCLA School of Medicine; Vice Chancellor for 
Research, University of California, Los Angeles, California 

Tumor Immunology and Immunotherapy 

E. CHRISTOPHER ELLISON, MD 
Robert M. Zollinger Professor and Chair, Department of Surgery, 

Ohio State University Medical Center, Columbus, Ohio 
Surgery in the Pregnant Patient 



---------------------------------------------------

- -
STEVEN R.T. EVANS, MD 
Professor of Surgery, Chief Medical Officer and Vice President 

for Medical Affairs, Georgetown University Hospital, 
Washington, DC 

Biliary System 

B. MARK EVERS, MD 
Professor and Vice-Chair for Research, Department of Surgery, 

Director, Lucille P. Markey Cancer Center, Markey Cancer 
Foundation Endowed Chair, Physician-in-Chief, Oncology 
Service Une UK Healthcare, The University of Kentucky, 
Lexington, Kentucky 

Small Intestine 

FARHOOD FARJAH. MD, MPH 
Department of Surgery, University of Washington, Seattle, 

Washington 
Evidence-Based Surgery: Critically Assessing Surgical Literature 

MITCHELL P. FINK, MD 
Professor, Departments of Surgery and Anesthesiology, Vice­

Chair of Department of Surgery, UCLA David Geffen School of 
Medicine, Los Angeles, California 

The Inflammatory Response 

NICHOLAS A. FIORE. II, MD, FACS 
Cy-Fair Hand and Wrist, Houston, Texas 
Hand Surgery 

DAVID R. FLUM. MD, MPH 
Professor of Surgery and Adjunct Professor of Health Services 

and Pharmacy, Director of the Surgical Outcomes Research 
Center, University of Washington, Seattle, Washington 

Evidence--Based Surgery: Critically Assessing Surgical Literature 

YUMAN FONG, MD 
Murray F. Brennan Chair in Surgery, Department of Surgery, 

Division of Hepatopanaeatobiliary Surgery, Memorial Sloan­
Kettering Cancer Center; Professor of Surgery, Weill Cornell 
Medical Center, New York, New York 

The Liver 

CHARLES D. FRASER, JR .. MD 
Chief and The Donovan Chair in Congenital Health Surgery, 

Surgeon-in-Chiet Texas Children's Hospital; Professor of 
Surgery and Pediatrics, Susan V. Clayton Chair in Surgery, 
Baylor College of Medicine, Houston, Texas 

Congenital Heart Disease 

JULIE A. FREISCHLAG, MD 
The William Steward Halsted Professor and Chair, Department of 

Surgery, Johns Hopkins University, Baltimore, Maryland 
Venous Disease 

GERALD M. FRIED, MD, CM, FRCS(C), FACS, FCAHS 
Adair Family Professor and Chairman, Department of Surgery, 

McGill University; Surgeon-in-Chief, McGill University Health 
Centre, Montreal, Quebec, Canada 

Emerging Technology in Surgery: Informatics, Robotics, and 
Electronics 

ROBERT D. FRY, MD 
Emilie and Roland deHellebranth Professor of Surgery, Chief of 

the Division of Colon and Rectal Surgery, University of 
Pennsylvania Health System; Chairman, Department of 
Surgery, Pennsylvania Hospital, Philadelphia, Pennsylvania 

Colon and Rectum 

DAVID A. FULLERTON. MD 
Head, Division of Cardiothoracic Surgery, University of Colorado 

School of Medicine, Aurora, Colorado 
Acquired Heart Disease: Valvular 

JAIME GASCO, MD 
Assistant Professor, Division of Neurological Surgery, University of 

Texas Medical Branch, Galveston, Texas 
Neurosurgery 

GERD G. GAUGLITZ, MMS, MD 
Department of Dermatology and Allergy, Ludwig-Maximilian 

University, Munich, Germany 
Burns 

JASON P. GLOTZBACH. MD 
Postdoctoral Research Fellow, Stanford University Department of 

Surgery, Stanford, california; General Surgery Resident, 
University of North Carolina Department of Surgery, Chapel 
Hill, North Carolina 

Regenerative Medidne 

S. PETER GOEDEGEBUURE. PHD 
Research Associate Professor, Department of Surgery, 

Washington University School of Medicine, St. Louis, Missouri 
Tumor Biology and Tumor Markers 

RAJA R. GOPALDAS, MD 
Assistant Professor of Cardiothoracic Surgery, Hugh E. 

Stephenson Department of Surgery, University of Missouri­
Columbia School of Medicine, Columbia, Missouri 

Acquired Heart Disease: Coronary lnsuffidency 

MARJORIE C. GREEN. MD 
Associate Professor of Medicine and Internist, Department of 

Breast Medical Oncology, Division of Cancer Medicine, 
The University of Texas M.D. Anderson Cancer Center, 
Houston, Texas 

Diseases of the Breast 

OLIVER L. GUNTER, MD 
Assistant Professor, Division of Trauma and Surgical Critical Care, 

Vanderbilt University School of Medicine, Nashville, Tennessee 
Bedside Surgical Procedures 

GEOFFREY C. GURTNER, MD, FACS 
Professor and Associate Chair of Surgery, Stanford University 

Department of Surgery, Stanford, California 
Regenerative Medidne 

FADI HANBALI, MD, FACS 
Assistant Professor of Neurosurgery, Texas Tech University Health 

Science Center, B Paso, Texas 
Neurosurgery 

ix 



------------------------------------------------------

JOHN B. HANKS, MD 
C. Bruce Morton Professor and Chief, Division of General 

Surgery, Department of Surgery, University of Virginia, 
Charlottesville, Virginia 

Thyroid 

ALDEN H. HARKEN, MD 
Chairman, Department of Surgery, University of California at 

San Francisco (East Bay), San Francisco, California 
Acquired Heart Disease: Valvular 

JENNIFER A. HELLER, MD 
Assistant Professor of Surgery, Director of Johns Hopkins Vein 

Center, Johns Hopkins Bayview Medical Center, Baltimore, 
Maryland 

Venous Disease 

DAVID N. HERNDON, MD, FACS 
Ch1ef of Staff, Shriners Burns Hospital for Children; Professor of 

Surgery and Jesse H. Jones Distinguished Chair in Burn 
Surgery, The University of Texas Medical Branch, 
Galveston, Texas 

Burns; Metabolism in Surgical Patients 

MICHAEL S. HIGGINS, MD, MPH 
Professor, Department of Anesthesiology, Surgery and 

Biomedical Informatics, Vanderbilt University School of 
Medicine, Nashville, Tennessee 

Perioperotive Patient Safety 

ASHER HIRSHBERG, MD, FACS 
Professor of Surgery, State University of New York Downstate 

College of Medicine; Director of Emergency Vascular Surgery, 
K1ngs County Hospital Center, Brooklyn, New York 

The Surgeon's Role in Moss Cnsuolty Incidents 

GINGER E. HOLT, MD 
Associate Professor, Department of Orthopaedic Surgery, 

Vanderbilt Orthopaedic Institute, Vanderbilt University Medical 
Center, Nashville, Tennessee 

Bone Tumors 

MICHAEL D. HOLZMAN, MD, MPH 
Associate Professor of Surgery and Lester and Sara Jayne 

Williams Chair in Academic Surgery, General Surgery Division, 
Vanderbilt University Medical Center, Nashville, Tennessee 

The SpleerJ 

KELLY K. HUNT. MD 
Hamill Foundation Distinguished Professor of Surgery, Chief of 

Surgical Breast Oncology, M.D. Anderson Cancer Center, 
Houston, Texas 

Diseases of the Breast 

PATRICK G. JACKSON, MD 
Chief of Gastroiintestinal Surgery, Department of Surgery, 

Georgetown University Hospital, Washington, DC 
Biliary System 

X 

- -

ERIC H. JENSEN, MD 
Assistant Professor of Surgery, University of Minnesota, 

Minneapolis, Minnesota 
Exocrine Pancreas 

MARC JESCHKE, MD, PHD, FACS, FRCSC 
Director, Ross lilley Burn Centre, Sunnybrook Health Sciences 

Centre; Associate Professor, Department of Surgery, Division 
of Plastic Surgery, University of Toronto; Senior Scientist, 
Sunnybrook Research Institute, Toronto, Ontario, Canada 

Bums 

HOWARD W. JONES, Ill, MD 
Professor and Chairman, Department of Obstetrics and 

Gynecology, Vanderbilt University School of Medicine, 
Nashville, Tennessee 

Gynecologic Surgery 

ALLAN D. KIRK, MD, PHD 
Professor, Department of Surgery, Emory University School of 

Medicine, Atlanta, Georgia 
Transplantation lmmunobiology and Immunosuppression 

KIMBERLY S. KIRKWOOD, MD, FACS 
Professor of Surgery, Department of Surgery, University of 

California at San Francisco, San Francisco, California 
The Appendix 

SAE HEE KO, MD 
Postdoctoral Research Fellow, Stanford University Department of 

Surgery, Stanford, California; General Surgery Resident, 
University of Pittsburgh Department of Surgery, Pittsburgh, 
Pennsylvania 

Regenerative Medicine 

liEN C. KO, MD 
Jack H. Mayfield, M.D. Distinguished Professor in Surgery; Vice 

Chairman for Harris County Hospital District, The University of 
Texas Health Science Center; Chief of Surgery, Lyndon B. 
Johnson General Hospital, Houston, Texas 

Molecular and Cell Biology 

SETH B. KRANTZ, MD 
Research Fellow, Robert H. Lurie Comprehensive Cancer Center 

and the Department of Surgery, Northwestern University 
Feinberg School of Medicine, Chicago, Illinois 

Stomach 

MAHMOUD N. KULAYLAT, MD 
Associate Professor of Surgery, Department of Surgery, State 

University of New York- Buffalo, Buffalo General Hospital, 
Buffalo, New York 

Surgical Complications 

TERRY C. LAIRMORE, MD 
Professor of Surgery and Director, Division of Surgical Oncology, 

Scott and White Memorial Hospital and Clinic, Texas A&M 
University System Health Science Center College of Medicine, 
Temple, Texas 

The Multiple Endocrine Neoplasia Syndromes 



---------------------------------------------------

CHRISTIAN P. LARSEN. MD, DPHIL 
Joseph B. Whitehead Professor and Chairman of Surgery; 

Associate Vice-President and Executive Director, Emory 
Transplant Center, Emory University School of Medicine, 
Atlanta, Georgia 

Transplantation lmmunobiology and Immunosuppression 

MIMI LEONG, MD, MS 
Ass1stant Professor, Plastic Surgery Division, Baylor College of 

Medicine; Staff Phys1dan, Section of Plastic Surgery, Operative 
care Une, Michael E. DeBakey Department of Surgery, 
Houston, Texas 

IM:>und Healing 

MICHAEL T. LONGAKER, MD, MBA, FACS 
Deane P. and Louise Mitchell Professor and Vice-Chair in 

Department of Surgery, Co-Director of Stanford Institute for 
Stem Cell Biology and Regenerative Medicine, Director of 
Program in Regenerative Medic1ne, Stanford University School 
of Medicine, Palo Alto, California 

Regenerative Medidne 

ROBERT R. LORENZ, MD, MBA 
Medical Director Payment Reform, Risk & Contracting; Head and 

Neck Surgery, laryngotracheal Reconstruction and Oncology, 
Head and Neck Institute, Cleveland Clinic, Cleveland, Ohio 

Head and Neck 

JOHN MAA, MD 
Assistant Professor, Department of Surgery, University of 

california at San Francisco, San Francisco, california 
The Appendix 

NAJIIA N. MAHMOUD, MD 
Associate Professor of Surgery, Department of Surgery, University 

of Pennsylvania, Philadelphia, Pennsylvania 
Colon and Rectum 

DAVID M. MAHVI, MD 
James R Hines Professor, Department of Surgery, Northwestern 

University Feinberg School of Medicine, Chicago, Illinois 
Stomach 

MARY S. MAISH, MD, MPH 
Associate Professor of Surgery, Director of the UCLA Center for 

Esophageal Disorders, UCLA David Geffen School of 
Medicme, Los Angeles, california 

Esophagus 

MARK A. MALANGONI, MD 
Associate Executive Director; American Board of Surgery, 

Philadelphia, Pennsylvania 
Hernias 

DAVID J. MARON. MD, MBA 
Associate Director of Colorectal Surgery Residency Program, Staff 

Surgeon, Department of Colorectal Surgery, Cleveland Clinic 
Aorida, Weston, Florida 

Colon and Rectum 

i 

SILAS T. MARSHALL. MD 
Res1dent, Department of Orthopaedic Surgery, University of 

Connecticut, Farmington, Connecticut 
Emergency Core of Musculoskeletal Injuries 

ABIGAIL E. MARTIN. MD 
Assistant Professor of Surgery, Divisions of Pediatric General 

Surgery and Abdominal Transplant Surgery, Duke University 
Medical Center, Durham, North carolina 

Small Bowel ltansplantation 

R. SHAYN MARTIN. MD 
Assistant Professor of Surgery, Department of Surgery, 

Wake Forest School of Medicine; Director, Surgical Crit ical 
care, Wake Forest Baptist Medical Center, Winston-Salem, 
North carolina 

Management of Acute ltauma 

NADER MASSARWEH. MD, MPH 
Surgical Resident, Department of Surgery, University of 

Washington, Seattle, Washington 
Evidence-Based Surgery: Critically Assessing Surgical Literature 

ADDISON K. MAY, M.D 
Professor of Surgery and Anesthesiology, Divis1on of Trauma and 

Surgical Critical Care, Vanderbilt University Medical Center, 
Nashville, Tennessee 

Bedside Surgical Procedures 

MARY H. MCGRATH, MD, MPH. FACS 
Professor, Division of Plastic Surgery, Department of Surgery, 

University of california San Francisco, San Francisco, california 
Plastic Surgery 

SHAUN MCK.ENZIE, MD 
Assistant Professor, University of Kentucky Department of 

Surgery, Markey Cancer Center, Lexington, Kentucky 
Small Intestine 

KELLY .M. MCMASTERS, MD, PHD 
Ben A Reid, Sr. M.D. Professor and Chairman, Department of 

Surgery, University of Louisville School of Medicine, Louisville, 
Kentucky 

Melanoma and Cutaneous Malignandes 

J. WAYNE MEREDITH, MD, FACS 
Richard T. Meyers Professor and Chair, Department of Surgery, 

Wake Forest University School of Medicine; Chief of Surgery, 
Wake Forest University Baptist Medical Center, Winston-Salem, 
North Carolina 

Management of Acute ltauma 

DEAN J. MIKAMI, MD 
Assistant Professor of Surgery, Department of Surgery, Ohio 

State University Medical Center, Columbus, Ohio 
Surgery in the Pregnant Fotient 

xi 



------------------------------------------------------

RICHARD S. MILLER, MD, FACS 
Professor of Surgery, Chref of the Division of Trauma and 

Surgrcal Critical Care, Vanderbilt University Medical Center, 
Nashville, Tennessee 

The Difficult Abdominal W:J/1 

AARON MOHANTY, MD 
Assistant Professor, Pediatric Neurosurgery, University of Texas 

Medical Branch, Galveston, Texas 
Neurosurgery 

JEFFREY F. MOLEY, MD 
Professor of Surgery, Department of Surgery, Chief, Section of 

Endocrine and Oncologic Surgery, Washington University 
School of Medicine; Associate Director, Alvin Siteman Cancer 
Center; Attending Surgeon, Surgical Service, St Louis VA 
Medical Center, St Louis, Missouri 

The Multiple Endocrine Neoplasia Syndromes 

KEVIN MURPHY, MD, MCH, FRCS(PLAST.) 
Hand Surgery Fellow, Division of Plastic Surgery, Baylor College 

of Medicine, Houston, Texas 
Hand Surgery 

ELAINE E. NELSON, MD, FACEP 
Chairman, Department of Emergency Medicine, Regional 

Medical Center of San Jose, San Jose, California 
Bites and Stings 

HEIDI NELSON, MD 
Fred C Andersen Professor, Department of Surgery, Chair 

Division of Surgery Research, Mayo Clinic, Rochester, 
Minnesota 

Anus 

DAVID NUSCH.ER, MD 
Clinical Professor, Division of Plastic Surgery; Professor, 

Department of Orthopedic Surgery, Baylor College of 
Medicine; Adjunct Professor of Clinical Surgery (Plastic 
Surgery), Weill Medical College, Cornell University; Chief of 
Hand Surgery, St Luke's Episcopal Hospital; Chief of Plastic 
Surgery, VA Medical Center, Houston, Texas 

Hand Surgery 

LEIGH NEUMAYER, MD 
Professor of Surgery, Department of Surgery, University of Utah; 

Jon and Karen Huntsman Presidential Professor in cancer 
Research, Huntsman cancer Institute; Co-Director, 
Multidisciplinary Breast Program, Huntsman Cancer Hospital, 
Salt Lake City, Utah 

Principles of Preoperative and Operative Surgery 

ROBERT L. NORRIS, MD 
Professor, Department of Surgery and Chref, Division of 

Emergency Medicine, Stanford University School of Medicine, 
Stanford, california 

Bites and Stings 

xii 

- -

BRANT K. OELSCHLAGER, MD, FACS 
Byers Endowed Professor of Esophageal Research, Chief, 

Gastrointestinal and General Surgery and Center for 
Videoendoscopic Surgery, University of Washington, Seattle, 
Washington 

Hiatal Hernia and Gastroesophageal Reflux Disease 

JOEL T. PATTERSON, MD 
Associate Professor of Neurosurgery and Otolaryngology, Samuel 

R. Snodgrass, MD Professorship in Neurosurgery, Chief and 
Program Director, Division of Neurosurgery, Department of 
Surgery, The University of Texas Medical Branch, Galveston, 
Texas 

Neurosurgery 

CARLOS A. PELLEGRINI, MD, FACS, FRCSI(HON) 
The Henry N. Harkins Professor and Chairman, Department of 

Surgery, University of Washington Medical Center, Seattle, 
Washington 

Hiatal Hernia and Gastroesophageal Reflux Disease 

REBECCA P. PUERSEN, MD, MSC 
Senior Fellow and Acting Instructor, Department of Surgery, 

University of Washington, Seattle, Washington 
Hiatal Hernia and Gastroesophageal Reflux Disease 

LINDA G. PHILLIPS, MD 
Truman G. Blocker, Jr., MD, Distinguished Professor and Chief, 

Division of Plastic Surgery, Department of Surgery, The 
University of Texas Medical Branch, Galveston, Texas 

IM:lund Healing; Breast Reconstruction 

IRAKliS I. PI PINOS, MD 
Professor, Vascular Surgery, Department of Surgery, University of 

Nebraska Medical Center, Omaha, Nebraska 
The Lymphatics 

JASON POMERANTZ, MD 
Assistant Professor, Department of Surgery, Unrversity of 

California San Francisco, San Francisco, california 
Plastic Surgery 

RUSSELL G. POSTIER, MD 
John A. Schilling Professor and Chairman, Department of 

Surgery, University of Oklahoma Health Sciences Center, 
Oklahoma City, Oklahoma 

Arute Abdomen 

DONALD S. PROUGH, MD 
Professor and Chair, Department of Anesthesiology, The 

University of Texas Medical Branch, Galveston, Texas 
Anesthesiology Principles, Pain Management, and Conscious 

Sedation 

JOE B. PUTNAM, JR., MD 
Ingram Professor of Surgery, Chairman of Department of 

Thoracic Surgery, Professor of Biomedical Informatics, 
Vanderbilt University School of Medicine, Nashville, Tennessee 

Lung, Chest INJII, Pleura, and Mediastinum 



---------------------------------------------------

PETER RHEE. MD, MPH, DMCC 
Professor of Surgery and Molecular Cellular Biology, Chief of 

Trauma, Critical Care and Emergency Surgery, University of 
Arizona, Tucson, Arizona 

Shock, ElectTolytes, and Auid 

TAYLOR S. RIALI.,. MD, PHD 
Associate Professor. John Sealy Distinguished Chair in Oinical 

Research, Department of Surgery, University of Te)l.3s Medical 
Branch, Galveston, Te)I.3S 

Endoaine Panaeos 

WILLIAM 0. RICHARDS, MD 
Professor and Chair, Department of Surgery, University of South 

Alabama College of Medicine, Mobile, Alabama 
Morbid Obesity 

NOE A. RODRIGUEZ, MD 
Post-Doctoral Fell!ow Burn Research, Department of Surgery, 

University of Texas Medical Branch, Galveston, Texas 
Metabolism in Surgical Patients 

KENDALL R. ROEiHL, MD 
Ass1stant Professor, Division of Plastic and Reconstructive 

Surgery, Texas MM Health Sciences Center, Scott and White 
Hospital Clinics, Temple, Texas 

Breast ReconstrucUon 

MICHAEL J. ROSEN, MD 
Chief of Gastrointestinal Surgery, Director Case Comprehensive 

Hernia Center Department of Surgery, University Hospitals 
Case Medical Center, Cleveland, Ohio 

Hernias 

RONNIE A. ROSEiNTHAL, MD 
Professor of Surgery, Yale University School of Medicine, New 

Haven and Chief, Surgical Service, VA Connecticut Healthcare 
System, West Haven, Connecticut 

Surgery in the Geriatric Patient 

IRA RUTKOW, MD, MPH, DRPH 
Clinical Professor of Surgery, University of Medicine and 

Dentistry of New Jersey, Newark, New Jersey 
History of Surgery 

LESLIE J. SALOMONE. MD 
Clinical Endocrinologist, Jacksonville, Rorida 
Thyroid 

HERBERT S. SCHWARTZ, MD 
Professor and Chairman, Department of Orthopaedic Surgery, 

Vanderbik Orthopaedic Institute, Vanderbik University Medical 
Center, Nashville, Tennessee 

Bone Tumors 

STEVEN R. SHACKfORD, MD, FACS 
Professor Emeritus, Department of Surgery, College of Medicine, 

University of Vermont, Burlington, Vermont 
Vosrulor Trauma 

i 

JULIA SHELTON, MD 
Res1dent, Department of General Surgery, Vanderbilt University 

Medical Center, Nashville, Tennessee 
The Spleen 

EDWARD R. SHERWOOD, MD, PHD 
Professor, James F. Arens Endowed Chair, Vice Chair for 

Research, Department of Anesthesiology, The University of 
Texas Medical Branch, Galveston, Texas 

Anesthesiology Prindples, Pain Monogemen~ and Consdous 
Sedation 

JASON K. SICKLICK. MD 
Department of Surgery, Division of Surgical Oncology, Moores 

UCSD Cancer Center, University of California at San Diego. 
La Jolla, California 

The Liver 

MICHAEL B. SILVA, JR., MD 
Fred J. and Dorothy E. Wolma Professor in Vascular Surgery, 

Professor of Radiology, Chief, Division of Vascular Surgery and 
Endovascular Therapy, Director, Texas Vascular Center, 
University of Te)I.3S Medical Branch, Galveston, Texas 

Peripheral Arterial Occlusive Disease 

SAMUEL SINGER, MD 
Chief, Gastric and Mixed Tumor Service, Department of Surgery, 

Memorial Sloan-Kettering Cancer Center, New York, New York 
Soft Tissue Sarcomas 

MICHAEL J. SISE. MD 
Clinical Professor of Surgery, University of California, San Diego 

School of Medicine; Medical Director, D1vis1on of Trauma, 
Scripps Mercy Hospital, San Diego, California 

Voswlor Trauma 

PHILIP W. SMITH, MD 
Assistant Professor of Surgery, Endocrine and General Surgery, 

Department of Surgery, University of Virginia, Charlottesville, 
Virginia 

Thyroid 

JULIE ANN SOSA, MD, MA, FACS 
Associate Professor of Surgery and Medicine (Medical 

Oncology), Divisions of Endocrine Surgery and Surgical 
Oncology, Yale University School of Medicine, New Haven, 
Connecticut 

The Parathyroid Glands 

RONALD A. SClUIRES, MD 
Professor, Department of Surgery, University of Oklahoma Health 

Sciences Center, Oklahoma City, Oklahoma 
Awte Abdomen 

MICHAEL STEIN, MD 
Director of Trauma, Rabin Medical Center, Petach Tivka, Israel 
The Surgeon's Role in Moss Casualty Incidents 

xiii 



------------------------------------------------------

ANDREW STEPHEN. MD 
Staff, Division of Trauma and Surgical Critical care, Rhode Island 

Hospital; Alpert Medical School of Brown University, 
Providence, Rhode Island 

Surgical Oitical Care 

RONALD M. STEWART, MD 
Professor and Chair, Jocelyn and Joe Straus Endowed Chair, 

Department of Surgery, University of Texas Health Science 
Center San Antonio, San Antonio, Texas 

Bites and Stings 

DEBRA L. SUDAN. MD 
Professor of Surgery and Pediatrics, Division Chief Abdominal 

Transplant Surgery, Vice-Chair for Clinical Operations, Duke 
University School of Medicine, Durham, North Carolina 

Small Bowel lfansplantation 

MARCUS C.B. TAN, MBBS(HONS) 
Resident in General Surgery, Department of Surgery, Barnes­

Jewish Hospital, Washington University in St Louis, St Louis, 
Missouri 

Tumor Biology and Tumor Markers 

ALl TAVAKKOLIZADEH. MD 
Associate Surgeon, Brigham and Women's Hospital; Assistant 

Professor of Surgery, Harvard Medical School, Boston, 
Massachusetts 

Acute Gastrointestinal Hemorrhage 

JAMES S. TOMLINSON. MD, PHD 
Assistant Professor of Surgery, Division of Surg1cal Oncology, 

University of california, Los Angeles, Los Angeles, california 
Tumor Immunology and Immunotherapy 

COURTNEY M. TOWNSEND, JR., MD 
Professor and John Woods Harris Distinguished Chairman, 

Robertson-Path Distinguished Chair in General Surgery, 
Department of Surgery, The University of Texas Medical 
Branch, Galveston, Texas 

Endocrine Pancreas 

MARGARET C. TRACCI, MD, JD 
Assistant Professor, Division of Vascular and Endovascular 

Surgery, University of Virginia, Charlottesville, Virginia 
Aorta 

RICHARD H. TURNAGE, MD 

- -

Academic Affiliation; Professor and Chairman; University of 
Arkansas for Medical Sciences (UAMS); Little Rock, Arkansas 

Abdominal WJII, Umbilicus, Peritoneum, Mesenteries, Omentum, 
and Retroperftoneum 

ROBERT UDELSMAN, MD, MBA 
William H. carmalt Professor of Surgery and Oncology and 

Chairman, Department of Surgery, Yale University School of 
Medicine, New Haven, Connecticut 

The Parathyroid Glands 

xiv 

MARSHALL M. URIST, MD 
Champ Lyons Professor and Vice-Chairman, Department of 

Surgery, University of Alabama at Birmingham, Birmingham, 
Alabama 

Melanoma and Cutaneous Malignandes 

CHERYL E. VAIANI, PHD 
Assistant Professor, Clinical Ethicist, Institute for the Medical 

Humanities, University of Texas Medical Branch, Galveston, 
Texas 

Ethics and Professionalism in Surgery 

DANIEL VARGO, MD, FACS 
Associate Professor, Department of Surgery, University of Utah 

School of Medicine, Salt Lake City, Utah 
Principles of Preoperative and Operative Surgery 

SELWYN M. VICKERS, MD, FACS 
Jay Phillips Professor and Chairman, Department Chair, 

Department of Surgery, University of Minnesota, Minneapolis, 
Minnesota 

Exocrine Pancreas 

BRADON J. WILHELMI, MD 
Leonard Weiner Endowed Professor, Chief of Plastic Surgery, 

Residency Program Director, Division of Plastic and 
Reconstructive Surgery, University of Louisville, Louisville, 
Kentucky 

Breast Reconstruction 

COURTNEY G. WILLIAMS, MD 
Associate Professor, Department of Anesthesiology, The 

University of Texas Medical Branch, Galveston, Texas 
Anesthesiology Prindp/es, Pain Management and Consdous 

Sedation 

FELICIA N. WILLIAMS, MD 
Chief Resident, Department of Surgery, East carolina University, 

Pitt County Memorial Hospital, Greenville, North carolina 
Burns 

JAMES C. YANG, MD 
Senior Investigator, Surgery Branch, Center for cancer Research, 

National cancer Institute, Bethesda, Maryland 
Tumor Immunology and Immunotherapy 

MICHAEL W. YEH, MD, FACS 
Associate Professor of Surgery and Medicine (Endocrinology), 

Chief. Section of Endocrine Surgery, UCLA David Geffen 
School of Medicine, Los Angeles, California 

The Adrenal Glands 



FOREW Ro-------=-~ 

"HCMI many a man has dated a new era in his life from the reading 
of a book:' 

Henry David Thoreau (1817-1862) 

This 19th edition of Sabiston Te:~.--tbook of Surgery, the fonrth 
edited by Dr. Townsend and his co-editors Drs. M addox, Beau­
champ, and Evers, extends the tradition of textbook excellence 
and leadership in itiated 18 editions ago. 1l1e empha~is on clini­
cal relevance and outcomes cl1aracteristic of earlier editions has 
been enhanced by the addition of three new chapters on organ 
transplantation, two new chapters in the vascular section: "1lle 
Aorta" and ~Peripheral Arterial Occlusive Disease," and new 
chapters on the cutting edge topics of rumor inm1unology and 
immunotherapy and the "difficult abdominal wall.'' Other chap­
ters have been embellished by inclusion of the latest information 
on biomaterials, organ procurement issues, specific gene therapy, 
biJiary tumors, urinary system rumors, and sin1ulation in snrgery. 
Still other content has been revised to increase the focus on 
evidence-based practice by coverage of comparative effectiveness 
and patient-specific therapeutics. 

1he recruitment of more than 50 new authors and co­
authors has guaranteed timeliness of the rex~ ensured full display 
of s tate of the art technology, and refreshed the trove of 

illustrations which by tradition have amplified and corroborated 
the text. 1l1e authors have also provided over 400 self-assessment 
questions which will assist the reader in preparing for and suc­
cessfully achieving recertification. 

As wa~ true with the previous edition, ownership of the 
print text of this edition gives free access to cl1e online product 
"Expert Consult," which includes full text and art, updates 
(journal articles selected by the editors and authors and keyed 
to chapter topics), board review questions, and videos on topics 
ranging from pleural effusion to hand transplantation and total 
aortic replacement. Expert Consult makes access to the text and 
all related material as convenient as the nearest computer. 

This 19th edition of Sabiston successfully integrates print 
and electronic media to provide complete coverage of surgical 
practice. Full use of aU features of this text wiJJ increase the 
reader's practice of evidence-based surgery, facilita te the reader's 
recertification activities, and promote the reader's acquisition 
and maintenance of the professional competencies. L1 short tlus 
is truly a text that as foretold by Thoreau will launch each reader 
on a new era in his or her surgical life. 

BASIL A. PRUITI, JR., MD, FACS, FCCM 
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SURGERY CONTINUES TO EVOLVE as new technology, tech­
niques, and knowledge are incorporated imo the care nf 

surgical patients. The 19th edition of the Sabiston Te:•:tbook of 
Surgery reflects these exciting changes and new information. We 
have incorporated eight new chapters and more than 77 new 
authors to ensure that the most current information is presented. 
For example, safety is paramollJlt in the care of our surgical 
patients; our chapter on safety describes the surgeon's roles and 
responsibilities to ensure safety. We have iJ1cluded a new chapter 
on management of the difficult abdominal wall, which can be a 
vexing problem for even the most experienced surgeon. Distant 
surgery, using robotic and telemenroring technology, has become 
a reality, and minimally invasive tedmiques are being used in 
almost all invasive procedures. This new edition has revised and 
enhanced the current chapters to reflect these changes. Finally, 
we have extcnsively updated chapters dealing with basic science 

aspects that are important to surgeons and, in many cases, 
reprc.<:em sciemific advances in whld1 surgeons are leading the 
charge. This is most evident in the chapters on tumor biology 
and tumor immllJlology, transplantation immllJlology. and the 
rapidly emerging field of regenerative medicine. 

T11e primary goal of this new edition is to remain the most 
thorough, useful, readable, and understandable textbook pre­
senting the principles and techniques of surgery. It is designed 
to be equally useful to students, trainees, and experts in the field. 
We are commined to maintaining thls tradition of excellcnce, 
begllJl iJ1 1936. Surgery, after all, remains a discipline m which 
the knowledge and skill of a sw-geon combine for the welfare of 
all patient~. 

COURTNEY M. TOWNSEND, JR., MD 
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IMPORTANCE OF UNDERSTANDING 
SURGICAL HISTORY 
It remains a rhetorical question whether an understandhtg of 
surgical history is imponant to the maturation and continued 
education and training of a surgeon. Conversely, it is hardly 
necessary to dwell on the heuristic value that an appreciation of 
history provides in developing adjunctive humanistic, literary, 
and philosophic tastes. Clearly, the study of mediciJ1e is a life­
long learning process that should be an enjoyable and rewarding 
experience. For a surgeon, the study of surgical history can 
contribute toward malting this educational effort more pleasur­
able and can provide constant invigoration. Tracing the evolu­
tion of what one does on a daily basis and understanding it from 
a historical perspective become enviable goals. In reality, there 
is no way to separate present-day surgery and one's own clinical 
practice from tlhe experience of all surgeons and all the years that 
have gone before. For budding surgeons, it is a magnificent 
adventure to appreciate what they are currently learning within 
the context of past and present cultural, economic, political, 
and social institutions. Active physicians will fiJ1d that the 
study of the profession--dealing, as it rightly must, with all 
aspects of the human condition-affords an excellent oppor­
runity to approach current clinical concepts iJ1 ways not previ­
ously appreciated. 

lJ1 studying our profession's past, it is certaiJuy easier to 
relate to the hlstory of so-called modern surgery over the past 
100 or so yean than to the seemingly primitive practices of 
previous periods because the closer to the present, the more 
likely it is that :surgical practices will resen1ble current practices. 
Nonetheless, writillg the history of modern surgery is in many 
respects more difficult than describing the development of 
surgery before 1the late 19th century. One significant reason for 
this difficulty is the ever-iJKreasing pace of scientific devel­
opment in conjunction with unrelenting fragmentation (i.e., 
specialization and subspecialization) within d1e profession. The 
craft of surgery is in constant flux and, the more rapid the 
change, the more difficult it is to obtain a satisfactory historical 
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perspective. Only the lengthy passage of time permits a truly 
valid h istorical analysis. 

Historical Relationship Between Surgery 
and Medidne 
Despite outward appearances, it was actually not until the latter 
decades of the 19th century that the surgeon truly emerged as 
a specialist withill the whole arena of medicine to become a 
recognized and respected clinical physician. Similarly, it was not 
until the first decades of the 20th century that surgery could be 
considered to have achieved the status of a bona fide profession. 
Before this time, the scope of surgery remained limited. Sur­
geons, or at least those medical men who used the sobriquet 
surgeon, whether university-educated or trained in private 
apprenticeships, at best treated only simple fractures, disloca­
tions, and abscesses and occasionally performed amputations 
with dexterity, but also wiili high mortality rates. They managed 
to ligate major arteries for common and accessible aneurysms 
and made heroic atrempts to excise external tun10rs. Some 
individuals focused on the treatment of anal fisruJas, hernias, 
cataracts, ru1d bladder stones. Inept attempts at reduction of 
incar-cerated and strangulated hernias were made and, hesitat­
iJlgly, rather rudimentary colostomies or ileostomies were created 
by simply incising the sl<.in over an expru1ding intra-abdominal 
mass, wbicb represented ilie end stage of a long-stru1d.ing 
intestinal obstruction. Compound fractures of the Hmbs, wi th 
attendrun sepsis, remained mostly unmanageable, with stagger­
ing morbidity being a likely surgical outcome. Althougb a few 
bold surgeons endeavored to incise the abdomen in the hope of 
dividing obstructing bands and adhesions, abdominal and other 
types of iJ1trabody surgery were almost unknown. 

Despite it all, including an ignorance of anesthesia and 
aJ1tisepsis tempered witl1 the not uncommon result of the patient 
suffering from or succumbing to the effecrs of a surgical opera­
tion (or both), surgery was long considered an iJnportant and 
medically valid therapy. l11is seeming paradox, in view of the 
rerrifyiJ1g nature of surgical illtervention. its lin1ited technical 
scope, and its damning consequences before the development of 
modern conditions, is explained by tl1e simple fact that surgical 
procedures were usuaUy performed o•uy for external difficulties 
that .. equired an objective anaromjc djagnosis. Surgeons or fol­
lowers of the surgical cause saw wbar needed ro be fixed (e.g., 
abscesses, broken bones, bulgu1g tumors, cataracts, hemias) and 
would treat the problem in as rational a manner as the times 
permitted. Conversely, the physician was forced to render 



subjective care for disease processes that were neither visible nor 
understood. After all, it is a difficult task to treat the symptoms 
of illnesses such as arthritis, asthma, heart failure, and diabetes, 
to name but a few, if there is no scientific understanding or 
internal knowledge of what constitutes their ba~ic pathologic 
and physiologic underpinnings. 

With the breathtaking advances made in pathologic 
anatomy and experimental physiology during the 18th and first 
part of the 19th centuries, physicians would soon adopt a ther­
apeutic viewpoi111t that had long been prevalent among surgeons. 
It was no longer a question of just treating symptoms; the actual 
pathologic problem could ultimately be Lmderstood. Internal 
disease processes that marUfested themselves through difficult to 
treat extemal signs and symptoms were finally described via 
physiology-ba~cd experimentation or viewed pathologically 
through the lens of a microscope. Because this reorientation of 
internal medicine occurred within a relatively short time and 
brought about such dramatic results in the classification, diag­
nosis, a11d treatment of disease, the rapid ascent of mid-19th 
century internal medicine might seem more impressive thaJl the 
agonizingly slow, but steady, advance of surgery. In a seeming 
contradiction of mid-19th century scientific and social reali ty, 
medicine appeared as the more progressive branch, with surgery 
lagging bellind. 'The art a11d craft of surgery, for all its practical 
possibilities, would be severely restricted until the discovery of 
anesthesia in 1846 and an understanding and acceptance of the 
need for surgical antisepsis and asepsis during the 1870s and 
1880s. Still, surgeons never needed a diagnostic and pathologic 
revolution in the manner of the physician. Despite the imperfec­
tion of their scientific knowledge, the pre-modern era surgeon 
did cure with some technical confidence. 

That the gradual evolution of surgery was superseded .in the 
1880s and 1890s by the rapid introduction of startling new 
technical advances was based on a simple culminating axiom­
the four fundamental clinical prerequisites that were required 
before a surgical operation could ever be considered a truly 
viable therapeutic procedure had finaUy been identified and 
Lmderstood: 
1. Knowledge of human anatomy 
2. Method of controlling hemorrhage and maintaining intra­

operative hemostasis 
3. Anesthesia to permit the performance of pai11-free procedures 
4. Expla11ation of the nature of infection, along with the 

elaboration of methods necessary to achieve an antiseptic 
and aseptic operating room environment 
The first two prerequisites were essentiaUy solved in the 

16th century, but the latter t\vo would not be fully resolved until 
the ending decades of the 19th century. In turn, the ascent of 
20th century scientific surgery would unify the profession and 
allow what had always been an art and craft to become a learned 
vocation. Standardized postgraduate surgical education and 
training programs could be established to help produce a cadre 
of scientifically knowledgeable physicia11s. Moreover, in a final 
snub to an unscientific past, newly established basic surgical 
research laboratories offered the means of proving or disproving 
the latest theories willie providing a testiJlg ground for bold and 
exciting clinical breakthroughs. 

Knowledge of Human Anatomy 
Few iJ1dividuals have had an influence on the history of surgery 
as overwhelmingly as that of the Brussels-born Andreas Vesalius 
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FIGURE 1- 1 Andreas Vesalius (1514-1564). 

(1514- 1564; Fig. 1- 1). As professor of anatomy and surgery in 
Padua, Italy, Vesalius taught that human aJlatomy could be 
learned only through the study of structures revealed by human 
dissection. In particular, his great anatomk treatise, De Humttni 
Corporis Fabrica Libri Septem (1543), provided fuller and more 
detailed descriptions of hun1an anatomy tha11 aJl}' of his illustri­
ous predecessors. Most importantly, Vesalius corrected errors .in 
traditional anatomic teachings propagated 13 centuries earlier 
by Greek a11d Roman authorities, whose findings were based on 
a11inlalt rather thaJl human dissection. Even more radical was 
Vesalius' blunt asserti011 that anatomic dissection must be com­
pleted by physician-surgeons themselves-a direct remmciation 
of the long-standing doctrine that dissection was a grisly and 
loathsome ta~k to be performed by a diener-like individual while 
the perched physician-surgeon lectured by reading from an 
orthod ox anatomic text from on high. This principle ofha11ds-on 
education would remain Vesalius' most in1portant and long­
lasting contribution to the teaching of aJlatomy. Vesalius' Latin 
literae scriptae ensured its accessibility to the most well-known 
physicians and scientists of the day. Latin was the language of 
the irlcelligentsia a11d the Fabric.a beCaJlle instantly popular, so 
it was only natural that over the next 2 centuries, the work would 
go tluough numerous adaptations, editions, and revisions, 
although always remaining an aucl10ritative anatomic text. 

Method of Controlling Hemorrhage 
1l1e position of .Ambroise Pare (!51 0-1590) in the evolution of 
surgery remains of supreme importance (Fig. 1-2}. He played 
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FIGURE 1-2 Ambroise Pare (151Q-1590). 

the major role in reinvigorating and updating Renaissance 
surgery and represents severing of the final link be[Ween surgical 
thought and techniques of tht: ancients and the push coward 
more modern eras. From 1536 until just before his death, Pare 
was engaged as an army surgeon, during whid1 time he accom­
panied different French armies on their military expeditions, or 
was performing surgery in civilian practice in Paris. Although 
other surgeons made similar observations about the difficulties 
and nonsensical aspects of using boiling oil as a means of cauter­
izing fresh gunshot wounds, Pare's use of a less irritating emol­
Lient of egg yolk, rose oil, and turpentine brought bim lasting 
fame and glory. His ability to articulate such a finding in a 
number of textbooks, all written iJl the vernacular, allowed his 
writings to reach more than just the educated elite. Among Pare's 
important corollary observations was that when performing an 
amputation, it was more efficacious to ligate individual blood 
vessels thru1 co anen1pt to control hemorrhage by meru1S of mass 
Ligation of tissue or with hot oleum. Describt:d in his Di>:: Livres 
de In Chirurgie avec le Magasin des Instruments Necessaires It lceUe 
(1564), tl1e free or cut end of a blood vessel was doubly ligated 
and the ligature was allowed to remain undisturbed in situ until, 
as a result of local suppuration, it was cast off. Pare humbly 
attributed his .success with patients to God, as noted in his 
fan1ous motto, 'Je le pttTIStlJ( Dieu le gubit, '~at is, "I treated 
hinl. God cured him." 

Pathophysiologic Basis of Surgical Diseases 
Although it would be aJlother 3 centuries before the tlilid desid­
eratum, that of anesthesia, was discovered, much of the scientific 
understanding concerning efforts to relieve discomfort second­
ary to surgical operations was ba~ed on tl1e 18th century work 
ofEnglru1d's premier surgical scienrisr, John Hunter ( 1728-1793; 
Fig. l -3). Considered one of the most influential surgeons of all 
time, his endeavors stand out because of tbe prolificacy of his 
written word aJld the quality of his research, especially in using 

FIGURE 1-3 John Hunter (1728-1793). 

experimental animal sllfgery as a way to understand the patho­
physiologic basis of surgical diseases. Most impressively, Hw1ter 
rel ied little on the theories of past authorities but ratl1er on 
personal observations, with his fundan1emal pathologic studies 
first described in the renowned textbook A Treatise on the Blood. 
lnfotnmllltion, and Gun-Shot Wounds (1794). Ultimately, his 
voluminous research and diJ1ical work resulted in a collection 
of more than 13,000 specimens, which becan1e one of his most 
inlporta.nt legacies to the world of surgery. It represented a 
unique warehousing of separate organ systems, with compari­
sons of these systems- from the simplest ru1imal or plant to 
humaJ1S~enlonstrating the interaction of structure and ftulc­
tion. For decades, Hunter's coiJection, housed in England's 
Royal College of Surgeons, ren1ained ilie outstanding museum 
of comparative anatomy ru1d pathology in the world, until a 
World War II Nazi bombiJig attack of London created a confla­
gration that destroyed most of Hunter's assemblage. 

Anesthesia 
Since time inm1emorial, the inability of surgt:ons to complete 
pain-free operations had been among the most terrifYing of 
medical problems. ln the preanesthetic era, surgeons were forced 
w be more concerned about tbe speed with which an operation 
was completed than with the clinical efficacy of their dissection. 
In a similar vein, patients refused or delayed surgical procedures 
for as long as possible to avoid the personal horror of experienc­
ing the surgeon's knife. Analgesic, narcotic, and soporific agents 
such as hashish, mandrake, and opium had been used for thou­
sands of years. However, the systematic operative iJwasion of 
body cavities and the inevitable progression of surgical history 
could not occttr until an effective means of rendering a patient 
insensitive to pain was developed. 

As anatomic kJ10wledge ru1d surgical techniques improved, 
the search for safe methods to prevent pain became more press­
ing. By the early 1830s, chloroform, ether, and nitrous oxide 
had been discovered and so-called laugh_ing gas parties and ether 
frolics were iJ1 vogue, especially in America. Young people were 



amusing themsellves with the pleasant side effects of these com­
pounds a~ itinerant so-called professors of chemistry traveled to 
hamlets, tovvns, and cities to lecture on and demonstrate the 
exhilarating effects of these new gases. It soon became evident 
to various physicians and dentists that the pai.n-reJjeving quali­
ties of ether and nitrous oxide could be applicable ro surgical 
operations and tooth extraction. On October 16,1846, William 
T.G. Morton (1819-1868), a Boston demise. persuaded John 
Collins Warren (1778-1856), professor of surgery at the Mas­
sachusetts Gel1eral Hospital, to let him administer sulfuric ether 
to a surgical patient froJn whom Warren went em to remove a 
small, congenital vascular tumor of the neck painlessly. After the 
operation, Warren, greatly impressed with the new discovery, 
uttered his famous words, "Gentlen1en, this is no humbug." 

Few medical discoveries have been so readily accepted as 
inhalational anesthesia. News of the momentous evenr spread 
rapidly throughout the United States and Europe, and a new era 
in the history of surgery had begun. Within a few months after 
the first public demonstration in Boston, ether was used in 
hospitals throughout rhe world. Yet, no matter how mucb it 
contributed ro the relief of pain during surgical operations and 
decreased the surgeon's angst, the discovery did not immediately 
further the scope of elective surgery. Sud1 technical triumphs 
awaited me recognition and acceptance of antisepsis and asepsis. 
Anesthesi,a helped make the illusion of surgical cures more 
seductive, but it could not bring forth the final prerequisite­
all-important hygienic reforms. 

StUI, by the mid-19th century, O(lth physicians and parienrs 
were coming to bold surgery in relatively high regard f(lr its 
pragmatic appeal, tedln(llogic virtuosity, and w1ambiguously 
measurable results. Mrer all, surgery appeared a mystic<tl craft to 
some. To be allowed w consensuaUy cut into another human's 
booy, to gaze at C:he depth of that person's suffering, and to excise 
the demon of disease seemed an awesome responsibility. It was 
this very mysticism, however, long associated with religious over­
t(ltles, that so fascinated d1e public and their own feared but 
inevitable date with a surgeon's knife. Surgeons had finally begun 
t(l view thenJsetves as combining art and nature, essentiaUy 
a~sisting nature in its continual process of destruction and 
rebuilding. TI1is regard for the natural would spring from the 
eventual, although preternatLLrally slow, tmderstanding and use 
of joseph Lister's (1827-1912) techniques (Fig. l -4). 

Antisepsis, Asepsis, and Understanding 
the Nature of Infection 
In many respects, the recognition of antisepsis and asepsis was 
a n1Qre imporran.t event in the ev(llution of surgical history than 
the advent ofinhalarional anesthesia. There was n(l arguing d1at 
d1e deadening of pain permitted a surgical operation to be con­
ducted in a ffi(lJ:C efficacious manner. Haste was no longer of 
prime concern. However, if anesthesia bad never neen con­
ceived, a surgical procedure could srill be performed, albeit with 
much difficulty. Such was not the case with listerism. Wi.thout 
antisepsis and asepsis, major surgical operations more tban likely 
ended in death rather than just pain. Clearly, surgery needed 
both anesthesia and antisepsis, but in terms of (lverall impor­
tance, antisepsis proved to be of greater singular impact. 

In the long evolution (lf world surgery, the contributions 
of several individuals stand out as being preeminent. Lister, an 
English surgeon,. can be placed (ln sud1 a select list because of 
his nlQnumema] efforts to imroduce systematic, scientifically 
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FIGURE 1-4 Josepn Lister (1827-191 2). 

based antisepsts m the treatment of wounds and the perfor­
mance of smgical operations. He pragmatically applied (lthers' 
research into fermentation and mkroorganisms to the world of 
surgery by devising a meaJlS of preventing surgical infection and 
securing its ad(lption by a skeptical professi(lll. 

It was eviden.r to Lister that a methoo of destroying bacte­
ria by excessive heat could not be applied to a surgical patient. 
He turned, instead, to chemical amisepsis and, after experiment­
ing with 7inc chloride and the sul6tes, decided on carbolic acid. 
By 1865, Lister was instilling pure carbolic acid into wounds 
and onto dressings. He would eventually make numerous mod­
ifications in the technique of dressings, mrumer of applying and 
retaining them, ru1d choice of antiseptic SQlutions of varying 
concentrations. Although the carb(llic add spray remains the 
best remembered of his mru1y contributions, it was eventually 
abandoned in favor of other germicidal substances. Lister not 
(ln]y used carbolic add in the wound and on dressings bur also 
went so far as to spray it into the atmosphere arow1d the (lper­
ative field and table. He did not emphasize band scrubbing but 
merely dipped his fingers into a solution of pheJl(ll and corrosive 
sublimate. Lister was incorrectly convinced that scrubbing 
created crevices in the palms of the hands where bacteria would 
proliferate. A sewnd importaJlt advance by Lister was tl1e devel­
opment of sterile absorbable sutures. He believed that much of 
the deep suppuration found in wounds was created by previously 
contaminated silk ligatures. Lister evolved a carbolized catgut 
surure that was better than any previously produced. He was 
able to cut the eJ1ds of the Ligature short, thereby dosing the 
wound tightly and eliminating the necessity of bringing the ends 
of rhe suture om through the incision, a surgical practice tbac 
had persisted since the days of Pare. 

1l1e acceptance of listerism was an w1even and distinctly 
slow process, f(lr many reasons. First, the various procedural 
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changes that Lister made during the evolution of his methodol­
ogy created confusion. Second, listerism, as a technical exercise, 
was complicated by the use of carbolic acid, an unpleasant and 
time-consuming nuisance. Third, various early attempts to use 
antisepsis in surgery had proved abject failures, with many 
leading surgeons unable ro repHcare Lister's generally good 
results. HnaUy, and most importantly, acceptance of listerism 
depended entirely on an understanding and wtimatc recogni­
tion of the veracity of the germ theory, a hypothesis that many 
practical-minded surgeons were loath to accept. 

As a professional group, German-speaking surgeons would 
be the first to grasp the importance of bacteriology and the germ 
theory. Consequently, they were among the earHest to expand 
on Lister's message of antisepsis, with his spray being discarded 
in favor of boiling and use of the autoclave. 1l1e availability of 
heat sterilization led to the development of sterile aprons, drapes, 
instruments, and sutures. Sinlllarly, the use efface masks, gloves, 
hats, and operating gowns also naturally evolved. By the mid-
1890s, less clumsy aseptic techniques had found their way into 
most European surgical an1phitheaters and were approaching 
total acceptance by American surgeons. Any lingering doubts 
about the valid_jty and significance of the momentous concepts 
that Lister had put forth were eLiminated on me battlefields of 
World War I. 1l1ere, the importance of just plain antisepsis 
became an invaluable lesson for scalpel bearers, whereas the 
exigencies of tb.e battlefield helped bring about the final matura­
tion and equitable standing of surgery and surgeons within the 
worldwide medical community. 

X-Rays 
Especially prominent among other late 19th century discoveries 
that had an enormous impact on the evolution of surgery was 
research conducted by Wilhelm Roemgen (1845-1923), which 
led to his 1.895 elucidation of x-rays. Having grown interested 
in the phosphorescence from metallic salts that were exposed to 
light, Roemgen made a chance observation when he passed a 
current through a vacuun1 tube and noticed a greenish glow 
coming from a screen on a shelf 9 feet away. lhis strange effect 
continued aftell' the current was turned off. He found that the 
screen had beem painted with a phosphorescent substance. Pro­
ceeding with full experimental vigor, Roentgen soon realized 
that there were iJwisible rays capable of passing through soHd 
object.~ made of wood, metal, and other materials. Most signifi­
cantly, these rays also penetrated the soft parts of the body in 
such a manner that the more dense bones of his hand were able 
to be revealed on a specially treated photographic plate. In a 
shorr rime, numerous appHcations were developed as surgeons 
rapidly appHed the new discovery to the diagnosis and location 
of fractures and dislocations and the removal of foreign bodies. 

EARLY 20TH CENTURY 
By the late 1890s, the interactions of political, scientific, socio­
economic, and technical factors set the stage for what would 
become a spectacular showcasing of surgery's newfound prestige 
and accomplishments. Surgeons were finally wearing antiseptic­
lookiJ1g whhe coats. Patients and tables were draped in white, 
and basins fo:r bath.ing instrun1ents iJ1 bichloride solution 
abounded. Suddenly, all was clean and tidy, with conduct of the 
surgical operation no longer a haphazard affair. 1bis reformation 
would be successful not because surgeons had fundamencally 
changed bur because medicine and its relationship to scientific 

FIGURE 1-5 Theodor Billroth (1829-1894). 

i11quiry had been irrevocably altered. Sectarianism and quackery, 
the consequences of earlier medical dogmatism, would no longer 
be tenable within the confines of scientific truth. 

With aU four fundamental clinjcal prerequisites in place by 
the turn of the century, highlighted by the emerging clinical 
triumphs of various English surgeons, including Robert Tait 
(1845-1 899), William Macewen (1R48- 1924), and Frederick 
Treves (1 853-1923): German-speaking surgeons, i11duding 
Theodor Billroth {1829-1894; Fig. 1-5), 1l1eodor Kocher 
(U!41-1917; Fig. 1-6), Friedrid1 Trendelenburg (1844-1 924), 
and j oharu1 von Mlkulicz-Radecki (1850-1905); Frend1 sur­
geons, including Jules Pcin {1830..1898), Just Lucas-Champi­
oniere (1843-1913), and Marin-1l1eodore Tuffier (1857-1929); 
Italian surgeons, most notably Eduardo Bassini (1844-1924) 
and Antonio Ceci (1852-1920}; and several American surge()ns, 
exemplified by William WilLiams Keen (1837-1932), Nid10las 
Senn (1844-1908), and John Benjamin Murphy (1 857-1916), 
scalpel wielders had essentially explored all cavities of the human 
body. Nonetheless, surgeons retained a lingering sense of profes­
sional and social discomfort and continued to be pejoratively 
described by nouveau scientific physicians as nonthinkers who 
worked in Little more than an inferior and crude manual crafr. 

It was becoming increasingly evident that research models, 
tl1eorctical concepts. and valid clinical applications would be 
necessary to demonstrate the scientific basis of surgery to a wary 
public. 1l1e effort to devise new operative methods called for an 
even greater reliance on experimental surgery and its absolute 
encouragement by all concerned parties. Most importantly, a 
sciemific basis for therapeutic surgical recommendations­
consisting of empirical data, collected and analyzed according 
to nationally and internationally accepted rules and set apart 
from individual authoritative assun1ptions-would have to be 



FIGURE 1-6 Theodor Kocher (1841- 1917). 

developed. ln contrast to previously unexplainable doctrines, 
scientific research would triumph as the final arbiter between 
valid and invalidl surgical therapies. 

ln tum, surgeons had no choice but to allay society's fear 
of the surgical lllnknown by presenting surgery as an accepted 
part of a newly established medical armamentarium. This would 
not be an easy task. 1l1e immediate consequences of surgical 
operations, such as discomfort and associated complications, 
were often of more concern co patients than the positive knowl­
edge that an operation could eliminate potentially devastating 
disease processes. Accordingly, the most consequential achieve­
ment by surgeons during the early 20th century was ensuring 
the social acceptability of surgery as a legitimate scientific 
endeavor and the surgical operation as a therapeutic necessity. 

Ascent of Scientific Surgery 
William Stewart Halsted (1852-1922), more than any other 
surgeon, set the scientific tone for this most imporcant period 
in surgical history (Fig. l-7). He moved surgery from the melo­
dramatics of the 19th-century operating theater tO the starkness 
and sterility of the modern operating room, commingled with 
the privacy and soberness of the research laboratory. As professor 
of surgery at the newly opened Johns Hopkins Hospital and 
School of Medicine, Halsted proved to be a complex persnnal.ity, 
but the impact of this aloof and reticent man would become 
widespread. He introduced a new surgery and showed that 
research based on anatomic, pathologic, and physiologic prin­
ciples and the use of animal experimentation made it possible 
to develop sophisticated operative procedures and perform them 
clinicalJy with outstanding results. Halsted proved, to an often 
leery profession and public, chat an unambiguous sequence 
could be constructed from the laboratory of basic surgical 
researcl1 to the clinical operating room. Most importantly, for 
surgery's own sellf-respect, he demonstrated during this turn of 

HISTORY OF SURGERY CHAPTER 1 7 

FIGURE 1-7 William Halsted (1852-1922). 

the century renaissance in medical education that deparcmems 
of surgery could command a faculty whose stature was equal in 
importance and prestige to that of other more academic or 
research-oriented fields, such as anatomy, bacteriology, biochem­
istry, internal medicine, pathology, and physiology. 

As a single individual, Halsted developed and disseminated 
a different system of surgery so characteristic that it was termed 
a school of surgery. More to the point, Halsted's methods revolu­
tionized tl1e world of surgery and earned hi~ work the epithet 
"halstedian principles," which remains a widely acknowledged 
and accepted scientific imprimatur. Halsted subordinated tecll­
nical brilliance and speed of dissection to a meticulous and safe, 
albeit sometimes slow performance. As a direct result, Halsted's 
effort did much to bring about surgeris self-sustaining transfor­
mation from therapeutic subservience to clinical necessity. 

Despite his demeanor as a professional recluse, Halsted's 
clinical and research achieven1ents were overwhelming in 
number and scope. His residency system of training surgeons 
was not merely the first such progran1 of its type--it was w1ique 
in its prin1ary purpose. Above all other concerns, Halsted desired 
to establish a school of surgery that would eventually dissemi­
nate throughout the surgical world the principles and attributes 
that he considered sound and proper. His aim was to train able 
surgical teachers, not merely competent operating surgeons. 
There is linle doubt that Halsted achieved his stated goal uf 
producing "not only surgeons but surgeons of the highest type. 
men who will stimulate the first youth of our country to study 
surgery and to devote their energies and their lives to raising 
the standards of surgical science." So fundamental were his con­
tributions that without them, surgery might never have fully 
developed and could have remained mired in a quasiprofessional 
state. 

1l1e heroic and dangerous nature of surgery seemed appeal­
ing in less scientifically sophisticated times, but now surgeons 
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were courted for personal anributes beyond their unmitigated 
technical boldness. A trend toward hospi tal-based surgery was 
iJKreasingly evident, in equal pares resulting from new, techni­
cally demanding operations and modern hospital physical struc­
tures within which surgeons could work more effectively. The 
increasing complexity and effectiveness of asepric surgery, diag­
nostic necessity of the x-ray ru1d dinicallaboratoty, convenience 
of24-hour nursing, ru1d availability of capable surgical residents 
Living within a hospital were making the hospital operating 
room the mostt plausible and convenient place for a surgical 
operation to be performed. 

It was obvious to both hospital superintendents and the 
whole of medicine that acute care institutions were becoming a 
necessi ty, more for the surgeon than for the physician. As a 
consequence. increasing numbers of hospitals went to great 
lengths to supply their surgical staffs with the finest facilities in 
which to complete operations. For centuries, surgical operations 
had been performed under the illumination of sunHght, candles, 
or both. Now,. however, electric lights installed in operating 
rooms offered a far more reliable ru1d unwavering source of 
illumination. Surgery became a more proficient craft because 
surgical operations could be completed on stormy summer 
mornings. as well as on wet winter afternoons. 

Internationalization, Surgical Societies, 
and Joumals 
As the sophistication of surgery grew, internationalization 
became one of its underlying themes, with surgeons crossing the 
great oceans to visit and learn from one aJlother. Halsted ru1d 
HermaJl.ll Kuttner (1870-1932), director of the surgical clinic 
in Breslau, Germany (now known as Wrodaw and located in 
southwestern Polru1d), instituted the first known official excha11ge 
of surgical residents in 19 14. This experiment in surgical educa­
tion was merult to underscore the true international spirit that 
had engulfed surgery. Halsted firmly believed that young sur­
geons achieved greater clinical maturity hy observing the prac­
tice of surgery in other countries, as well a~ in their own. 

An inevitable formation of national ru1d international sur­
gical societies and the emergence and development of periodicals 
devoted to surgical subjects proved to be important adjuncts to 
the professionalization process of surgery. For the most part, 
professional societies began a~ a means of providing mutual 
improvement via personal interaction with surgical peers and 
the publication of presented papers. Unlike surgeons of earlier 
centuries, who were known to guard so-called trade secrets 
closely, members of these new organizations were emphatic 
about publishing rransactions of their meetings. In this way, not 
only would their surgical peers read of their clinical accomplish­
ments, but a written record was also established for circulation 
throughout the world of medicine. 

The first of these surgical societies was the Academic Royale 
de Chirurgie in Paris, with its Memoires appearing sporadically 
from 1743 through 1838. Of 19th century associations, the 
most prominent published proceedings were the Memoires and 
Bulletins of the Societe de Chirurgie of Paris {1847), the Verhrm­
dltmgen of the Deutsche Gesellschafr fiir Chirurgie (1872), and 
the TrallSactiom of the American Surgical Association {1883). 
No surgical association that published professional repom 
existed in 19th century Great Britain, and the Royal CoUeges of 
Surgeons of Englru1d, lrelaJld, ru1d Scotland never w1dertook 
such projects. Although textbooks, monographs, ru1d treatises 

had always been the mainstay of medical writing, the introduc­
tion of monthly journals, including August Richter's {1742-1812) 
Chirurgische Bibliothek {1771), Joseph Malgaigne's {1806-1865) 
journal de Chirurgie ( 1843), Bernard Langen beck's ( 181 0-1887) 
Archiv for Klinische Chirurgie {1860), ru1d Lewis Pilcher's 
{1 844-1917) Annals of Surgery {1885), had a rremendous impact 
on updating ru1d continuing the education of surgeons. 

World War I 
Austr.ia-Hungary ru1d Germru1y continued as the dominru1t 
forces in world surgery until World War I. However, results of 
the conflict proved disastrous to the central powers (Austria­
Hungary, Bulgaria, Germany, and the Onoman Empire), espe­
cially to Germru1-speaking surgeons. Europe took on a new 
social and political look, with the demjse of Germany's status as 
the world leader in surgery a sad but foregone conclusion. As 
with most armed conB.icts, because of the massive humaJl toll, 
especially battlefield injuries, tremendous strides were made in 
muJtiple areas of surgery. Undoubtedly, the greatest surgical 
achievement was in the treatment of wound infection. Trench 
warfare in soil contaminated by decades of cultivation and 
ru1i mal mru1ure made every wounded soldier a potential carrier 
of any number of pathogenic bacilli. On the battlefront, sepsis 
was inevitable. Most attempts to maintain aseptic tedmique 
proved inadequate, but the· treatment of infected woLmds by 
ru1tisepsis was becoming a pragmatic reality. 

Surgeons experimented with nun1erous antiseptic solutions 
ru1d various types of surgical dressing. A principle of wound 
rream1eJ1t entailing debridement ru1d irrigation eveJ1tually 
evolved. He11ry Dak.U1 (1880-1952), an English d1emist, and 
Alexis Carrel {1873-1944; Fig. 1-8), the Nobel prize-winning 
French Americru1 surgeon, were the principal protagonists in the 
development of this extensive system of wound mru1agcment. [n 
addition to successes in wound sterility, surgical advru1ces 
were made in the use of x-rays in the diagnosis of battlefield 
injuries, and remarkahle operative ingenuity was evident in 

FIGURE 1-8 Alexis Carrel (1873- 1944). 



reconstructive facial surge!}' and the treatment of fracntres 
resulting from g1lmshot wounds. 

American College of Surgeons 
For American surgeons, the years just before World War 1 were 
a time of active coalescence inro various social and educational 
organi:.r-ations. The most important and influential of these soci­
eties was the American College of Surgeons, founded in 1913 
by Franklin Martin (1857 -1935), a Chicago-based gynecologist. 
Patterned after the Royal Colleges of Surgeons of England, 
Ireland, and Scotland, the American College of Surgeons estab­
lished professional, ethical., and moral standards for every grad­
uate in medicine who practiced in surgery and conferred the 
designation Fellow of the American College of Surgeons (FACS) 
on its members. From the outset, its primary aim was the 
continuing education of surgical physicians. Accordingly, the 
requirements for fellowship were always related to the educa­
tional opportunities of the period. In L914, an applicant had to 
be a licensed graduate of medicine, receive the backing of three 
fellows, and be endorsed by the local credentials committee. 

In view of the stipulated peer recommendations, many 
physicians, realistically or not, viewed the American College of 
Surgeons as an elitist organization. With an obvious so-called 
blackball system built into the membership requirements, there 
was a difficult to deny belief that many mrgeons who were 
immigrants, females, or members of particular religious and 
racial minorities were granted fellowships sparingly. Such inher­
ent bias, in addition w questionable accusations of fee splitting 
along with w1bridled contempt of certain smgeons' business 
practices, resulte<l in some very prominent American surgeons 
never being permitted the privilege of membership. 

The I 920s and beyond proved to be a prosperous time for 
American society and its surgeons. After all, the history of world 
surgery in the 20th century is more a tale of American triumphs 
than it ever was in the 18th or 19th centuries. Physicians' 
incomes dramatically increased and surgeons' prestige, aided by 
the ever-mounting successes of medical science, becan1e securely 
established in American culture. Still, a noticeable lack of stan­
dards and regulations in surgical specialty practice became a 
serious concern Ito leaders in the profession. The difficulties of 
World War l had greatly accentuated this realistic need for spe­
cialty standards, when many of me physicians who were self­
proclaimed surgical speciallsts were found to be unqualified by 
military examining boards. In opbmalmology, for exan1ple, 
more chan 50o/o of tested individuals were deemed unfit to treat 
diseases of the eye. 

It was an unmistakable reality thar there were no estab­
lished criteria wiith which to distinguish a well-qualified oph­
thalmologist from an upstart optometrist or to clarify the 
differences in clinlcal expertise berween a well-trained, full-time 
ophthalmologic speciallst and an inadequately trained, part-time 
general physician-ophthalmologist. In recognition of the gravity 
of the situation, the sclf-patroWng concept of a professional 
examining board, sponsored by leading voluntary ophthalmo­
logic organizations, was proposed as a mecban.ism for certifyi11g 
competency. In 1916, uniform standards and regulations were 
set forth in the form of minjmal educational requirements and 
written and oral exan1.inarions, and the American Board for 
Ophthalmic Examinations, the country's first, was formally 
incorporated. By 1940, six additional surgical specialty boards 
were esrabUshed-Qrthopedic (1934), colon and rectal (1934), 
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urologic (1935), plastic (1937), surgical (1937), and neurologic 
(1940). 

As order was introduced into surgical specialty training and 
the process of certification matured, it was apparent that the 
continued growth of residency programs carried important 
implications for the furure srrucwre of medical practice and the 
social relationship of medicine to overall society. Professional 
power had been consolidated, and specialization, which had 
been evolving since the tin1e of the Civil War, was now recog­
nized as an essential, if not integral, part of modern medicine. 
Although the creation of surgical specialty boards was justified 
under the broad imprimarur of raising the educational status 
and evaluati11g the clinical competency of speciallsts, board cer­
tification undeniably began to restrict entry into the specialties. 

As the specialties evolved, the political influence and cul­
tural authority enjoyed by the profession of surgery were 
growing. This socioeconomic strength was most prominently 
expressed in reform efforts directed toward the moderni:t-ation 
and standardization of America's hospital system. Any vestiges 
of so-called kitchen surgery had essentially disappeared, and 
other than numerous small private hospitals predominantly con­
structed by surgeons for thdr personal use, the only facilities in 
which major surge!}' could be adequately conducted and post­
operative patients appropriately cared for were the well-equipped 
and physically impressive modern hospitals. Thus, the American 
College of Surgeons and its expanding list of fellows had a strong 
motive to ensure that America's hospital system was as up to date 
and efficienr as possible. 

On an international level, surgeons were confronted with 
the lack of any formal organizational body. Not w1til the Inter­
national College of Surgeons was founded in 1935 in Geneva 
would such a society exist. At its inception, tlus organization 
was in tended to serve as a liaison to the existing colleges and 
surgical societies in the various countries. However, its goals of 
elevating tbc art and science of surgery, creating greater under­
standing among the surgeons of the world, and affording a 
means of international postgraduate study never came to full 
fruition, in part because the American College of Surgeons 
adamantly opposed the establishment-and conti.nues to do 
so--of a viable American d1apter of the International College 
of Surgeons. 

Women Surgeons 
One of the many overlooked areas of surgi.cal history concerns 
the involvement of women. Unci! recent times, women's options 
for obtaining advanced surgical training were severely restricted. 
1l1e major reason was that through tbe mid-20th century, only 
a handful of women had performed enough surgery to become 
skilled mentors. Witl1out role models and with limited access to 
hospital positions, the ability of the few practicing female physi­
cians co specialize in surgery seemed an impossihilicy. Conse­
quently, women surgeons were forced to use different career 
strategies than men and to have more divergent goals of personal 
success to achieve professional satisfaction. Despite these diffi­
culties, and through the detern1ination and aid of several 
enlightened male surgeons, most notably WiiJian1 Byford 
(1817-1890) of Chicago and William Keen of Pluladelplua, a 
small cadre of female surgeons did exist in lace 19th cemury 
America. Mary Dixon Jones (1828-1 908), Emmeline Horton 
Cleveland (1829-1878), Mary Harris Thompson (1 829-1895), 
Alma Elizabeth Broomall (1847-1931), and Marie Mergler 
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FIGURE 1-9 Olga Jonasson (1934-2006). (Courtesy University of Illi­
nois, Chicago.) 

(1851-1901) would act as a nidus toward greater gender equal­
ity in 20th century surgery. Olga Jonassen (1934-2006; Fig. 
l-9), a pioneer in the field of c~nical transplantation, played a 
leading role in encouraging women to enter the modern, male­
dominated world of surgery. ln 1987, when she was named chair 
of the department of surgery at Ohio State University College 
of Medicine, Jonassen became the first womru1 in che United 
States to head an academic surgery department at a coeduca­
tional medical :school. 

African American Surgeons 
1l1ere is little disputing the fact that boili gender and racial bias 
have influenced the evolution of surgery. Every aspect of society 
is affected by such discrimi11ation, and African Americans, like 
women, were im10cem victims of injustices chat forced iliem 
into never-ending struggles to attain competency in surgery. As 
early as 1868, a department of surgery was established at Howard 
University. However, the fi rst three chairmen were all white 
Anglo-Saxon Protestants. Not until Austin Curtis was appointed 
professor of smgery in 1928 did the deparonem have its first 
African American head. Like all black physicians of his era, be 
was forced to train at so-called Net,>ro hospitals, in Curtis' case 
Provident Hospital in Chicago, where he came under the tute­
lage of Daniel Hale Willia111s (1858-1931), the most influential 
and highly regarded of early African American surgeons. In 
1897, Williams received considerable notoriety when he reported 
successful sutu.ring of tbe pericardium for a stab wound of 
the heart. 

With littFe likeUhood of obtaining membership iJl the 
American Medical Associarion or its related societies, Africru1 
American physicians joined togetht!r in 1895 to form the 
National Medical Association. Black surgeons identified an 
even more specific need when the Surgical Section of tl1e 

FIGURE 1- 10 Charles Drew (1904-1950). 

National Medical Association was opened in 1906. The.~ 
National Medical Association surgical diJ1ics, whid1 preceded 
the Clinical Congress of Surgeons of North America, the fore­
runner to the aJUlual congress of the American College of Sur­
geons by almost half a decade, represented the earliest examples 
of organized, so-called "show me" surgical education in the 
United States. 

Adm.ircance to surgical societies ru1d attainment of specialty 
certification were in1portant social and psychological accom­
plishments for early Africru1 American surgeons. When Daniel 
Williams was named a Fellow of the Ame.ricru1 College of Sur­
geons in 1913, the news spread rapidly throughout the Africru1 
American surgical community. Still, African American surgeons• 
fellowship applications were often acted on rad1er slowly, whid1 
suggests char denials based on race were clandestinely conducted 
d1roughout much of the country. As late as tbe m.id-1940s, 
Charles Drew (1904-1950; Fig. l-10), chairman of the depart­
ment of surgery at Howard University School of Medicine, 
acknowledged that he refused to accept membership in the 
American College of Surgeons because this so-called nationally 
representative surgical society had, in his opinion, not yet begun 
to accept capable and well-qualified African American surgeons 
freely. Claude H. Orgru1, Jr. (1926-2005; Fig. 1-J l), was a dis­
tinguished editor. educator, and historian. Among his books, the 
two-volume A Century of Blttck Surgeons: The U.S.A. B<perience 
ru1d the authoritative Notewortky Publications kY African­
American Surgeo11s lmderscored the numerous contributions 
made by African American surgeons to the nation's health care 
system. In addition, as the long-standing editor-iJ1-cl1ief of 
Archives of Surgery, as well as serving as president of the Ameri­
can College of Surgeons and chairman of tht! American Board 
of Surgery, Organ wielded enormous influence over the direc­
tion of Americru1 surgery. 



FIGURE 1-11 daude H. Organ, Jr. (1926-2005). (Courtesy the Amer­
ican College ot Surgeons, Chicago, and Dr. James C. Thompson.) 

MODERN ERA 
Despite the global economic depression in the aftermath of 
World War I, the 1920s and 1930s signaled the ascent of 
American surgery to its current position of international leader­
ship. Highlighted by educational reforms in its medical schools, 
Halsted's redefilllition of surgical residency programs, and the 
growth of surgical specialties, the stage was set for the blossom­
.iJ1g of scientific surgery. Basic surgical researd1 becan1e an 
established reality as George Crile (1864-1943), Alfred Blalock 
(1899-1964; Fig. 1-12), Dallas Phemister (1882-1951), and 
Charles Huggins (1901-1997) becanJe world-renowned 
surgeon-sciencists. 

Much as the ascendancy of the surgeon-scieJ1tist brought 
about changes in the way in which the public and profession 
viewed surgical research, the introduction of increasingly sophis­
ticated technologies had an enormous impact on the practice of 
surgery. Throughout the evolution of surgery, the practice of 
surgery-the art, the craft and, finally, the science of working 
with one's hands- had largely been defined by its tools. From 
the crude Hint instruments of ru1cient peoples, through the 
simple tonsUlotomes ru1d llthotrites of the 19th century, up to 
the increasingly complex surgical instruments developed in the 
20th century, new and improved instrwnents usually led to a 
better surgical result. Progress ir1 surgical instrumemation and 
surgical techniques went band in hand. 

Surgical techniques would, of course, become more sophis­
ticated with the passage of time but, by the condusion ofWorld 
War U, essentially aiJ organs and areas of the body had been fully 
explored. In fact, within a short half-century, the domain of 
surgery had become so well established that the profession's 
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FIGURE 1-12 Alfred Blalock (1899-1964). 

foundation of basic operative procedures was already completed. 
As a consequence, there were few technical surgical mysteries 
left. What surgery now needed co sustain its continued grov.rth 
was the ability to diagnose surgical diseases at an earlier stage, 
locate malignarlt growths willie they remained small, and have 
more effective postoperative treatment so cl1at patients could 
survive ever more technically complex operations. Such thinking 
was exemplified by the introduction of d1olecystography in 
1924 by Evarts Grahan1 (1883-1957) and Warren Cole 
(1898-1990). In this case, an emerging scientific technology 
introduced new possibilities into surgical practice that were not 
necessarily related solely tO improvements in technique. To the 
surgeon, the discovery ru1d application of cholecystography 
proved most important, not only because it brought about more 
accurate diagnoses of cholecystitis but also because it created an 
influx of surgical patients where few had previously existed. Lf 
surgery was to grow, large numbers of individuals with surgical 
diseases were 11eeded. 

It was ru1 exciting era for surgeons, with importru1t clinical 
advances being made in the operating room and basic science 
laboratory. Among cl1e most notable highlights were the intro­
duction in 1935 of pancreaticoduodeneccomy for cru1cer of the 
pru1ereas by Allen Oldfather Whipple (1881-1963) and a report 
tn 1943 on vagotomy for the operative treatment of peptic ulcer 
disease by Lester Dragstedt (1893-1976). Other significrult 
advru1ces included the following: 



12 SECTION I SURGICAL BASIC PRINCIPLES 

• Frank Lahey (1880-1953) stressed the importance of 
identifying the recurrent laryngeal nerve during the 
course of -chyroid surgery. 

• Owen Wangensreen (1898-1981) successfully decom­
pressed mechanical bowel obstructions by using a 
newly devised suction apparatus in 1932. 

• George Vaughan (1859-1948) successfully ligated the 
abdominal aorta for aneurysmal disease .iJ1 1921. 

• Max Peet (1885-1949) presented splanchnic resection 
for hypertension in 1935. 

• Walter Dandy (1886-1946) performed intracranial 
section of various cranial nerves in the 1920s. 

• Walter Freeman (1895-1972) described prefrontal 
lobotomy as a means of treating various mental ill­
ne.~ses in 1936. 

• Harvey Cushing (1869-1939) introduced electroco­
agulation in neurosurgery in 1928. 

• Marius Smith-Petersen (1886-1953) described a 
AaJ1ged naiJ for pinning a fracrure of the neck of the 
femur in 11931 and introduced Vitallium cup arthro­
plasty in 1939. 

• Vilray Blair (1871-1955) aJ1d jaJTies Brown (1899-
1971) popularized the use of spilt-skin grafts to cover 
large areas of granulating wounds. 

• Earl Padgett (1893-1946) devised an operative der­
matome that allowed calibration of tbe thickness of 
skin grafts in 1939. 

• Elliott Cutler (1888-1947) performed a successful 
section of the mitral valve for relief of mitral stenosis 
in 1923. 

• Evarts GrabaJu completed the first successfu.l removal 
of an entire lu11g for CaJ1cer in 1933. 

• Claude Beck (1894-1971) implaJlted pectoral muscle 
into the pericardium and attached a pedicled omental 
graft w the surface of the heart, rhus providing col­
lateral circulation ro that organ, iJ1 1935. 

• Robert Gross (1905-1988) reported the first success­
ful llgation of a patent arterial duct in 1939 and 
resection for coarctation of the aorta with direct ana~­
tomosis of the remaining ends in 1945. 

• John AlexaJ1der (1891-1954) resected a saccular aJ1eu­
rysm of the thoracic aorta in 1944. 
With such a wide variety of technically complex surgical 

operations now possible, it bad clearly become in1possible for 
any single surgeon to master all the manual skills and patho­
physiologic knowledge necessary to perform such cases. 1l1ere­
fore, by the middle of the cenrury, a consolldation of professional 
power inherent in the movement toward specialization, with 
numerous individuals restricting their surgical practice to one 
highly structured £eld, had become aJTiong the most significant 
and dominating events in 20th century surgery. Ironically, the 
United States, whid1 had been mud1 slower than European 
countries to recognize surgeons as a distinct group of clinicians 
separate from physicians, would now spearhead tllis move 
toward surgica1 specialization with great alacrity. C learly, the 
course of surgical fragmentation in to specialties and subspecial­
ties was gathering tremendous speed as the dark douds of World 
War II serded over the world. 1l1e socioeconomic ru1d political 
ramifications of this war would bring about a fundamental 
change in the way that surgeons viewed themselves and their 
interactions with the society in which they llved and worked. 

Last Half of the 20th Century 
The decades of economic expaJ1sion after World War II had a 
dramatic impact on surgery's scale, particularly in the United 
States. It was as though being victorious in battle permitted 
medicine to become big business overnight, with the single­
minded pursuir of health care rapidly rransformed inro sociery's 
largest growth industry. Spacious hospital complexes were built 
that not only represented tl1e scientific advru1cement of the 
healing arts, but also vividly demonstrated the strength of 
American's postwar socioeconomic boom. Society was witting to 
give surgical science unprecedented recognition as a prized 
national asset. 

The overwhelming impact of World War II on surgery was 
the sudden expansion of the profession and tbe beginnings of 
an extensive distribution of surgeons throughout the country.. 
Many of these individuals, newly baptized to the rigors of tech­
nically complex trauma operations, becan1e leaders in the con­
struction and improvement of hospitals, multispecialry cliJ1ics, 
ru1d surgical facilities in their home towns. Large urbru1 and 
community hospitals established surgical education and traiJling 
progran1s and found it relatively easy to attract interns and 
residents. For the first time, residency programs in general 
surgery were rivaled in growth and educational sophistication 
by those in all the special fields of surgery. These changes served 
a~ fodder for further increases in the number of snadents enter­
ing surgery. Not only would surgeons command the highest 
salaries, but society was also enan10red of the dran1a of the 
operating room. Television series, movies, novels, and the more 
than occasionalllve performance of a heart operation broadcast 
on a network beckoned cl1e lay individual. 

Despite lay approval, success and acceptabili ty in the bio­
medical sciences are sometinles difficult to determine, but Qne 
measure of both in recent times has been awarding of the Nobel 
Prize in medicine and physiology. Society's continued approba­
tion of surgery's accompllshments can be seeJl in the namiJ1g of 
niJ1e surgeons as Nobel laureates (Table 1-1). 

Cardiac Surgery and Organ Transplantation 
Two clinical developments truly epitomized the magnificence of 
post-World War II surgery and concurrently fascinated the 
public-the maturation of cardiac surgery as a new surgical. 
specialty aJld the en1ergence of organ transplantation. Togetl1er, 
they would stand as signposts along the new surgical highway. 
Fascination with tbe heart goes far beyond that of clinical med­
icine. From the historical perspective of art, customs. llterature, 
philosophy, religion, and science, the heart has represented the 
seat o f the soul and the wellspring of life itsel( Such reverence 
also meant that this noble organ was long considered a surgical 
untouchable. 'TI1e late 19th and 20tl1 centuries witnessed a 
steady march of surgical triumphs in opening successive cavities 
of the body, but the final achievement awaited the perfection of 
methods for surgical operations in the thoracic space. 

Such a scientific and technologic accompJishment can be 
traced back to the repair of cardiac stab wounds by direct suture 
aJld tbe earliest attempts at fixing faulty heart valves. As trium­
phant as Luther Hill's (1862-1946) first kJ1own successful suture 
of a wound that penetrated a cardiac chamber wa~ in 1902, it 
would nor be until the 1940s rhat the developmem of safe 
intrapleural surgery could be counted on as something other 
than an occasional event. During World War II. Dwight Harken 
(1910-1993) gained extensive battlefield experience in removing 
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Table 1-1 Nobel Laureate Surgeons in Medicine and Physiology 
SURGEON COUNTRY AELD (YEAR OF AWARD) 

Theodor Kocher (1841-1917} Switzerland Thyroid disease ( 1909} 

Allvar Gullstrand (1862- 1930) Sweden Ocular dioptrics ( 1911) 

Alexis carrel ( 1873-1944} France and United States Vascular surgery (19 12) 

Robert Mrciny ( 1876-1936) Austria 

Frederick Banting (1891-1941) canada 

Walter Hess (1881- 1973} Switzerland 

Werner Forssmann (1904-1979} Gennany 

Charles Huggins (1901-1997) United States 

Joseph Murray (19 19-) United States 

bullets and sJ1rapnel in or in relation to the heart and great 
vessels without a single fatal ity. Building on his wartime 
experience, Harken and other pioneering surgeons, including 
Charles Bailey (1910-1993) of Philadelphia and Russell Brock 
(1903-1980) of London, proceeded to expand intracardiac 
surgery by developing operations for the relief of mitral valve 
stenosis. The procedure was progressively re£ned and evolved 
into the open commissmotomy repair used today. 

Despite mounting clinical successes, surgeons who oper­
ated on the heart had to contend not only with the quagmire 
of blood fiowing through an area in which difficult dissecdon 
was taking place,. but also with the unrelenting to and fro move­
ment of a beating heart. Tedmically complex cardiac repair 
procedures could not be developed further until these problems 
were solved. John Gibbon (I 903-1973; Fig. 1-13) addressed this 
enigma by devising a machine that would take on the work of 
the heart and lungs while the patient was under anesthesia, in 
essence pumping oxygen-rich blood through the circulatory 
system while bypassing the heart so that the organ could be 
operated on at leisure. 1l1e first successful open heart operation 
in 1953, conducted with the use of a heart-lung machine, was 
a momentous surgical contribution. ll1rough single-minded ness 
of purpose, Gibbon's research paved the way for all future cardiac 
surgery, including procedures for correction of congenital heart 
defects, repair of heart valves, revascularization operations, and 
heart transplantadon. David Sabiston (1924-2009; Fig. 1-14) 
was an inspirational surgical leader who served 30 years as chair­
man of the department of surgery at Duke University. Trained 
u11der Alfred Blalock at Johns Hopkins, Sabiston performed 
early and im10vative coronary artery bypass operations that 
paved the way for more effective cardiac surgery procedures. 
Sabiston assumed numerous leadership roles throughout his 
career, including President of the American CoUege of Surgeons, 
the American Swgical Association, and the American Associa­
tion for Thoracic Surgery. As an eminent editor-in-cl1ief, he 
guided the Annals of Surgery for 25 years and oversaw six previ­
ous editions of this text, the legendary Sabiston Textbook of 
Surgery: The Biologicnl Bnsis of Modern Surgical Practice. Michael 
DeBakey (1908-2008; Fig. 1-15) was a renowned cardiac and 
vascular smgeon. clinical researcl1er, medical educator, and inter­
national medical statesman, who was the long-rime Chancellor 
of Baylor College of Medicine and senior attending surgeon of 
the Methodist Hospital in Houston. He pioneered the use of 
Dacron grafts to replace or repair blood vessels, invented the 
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FIGURE 1-1 3 John Gibbon ( 1903-1973). 

roller pump, developed ventricular assist devices, was among the 
first to perform a coronary artery bypass and carotid endarter­
ectomy, demonstrated the link between cigarette smoking and 
lung cancer, and created an early version of what becan1e the 
mobile army surgical hospital or MASH unit. DeBakey was an 
influential advisor to the federal government about health care 
policy and served as chairman of the President's Conmussion on 
Hearr Disease, Cancer, and Stroke during the JoJmson admin­
istration. Among DeBakels numerous honors were the Presi­
dential Medal of Freedom, Congressional Gold Medal . and 
Lasker Clinical Medical Research Award. 
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FIGURE 1- 14 David Sabiston (1924-2009). (From Anderson R: David 
C. Sabiston, Jr, MD. J Thorac Cardiovasc Surg 137:1307- 1308, 2009.) 

FIGURE 1- 15 Michael DeBakey ( 1908-2008). (Courtesy Baylor 
College of Medicine, Houston.) 

Since time immemorial, the focus of surgery was mostly 
on excision and repair. However, beginning in the 20th century, 
the opposite ertd of the surgical spectrum-reconstruction and 
transplantation-became realities. Experience in the 19th 
century had shown that skin and bone tissues could be auto­
transplanted from one site to another in the same patient. It 
would take the horrendous and mutilating injuries of World War 
I to advance skin transplantation decisively and legitimize the 
concept of surgery a~ a method of reconstruction. Wicl1 Harold 
Gillies (1882-1960) of England and Vilray Blair of rhe United 
States establishing military-based plastic surgery units to deal 
with complex maxiUofacial injuries, a turning point in the way 
in which society viewed surgery's raison d'ctre occurred. Now, 

not only would surgeons enl1ance nature's healing powers, but 
they could also dramatically alter what had previously been little 
more than one's physical foregone conclusion. For example, 
Hippolyte Morestin (1869- L919) described a method of mam­
maplasty in 1902. John Staige Davis (1872-1946) of Baltimore 
populariz.ed a manner of splintiJlg skin grafts and later wrore the 
first comprehensive textbook on this new specialt)', Pf11stic 
Surgery: Its Principles and Pmctice ( 1919). 1m mediately after the 
war, Blair would go on to establish the first separate plastic 
surgery service in a civilian institution at Barnes Hospital in St. 
Louis. Vladimir Filatov (1875-1956) of Odessa, Russia, used a 
tubed pedicle flap in 1916 and, in the following year, Gillies 
introduced a similar reclmique. 

What about the replacement of damaged or dist:aSt:d 
organs? After all, even in the mid-20th century, the very thought 
of successfully transplanting worn-out or unhealthy body parts 
verged on scientific fantasy. At the beginning of the 20th century, 
Alexis Carrel had developed revolutionary new suturing tech­
niques to ru1astomose the smallest of blood vessels. Using his 
surgical Clru1 on experimental animals, Carrel begru1 to trans­
plant kidneys, hearts, and spleens. Technically, his research was 
a success, but some unknown biologic process always led to 
rejection of the trru1splru1ted organ and death of the animal. By 
clte middle of the century, medical researchers had begun to 
clarify the presence of tmderlying defensive immune reactions 
ru1d the necessity of creating inlmtmosuppression as a method 
to allow the host to accept the foreign transplant. Using high­
powered inlmunosuppressanr drugs and oilier modern modali­
ties, kidney transplantation soon blazed the way, and it was not 
long before many orgruts and even hands and faces were being 
replaced. 

Politial and Socioeconomic Influences 
Despite the 1950s and 1960s witnessing some of the most mag­
nificent advances .in the history of surgery, political and socio­
economic influences were starting to overshadow many of the 
clinical triun1phs by the 1970s. It was the beginning of a scbizo­
phrenic existence for surgeons in that complex and dran1atic 
lifesaving operations were completed to innumerable accolades 
whereas concurrently public criticism of the economics of med­
icine. in particular, high-priced surgical practice, portrayed the 
scalpel holder as a greedy, finru1cially driven, selfish individual_ 
This wa~ in stark conrrast ro the relatively selftess rutd srutctified 
image of the surgeon before the growth of specialty wor.k and 
the introduction of goverl1J1lent involvement in health care 
delivery. 

Although they are philosophically inconsistent, the dra­
matic and tlteatrical features of surgery that make surgeons 
heroes from one perspective and symbols of corruption, men­
dacity, and greed from ilie opposite point of view are the ver>' 
reasons why society demands so much of its tl1en1. There is the 
precise and definitive nature of surgical intervention, expecta­
tion of success that surrounds an operation , short tinte frame in 
which outcomes are realized, high income levels of most sur­
geons, and almost insatiable inquisitiveness of lay individuals 
about all aspects of cltc act of consensually cutting into another 
human's flesh. 1l1ese phenomena, ever more se.nsitiz.ed iJl this 
age of mass media ru1d instantaneous relecommunicarion, make 
surgeons seem more accountable than their medical colleagues 
ru1d, simultaneously, symbolic of the best and worst in medicine. 
ln ways mat were previously wtimaginable, this vast social 



transformation of surgery controls the fate of the individual 
physician in the present era to a much greater extent than sur­
geons as a colJective force can control it by thdr attempts to 
dlrecr thelr own profession. 

20nt CENTURY SURGICAL HIGHLIGHTS 
Among tbe difficulties in studying 20th century surgery is 
the abundance of famous names and important written 
contributions-so much so that it becomes a difliCLdt and invid­
ious ta~k to attempt any rational selection of representative 
pcrsonallties along with their significant writings. Although 
many justly famous names might be missing, the following 
description of surgical advances is inrended ro highlight some 
of the Stlmning clinical achievements of d1e past century 
chronologically. 

In 1900, the German surgeon HermaJm Pfarmensriel 
{1862-1909) described his teclmique for a suprapubic surgical 
iJ1cision. That same year, William Mayo {1861-1939) presented 
his reswts on partial gastrectomy before the American Surgical 
Association. The treatment of breast cancer was radlealJy altered 
when George Beatson (1848-1933), professor of surgery in 
Glasgow, proposed oophorectomy and the administration of 
thyroid extract as a possible cure (1901). John Finney 
(1863-1942) of the JohJ1S Hopkins Hospital authored a paper 
on a new method of gastroduodenostomy, or widened pyloro­
plasty (1903). In Germany, Fedor Krause (1856-1937) was 
writing about total cystectomy and bilateral ureterosigmoidos­
tomy. In 1905, Hugh Hampton Young (1870-1945) of Balti­
more was presenting early studies of his radical prostatectomy 
for carcinoma. William Handley (1872-1962) was surgeon of 
the Middlesex Hospital in London when he authored Cancer of 
the Breast and Its Tre11tmmt (1906). In that work, he advanced 
the theory that in breast cancer, metastasis is caused by extension 
along lymphatic vessels and not by dissemination via the blood­
stream. That same year, Jose Goyanes (1876-1964) of Madrid 
used vein graft.~ to restore arterial fiow. William Miles 
(1869-1947) of Englru1d first wrote about his technique of 
abdominoperineal resection in 1908, the Sanle year mat Fried­
rich Trenddenburg (1844-1924) attempted pulmonary embo­
lectomy. Martin Kirschner (1879-1942) of Germany described 
a wire for skeletal traction and for stabilization of bone frag­
ments or joint immobilization 3 years later. Donald Balfour 
(1882-1963) of the Mayo Clinic provided the initial account of 
his important operation for resection of d1e sigmoid colon, as 
did William Mayo for his radical operation for carcinoma of the 
rectum in 1910. 

In 1911, Fred Albee (1876-1945) of New York began ro 
use living bone grafts as internal splints. Wllhelm Ramstedt 
(1867-1963), a German surgeon, described a pyloromyotomy 
(1912) at the same time that Pierre Fredet (1870-1946) was 
reporting a similar operation. In 1913, Henry Janeway 
(1873-1921) of New York developed a technique for gastros­
tomy in which he wrapped the anterior wall of me stomach 
around a catheter and sutured it in place, thereby establlshiJ1g a 
permanent fistula. Hans Finsterer (1877-1955). professor of 
surgery in Vienna, improved on Frru1z von Hofmeister's 
{1867-1926) des,cription of a partial gastrectomy with closure of 
a portion of the lesser curvature and retrocolic anasromosis of 
the remainder of the stomach to the jejumm1 (1918). Thomas 
Dw1bi11 (1876-1957) of London was a pioneer in thyroid 
surgery, especially in his operation for exophthalmic goiter 
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(1919}. William Gallle (1882-1959) of Canada used sunues 
fashioned from the fascia lata in herniorrhaphy (1923). Barney 
Brooks (1884-1952), professor of surgery at Vanderbilt Univer­
sity in Nashville, Tennessee, initially introduced clinical aJlgiog­
rapby and femoral arteriography in 1924. Reynaldo dos Sru1tos 
( 1880-1970), a Porruguese urologist, reporred rhe firsr uanslum­
bar aortogram 5 years later. Cecil Joll {1885-1945), professor of 
surgery iJl London, described the treatment of thyrotoxicosis by 
means of subtotal thyroidectomy in the 1930s. 

In 1931, George Cheatle (1865-1 Y51), professor of surgery 
in London, and Max Cutler (1899-1984), a surgeon from New 
York, published their important treatise, Tumours of the Brettst. 
In chat same year, Cu der detailed his systemic use of ovariru1 
hormone for the treatment of chronic mastitis. Around the same 
time, Ernst Sauerbruch (1875-1951) of Germany completed the 
first successfw surgical intervention for cardiac aneurysm and 
his countryman, Rudolph Nissen (1896-1981), removed an 
entire broncl1iectatic lung. Geoffrey Keynes (1887 -1.982) of St. 
Bartholomew's Hospital in England articulated tl1e basis for the 
opposition to radical mastectomy and his favoring of radium 
creatment for hreast cancer (1932). The Irish stugeon Arnold 
Henry (I 886- 1962) devised aJl operative approach for femoral 
hernia in 1936. Earl ShouJdice (1891-1965) ofToronto first 
began tto experinlent wim a groin hernia repair based on overlap­
ping layers brought together by a continuous wire suture during 
the 1930s. Rene Leriche (1879-1955) proposed an arteriectomy 
for arterial thrombosis in 1937 ru1d, later, periarterial sympa­
thecromy to improve arterial Bow. Leriche also described a syn­
drome of aortoiliac occlusive disease in 1940. In 1939, Edward 
Churchitl (1895-1972) of the Massacllllsetts General Hospital 
performed a segmental pneumonectomy for bronchiectasis. 
Charles Huggins (1901-1997; f ig. l -16), a pioneer iJl endocrine 
therapy for cancer, found that aJ1tiru1drogenic treatment consist­
ing of orchiectomy or the adminjsrration of estrogens could 
produce long-term regression in patients with advanced pros­
tatic cancer. These observations formed the basis for the current 
treatment of prostate and breast cancer by hom1onal manipwa­
tion; Dr. Huggins was awarded the Nobel Prize in 1966 for these 

FIGURE 1-16 Charles Huggins (1901-1997). (Used with permission 
from the University of Chicago Hospitals. Chicago.) 
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FIGURE 1-17 Francis D. Moore {1913-2001). 

momm1ental discoveries. Clarence Crafoord (1899-1984) pio­
neered his surgical treatmem of coarctation of the aorta in 1945. 
l11e following year, WiWs Potts (1895-1968) completed an anas­
tomosis of the aorta to a pulmonary vein for certain types of 
congenital heart disease. Chester McVay (191 1-1987) popular­
ized a repair of groin hernias based on the pectineal ligament in 
194R. 

Working at Georgetown University Medical Center in 
Washington, DC, Charles Hufnagel (1916-1989) designed and 
inserted the fiist workable prosthetic heart valve in a man 
(1951). That same year, Charles Dubose (1914-1991) of Paris 
perforn1ed the first successfuJ resection of an abdominal aortic 
aneurysm and insertion of a homologous graft. Robert Zollinger 
(1903-1994) and Edwin Ellison (1918-1970) first described 
their eponymic polyendocrine adenomatosis .in 1955. l11e fol­
lowing year, D onald Murray (1894-1976) completed the first 
successfuJ aortic valve homograft. At the same time, John Merrill 
(1917-1986) was performing the world's first successful homo­
transplantation of the human kidney between identical twin 
brothers. Francis D. Moore (1913-2001; Fig. 1-17) defined 
objectives of metabolism in surgical patients and in 1959 pub­
lished his widely quoted hook, Metabolic Care of the Su,.gical 
Patient. Moore was also a driving force in the field of transplan­
tation and pioneered the tecbJlique of using radioactive isotopes 
to locate abscesses and twnors. In the 1960s, Jonathan E. Rhoads 
(1907-2002; Fig. 1-18), in collaboration with colleagues Harry 
Vars and Stan Dudrick, described the tcci1Jlique of total paren­
teral nutrition, whjch has become an important and Lifesaving 
treatment for rhe management of a critically iU patient who 
cannot tolerate standard enteral feedings. James D. Hardy 
(1918-2003), at the University of Mississippi, performed the 
firstlung (1963) and heart (1964) transplants in a human. Judab 

FIGURE 1- 18 Jonathan Rhoads {1907-2002). (Courtesy Dr. James C 
Thompson.) 

FIGURE 1-19 Judah Folkman (1933-2008). (Courtesy Children's 
Hospital, Boston.) 



Folkman (1933-2008; Fig. l -19) was surgeon-in-chief at Chil­
dren's Hospital in Boston, where be devoted much of his time 
to ba~ic science rresearch. He was best known for his studies on 
angiogenesis, the process whereby a wmor forms blood vessels 
to nourish itself and grow. Folkman's work led to antiangiogen­
esis therapy- the concept that cancers can be contained by using 
chemotherapeutnc agents to inhibit their blood supply. 

FUTURE TRENDS 
Throughout most of its evolution, the practice of surgery has 
been largely defu1ed by its tools and the manual aspects of the 
craft. The last decades of the 20th century saw unprecedented 
progress in the developmem of new instrlLmentation and 
imaging techniques. These refinements have not come without 
noticeable social and economic cost. Advancement will assuredly 
continue because if the study of surgical history offers any lesson, 
it is that progress can always be expected, at least relative to 
technology. l11e17e will be more sophisticated surgical operations 
with better results. Eventually, automation may even robotize 
the surgeon's hand for certain procedures. Still, the surgical sci­
ences will always. retain their historical roots as fLmdamentally a 
manually bared art and craft. 

[n many respects, the surgeon's most difficult future chal­
lenges are not in the clinical realm but instead in better under­
standing the socioeconomic forces that affect the practice of 
surgery and in learning bow to manage them effectively. Many 
splendid schools of surgery now exist in almost every major 
industrialized city, but none can lay claim to dominance in all 
the disciplines that comprise surgery. Similarly, the presence of 
authoritative indlividual personalities who help guide surgery is 
more unusual today than in previous times. National aims and 
socioeconomic status have become overwhelmi11g factors in 
securing and shepherding the future growth of surgery world­
wide. [n light of an understanding of the intricacies of surgical 
history, it scen1s an unenviable and obviously in1possibk task to 
predict what will happen in the future. [n 1874, John Erichsen 
{1818-1896) of London wrote that "the abdomen, chest, and 
brain will forever be closed to operations by a wise and humane 
surgeon." A few years later, l11eodor Billrotb remarked that "A 
surgeon who tries to suture a heart wound deserves to lose the 
esteem of his colleagues." Obviously, the surgical crystal ball is 
a cloudy one at best. 

To study the fascinating hiscory of our profession, with its 
many magnificemt personalities and outstanding scientific and 
social achievements, may not necessarily help us predict the 
future of surgery. However, it does shed much light on current 
clinical practices. To a certain extent, if surgeons in the h1ture 
wish to be regarded as more than mere technicians, the profes­
sion needs to appreciate the value of its past experiences better. 
Surgery bas a. distinguished heritage that is in danger of beiJJg 
forgotten. Although the futme of the art, craft, and science nf 
surgery remains ·unknown, it assuredly rests on a glorious past. 
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THE IMPORTANCE OF ETHICS IN SURGERY 
Although the ethical precepts of respect for persons, beneficence, 
nonmaleficence, and justice have been fundamemal co the prac­
tice of medicine since ancient rimes, ethics has assumed an 
iJ1creasingly visible and codified position in health care over the 
past 50 years. TI1e JoiJ1t Commission, the courts, presidential 
commissions, medical school and residency curriculum plan­
ners, professional organizations, the media, and the public have 
all grappled with determining the right course of action in health 
care matters. lhc explosion of medical technology and knowl­
edge, changes in the organizational arrangement and financing 
of the health care system, and challenges to traditional precepts 
posed by the corporatization of medicine have all created new 
ethical questions. 

The practice of medicine or surgery is, at its center, a 
moral enterprise. Although clinical proficiency and surgical 
skill are crucial, so are the moral dimensions of a surgeon's 
practice. According co sociologist Charles Bosk, the surgeon's 
actions and patient outcome are more closely Linked in surgery 
than in medicine, and that linkage dramatically d1anges the 
relationship between surgeon and patient.1 Surgeon and 
humanist Miles Little bas suggested that there is a distinct 
moral domain within the surgeon-patient relationship. 
According to Little, "testing and negotiating the reality of the 
category of rescue, negotiating the inherent proxinlity of the 
relationship, revealing the nature of the ordeal, offering and 
providing support through its course, aJld being there for the 
other in the aftermath of the surgical encounter, are ideals on 
which to build a distinctively surgical ethics."2 Because surgery 
is an extreme experience for tbe patient, surgeons have a 
unique opportunity to understand their patients' stories and 
provide support for them. The virtue aJld duty of engaged 
presence as described by Little extends beyond a warm, 
friendly personality and can be taught by both precept and 
exan1ple. Although Little does not speci6.cally identify trust a~ 
a component of presence, it seems inherent to the moral 

depili of the surgeon-patient relationship. During surgery the 
patient is in a totally vulnerable position and a high level of 
trust is demanded for the patient to place his or her li fe 
directly in the surgeon's ha11ds. Such trust, in turn, requires 
that tl1e surgeon strive to act always in a trustworthy maJmer. 

From the Hippocratic Oath to the 1847 American Medical 
Association statement of medical principl.cs through the present, 
the traditional ethical precepts of the medical profession have 
induded the primacy of patient welfare. 1l1e Ameri.can College 
of Surgeons was founded in 1913 on the principles of high­
quality care for the surgical patient and tl1e ethical and compe­
tenc practice of surgery. 1l1e preamble to its Statemem on 
Principles stares the following': 

The Amencan College of Surgeons has had a deep and effectrve 
concem for the improvement of patient care and for the ethical prac­
tice of medicine. The ethical practice of medidne establishes and 
ensures an environment in which all individuals are treated with 
respect and tolerance; discrimination or harassment on the basis of 
age, sexual preference, gender. race, disease, disability, or religion, are 
proscribed as being inconsistent with the ideals and principles of the 
American College of Surgeons. 

The Code of Professional Conduct continues4
: 

/ls Fellows of the American College of Surgeons, we treasure the trust 
that our patients have placed in us, because trust is integral to the 
practice of surgery. During the continuum of pre-, intra-, and post­
operative care, we accept responsibilities to: 

• Serve as effective advocates of our patients' needs. 

• Disdose therapeutic options, induding their risks and 
benefits. 

• Disdose and resolve any conflict of interest that might 
influence dedsions regarding care. 

• Be sensitive and respectful of patients, understanding their 
vulnerability during the perioperative period. 

• Fully disclose adverse events and medical errors. 

• Acknowledge patients' psychological, social, cultural, and 
spiritual needs. 

• Encompass within our surgical care the special needs of 
terminally ill patients. 

• Acknowledge and support the needs of patients' families. 

• Respect the knowledge, dignity, and perspective of other 
health care professionals. 
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