


i
Use of the current edition of the electronic version of this book (eBook) is subject to the terms of the nontransferable, limited license granted on 
expertconsult.inkling.com. Access to the eBook is limited to the first individual who redeems the PIN, located on the inside cover of this book, 
at expertconsult.inkling.com and may not be transferred to another party by resale, lending, or other means. 

Any screen. 
Any time. 
Anywhere.
Activate the eBook version 
of this title at no additional charge.

Unlock your eBook today.
1 Visit expertconsult.inkling.com/redeem

2 Scratch off your code

3 Type code into “Enter Code” box

4 Click “Redeem”

5 Log in or Sign up

6 Go to “My Library”

It’s that easy!

Expert Consult eBooks give you the power to browse and find content, 
view enhanced images, share notes and highlights—both online and offline.

For technical assistance: 
email expertconsult.help@elsevier.com
call 1-800-401-9962 (inside the US) 
call +1-314-447-8200 (outside the US)

Scan this QR code to redeem your 
eBook through your mobile device: 

e.

Place Peel Off 
Sticker Here



EDITED BY

The Late Victor W. Fazio,  
MBBS, MS, MD (Hon), FRACS, FRACS (Hon), 

FACS, FRCS, FRCS (Ed), FASCRS, OA
Formerly Rupert B. Turnbull, Jr., MD, Chair, Emeritus

Emeritus Chairman, Department of Colorectal Surgery
Cleveland Clinic Foundation

Cleveland, Ohio

James M. Church,  
MBChB, MMedSci, FRACS, FACS

Victor W. Fazio Chair
Department of Colorectal Surgery

Cleveland Clinic Foundation
Cleveland, Ohio

Conor P. Delaney,  
MCh, PhD, FRSCI (Gen), FACS

Chairman, Digestive Disease and Surgery Institute
Cleveland Clinic
Cleveland, Ohio

Ravi P. Kiran,  
MBBS, MS, FRCS (Eng), FRCS (Glas), FACS

Kenneth A. Forde Professor of Surgery
Columbia University Medical Center and  

Mailman School of Public Health
Chief and Program Director

Division of Colorectal Surgery
Director

Center for Innovation and Outcomes Research
New York-Presbyterian Hospital/Columbia  

University Medical Center
New York, New York

c u r r e n t 
t h e r a p y  i n 
c o l o n  a n d 

r e c ta l  s u r g e r y

3rd
e d i t i o n

For additional online content visit ExpertConsult.com

http://ExpertConsult.com


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

CURRENT THERAPY IN COLON AND RECTAL SURGERY, THIRD EDITION ISBN: 978-0-323-28092-1

Copyright © 2017 by Elsevier, Inc. All rights reserved.

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

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

Notices

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

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

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

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

Previous editions copyrighted 2005 and 1990. Philip H. Gordon retains copyright for the original figures  
of Chapter 1: Anatomy and Physiology of the Colon, Rectum, and Anal Canal.

Library of Congress Cataloging-in-Publication Data

Names: Fazio, Victor W., 1940-2015, editor. | Church, James M., editor. |
 Delaney, C. P. (Conor Patrick), editor. | Kiran, Ravi P., editor.
Title: Current therapy in colon and rectal surgery / edited by the late
 Victor W. Fazio, James M. Church, Conor P. Delaney, Ravi P. Kiran.
Other titles: Current therapy series. 0831-8689
Description: Third edition. | Philadelphia, PA : Elsevier, [2017] | Series:
 Current therapy | Includes bibliographical references and index.
Identifiers: LCCN 2016035819 | ISBN 9780323280921 (hardcover : alk. paper)
Subjects: | MESH: Colonic Diseases--surgery | Rectal Diseases--surgery |
 Colon--surgery | Rectum--surgery
Classification: LCC RD34 | NLM WI 650 | DDC 617.5/547--dc23  

LC record available at https://lccn.loc.gov/2016035819

Executive Content Strategist: Michael Houston
Senior Content Development Specialist: Ailsa Laing
Publishing Services Manager: Patricia Tannian
Senior Project Manager: Amanda Mincher
Design Direction: Miles Hitchen

Printed in China

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

http://www.elsevier.com/permissions
https://lccn.loc.gov/2016035819


In Memoriam

Victor W. Fazio
1940–2015



     

This page intentionally left blank



v

Cary B. Aarons, MD, FACS
Assistant Professor
Department of Surgery
Division of Colon and Rectal Surgery
University of Pennsylvania
Philadelphia, Pennsylvania

Kareem Abu-Elmagd, MD, PhD
Center for Gut Rehabilitation and Transplantation
Transplant Center
Cleveland Clinic
Cleveland, Ohio

Mary Jo Alberino, RD, LD, CNSC
Registered Dietitian
Center for Gut Rehabilitation and Transplantation
Cleveland Clinic
Cleveland, Ohio

Preetha Ali, MD
Attending Surgeon
Colon and Rectal Surgery
Overlake Hospital Medical Center
Bellevue, Washington

Dileep Atluri, MD, MRCP(UK)
Nutrition Fellow
Cleveland Clinic
Cleveland, Ohio

Knut Magne Augestad, MD, PhD
Department of Gastrointestinal Surgery
Akershus University Hospital
Oslo, Norway

H. Randolph Bailey, MD
Professor of Surgery
The University of Texas Health Science Center McGovern Medical 
School
Houston, Texas

David Bartolo, MS(London), FRCS, FRACS
Consultant Colorectal Surgeon
Fiona Stanley Hospital
Murdoch, Western Australia,
Professor of Surgery
University of Western Australia
Perth, Western Australia

David E. Beck, MD, FACS, FASCRS
Professor and Chairmen Emeritus
Department of Colon and Rectal Surgery
Ochsner Clinic
The University of Queensland School of Medicine
New Orleans, Louisiana

Elizabeth Berger, MD, MS
General Surgery Resident
Loyola University Medical Center
Maywood, Illinois

Richard P. Billingham, MD
Clinical Professor Emeritus
Department of Surgery
University of Washington
Seattle, Washington

Colin P. Bird, MD
The University of Texas Health Science Center at Houston
Houston, Texas

Andrea Bischoff, MD
Associate Professor of Surgery
University of Colorado
Assistant Director
International Center for Colorectal Care
Children’s Hospital Colorado
Aurora, Colorado

Jennifer Blumetti, MD, FACS, FASCRS
Program Director
Colon and Rectal Surgery Residency
John H. Stroger Hospital of Cook County
Chicago, Illinois

Raul M. Bosio, MD
Colorectal Surgeon
Promedica Physicians General Surgery
Sylvania, Ohio

Marylise Boutros, MD, FRCSC
Assistant Professor of Surgery
McGill University
Montreal, Quebec, Canada

Aaron Brzezinski, MD, FRCP(C)
Staff Gastroenterologist
Digestive Disease and Surgery Institute
Cleveland Clinic Foundation
Cleveland, Ohio

c o n t r i b u t o r s



vi CONTRIBUTORS

Carol A. Burke, MD
Department of Gastroenterology and Hepatology
Cleveland Clinic
Cleveland, Ohio

Evie Carchman, MD
Assistant Professor
Department of General Surgery
University of Wisconsin, Madison,
Madison, Wisconsin

J. Andres Cervera-Servin, MD
Minimally Invasive Colon and Rectal Surgery Fellow
Swedish Medical Center/Swedish Cancer Institute
Seattle, Washington

George J. Chang, MD, MS
Professor of Surgical Oncology
Professor of Health Services Research
Chief, Colon and Rectal Surgery
Associate Medical Director, Colorectal Center
Director of Clinical Operations
Minimally Invasive and New Technologies in Oncologic Surgery 
Program
Associate Professor
The University of Texas, M.D. Anderson Cancer Center
Houston, Texas

James M. Church, MBChB, MMedSci, FRACS, FACS
Victor W. Fazio Chair
Department of Colorectal Surgery
Cleveland Clinic Foundation
Cleveland, Ohio

Jose R. Cintron, MD, FACS, FASCRS
Chief, Division of Colon and Rectal Surgery
John H. Stroger Hospital of Cook County
Chicago, Illinois

Rhodri J. Codd, MB BCh, MSc, FRCS
Consultant Colorectal Surgeon
Royal Gwent Hospital
Newport, Wales, United Kingdom

Jeffrey L. Cohen, MD, FACS, FASCRS
Chief Physician Officer
Hartford HealthCare Medical Group
System Vice President
Physician and Provider Network Development
Hartford HealthCare
Clinical Professor
University of Connecticut School of Medicine
Hartford, Connecticut

Fabio Cominelli, MD, PhD
Professor of Medicine and Pathology
Associate Dean for Program Development
Chief, Division of Gastroenterology and Liver Disease
Hermann Menges, Jr. Chair in Internal Medicine
Director, Digestive Health Research Institute
Director, NIH Cleveland Digestive Diseases Research Core Center
Case Western Reserve University
Chief Scientific Officer, Digestive Health Institute
Cleveland, Ohio

Tara M. Connelly, MD, MB, BCh, MSc
Division of Colon and Rectal Surgery
Milton S. Hershey Medical Center
Hershey, Pennsylvania

Guilherme Costa, MD, PhD
Center for Gut Rehabilitation and Transplantation
Transplant Center
Cleveland Clinic
Cleveland, Ohio

Benjamin Crawshaw, MD
Research fellow
Department of Colorectal Surgery
University Hospitals Case Medical Center
Cleveland, Ohio

Conor P. Delaney, MD, MCh, PhD, FRSCI (Gen), FACS
Chairman, Digestive Disease and Surgery Institute
Cleveland Clinic
Cleveland, Ohio

Peter G. Deveaux, MD, FACS
Assistant Professor of Surgery
University of Louisville
Louisville, Kentucky

Jonathan E. Efron, MD
GI Ravitch
Colon and Rectal Surgery
Department of Surgery
The Johns Hopkins Hospital
Baltimore, Maryland

Dan Eisenberg, MD, MS, FACS
Assistant Professor
Department of Surgery
Stanford School of Medicine
Director, Bariatric and Minimally Invasive Surgery
Veterans Affairs Palo Alto Health Care System
Palo Alto, California

Theodore E. Eisenstat, MD, FACS, FASCRS
Professor of Surgery
Robert Wood Johnson Medical School
New Brunswick, New Jersey

Galal El-Gazzaz, MD
Center for Gut Rehabilitation and Transplantation
Transplant Center
Cleveland Clinic
Cleveland, Ohio

C. Neal Ellis, MD, FACS, FASCRS, FACG
Professor and Chairman
Residency Program Director
Texas Tech University Health Science Center–Permian Basin
Odessa, Texas

Paula Erwin-Toth, MSN, RN, CWOCN, CNS, FAAN
President/CEO PETprojects
Wound, Ostomy, and Continence Care Education and Advocacy
Deerfield, Ohio



viiCONTRIBUTORS

Seraina Faes, MD
Department of Visceral Surgery
University Hospital of Lausanne
Lausanne, Switzerland

Sandy H. Fang, MD
GI Ravitch
Colon and Rectal Surgery
Department of Surgery
The Johns Hopkins Hospital
Baltimore, Maryland

Russell Farmer, MD
Assistant Professor of Surgery
University of Louisville
Louisville, Kentucky

Joanne Favuzza, DO
Assistant Professor
Section of Colon and Rectal Surgery
Rush University Medical Center
Chicago, Illinois

†Victor W. Fazio, MB, MS, MD(Hon), FRACS, FRACS(Hon), 
FACS, FRCS, FRCS(Ed), FASCRS, OA
Formerly Rupert B. Turnbull, Jr., MD, Chair, Emeritus
Emeritus Chairman, Department of Colorectal Surgery
Cleveland Clinic Foundation
Cleveland, Ohio

Daniel L. Feingold, MD, FACS, FASCRS
The Dr. Stanley Edelman-Stephen Jarislowsky Associate Professor of 
Surgery
Division of Colorectal Surgery
Columbia University
New York City, New York

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

James Fleshman, MD
Chief of Surgery
Baylor University Medical Center
Dallas, Texas

Daniel P. Froese, MBChB, FACS, FASCRS
Attending Surgeon
Swedish Colon and Rectal Clinic
Seattle, Washington

Masato Fujiki, MD, PhD
Center for Gut Rehabilitation and Transplantation
Transplant Center
Cleveland Clinic
Cleveland, Ohio

Susan Galandiuk, MD
Professor of Surgery
University of Louisville
Director
Price Institute of Surgical Research
Louisville, Kentucky

Aurélie Garant, MD
McGill University
Montreal, Quebec, Canada

Julio Garcia-Aguilar, MD, PhD
Memorial Sloan Kettering Cancer Center
New York, New York

Susan L. Gearhart, MD
Associate Professor of Surgery
The Johns Hopkins Medical Institutions
Baltimore, Maryland

Dan Geisler, MD
Colon and Rectal Surgery
Allegheny General Hospital
Pittsburgh, Pennsylvania

Angelle M. Gelvin, MD
Chief Resident
Department of Surgery
Louisiana State University Health Sciences Center
New Orleans, Louisiana

Bradley C. Gill, MD, MS
Resident Physician
Department of Urology
Glickman Urological and Kidney Institute
Clinical Instructor of Surgery
Cleveland Clinic Lerner College of Medicine
Cleveland, Ohio

Philip H. Gordon, MD, FRCSC, FACS
Professor of Surgery and Oncology
Director of Colon and Rectal Surgery
McGill University
Jewish General Hospital
Montreal, Quebec, Canada

Lester Gottesman, MD, FACS, FASCRS
Division of Colon Rectal Surgery
Icahn School of Medicine and Mount Sinai
New York, New York

Henry R. Govekar, MD, FACS
Colorectal and General Surgeon
Tiesenga Surgical Associates, S.C.
Suburban Surgery Center
Elmwood Park, Illinois,
Associate Staff Colorectal Surgeon
Presence Health Resurrection Medical Center
Associate Staff Colorectal and General Surgeon
Community First Medical Center
Chicago, Illinois,
Active Staff Colorectal and General Surgeon
West Suburban Medical Center
Oak Park, Illinois,
Associate Staff Colorectal and General Surgeon
Westlake Hospital
Melrose Park, Illinois

Sharon Grundfest-Broniatowski, MD, FACS
Associate Professor of Surgery
Cleveland Clinic Lerner College of Medicine
Case Western  Reserve University
Staff, Department of General Surgery
Digestive Disease Institute
Cleveland, Ohio

†Deceased.



viii CONTRIBUTORS

José G. Guillem, MD, MPH, FACS, FASCRS
Professor of Surgery
Weill Cornell Medical College
Cornell University
Memorial Sloan Kettering Cancer Center
New York City, New York

Dieter Hahnloser, MD
Professor
Department of Visceral Surgery
University Hospital of Lausanne
Lausanne, Switzerland

Koji Hashimoto, MD, PhD
Center for Gut Rehabilitation and Transplantation
Transplant Center
Cleveland Clinic
Cleveland, Ohio

Terrell C. Hicks, MD
Vice-Chair
Department of Colon and Rectal Surgery
Ochsner Clinic
New Orleans, Louisiana

Andrew G. Hill, MBChB, MD, FRACS
Department of Surgery
University of Auckland
Middlemore Hospital
Auckland, New Zealand

Edith Y. Ho, MD, MS
Assistant Professor of Medicine
Division of Gastroenterology
Case Western Reserve University School of Medicine
Director, Inflammatory Bowel Diseases Program
Cleveland VA Medical Center
Cleveland, Ohio

Barbara J. Hocevar, MSN, RN, CWOCN
Assistant Director, WOC Nursing Education
R.B. Turnbull, Jr., School of WOC Nursing
Cleveland Clinic
Cleveland, Ohio

Jennifer Holder-Murray, MD, FACS
Assistant Professor of Surgery
University of Pittsburgh Physicians
Pittsburgh, Pennsylvania

Vanessa W. Hui, MD
General Surgery Resident
Montefiore Medical Center
Albert Einstein School of Medicine
New York, New York

Tracy Hull, MD
Professor of Surgery
Department of Colon and Rectal Surgery
Cleveland Clinic Foundation
Cleveland, Ohio

Kimberly J. Hwa, NMS, PA-C
Physician Assistant, Surgical Service
Veterans Affairs Palo Alto Health Care System
Palo Alto, California

Neil Hyman, MD, FACS
Professor of Surgery
Chief, Section of Colon and Rectal Surgery
Co-director, Digestive Disease Center
University of Chicago Medicine
Chicago, Illinois

Terence Jackson, MD
Case Western Reserve University School of Medicine
University Hospitals Case Medical Center
Cleveland, Ohio

Caroline C. Jadlowiec, MD
Resident, Department of Surgery
University of Connecticut
Hartford, Connecticut

Eric K. Johnson, MD
Uniformed Services University of the Health Sciences
Bethesda, Maryland,
Multicare Healthcare System
Tacoma, Washington

Jeffrey R. Jorden, MD
Assistant Professor
Department of Surgery
University of Louisville School of Medicine
Louisville, Kentucky

Matthew F. Kalady, MD
Associate Professor of Surgery
Krause-Lieberman Chair in Colorectal Surgery
Department of Colorectal Surgery
Digestive Disease Institute
Cleveland Clinic
Cleveland, Ohio

Jeffry A. Katz, MD
Professor of Medicine
Case Western Reserve University School of Medicine
Medical Director, Inflammatory Bowel Disease
University Hospitals Case Medical Center
Cleveland, Ohio

Henrik Kehlet, MD, PhD
Section of Surgical Pathophysiology
Rigshospitalet Copenhagen University
Copenhagen, Denmark

Deborah S. Keller, MS, MD
Colorectal Surgical Associates, LLP LTD
Department of Surgery
Houston Methodist Hospital
Houston, Texas

Robin H. Kennedy, MS, FRCS
Department of Surgery
St. Mark’s Hospital
London and Department of Surgery and Cancer
Imperial College London
London, United Kingdom

Ajai Khanna, MD, PhD
Center for Gut Rehabilitation and Transplantation
Transplant Center
Cleveland Clinic
Cleveland, Ohio



ixCONTRIBUTORS

Alok A. Khorana, MD
Professor of Medicine
Cleveland Clinic Lerner College of Medicine
Case Western Reserve University
Sondra and Stephen Hardis Chair in Oncology Research
Vice Chair (Clinical Services and Strategy)
Director GI Malignancies Program
Taussig Cancer Institute
Cleveland Clinic
Cleveland, Ohio

Ravi P. Kiran, MBBS, MS, FRCS (Eng), FRCS (Glas), FACS
Kenneth A. Forde Professor of Surgery
Columbia University Medical Center and Mailman School  

of Public Health
Chief and Program Director
Division of Colorectal Surgery
Director
Center for Innovation and Outcomes Research
New York-Presbyterian Hospital/Columbia University Medical 

Center
New York, New York

Walter A. Koltun, MD, FACS, FASCRS
Professor of Surgery
Peter and Marshia Carlino Chair in IBD
Chief, Division of Colon and Rectal Surgery
Director, Inflammatory Bowel Disease Center
Milton S. Hershey Medical Center
Pennsylvania State College of Medicine
Hershey, Pennsylvania

Rodney J. Kratz, MD, FASCRS
Attending Surgeon
Swedish Colon and Rectal Clinic
Seattle, Washington

Ajit Krishnaney, MD
Staff, Center for Spine Health
Department of Neurosurgery
Neurological Institute
Cleveland Clinic
Cleveland, Ohio

Nicholas La Gamma, MD
Assistant Professor of Surgery
Hofstra Northwell School of Medicine
Hempstead, New York

Sergio Larach, MD, FACS
Associate Professor of Colon and Rectal Surgery
University of Florida
Gainesville, Florida

Philip A. Linden, MD
Chief, Division of Thoracic and Esophageal Surgery
University Hospitals Case Medical Center
Associate Professor
Case Western Reserve University School of Medicine
Cleveland, Ohio

Ian Lindsey, MBBS, FRACS
Department of Colorectal Surgery
John Radcliffe Hospital
Oxford, United Kingdom

Walter E. Longo, MD, FACS, FASCRS
Department of Surgery
Yale University School of Medicine
New Haven, Connecticut

Kim C. Lu, MD, FASCRS
Associate Professor of Surgery
Division of Gastrointestinal and General Surgery
Department of Surgery
Oregon Health and Science University
Portland, Oregon

Kirk A. Ludwig, MD
The Vernon O. Underwood Professor
Professor of Surgery
Chief, Division of Colorectal Surgery
Department of Surgery
Medical College of Wisconsin
Milwaukee, Wisconsin

Carole Macaron, MD
Section of Gastroenterology
Department of Veterans Affairs
Louis Stokes Cleveland Medical Center
Cleveland, Ohio

Nikita Neha Machado, MD
University Hospitals Case Medical Center
Cleveland, Ohio

Mark L. Manwaring, MD
Assistant Professor of Surgery
East Carolina University
Greenville, North Carolina

David A. Margolin, MD
Ochsner Clinic Foundation
New Orleans, Louisiana

John H. Marks, MD, FACS, FASCRS
Chief of Colorectal Surgery
Main Line Health Systems
Director
Minimally Invasive Colorectal Surgery and Rectal Cancer 
 Management Fellowship
Lankenau Medical Center
Professor
Lankenau Institute of Medical Research
The Lankenau Hospital
Main Line Health System
Wynnewood, Pennsylvania

Beatriz Martin-Perez, MD
Clinical Research Fellow
Colon and Rectal Surgery Fellowship
Florida Hospital
Orlando, Florida

Joseph Martz, MD, FACS, FASCRS
Chief, Division of Colon and Rectal Surgery
Mount Sinai Beth Israel,
Associate Professor of Surgery
Icahn School of Medicine at Mount Sinai
New York, New York



x CONTRIBUTORS

Michael H. McCafferty, MD
Professor
Department of Surgery
University of Louisville School of Medicine
Louisville, Kentucky

Robin S. McLeod, MD, FRCSC, FACS
Professor
Departments of Surgery and Health Policy, Management, and 
 Evaluation
University of Toronto
Toronto, Ontario, Canada

David S. Medich, MD
Associate Professor of Surgery
Chief, Section of Colon and Rectal Surgery
University of Pittsburgh School of Medicine
Pittsburgh, Pennsylvania

Kurt Melstrom, MD, FACS, FASCRS
Assistant Professor of Surgery
City of Hope
Duarte, California

Victor L. Modesto, MD, FACS, FASCRS
Orlando VA Medical Center
Clinical Assistant Professor of Surgery
University of Central Florida College of Medicine
Orlando, Florida,
Clinical Adjunct Assistant Professor of Surgery
F. Edward Hebert School of Medicine
Uniformed Services University of the Health Sciences
Bethesda, Maryland

Drogo K. Montague, MD
Center for Genitourinary Reconstruction
Department of Urology
Glickman Urological and Kidney Institute
Professor of Surgery
Cleveland Clinic Lerner College of Medicine
Cleveland, Ohio

Grace A. Montenegro, MD
Minimally Invasive Colon and Rectal Surgery Fellow
Lankenau Medical Center
Wynnewood, Pennsylvania

Harvey G. Moore, MD, FACS, FASCRS
Assistant Professor of Surgery
Section of Colon and Rectal Surgery
Division of Advanced Oncology and Gastrointestinal Surgery
Duke University School of Medicine
Durham, North Carolina

Jesse Moore, MD, FACS
Assistant Professor of Surgery
University of Vermont Medical Center
University of Vermont College of Medicine
Burlington, Vermont

Mark Muhlmann, MBBS (hons), FRACS
Conjoint Lecturer
University of New South Wales
Sydney, Australia

Graham L. Newstead, AM, MB BS, FRACS, FRCS(Eng), 
FACS Hon FASCRS, Hon FRSM, Hon FACP (GB&I)
Conjoint Associate Professor
University of New South Wales
Head, Colorectal Surgery
Prince of Wales Private Hospital
Sydney, Australia

Tamim Niazi, MD, FRCP
Jewish General Hospital
McGill University
Montreal, Quebec, Canada

Pasha J. Nisar, MA, MBBChir, DM, FRCS (Gen Surg)
Department of Colorectal Surgery
St. Peter’s Hospital
Chertsey, United Kingdom

Marcus S. Noel, MD
Assistant Professor of Medicine
Wilmot Cancer Institute
University of Rochester
Rochester, New York

Joseph R. Notaro, MD, FACS, FASCRS
Clinical Assistant Professor Surgery
Robert Wood Johnson University Hospital
New Brunswick, New Jersey

David P. O’Brien, MD, FASCRS
Gastrointestinal and Minimally Invasive Surgery Division
The Oregon Clinic
Portland, Oregon

P. Ronan O’Connell, MD, FRCSI, FRCS(Glas), FRCS(Edin)
Professor
Section of Surgery and Surgical Specialties
School of Medicine
University College Dublin
Dublin, Ireland

Guy R. Orangio, MD, FACS, FASCRS
Associate Professor of Surgery
Chief, Section of Colon and Rectal Surgery
Department of Surgery
Louisiana State University School of Medicine
New Orleans, Louisiana

In Ja Park, MD, PhD
Associate Professor
Surgery, Division of Colon and Rectal Surgery
University of Ulsan College of Medicine and Asan Medical Center
Seoul, Korea

Alberto Peña, MD
Professor of Surgery
University of Colorado
Director
International Center for Colorectal Care
Children’s Hospital Colorado
Aurora, Colorado

Jason Penzer, MD, FACS
Attending Surgeon
Northwell Lenox Hill Hospital
Clinical Assistant Professor of Surgery
New York Medical College
New York, New York



xiCONTRIBUTORS

Clayton C. Petro, MD
General Surgery Research Scholar
Case Comprehensive Hernia Center
University Hospitals Case Medical Center
Cleveland, Ohio

Danielle M. Pickham, MD
General and Colorectal Surgeon
Kaiser Permanente San Jose Medical Center
San Jose, California

John Procaccino, MD, FACS, FASCRS
Assistant Professor of Surgery
Hofstra Northwell School of Medicine
Hempstead, New York

Siraj Rajaratnam, MBChB, FRACS
Colorectal Unit
North Shore Hospital
Auckland, New Zealand

Vikram Reddy, MD, PhD, FACS, FASCRS
Department of Surgery
Colon and Rectal Surgery
Yale University School of Medicine
New Haven, Connecticut

Jonathan Rice, MD, PhD
Senior Resident in Surgery
University of Louisville
Louisville, Kentucky

Timothy J. Ridolfi, MD
The Vernon O. Underwood Professor
Professor of Surgery
Chief, Division of Colorectal Surgery
Department of Surgery
Medical College of Wisconsin
Milwaukee, Wisconsin

John L. Rombeau, MD, FACS, FASCRS
Emeritus Professor of Surgery
Perelman School of Medicine
University of Pennsylvania
Philadelphia, Pennsylvania

Michael J. Rosen, MD, FACS
Professor of Surgery
Lerner College of Medicine
Cleveland Clinic Foundation
Cleveland, Ohio

Andrew J. Russ, MD
University Colon and Rectal Surgery
Department of Surgery
University of Tennessee Graduate School of Medicine
Knoxville, Tennessee

Theodore J. Saclarides, MD
Professor of Surgery
Rush Medical College
Head, Section of Colon and Rectal Surgery
Rush University Medical Center
Chicago, Illinois

Peter M. Sagar, MB ChB, FRCS, DM
Consultant Colorectal Surgeon
St. James’s University Hospital
Leeds, United Kingdom

Javier Salgado Pogacnik, MD
Assistant Professor of Surgery
Department of Colon and Rectal Surgery
University of Pittsburgh Medical Center
Pittsburgh, Pennsylvania

Dana R. Sands, MD, FACS, FASCRS
Staff Surgeon
Director, Colorectal Physiology Center
Department of Colorectal Surgery
Cleveland Clinic Florida
Weston, Florida

William Sangster, MD
General Surgery Resident
Department of Surgery
Pennsylvania State University
Hershey Medical Center
Hershey, Pennsylvania

Anthony J. Senagore, MD, MS, MBA
Professor
Chief of Gastrointestinal and Oncologic Surgery
Department of Surgery
University of Texas–Medical Branch at Galveston
Galveston, Texas

Skandan Shanmugan, MD
Assistant Professor
Department of Surgery
Division of Colon and Rectal Surgery
University of Pennsylvania
Philadelphia, Pennsylvania

Abdullah Shatnawei, MD
Center for Gut Rehabilitation and Transplantation
Transplant Center
Cleveland Clinic
Cleveland, Ohio

Bo Shen, MD
Professor of Medicine and the Ed and Joey Story Chair
Center for Inflammatory Bowel Diseases
Cleveland Clinic Foundation
Cleveland, Ohio

Christopher T. Siegel, MD, PhD, FACS
Schulak Endowed Director of the Transplant Institute
University Hospitals Case Medical Center
Surgical Director, Liver Center of Excellence
Digestive Health Institute
Chief, Division of Hepatobiliary and Transplant Surgery
Associate Professor of Surgery
Case Western Reserve University
Cleveland, Ohio

Tim Slack, BSc, MBBS, FRACS
Senior Lecturer
University of Queensland
Queensland, Australia



xii CONTRIBUTORS

Nathan Smallwood, MD
Research Fellow
Department of Surgery
Baylor University Medical Center
Dallas, Texas

Michael J. Snyder, MD
Associate Professor of Surgery
The University of Texas Health Science Center McGovern Medical 
School
Houston, Texas

Scott R. Steele, MD
University Hospitals Case Medical Center
Case Western Reserve University School of Medicine
Cleveland, Ohio

Ezra Steiger, MD
Consultant Digestive Disease Institute
Department of General Surgery
Cleveland Clinic
Cleveland, Ohio

David B. Stewart, Sr., MD, FACS, FASCRS
Associate Professor of Surgery
Department of Surgery/Division of Colorectal Surgery
Pennsylvania State University
Hershey Medical Center
Hershey, Pennsylvania

Scott A. Strong, MD, FACS, FASCRS
Chief, Gastrointestinal and Oncologic Surgery
Surgical Director, Digestive Health Center
Northwestern Medicine
James R. Hines, MD, Professor of Surgery
Northwestern University Feinberg School of Medicine
Chicago, Illinois

Paul H. Sugarbaker, MD, FACS, FRCS
Director, Center for Gastrointestinal MalignanciesMedStar 
 Washington Hospital Center
Washington, D.C.

Ursula M. Szmulowicz, MD, FASCRS
Retired Staff Surgeon
Department of Colorectal Surgery
Cleveland Clinic
Cleveland, Ohio

Matthias Turina, MD, PhD
Section Head, Coloproctology
Division of Visceral and Transplant Surgery
University of Zürich Hospital
Zürich, Switzerland

Té Vuong, MD, FRCP
Jewish General Hospital
McGill University
Montreal, Quebec, Canada

Steven D. Wexner, MD, PhD (Hon), FACS, FRCS, FRCS 
(Ed)
Professor and Chairman
Department of Colorectal Surgery
Director, Digestive Disease Institute
Cleveland Clinic
Florida Florida Atlantic University
Florida International University
Weston, Florida

Mark H. Whiteford, MD, FASCRS
Gastrointestinal and Minimally Invasive Surgery Division
The Oregon Clinic
Director of Colon and Rectal Surgery
Providence Cancer Center
Portland, Oregon

Maria Widmar, MD, MPH
Icahn School of Medicine at Mount Sinai
Memorial Sloan Kettering Cancer Center
New York, New York

Kirsten Bass Wilkins, MD, FACS, FASCRS
Clinical Assistant Professor Surgery
Robert Wood Johnson University Hospital
New Brunswick, New Jersey

Jon Worsey, MBBS, FRCS, FACS, FASCRS
Staff Surgeon
Scripps Memorial Hospital
La Jolla, California

Massarat Zutshi, MD
Associate Professor of Surgery
Lerner College of Medicine of Case Western Reserve University
Staff Surgeon
Colorectal Surgery
Cleveland Clinic Foundation
Cleveland, Ohio



xiii

When this edition of Current Therapy in Colorectal Surgery was con-
ceived, Editor-in-Chief Victor Fazio was an integral part of the team. 
Since then he has been lost to us, and we are the poorer for his loss. 
This book is akin to a festschrift in his memory.

The new edition continues the surgical and educational philoso-
phies espoused by Vic Fazio, philosophies that have made the book 
a unique volume much loved by surgical residents and surgeons 
managing colorectal diseases throughout the world. We, the current 
editors, have sought to achieve a uniform style that facilitates this edi-
tion’s use as a practical handbook of which Vic would be proud.

This is not meant to be an all-inclusive encyclopedia of the lit-
erature on colorectal surgery; there are other books that serve that 
function. We aim to provide for the reader a very practical aid to the 
management of patients suffering from any of the conditions within 
the full spectrum of colorectal disease. We chose expert authors and 
asked them to focus on the practicalities of their topics, highlighting 
difficult and controversial issues. They were charged with providing 
advice in the same way that an experienced, worldly-wise surgeon 
shares wisdom with a young colleague. We hope that the book will 
not linger on the shelf, but rather will be in constant use in meeting 
the daily clinical challenges that are the essence of our profession.

In this edition, we have maintained the emphasis on current prac-
tice in the light of recent developments in colorectal disease and pro-
vided a state-of-the-art understanding of the conditions. The same 
old chapters are here, with simple instruction in the basics of their 

topics updated with the latest information. New chapters have been 
added with emphasis on the way that health care is heading into the 
21st century. The chapters on risk assessment, operating on the high-
risk patient, and outcomes in general address the increasing empha-
sis on quality, while the chapters on documentation and coding and 
enhanced recovery pathways are essential reading in this time of 
value-based reimbursement. We have a whole section on complica-
tions, because complications are inevitable in a busy colorectal sur-
gical practice, and we all need help in minimizing their incidence 
and optimizing their management. There are five chapters dealing 
with rectal cancer, which reflects the major role that colorectal sur-
geons are expected to play in treating this condition. Other chapters 
that are well worth a read include those on short bowel syndrome, 
small bowel transplantation, pouchitis, and the medical management 
of IBD. The chapters relating to pouch creation and complications 
incorporate the techniques and principles developed and espoused 
by Vic; this was an area close to his heart and where his skills were 
superlative. The continually advancing area of hereditary colorectal 
cancer is also well, and helpfully, covered.

Finally we hope that, in reading this, you will hear the gruff, Aus-
tralian accent of Vic Fazio as he dispenses the wisdom and accumu-
lated experience of his 40 years of practice.

James M. Church, Conor P. Delaney, and  
Ravi P. Kiran

p r e f a c e  t o  t h e  
t h i r d  e d i t i o n
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Anatomy and Physiology 

of the Colon, Rectum, 
and Anal Canal*

ANATOMY OF THE COLON AND 
RECTUM

Colon

The colon can be divided embryologically into the midgut (the trans-
verse colon and portions proximal to it) and the hindgut (the distal half 
of the colon). The length of the colon is approximately 150 cm, and its 
diameter gradually diminishes from the cecum to the rectosigmoid junc-
tion. In appearance it is distinguished from the small bowel by its size 
and by its saccular or haustral look, a function of its unique arrangement 
of muscular layers. It has a complete inner circular muscle coat, but the 
longitudinal outer layer is condensed into three bands, the taenia coli. 
These bands run from the base of the appendix and merge in the distal 
sigmoid colon, and thus the rectum has a complete longitudinal mus-
cle coat. The colon is also distinguished by the appendices epiploicae, a 
series of fatty appendages located on its antimesenteric surface.

Course and Peritoneal Coverings

The general topography of the colon varies from person to person 
(Fig. 1-1). The colon begins in the right lower quadrant of the abdo-
men where the terminal ileum enters its medial surface at the ileo-
cecal valve. Below the level of the valve is the cecum, the broadest 
portion of the colon. The vermiform appendix projects from the low-
ermost part of the cecum, and the appendix orifice is the apex of the 
large bowel. The cecum is often entirely enveloped by peritoneum. 
The superior and inferior ileocecal ligaments help maintain the angu-
lation between the ileum and the cecum at the ileocecal valve.

From the ileocecal junction, the colon ascends on the right side 
of the abdomen to overlie the lower pole of the right kidney, a 
distance of about 20 cm. The ascending colon is invested by perito-
neum on its anterior, lateral, and medial surfaces. The colon then 
turns acutely medially, downward, and forward, at the hepatic 
flexure. The transverse colon is the longest segment of the colon 
(40 to 50 cm), extending from the hepatic to the splenic flexure. 
It is invested with peritoneum and is mobile on its mesentery, the 
root of which overlies the right kidney, the second portion of the 
duodenum, the pancreas, and the left kidney. This posterior rela-
tionship is important because these structures are liable to injury 
during a right hemicolectomy. The stomach is immediately above 
and the spleen is to the left. The greater omentum arises from 
the greater curvature of the stomach and descends in front of the 
transverse colon to which it is attached. To mobilize the greater 
omentum or to enter the lesser sac, the fusion of the omentum 

to the transverse colon mesentery must be dissected. Because the 
omental bursa becomes obliterated caudal to the transverse colon 
and toward the right side, this dissection should be started on the 
left side of the transverse colon.

The splenic flexure takes an acute angle high in the left upper quad-
rant and lies anterior to the midportion of the left kidney. The descending 
colon (approximately 30 cm) passes downward and posteriorly from the 
splenic flexure, over the lateral border of the left kidney. The anterior, 
medial, and lateral portions of its circumference are covered by perito-
neum. The sigmoid colon extends from just above the pelvis in the left 
lower quadrant of the abdomen, forms a loop in or above the pelvis, and 
becomes the rectum at the level of the sacral promontory. Its length var-
ies dramatically from 15 to 50 cm. The lateral surface of the sigmoid mes-
entery is fused to the parietal peritoneum of the lateral abdominal wall, 
and the fusion plane is generally known as the ‘‘white line of Toldt.” The 
sigmoid is completely covered with peritoneum. The posterior surface is 
attached to the posterior wall of the abdomen by a fan-shaped mesentery, 
the base of which extends from the left iliac fossa, along the pelvic brim, 
and across the sacroiliac joint to the second or third sacral segment; in so 
doing, it forms the intersigmoid fossa, which serves as a valuable guide to 
the left ureter, lying just beneath. 

Rectum

The rectum begins at the level of the sacral promontory and ends 
by passing through the levator ani muscles. The rectum differs from 
the colon in that the outer longitudinal muscle layer is complete. The 
rectum measures 12 to 15 cm in length and lacks sacculations and 
appendices epiploicae. The rectum has three lateral curves: the upper 
and lower curves are convex to the right, and the middle is convex 
to the left. On their inner aspect, these infoldings into the lumen are 
known as the valves of Houston. The middle fold is the internal land-
mark corresponding to the anterior peritoneal reflection.

Peritoneal Relations and Fascial Attachments

The rectum is divided into upper, middle, and lower thirds. The upper 
third is covered by peritoneum anteriorly and laterally, the middle 
third is covered only anteriorly, and the lower third is extraperitoneal. 
The location of the peritoneal reflection shows considerable varia-
tion between individuals and between men and women. In men, it 
is usually 7 to 9 cm from the anal verge, whereas in women it is 5 to 
7.5 cm above the anal verge. The posterior and sometimes the lateral 
aspects of the rectum are covered by a layer of fat contained by the 
fascia propria of the rectum. This area is known as the mesorectum, 
and it contains arteries and veins of the rectal blood supply, along 
with lymphatic channels and nodes. It is continuous with the sigmoid 
mesentery and peters out just above the levator muscles. Total meso-
rectal excision implies the complete excision of all fat enclosed within 
the fascia propria.

1
Marylise Boutros and Philip H. Gordon

*Text was modified from Philip H. Gordon and Santhat Nivatvong’s Principles and 
practice of surgery for the colon, rectum, and anus, 3rd edition. Informa Healthcare: 
New York, London. All rights reserved.
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The sacrum and coccyx are covered with a strong fascia that is 
part of the parietal pelvic fascia, known as Waldeyer fascia. The rec-
tosacral fascia is a component of Waldeyer fascia that runs from 
the level of the fourth sacral segment to the fascia propria of the 
rectum. This fascia tethers the posterior rectum to the hollow of 
the sacrum and should be sharply divided for full mobilization  
(Fig. 1-2). Anteriorly, the extraperitoneal portion of the rectum is cov-
ered with a visceral pelvic fascia, the fascia propria, or investing fas-
cia. Anterior to the fascia propria is a filmy delicate layer of connective 
tissue known as Denonvilliers fascia. It separates the rectum from the 
seminal vesicles and the prostate or vagina (Fig. 1-2). The distal rec-
tum, which is extraperitoneal, is attached to the pelvic side wall on each 
side by the lateral ligaments, which are composed of the pelvic plexus, 
connective tissues, and minor branches of the middle rectal artery. 

ARTERIAL SUPPLY

The arterial supply of the colon arises from the superior and inferior 
mesenteric arteries.

Superior Mesenteric Artery

The ileocolic artery is the last branch of the superior mesenteric artery 
(SMA), arising from its right side and running diagonally around the 
mesentery to the ileocecal junction. It is always present and has two 
chief branches: the ascending branch and the descending branch. The 
origin of the right colic artery varies greatly: it may arise from the 
SMA, the middle colic artery, or the ileocolic artery, and it is absent 
in some people (Fig. 1-3, A). The middle colic artery normally arises 
from the SMA either behind the pancreas or at its lower border (Fig. 
1-3, A). The artery curves toward the hepatic flexure and divides into 
a right branch that anastomoses with the ascending branch of the 
right colic artery and a left branch that anastomoses with the ascend-
ing branch of the left colic artery. 

Inferior Mesenteric Artery

The inferior mesenteric artery (IMA) arises from the abdominal 
aorta approximately 3 to 4 cm above the aortic bifurcation, about 
10 cm above the sacral promontory. The first branch is the left colic 
artery, arising 2.5 to 3 cm from its origin (Fig. 1-3, A). It bifur-
cates, and its ascending branch courses directly toward the splenic 

flexure and anastomoses with the left branch of the middle colic 
artery, whereas the descending branch anastomoses with the sig-
moid arteries. The sigmoid arteries usually originate from the IMA; 
the first sigmoid artery may arise from the left colic artery. The 
number of sigmoidal branches may vary up to six. The IMA pro-
ceeds downward, crossing the left common iliac artery and vein to 
the base of the sigmoid mesocolon to become the superior rectal 
artery (Fig. 1-3, B). It forms a rectosigmoid branch and an upper 
rectal branch and then divides into left and right terminal branches. 
The terminal branches extend downward and forward around the 
lower two thirds of the rectum to the level of the levator ani muscle. 
Most middle rectal arteries arise from the internal pudendal arter-
ies (67%). The remainder come from inferior gluteal arteries (17%) 
and internal iliac arteries (17%). The inferior rectal arteries, which 
are branches of the internal iliac arteries, arise from the pudendal 
artery (in the Alcock canal). They traverse the ischioanal fossa and 
supply the anal canal and the external sphincter muscles. 

FIGURE 1-1 General topography 
of the large bowel. A, Colon.  
B, Peritoneum and adjacent 
structures. (From Gordon PH, Ni-
vatvongs S. Principles and Practice 
of Surgery for the Colon, Rectum 
and Anus. 3rd ed. New York: Informa 
Healthcare USA; 2007.)

A B

Peritoneum

Investing fascia of 
rectum

Presacral fascia

Rectosacral fascia

Denonvilliers fascia

FIGURE 1-2 Peritoneal coverings and fascial attachments of the  
rectum. (From Gordon PH, Nivatvongs S. Principles and Practice of 
Surgery for the Colon, Rectum and Anus. 3rd ed. New York: Informa 
Healthcare USA; 2007.)
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Collateral Circulation

The marginal artery, generally known as the marginal artery of 
Drummond, is a series of arcades of arteries along the mesenteric 
border of the entire colon (Fig. 1-4). The arcades begin with the 
ascending colic branch of the ileocolic artery and continue distally 
to the sigmoid arteries (Fig. 1-4). A truly critical point exists at 
the splenic flexure, where the marginal artery is often small. This 
‘‘weak point’’ has the potential to cause compromised blood sup-
ply. Another more proximal collateral is the “arc of Riolan,” found 
in about 7% of the population. It is a short loop connecting the left 
branch of the middle colic artery and the trunk of the IMA (Fig. 
1-4) that serves as critical collateral for patients with a diseased 
SMA or IMA. 

VENOUS DRAINAGE

The veins of the intestine follow their corresponding arteries and bear 
the same terminology.

Superior Mesenteric Vein

The veins from the right colon and transverse colon drain into the 
superior mesenteric vein (SMV), which lies to the right and in front 
of the SMA. All ileocolic veins drain into the SMV. The right colic 
vein, if present, joins the SMV in 56% of persons and the gastrocolic 
trunk in 44% of persons. The middle colic vein (which is the most 
variable) and the right colic vein occasionally form a common trunk 
with the right gastroepiploic vein and/or the pancreaticoduodeinal 
vein. This common trunk is called the gastrocolic trunk. The middle 
colic vein drains directly into the SMV in 85% of persons, and the 
remainder drains into the SMV via the gastrocolic trunk. 

Inferior Mesenteric Vein

The inferior mesenteric vein (IMV) is a continuation of the superior 
rectal vein. It receives blood from the left colon, the rectum, and the 
upper part of the anal canal. All the tributaries of the IMV closely 
follow the corresponding arteries but are slightly to the left of them. 
At the level of the left colic artery, the IMV follows a course of its own 
and ascends in the extraperitoneal plane over the psoas muscle to 
the left of the ligament of Treitz. It continues behind the body of the 
pancreas to enter the splenic vein (Fig. 1-5). 

LYMPHATIC DRAINAGE

The extramural lymphatic vessels and lymph nodes follow the 
regional arteries and can be classified into four groups: epicolic, para-
colic, intermediate, and main (principal) glands (Fig. 1-6). 

INNERVATION

The large intestine is innervated by the sympathetic and parasym-
pathetic systems, the distribution of which follows the course of the 
arteries. The peristalsis of the colon and rectum is inhibited by sym-
pathetic nerves and is stimulated by parasympathetic nerves. Nerve 
fibers from the superior mesenteric ganglia supply the right colon, 
whereas the fibers to the descending colon, the sigmoid colon, and 
the upper rectum originate in the inferior mesenteric plexus. Para-
sympathetic innervation of the colon derives from two levels of the 

Ascending branch
of left colic artery

Marginal artery

Inferior mesenteric
artery
Left colic artery

Sigmoid arteries

Left common
iliac artery

Bifurcation of superior
rectal artery

Inferior rectal artery
Middle rectal artery

Accessory middle rectal artery

Internal iliac artery
Appendicular artery

Posterior cecal branch

Median sacral
artery

Anterior cecal
branch

Ileal branch

Ileocolic artery

Right colic
artery

Superior
mesenteric artery

Middle colic
artery

Inferior mesenteric artery

Marginal arteries

Median sacral artery
Superior rectal artery

Right common iliac artery

Right external iliac artery
Right internal iliac artery

Right superior gluteal artery

Right inferior epigastric artery
Right obturator artery

Right inferior gluteal artery
Accessory middle rectal artery
Right internal pudendal artery

Right middle rectal artery
Right inferior rectal arteryB

A

FIGURE 1-3 Arterial supply. A, Supply to the colon. B, Supply to the 
rectum (posterior view). (From Gordon PH, Nivatvongs S. Principles and 
Practice of Surgery for the Colon, Rectum and Anus. 3rd ed. New York: 
Informa Healthcare USA; 2007.)

Arc of
Riolan

Middle
colic artery

Superior
mesenteric
artery

FIGURE 1-4 Collateral circulation. (From Gordon PH, Nivatvongs S. 
Principles and Practice of Surgery for the Colon, Rectum and Anus. 3rd 
ed. New York: Informa Healthcare USA; 2007.)
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central nervous system: vagus nerve and sacral outflow. The vagus 
nerves descend to the preaortic plexus and then are distributed along 
the colic branches of the SMA that supply the cecum, the ascend-
ing colon, and most of the transverse colon. The splenic flexure and 
the descending and sigmoid colon are innervated from fibers of the 
sacral outflow.

The sympathetic fibers to the rectum are derived from the first 
three lumbar segments of the spinal cord and form the superior 
hypogastric plexus, which divides into two hypogastric nerves (Fig. 
1-7). The hypogastric nerves can be identified at the sacral promon-
tory, approximately 1 cm lateral to the midline and 2 cm medial to 

each ureter. The hypogastric nerve on each side continues caudally 
and laterally, following the course of the ureter and the internal iliac 
artery along the pelvic wall. The hypogastric nerve joins the branches 
of the sacral parasympathetic nerves, or nervi erigentes, to form the 
pelvic plexus. During mobilization of the rectum, after the perito-
neum on each side of the rectum is incised, the hypogastric nerves 
along with the ureters should be brushed off laterally to avoid injury. 
The key zones of sympathetic nerve damage are during ligation of the 
IMA and high in the pelvis during initial posterior rectal mobiliza-
tion adjacent to the hypogastric nerves. The parasympathetic nerve 
supply is from the nervi erigentes, which originate from the second, 
third, and fourth sacral nerves on either side of the anterior sacral 
foramina. The fibers pass laterally, forward, and upward to join the 
sympathetic nerve fibers to form the pelvic plexus on the pelvic side 
walls (Fig. 1-7). The two types of nerve fibers are distributed to the 
urinary and genital organs and to the rectum.

The branches of the pelvic plexus along with the blood vessels 
that supply the male genital organs are located posterolateral to the 
seminal vesicles and travel dorsolaterally in the lateral pelvic fascia 
between the prostate and rectum. To avoid nerve injury, the lateral 
ligament should be cut close to the rectal side wall. Key zones of risk 
to parasympathetic nerves are during lateral dissection in the pelvis 
near the pelvic plexus and during the anterolateral dissection deep in 
the pelvis while mobilizing the rectum from the seminal vesicles and 
the prostate. 

COLON AND RECTUM PHYSIOLOGY

Colonic Physiology

Major functions of the colon include storage and absorption of diges-
tive material and propulsion of feces, in addition to digestion of car-
bohydrate and protein residues and secretion of mucus.

Absorption and Secretion

In healthy persons, the colon absorbs water, sodium, and chloride, 
while secreting potassium and bicarbonate. It receives approximately 
1500 mL of fluid material from the ileum over a 24-hour period 
and absorbs approximately 1350 mL of water, 200 mmol of sodium, 
150 mmol of chloride, and 60 mmol of bicarbonate. The colon pos-
sesses enough reserve capacity to absorb an additional 3.5 to 4.5 L of 
ileal effluent, a feature that allows the large bowel to compensate for 
impaired absorption in the small intestine. The absorptive capacity is 
not homogeneous throughout the large intestine because of significant 
differences in the colonic segments. It has been shown that more salt 
and water are absorbed from the right colon than from the distal colon. 

Digestion

Digestion of food begins in the stomach and is almost accomplished 
when transit to the end of the small intestine is complete. However, 
a small amount of protein and carbohydrate is not digested during 
transit through the small bowel. The colon plays a role in salvaging 
calories from malabsorbed sugars and dietary fiber. The carbohydrate 
residues are broken down by anaerobic bacteria into short-chain fatty 
acids (SCFAs) and are absorbed in a concentration-dependent way. 
About 70% of colonic mucosal energy supply is derived from SCFAs 
originating in the lumen. 

Propulsion and Storage

The main functions of colonic and anorectal motor activity are 
to absorb water, store fecal waste, and eliminate them in a socially 
acceptable manner. The absorption of water is achieved by colonic 
segmentation and motor activity that propels colonic material forward 
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FIGURE 1-5 Venous drainage of the colon and rectum. Dark blue repre-
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Gordon PH, Nivatvongs S. Principles and practice of surgery for the colon, rectum, 
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and backward over relatively short distances. Storage of fecal waste is 
facilitated by colonic and rectal compliance and accommodation, 
whereas elimination is regulated by the coordination of anorectal and 
pelvic floor mechanisms with behavioral and cognitive responses. 
Most of the water absorption occurs in the right colon, whereas the 
left colon is the storage organ for stool. The rectum is normally empty 
and is the organ of defecation. When a mass movement occurs, it 
strips down the left colon and propels the feces into the rectum. 
The increase in rectal volume and pressure sets in motion a series of 
reflexes and conscious sensations and decisions that lead to expulsion 
of the fecal bolus. 

ANAL CANAL ANATOMY

The anal canal is the terminal portion of the intestinal tract. It begins 
at the anorectal junction, at the level of the levator ani muscles, and 
terminates at the anal verge as an anteriorposterior slit (Fig. 1-8). The 
length of the anal canal is approximately 4 cm; however, the lateral 
canal is significantly longer than the anterior and posterior canal. At 
the midpoint of the anal canal, approximately 2 cm from the anal 
verge, there is a saw-toothed epithelial junction referred to as the 
dentate line. As the rectum narrows into the anal canal, the tissue 
above the dentate line takes on a pleated appearance, creating lon-
gitudinal folds known as the columns of Morgagni (Fig. 1-8). At the 
lower end of the columns and between adjacent columns are small 
pockets referred to as the crypts of Morgagni. The anal glands open 
directly into the anal crypts at the dentate line. The average number 
of glands in a normal anal canal varies from 4 to 10. These crypts are 

of surgical significance because foreign material may become lodged 
in them, obstructing the ducts of the anal glands and possibly result-
ing in sepsis.

Lining

The lining of the anal canal consists of different types of epithe-
lium at different levels. The mucosa of the upper anal canal is lined 
by columnar epithelium. Below the dentate line, the anal canal is 
lined by squamous epithelium. In between is a transitional zone 
where a gradual change in the mucosa, including columnar, tran-
sitional, or squamous epithelium, may be found over a distance of 
6 to 12 mm. The rectal mucosa is pink, whereas the area just above 
the dentate line is deep purple because of the underlying internal 
hemorrhoidal plexus. Subepithelial tissue is loosely attached to the 
internal hemorrhoidal plexus, and at the anal margin, it contains 
the external hemorrhoidal plexus. The area approximately 1.5 cm 
below the dentate line is referred to as anoderm. This pale, smooth, 
thin, and shiny stretched tissue is not considered true skin because 
it is devoid of accessory skin structures (e.g., hair, sebaceous 
glands, and sweat glands). At the anal verge the lining becomes 
thicker and pigmented and acquires hair follicles, glands, and 
other histologic features of normal skin. A well-marked ring of 
apocrine glands is also present in this perianal area, which makes 
the area prone to hidradenitis suppurativa. Proximal to the dentate 
line, the epithelium is supplied by the autonomic nervous system, 
while distally the lining is richly innervated by the somatic ner-
vous system. 

FIGURE 1-7 Nerve supply to the 
rectum (lateral view). (From Gordon 
PH, Nivatvongs S. Principles and 
Practice of Surgery for the Colon, 
Rectum and Anus. 3rd ed. New York: 
Informa Healthcare USA; 2007.)
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Muscles of the Anorectal Region

The musculature of the anorectal region may be regarded as two 
tubes, one surrounding the other (Fig. 1-8). The inner tube, being vis-
ceral, is smooth muscle and is innervated by the autonomic nervous 
system, whereas the outer funnel-shaped tube is skeletal muscle and 
has somatic innervation. This short segment of the intestinal tract is 
of paramount importance because it is essential to the mechanism 
of fecal continence and also because it is prone to many diseases. 
The internal sphincter is the downward continuation of the circular, 
smooth muscle of the rectum, which becomes thickened and rounded 
at its lower end. Its lowest portion is just above the lowest part of 
the external sphincter and is 1 to 1.5 cm below the dentate line (Fig. 
1-8). The lowest portion of the external sphincter occupies a position 
below and slightly lateral to the internal sphincter (Fig. 1-8). A pal-
pable groove at this level is referred to as the intersphincteric groove.

The next portion (superficial) is attached to the coccyx by a pos-
terior extension of muscle fibers that combine with connective tissue, 
forming the anococcygeal ligament. Above this level, the deep por-
tion of the external sphincter is devoid of posterior attachments and 
proximally becomes continuous with the puborectalis muscle. Anteri-
orly, the high fibers of the external sphincter are inserted into the peri-
neal body, where some merge and are continuous with the transverse 
perineal muscles. The anterior external anal sphincter is shorter in 
women than in men. Investigators have found that the median length 
and thickness of the female anterior external anal sphincter are 11 and 
13 mm, respectively. These small dimensions explain why a relatively 
small obstetrical tear may have a devastating effect on fecal continence.

Perineal Body

The perineal body is the anatomic location in the central portion of 
the perineum where the external sphincter, bulbocavernosus, and 
superficial and deep transverse perineal muscles meet. This tendi-
nous intersection gives support to the perineum and separates the 
anus from the vagina. 

Pelvic Floor Muscles

The pelvic floor muscles include the levator ani muscle and puborec-
talis. The levator ani muscle is broad, thin, and forms the greater part 
of the floor of the pelvic cavity. It consists of the iliococcygeus and the 
pubococcygeus muscles and is innervated by the fourth sacral nerve 

(Fig. 1-9). The puborectalis muscle, considered part of the external 
sphincter, is the third muscle of the pelvic floor. The puborectalis 
muscle arises from the back of the symphysis pubis and the superior 
fascia of the urogenital diaphragm, runs backward alongside the ano-
rectal junction, and joins its fellow muscle of the other side imme-
diately behind the rectum, where they form a U-shaped loop that 
slings the anorectal junction to the pubis. The iliococcygeus muscle 
arises from the ischial spine and posterior part of the obturator fascia, 
passes downward, backward, and medially, and becomes inserted on 
the last two segments of the sacrum, the coccyx, and the anococcygeal 
raphe, without any connections to the anal canal. The pubococcygeus 
muscle arises from the anterior half of the obturator fascia and the 
back of the pubis. The puborectalis and the levator ani muscles have a 
reciprocal action. During defecation, the puborectalis relaxes and the 
levator ani muscles contract, which causes the hiatus to widen, and 
the lower rectum and anal canal are elevated and straightened. When 
a person is in an upright position, the levator ani muscles support the 
viscera. The “anorectal ring” is a term coined by Milligan and Morgan 
to denote the functionally important ring of muscle that surrounds 
the junction of the rectum and the anal canal. It is composed of the 
upper borders of the internal sphincter and the puborectalis muscle. 

Innervation of the Anus

Motor Innervation

The internal anal sphincter is supplied by both sympathetic and para-
sympathetic nerves that presumably reach the muscle by the same 
route as that followed to the lower rectum. The parasympathetic 
nerves are inhibitory to the internal sphincter. The action of sympa-
thetic nerves to the internal sphincter is conflicting. Some investiga-
tors found it to be inhibitory, whereas others reported a stimulating 
effect. The external sphincter is supplied by the inferior rectal branch 
of the internal pudendal nerve and the perineal branch of the fourth 
sacral nerve. The pudendal nerve passes through the greater sciatic 
foramen and crosses the sacrospinous ligament accompanied by the 
internal pudendal artery and vein. The pudendal nerve lies on the 
lateral wall of the ischioanal fossa, where it gives off the inferior rectal 
nerve, which crosses the ischioanal fossa with the inferior rectal ves-
sels to reach the external sphincter posterolaterally. The puborectalis 
muscle is not supplied by the pudendal nerves but by a direct branch 
of the third and fourth sacral nerves, which lie above the pelvic floor. 
The levator ani muscles are supplied on their pelvic surface by twigs 
from the fourth sacral nerves and on their perineal aspect by the infe-
rior rectal or perineal branches of the pudendal nerves. 
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Sensory Innervation

The sensory nerve supply of the anal canal is the inferior rectal nerve, 
a branch of the pudendal nerve. The epithelium of the anal canal is 
profusely innervated with sensory nerve endings, especially in the 
vicinity of the dentate line. Pain sensation in the anal canal can be felt 
from the anal verge to 1.5 cm proximal to the dentate line. The anal 
canal can sense touch, cold, and pressure. 

Arterial Supply of the Anus

The inferior rectal arteries, which are branches of the inferior iliac arter-
ies, arise from the pudendal artery (in the Alcock canal). They traverse 
the ischioanal fossa and supply the anal canal and the external sphinc-
ter muscles. No extramural anastomosis is found between the inferior 
rectal arteries and other rectal arteries. However, arteriography demon-
strates an abundance of anastomoses among the inferior and superior 
rectal arteries at deeper planes in the walls of the anal canal and rectum. 

Lymphatic Drainage of the Anus

Lymph from the lower part of the rectum drains cephalad via the 
superior rectal lymphatics to the inferior mesenteric nodes and later-
ally via the middle rectal lymphatics to the internal iliac nodes. It gen-
erally has been known that retrograde lymphatic spread in carcinoma 
of the rectum and anal canal occurs only after extensive involvement 
of the perirectal structures, serosal surfaces, veins, perineural lym-
phatics, and proximal lymphatic channels. Lymphatics from the anal 
canal above the dentate line drain cephalad via the superior rectal 
lymphatics to the inferior mesenteric nodes and laterally along both 
the middle rectal vessels and the inferior rectal vessels through the 
ischioanal fossa to the internal iliac nodes. Lymph from the anal canal 
below the dentate line usually drains to the inguinal nodes. It also can 
drain to the superior rectal lymph nodes or along the inferior rectal 
lymphatics through the ischioanal fossa if obstruction occurs in the 
primary drainage. 

Venous Drainage of the Anus

Blood return from the anal canal is via two systems: portal and sys-
temic. The superior rectal vein drains the rectum and upper part of 
the anal canal, where the internal hemorrhoidal plexus is situated, 
into the portal system via the inferior mesenteric vein. The middle 
rectal veins drain the lower part of the rectum and the upper part 
of the anal canal into the systemic circulation via the internal iliac 
veins. The inferior rectal veins drain the lower part of the anal canal, 
where the external hemorrhoidal plexus is located, via the inter-
nal pudendal veins, which empty into the internal iliac veins and 
hence into the systemic circulation. Controversy exists regarding 
the presence or absence of collaterals formed by these three venous 
systems. Current thinking supports the concepts of free communi-
cation among the main veins draining the anal canal and that there 
is no association between the occurrence of hemorrhoids and por-
tal hypertension. 

ANAL CANAL PHYSIOLOGY

Mechanisms of Continence

Normal continence depends on a highly integrated series of compli-
cated events.
  

 1.  Stool consistency plays an important role in anal continence. 
Some patients may be continent for solid stool but not for  

liquid stool or gas, or they may be continent for stool but not 
for gas. This fact is important in the management of patients 
with anal incontinence because the maneuver of changing 
stool consistency from liquid into solid may be sufficient to al-
low the patient to regain fecal control.

 2.  The holding function of rectum arises from its adaptive compli-
ance with its distensibility and capacity to accommodate, both 
of which are important factors for effective holding of stool. 
From a physiologic standpoint, differences in pressure patterns 
between the distal and proximal levels of the anal canal result 
in the development of a force vector in the direction of the 
rectum. Furthermore, the angulation between the rectum and 
anal canal, which is due to the continuous tonic activity of the 
puborectalis muscle, as well as the high-pressure zone in the 
anal canal, contribute to continence.

 3.  Although the rectum is devoid of sensory pathways, stretch re-
ceptors play an important role in defecation. The sensation of 
rectal distention initiates the sampling response (described in 
the section on defecation).

 4.  Mechanical factors include the sphincters and the angle of the 
puborectalis muscle. Within the anal canal, the sphincters are re-
sponsible for producing a “high-pressure zone” between 2.5 and 
3.5 cm in length. This zone is mainly a result of the continuous 
tonic activity of both sphincters, with the major contribution 
from the internal anal sphincter. Furthermore, the angulation 
of the anorectal system, which is due to the continuous tonic 
activity of the puborectalis muscle, is important. In the normal 
resting state, the lumen of the anal canal is occluded by the pub-
orectalis sling and by the resting tone of the internal and external 
sphincters. As measured by defecography, the angle between the 
axis of the anal canal and the rectum in the resting state is about 
90 degrees. During defecation, the puborectalis muscle relaxes, 
resulting in straightening of the anorectal angle, and the pelvic 
floor descends slightly (Fig. 1-10). 

Defecation

The stimulus for initiating defecation is distention of the rectum. Rec-
tal distention induces relaxation of the internal sphincter, which in 
turn triggers contraction of the external sphincter. This relaxation of 
the internal sphincter, allowing sampling of rectal contents, is called 
the sampling response (or recto-anal inhibitory reflex). If defecation 
is to be deferred, voluntary contraction of the external anal sphincter 
occurs and the rectum relaxes to accommodate the feces after an ini-
tial increase in pressure. If the defecation is appropriate, a squatting 
position is assumed, which causes the angulation between the rectum 
and the anal canal to straighten (Fig. 1-10). A Valsalva maneuver is 
the second semivoluntary stage. This maneuver overcomes the resis-
tance to the external sphincter by voluntarily increasing the intratho-
racic and intra-abdominal pressure. The pelvic floor descends, and 
the resulting pressure on the fecal mass in the rectum increases intra-
rectal pressure. Inhibition of the external sphincter permits passage 
of the fecal bolus, which is ideally driven by contraction of the rectal 
muscles. The complete longitudinal muscle coat of the rectum can 
generate powerful contractions, which are most effective when the 
first urge triggers defecation. Once evacuation has been completed, 
the pelvic floor and the anal canal muscles regain their resting activ-
ity, and the anal canal is closed. 

Physiologic Testing

Anal Manometry
Anorectal manometry is a means of quantifying the function of 
the internal and external sphincters by inserting a recording probe 
within the rectum and taking measurements upon withdrawal. The 
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high-pressure zone varies between 2.5 and 5 cm and is shorter in 
women than in men. The highest pressure is defined as the maxi-
mal resting anal pressure and typically ranges from 65 to 85 mm 
Hg above the rectal intraluminal pressure and is located 1 to 1.5 
cm from the distal end of the sphincter. Resting pressure in the anal 
canal exhibits regular fluctuations that vary from day to night, by 
the presence or absence of fecal material in the rectum, and by pos-
ture. Closing pressure is the difference between maximum resting 
anal pressure and the resting pressure; it is an important deter-
minant of anal continence. The patient is asked to squeeze at full 
strength to measure the maximal squeeze anal pressure. In a healthy 
person, intra-anal pressure is usually doubled during voluntary 
contraction. 

Defecography by Fluoroscopy or Magnetic Resonance Imaging

Defecography is a dynamic investigation of the defecation mecha-
nism that can detect rectal intussusception, enterocele, sigmoido-
cele, rectocele, nonrelaxing puborectalis syndrome, and perineal 
descent. Conventional defecography is performed with introduction 
of a radiopaque semisolid contrast medium into the rectum while 
the subject is seated on a radiolucent commode to void the contrast 
material. With this technique, the anorectal angle, which depends 
on the tone of the puborectalis muscle, can be measured at rest and 
during straining. The position of the pelvic floor can be measured 
by calculating the distance between the anorectal junction and the 
pubococcygeal line. In this way, perineal descent at rest and during 
straining can be measured. The pubococcygeal line is drawn from the 
tip of the coccyx to the posteroinferior margin of the pubic ramus; 
normally, the pelvic floor lies at a plane approximately 1 cm below 
that of the pubococcygeal line. Magnetic resonance defecography is a 
nonradioactive imaging technique performed with the patient in the 
sitting position, thus permitting analysis of the rectal wall, in addi-
tion to the anorectal angle, the opening of the anal canal, the func-
tion of the puborectalis muscle, and the descent of the pelvic floor 
during defecation. 

Balloon Expulsion Test

Rectal balloon expulsion may be used as an alternative to defecog-
raphy because the inability to expel an intrarectal balloon can point 
to impaired rectal evacuation. However, many patients with electro-
myographic evidence of anismus are able to pass an inflated balloon, 
and patients with insufficient colonic contractility may have a con-
founded study. 

Saline Continence Test

The saline continence test provides a more realistic assessment of 
fecal continence. The ability of a person to retain 1500 mL of saline 
solution infused into the rectum at a rapid rate (60 mL/min) can pro-
vide insights into the strength of the sphincter muscles. 

Rectal Compliance

Rectal compliance is the volumetric response of the rectum to stretch 
when subjected to an increase of intraluminal pressure. An infinitely 
compliant polyethylene balloon is used to measure rectal compliance. 
A volume–pressure curve is plotted, and the slope of this curve (dV/
dP) represents compliance. The elasticity and compliance of the rec-
tum are closely interwoven with rectal sensation. A deficit of rectal 
sensory function together with increased rectal compliance has been 
observed in patients with constipation. Some investigators report 
maximum rectal capacity (MRC), the volume that can be infused 
into the rectum before the patient demands that the infusion stop. An 
MRC greater than 300 mL can be defined as megarectum. An MRC 
less than 100 is indicative of a very sensitive rectum and is typical of 
persons with severe irritable bowel syndrome or inflammatory bowel 
disease. Patients with inflammatory bowel disease, especially in the 
active phase, also may have a decreased distensibility of the rectum. 
Knowledge of this decreased rectal capacity may be of practical value 
in predicting which patients with Crohn disease would benefit from 
an ileorectal anastomosis. 

Electromyography

Electromyography records action potentials derived from motor 
units within contracting muscle. The external sphincter and the 
puborectalis are unique skeletal muscles because they show continu-
ous tonic contractions at rest and cessation of contraction during 
defecation. Conventional concentric electromyography is performed 
by inserting a needle electrode directly into the external sphincter or 
the puborectalis muscle without a local anesthetic. With the muscles 
at rest, a basal low-frequency activity will be recorded between 2 to 
50 mV. During squeezing and coughing, a burst of electrical activity, 
which is the consequence of increased frequency of motor unit firing 
and recruitment of new motor units, is recorded. 

Nerve Stimulation Techniques

Spinal nerve latency measures central motor innervation of the 
pelvic floor by placement of transcutaneous spinal stimulation at 
the level of L1 and L4 and use of a surface anal plug electrode 
or by an intramuscular needle electrode to detect sphincter func-
tion. The difference in the latencies from L1 and L4 has been called 
the spinal latency ratio, which is increased in patients with anal 
incontinence caused by a proximal lesion such as damage to the 
S3 nerve roots. Pudendal nerve terminal motor latency is used to 
assess the external anal sphincter. The electrodes are introduced 
into the rectum, and the tip is brought into contact with the ischial 
spine on each side. A supramaximal stimulus is delivered, and the 
latency between stimulus and external sphincter contraction is 
measured. The terminal motor latency of a normal pudendal nerve 
is of the order of 1.9 ± 0.2 msec. It is increased in patients with anal 
incontinence.

Contraction Defecation

A

B

FIGURE 1-10 Angulation between the rectum and the anal canal. A, 
Lateral view. B, Anteroposterior view. (From Gordon PH, Nivatvongs S. 
Principles and Practice of Surgery for the Colon, Rectum and Anus. 3rd 
ed. New York: Informa Healthcare USA; 2007.)
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Hemorrhoids

Hemorrhoids are vascular cushions that lie close to the anus and 
are subject to the stresses and strains of defecation. They are 

normal structures that become symptomatic when thrombosis or 
prolapse develops as a result of either a congenital weakness in the 
area or because of excessive or repeated straining. The challenges of 
managing patients with symptomatic hemorrhoids include making 
a correct diagnosis, persuading patients to improve their defecatory 
habits, and using the appropriate procedure to manage the problem 
at hand. In this chapter, external and internal hemorrhoids will be 
considered separately.

EXTERNAL HEMORRHOIDS

The external hemorrhoidal plexus is a network of veins that run 
around the anus at the anal verge. The veins become symptomatic 
when they thrombose. Resolution of external hemorrhoid throm-
bosis may predispose to anal tags that are usually asymptomatic but 
are typically excised along with prolapsing internal hemorrhoids. 
Acute thrombosis of the external hemorrhoidal plexus is a painful 
condition that tends to follow straining, either during lifting, child-
birth, or defecation. Affected patients are in considerable pain and 
have an edematous lump at the anal verge caused by the clot. Often 
the blue color of the clot confirms the diagnosis. Surgical excision 
of acutely thrombosed external hemorrhoids is warranted when the 
thrombosis is large, painful, and identified within 72 hours of onset. 
Sometimes the clot ulcerates through the skin and patients experi-
ence anal bleeding independent of bowel habits, with partial easing 
of the pain. This presentation is another indication for surgery. Small 
external hemorrhoidal thromboses are easily managed in the office 
setting with a local anesthetic and complete excision of the clot and 
vein, with or without skin closure. More extensive thromboses should 
be excised with use of a general anesthetic to allow careful planning 
of the excision and preservation of the anoderm. 

ANATOMY AND ETIOLOGY OF 
INTERNAL HEMORRHOIDS

Internal hemorrhoids are vascular cushions lying above the dentate 
line under the mucosa of the low rectum. The classic orientation of 
the hemorrhoidal cushions is right anterior, right posterior, and left 
lateral, although intervening secondary hemorrhoidal complexes may 
blur this classic anatomy. The arterial blood supply, which contributes 
to the frequent symptom of bright red rectal bleeding, is derived from 
the superior rectal artery, a branch of the inferior mesenteric artery, 
the middle rectal arteries arising from the internal iliac arteries, and 
the inferior rectal arteries arising from the pudendal arteries. Above 
the dentate line the venous drainage enters the portal venous system, 
whereas below the dentate line it passes to the systemic venous sys-
tem. This vascular anatomy creates the cushions that contribute to 

anal continence and can be damaged by excessive straining, leading 
to the prolapse and bleeding typical of symptomatic hemorrhoids.

An understanding of the stages of hemorrhoidal pathophysiology 
is the basis for developing a strategy for management of symptomatic 
hemorrhoids. The staging system is shown in Box 2-1. At the earliest 
stage of disease, transudation of blood through thin-walled, damaged 
veins and/or arterioles presents primarily as painless bleeding and 
can be managed with astringents or local ablation of the vessels. Later, 
as the damage progresses to significant disruption of the mucosal sus-
pensory ligament, a technique capable of relocating the prolapsing 
tissue to its normal location and fixing the tissue at that location will 
be required. 

CLINICAL EVALUATION

The typical constellation of hemorrhoidal symptoms includes bleed-
ing, protrusion, and pain. However, only about one third of all 
patients with anorectal symptoms will actually have hemorrhoids as 
the cause of their symptoms. Hemorrhoidal bleeding, which typically 
occurs after bowel movements, is painless and visible as bright red 
blood either on the toilet paper or in the commode. The bleeding 
can become more severe as the hemorrhoids enlarge and are either 
partially or completely trapped in a prolapsed position. Patients with 
tight internal sphincters are prone to magnified hemorrhoidal symp-
toms because of the increased pressure in the anus. The history then 
addresses bowel habits, the frequency of straining upon defecation, 
recent changes in medications, diet, or lifestyle, and the presence 
of a family history of colorectal cancer. The patient should be asked 
about prior procedures performed to treat hemorrhoids, although 
the answer must be taken with a grain of salt unless it is supported by 
medical records.

Examination of the patient with hematochezia, although tailored 
by the age of the patient, should include sufficient investigations to 
rule out a proximal source of bleeding such as inflammatory bowel 
disease or neoplasia. Hemorrhoids should not be accepted as the 
cause of iron deficiency anemia because this cause is rare.

First, a careful digital examination of the anal canal and distal 
rectum should be performed, including palpation of the prostate in 
men. Inspection of the anus may reveal skin tags, bulging external 
 hemorrhoidal cushions (clues to the presence of internal hemor-
rhoidal prolapse), or fourth-degree internal hemorrhoids. Other 
conditions may be present that mimic or co-exist with hemorrhoids, 
such as anal excoriation, anal neoplasms, condylomata, or fissure. 
If the patient does not have a fissure, an anoscopy is performed to 
determine the size and degree of prolapse of the hemorrhoids. Pok-
ing the cushions with a cotton-tipped swab gives an impression of 
the degree of redundancy and the suitability of the hemorrhoid for 
elastic band ligation. White plaques on the hemorrhoids (pseudo-
epitheliomatous hyperplasia) are an indication of chronic prolapse. 
Hemorrhoids should be classified as previously described to define 

2
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the degree of mucosal irritation, prolapse, columns involved, and 
associated anal skin tags. If the patient has presented with bleeding, 
has an increased risk for colorectal cancer, or is at average risk but is 
overdue for screening, a colonoscopy is requested. No physical treat-
ment should be performed without clearing the colon, because drop 
metastases from a cancer proximal to an anal canal wound can occur. 

NONEXCISIONAL OPTIONS

Medical Management

Many patients with symptomatic hemorrhoids strain during def-
ecation for several reasons. If the straining is due to small-volume 
stools, they need more roughage in their diet. If the straining is due 
to hard stools, they need more roughage and perhaps a properistaltic 
agent such as prune juice. If the straining occurs because defecation 
is deferred, they need to respond to the urge to defecate when it is 
first perceived and not shut it down. An analysis of defecation and 
dietary habits and correction of problematic habits with the aim of 
avoiding straining may eliminate symptoms and allow patients to 
avoid a procedure. Correction of problematic habits is important 
in all patients, however, because straining after banding and after a 
 hemorrhoidectomy may lead to recurrent symptoms. In at least 50% 
of patients, symptomatic internal hemorrhoids can be successfully 
managed by improving bowel habits. 

Sclerotherapy

Sclerotherapy of symptomatic internal hemorrhoidal disease has 
been performed since the nineteenth century and remains a highly 
effective, low-risk means of managing stage I hemorrhoids. Treat-
ment produces local tissue destruction, which simultaneously ablates 
small vessels in the submucosa and creates tissue fixation and atrophy 
of the hemorrhoidal complex. The sclerosing agents most commonly 
used are sodium morrhuate and sodium tetradecyl sulfate. Briefly, 
the procedure involves anoscopic identification of the hemorrhoidal 
complex followed by instillation of the sclerosant into the submucosa 
above the level of the dentate line using a 25-gauge spinal needle. 
Typically, 1 to 2 mL of sclerosant per location is adequate, and mul-
tiple locations can be treated during a single session. 

Energy-Based Destruction

Bipolar diathermy converts electrical current into heat energy to 
coagulate the hemorrhoidal tissue, including the mucosa and sub-
mucosa. The machine generates a 2-second pulse of energy to 
 accomplish the treatment. The technique produces the same basic 
effect as sclerotherapy, and therefore the indications for treatment are 
very similar. Other energy-based options include infrared coagula-
tion and therapy with direct current (Ultroid; Ultroid Technologies, 
Inc., Tampa, Fla.). Infrared coagulation employs a tungsten halogen 
lamp that generates heat energy, generally for a 1.5-second period at 
a depth of penetration of 3 mm. Direct-current therapy uses electri-
cal current applied for up to 10 minutes per complex treated. There 
is probably no advantage of one technique over the other, although 

the cost to acquire the machines and cleaning requirements between 
procedures should be considered. 

Hemorrhoidal Ligation with Rubber Bands

In 1963, Barron became the first person to describe treatment of 
hemorrhoids with rubber bands. This technique has withstood the 
test of time, with multiple large-scale studies documenting both 
safety and efficacy, and it is a good option for grade II and III internal 
hemorrhoids. When the bands are applied correctly, pain is minimal 
both during and after the procedure.

Banding is best performed with the patient in a prone jackknife 
position. Anoscopy is performed to assess the degree of  hemorrhoidal 
prolapse and to establish the sites of the worst and the least prolapse. 
A set of two bands is applied above the dentate line at the top of the 
hemorrhoidal column by pulling the prolapsing tissue into the appli-
cator. An assistant is needed to hold the anoscope and may help by 
slightly easing it out when the hemorrhoid is pulled or sucked into 
the applier. The worst affected hemorrhoid is treated first, followed 
by the next worst affected hemorrhoid. It is wise to place a maximum 
of three sets of bands at once because discomfort due to the tight-
ness can become severe. Patients are warned to expect to feel an urge 
to defecate after banding that may be quite uncomfortable and will 
last the remainder of the day. Some patients may experience vasova-
gal symptoms after banding and thus patients should be asked to lie 
down for 10 minutes after the procedure.

Discomfort immediately after band placement may be reduced 
with the injection of a local anesthetic agent; however, this injection 
does not appear to provide a long-lasting benefit. Banding is associ-
ated with hemorrhage from the ulcers that occur at the band sites. 
This outcome is uncommon but can occur within the first 2 weeks of 
the procedure; it seems to be more likely if a large amount of  tissue is 
pulled into the band. The presence of acute pain after banding means 
that the bands have been applied too low and sensory epithelium 
has been included in the band, in which case the bands should be 
removed. Finally, a rare but potentially fatal complication of peri-
neal sepsis can occur, which is heralded by the symptoms of increas-
ing rectal pain, fever, and the inability to void urine. It is essential 
to evaluate patients with these symptoms early and to treat them 
aggressively with broad-spectrum antibiotics and aggressive surgical 
drainage. The full effect of the bands is not noted for a month, by 
which time the ulcers at the sites of the band application have healed 
and scarring has occurred.

Bayer and colleagues reported a series of 2934 patients who 
underwent elastic band treatment of internal hemorrhoids, with 79% 
experiencing complete relief of symptoms after a single session with 
treatment of only one or two locations. Multiple sessions were needed 
as follows: 2 sessions, 32%; 3 sessions, 17%; 4 sessions, 25%; and 5 
sessions, 20%. Although the need for multiple sessions is a negative 
aspect of this technique, only 2.1% of patients required an excisional 
hemorrhoidectomy. Banding offers sustained, inexpensive relief of 
symptoms, with 69% of patients maintaining long-term relief and 
only 7.5% ultimately requiring an excisional hemorrhoidectomy. 

EXCISIONAL HEMORRHOIDECTOMY

An excisional hemorrhoidectomy is indicated when the degree of 
prolapse of the internal hemorrhoids is too great to allow effective 
banding—that is, the bands themselves would ride up and down on 
the prolapsing hemorrhoids and would be too far away from the sub-
mucosa to fix the mucosa. Surgery effectively corrects the associated 
prolapse, bleeding, discomfort, anal seepage, and difficulties with 
anal hygiene. Excisional hemorrhoidectomy is the only option for 
gangrenous internal hemorrhoids.

Several techniques have been described for excisional hem-
orrhoidectomy, including the Milligan-Morgan technique, the 

Grade I = bleeding
Grade II = protrusion with spontaneous reduction
Grade III = protrusion requiring manual reduction
Grade IV = irreducible protrusion of hemorrhoidal tissue

BOX 2-1:  The Standard Classification for Internal 
Hemorrhoidal Diseases



HemorrHoids14

Ferguson closed hemorrhoidectomy, the Whitehead hemorrhoidec-
tomy, and the more recently described stapled hemorrhoidectomy 
(or stapled hemorrhoidopexy). The procedures are usually per-
formed in the operating theater after minimal preoperative prepara-
tion of the bowel, and excision can be performed with or without 
energy devices. The use of lasers for excisional hemorrhoidectomy 
offers no advantage and in fact causes delayed healing, increased 
pain, and increased cost.

The anesthesiologist and patient usually decide which type of 
anesthetic will be used; however, a local anesthetic supplemented by 
the administration of intravenous narcotics and propofol is highly 
effective and short acting. The use of spinal anesthesia, although effec-
tive, may increase the risk of postoperative urinary retention because 
of a higher intraoperative administration of intravenous fluids.

The Milligan-Morgan hemorrhoidectomy, which is widely 
practiced and described in Europe, includes resection of the entire 
enlarged internal hemorrhoid complex, ligation of the arterial ped-
icle, and preservation of intervening anoderm. The incision in the 
anal canal and perianal skin is left open.

The closed Ferguson hemorrhoidectomy offers the benefit of pri-
mary wound closure with similar safety and efficacy. The following 
technical tips are related to the procedure: the entire internal/external 
hemorrhoidal complex should be removed with an hourglass-shaped 
excision (centered at the mid portion of the anoderm) with limited 
anoderm removal; the internal and external anal sphincters should 
be preserved; and primary closure of the entire wound should be per-
formed. Occasionally it is necessary to undermine flaps of anoderm 
and perianal skin to allow removal of intermediate hemorrhoidal tis-
sue while preserving the bridges of anoderm between pedicles.

The Whitehead hemorrhoidectomy was devised to eradicate 
the enlarged internal hemorrhoidal tissue circumferentially with 
advancement of the prolapsed dentate line proximally to reconstruct 
the anal canal lining. This technique has been largely abandoned 
because of the high rates of mucosal ectropion and anal stricture 
resulting from the complexity of reconstruction.

Instrumentation for Excisional 
Hemmorrhoidectomy

The increasingly critical emphasis on cost-effectiveness requires a 
thoughtful assessment of the need for advanced instrumentation in 
hemorrhoidectomy. The efficacy of conventional surgery is unques-
tioned, whereas the benefits of considerably more expensive energy 
devices are mostly theoretical. Standard monopolar electrocautery is 
relatively inexpensive and can be useful to control nuisance bleed-
ing from the wound edges and small vessels. Suture ligation of the 
main pedicle is still required, and thermal spread is associated with 
increased pain.

Laser technology has been evaluated both as a means of cutting 
hemorrhoidal tissue and as a technique for ablation, but it is simply 
another way of causing tissue destruction. Although some authors 
have suggested that patients experience less pain with the use of 
Nd:YAG laser for excision and coagulation, a prospective random-
ized trial demonstrated greater pain and slower healing when com-
pared with sharp dissection.

A bipolar cautery device capable of simultaneous tissue division 
and blood vessel coagulation has been compared with monopo-
lar diathermy hemorrhoidectomy, with most of the data suggesting 
reductions in operative time and early postoperative pain. A meta-
analysis compared hemorrhoidectomy with LigaSure (Medtronic, 
Minneapolis, Minn.) to conventional excisional techniques and 
found similar cure rates but shorter operative time, decreased pain, 
shorter time to wound healing, and less time off from work. A com-
peting technology is the Harmonic scalpel (Ethicon Endo-Surgery, 
Cincinnati, Ohio), which relies on a rapidly reciprocating blade to 
generate heat for coagulation and tissue transection. Experience with 
the Harmonic scalpel suggests low rates of postoperative hemorrhage 

(0.6%), urinary retention (2%), fissure (1%), and abscess/fistula 
(0.8%). Several subsequent prospective, randomized comparisons of 
diathermy with the Harmonic scalpel failed to confirm any differ-
ences between the two tools. 

PROCEDURE FOR PROLAPSING 
HEMORRHOIDS (STAPLED 
HEMMORHOIDOPEXY)

Another option for advanced hemorrhoidal disease is the procedure 
for prolapsing hemorrhoids (PPH), which utilizes a circular stapler 
to reduce and fix the hemorrhoidal complex. The technique entails 
placement of a transanal purse-string suture 0.5 cm above the top 
of the hemorrhoidal complex to allow partial resection of the rectal 
mucosa in the less sensitive distal rectum above the hemorrhoidal 
tissue, with repositioning of both the anoderm and hemorrhoidal 
columns to the appropriate locations. Prospective randomized tri-
als have been performed to compare this approach with excisional 
hemorrhoidectomy, although interest in the United States appears to 
be waning. Most of the data support the concept that PPH is associ-
ated with a lesser degree of early postoperative pain and a general 
reduction in the duration of this pain after surgery. Giordano and 
colleagues addressed the question of long-term outcome for PPH, 
 demonstrating a significantly higher rate of prolapse recurrence in 
the PPH group and a higher rate of further treatment to correct recur-
rent prolapses compared with conventional hemorrhoidectomy. An 
additional concern associated with PPH is the risk of either closure 
of the rectal lumen as a result of failure to place the anvil proximal to 
the purse-string suture or sepsis as a result of rectal wall perforation. 
These complications can be life threatening and are difficult to correct 
and have reduced interest in the procedure in some circles. 

DOPPLER-GUIDED HEMORRHOIDAL 
DEARTERIALIZATION

A new technique that is gaining popularity is Doppler-guided hemor-
rhoidal artery ligation, or transanal hemorrhoidal  dearterialization 
(THD). The Doppler-guided technique provides simultaneous 
reduction of the arterial blood flow, reduction of the prolapse (or 
mucopexy), and tissue destruction by oversewing the reduced hem-
orrhoidal tissue. A specifically designed proctoscope is used coupled 
with a Doppler transducer. At the distal end a small window allows 
suturing of the rectal mucosa 2 to 3 cm above the dentate line. The 
reduction of blood flow is thought to lead to shrinkage of the hemor-
rhoidal complex. In addition, a hemorrhoidopexy can be performed 
that lifts up the prolapsing tissue into its normal anatomic position. 
Giordano and colleagues published an extensive review of the current 
evidence on THD, looking specifically at safety and effectiveness of 
the technique. The technique appears safe and efficacious in trained 
hands, but it relies primarily upon suture plication of the hemor-
rhoidal complexes associated with reduction of the prolapse rather 
than excision of tissue. Therefore, it may be less painful than other 
techniques but requires additional operative cost for the disposable 
equipment. 

POSTOPERATIVE MANAGEMENT 
AFTER HEMORRHOID SURGERY

Postoperative management is primarily focused on effective anal-
gesia and avoidance of urinary retention and constipation. Options 
include a combination of oral and parenteral narcotics, nonsteroi-
dal agents, and local anesthetic blocks. Ketorolac has  demonstrated 
considerable efficacy in managing posthemorrhoidectomy pain. 
The use of alternative administration routes for narcotics either 
by patch or subcutaneous pump has been successful in controlling 
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pain; however, the management of these routes of administra-
tion can be risky in the outpatient setting because of the risk of 
narcotic-induced respiratory depression, and therefore it is not 
recommended.

Urinary retention is a frequent postoperative problem after hem-
orrhoidectomy, ranging in incidence from 1% to 52%. A variety of 
strategies have been used to treat the problem; the optimal approach 
is prevention by limiting perioperative fluid administration to 250 
mL and avoiding both spinal anesthesia and anal packing.

Early postoperative bleeding (within <24 hours) occurs in approx-
imately 1% of cases and represents a technical issue requiring a return 
to the operating theater for resuturing of the wound. Delayed hemor-
rhage occurs in 0.5% to 4% of cases at 5 to 10 days after surgery. The 
cause is thought to be early separation of the ligated pedicle before 
adequate thrombosis in the feeding artery can occur. The bleeding 
in this scenario is usually significant and requires some method for 
control of ongoing hemorrhage. Options include a return to the oper-
ating theater for suture ligation or tamponade at the bedside with a 
Foley catheter or anal packing. 

CONCLUSION

The management of symptomatic hemorrhoidal disease should be 
adapted to the clinical presentation of the patient and the severity of 
the symptoms. The vast majority of patients can be managed in an 
office setting, often without any procedure at all. When some form 
of active treatment is needed, the most appropriate option is selected 
based on the anatomy of the hemorrhoids in question and the symp-
toms reported by the patient.
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