Formation, Mitigation,
Rehabilitation, and
Prevention

Andrew C. Krakowski, MD
Peter R. Shumaker, MD




The

Scar
Book

Formation, Mitigation,
Rehabilitation, and
Prevention

West Conshéhocken, Pennsylvania

Peter R. Shumaker. MD

Captain, United States Navy

Chairman, Dermatology

Naval Medical Center

San Diego, California

Clinical Associate Professor of Dermatology

Uniformed Services University of the Health Sciences
Bethesda, Maryland

Wolters Kluwer

Philadelphia « Baltimore « New York « London
Buenos Aires - Hong Kong « Sydney - Tokyo




Executive Editor: Rebecca Gaertner

Senior Product Development Editor: Kristina Oberle
Senior Production Project Manager: Alicia Jackson
Design Coordinator: Elaine Kasmer

Senior Manufacturing Coordinator: Beth Welsh
Prepress Vendor: S4Carlisle Publishing Services

Copyright © 2017 by Wolters Kluwer

All rights reserved. This book is protected by copyright. No part of this book may be reproduced or transmitted

in any form or by any means, including as photocopies or scanned-in or other electronic copies, or utilized by any
information storage and retrieval system without written permission from the copyright owner, except for brief
quotations embodied in critical articles and reviews. Materials appearing in this book prepared by individuals as part
of their official duties as U.S. government employees are not covered by the above-mentioned copyright. To request
permission, please contact Wolters Kluwer at Two Commerce Square, 2001 Market Street, Philadelphia, PA 19103,
via email at permissions@lww.com, or via our website at lww.com (products and services).

The views presented are those of the Editors/Authors and do not necessarily represent the views of the Department of Defense or its
Components.

987654321
Printed in China
Library of Congress Cataloging-in-Publication Data

Names: Krakowski, Andrew C. | Shumaker, Peter R.

Title: The scar book : formation, mitigation, rehabilitation, and prevention
/ [edited by] Andrew C. Krakowski, MD, founder and director, Kids’ Scar
Treatment and Revision Program (S.T.A.R.), Rady Children’s Hospital,
assistant professor of clinical pediatrics and medicine (dermatology),
University of California, San Diego School of Medicine, and Rady
Children’s Hospital, San Diego, California, Peter R. Shumaker, MD,
Captain, United States Navy, chairman, Dermatology, Naval Medical Center
San Diego, clinical associate professor of dermatology, Uniformed Services
University of the Health Sciences, San Diego, California.

Description: Philadelphia : Wolters Kluwer, [2017] | Includes bibliographical
references and index.

Identifiers: LCCN 2016056832 | ISBN 9781496322388 (alk. paper)

Subjects: LCSH: Scars. | Granulation tissue. | Wound healing.

Classification: LCC RD94 .533 2017 | DDC 617.1/4—dc23 LC record available at https://lcen.loc.gov/2016056832

This work is provided “as is,” and the publisher disclaims any and all warranties, express or implied, including any
warranties as to accuracy, comprehensiveness, or currency of the content of this work.

This work is no substitute for individual patient assessment based upon healthcare professionals’ examination of

each patient and consideration of, among other things, age, weight, gender, current or prior medical conditions,
medication history, laboratory data and other factors unique to the patient. The publisher does not provide medical
advice or guidance, and this work is merely a reference tool. Healthcare professionals, and not the publisher, are solely
responsible for the use of this work including all medical judgments and for any resulting diagnosis and treatments.

Given continuous, rapid advances in medical science and health information, independent professional verification

of medical diagnoses, indications, appropriate pharmaceutical selections and dosages, and treatment options should

be made, and healthcare professionals should consult a variety of sources. When prescribing medication, healthcare
professionals are advised to consult the product information sheet (the manufacturer’s package insert) accompanying
each drug to verify, among other things, conditions of use, warnings and side effects and identify any changes in
dosage schedule or contraindications, particularly if the medication to be administered is new, infrequently used or has
a narrow therapeutic range. To the maximum extent permitted under applicable law, no responsibility is assumed by
the publisher for any injury and/or damage to persons or property, as a matter of products liability, negligence law or
otherwise, or from any reference to or use by any person of this work.

LWW.com

RRS1612



Get Your Free Enhanced eBook

Your book purchase includes a complimentary download
of the enhanced eBook for iOS, Android, PC & Mac.

Take advantage of these practical features that will improve your eBook experience:

The ability to download the eBook on multiple devices at one time — providing a seamless reading
experience online or offline

Powerful search tools and smart navigation cross-links allow you to search within this book, or across
your entire library of VitalSource eBooks

Multiple viewing options offer the ability to scale images and text to any size without losing page clarity
as well as responsive design

The ability to highlight text and add notes with one click — as well as share with friends and colleagues.

View or download
your eBook now: - Scratch Off Below

0 Go to http://medicine.lww.com/activate

ety |
@ Enter your 12-digit code in the box marked ?

“Get Access” and select Submit Code Krakowski

Scratch off the sticker with care.

NOTE: Book cannot be returned once the panel is scratched off.

& Question, Concerns? We are ha
2 ? ppy to help.
J WO lte s KlU wer Please contact us at 1-800-468-1128 or techsupp@lww.com



To my mother, Carol, my father, Frank, and my sister; Lauren . . . thank you for inspiring
me to want to care for others and for teaching me what it means to lead by example. I am
sorry for any scars I may have caused along the way.

1o my greatest love, Carlisle, and to my greatest hope, Nathaniel and fames . . . together,
you are my life. Thank you for supporting/enduring me through this crazy endeavor. I love
you more than you can possibly ever know. Yes, Nate, even bigger than the sky is blue!

1o Mike Gill, my best friend in high school . . . I see you in the face of every patient I treat,
and I am a better person because of it.

Andrew C. Krakowski

To my wife, Patrice, and my boys, Tim, Fack, and Garret . . . thank you for fortifying me
with your love and support during this Sisyphean endeavor, and always. You are my greatest
accomplishment.

1o my parents, Randy and Claire . . . every trace of humility, intelligence, and compassion
I can claim I owe to you (but not necessarily in that order).

1o my brothers, feremy, Scott, and Erik . . . because you are terrific, and who knows when
I will have another book.

1o my grandfather;, Herbert M. Giffin, MID . . . who first inspived me into a life of healing,
and stivved my interest in Navy Medicine with bis tales from the South Pacific.

1o all the hard-chargers who have given me the privilege of caring for them, and who
constantly inspire me to do more.

Peter R. Shumaker



Contributors

Murad Alam, MD, MSCI

Professor of Dermatology, Otolaryngology, and Surgery
Chief, Section of Cutaneous and Aesthetic Surgery
Northwestern University

Chicago, Illinois

Elizabeth Allen

Trustee and Principal Tutor for the Charity

The British Association of Skin Camouflage (BASC)
Chester, Cheshire, Great Britain

Saeid Amini Nik, MSc, MD, PhD

Assistant Professor

Department of Surgery

University of Toronto

Junior Scientist, Sunnybrook Research Institute
Toronto, Canada

R. Rox Anderson, MD

Director, Wellman Center for Photomedicine
Massachusetts General Hospital

Boston, Massachusetts

Peter Angelos, MD, PhD

MacLean Center for Clinical Medical Ethics
University of Chicago

Chicago, Illinois

Andrew Basnett, MD
Lieutenant Commander
United States Navy
Department of Dermatology
Naval Medical Center

San Diego, California

Thomas Beachkofsky, MD, FAAD

Major

United States Air Force

Staff Dermatologist

Wilford Hall Ambulatory Surgical Center
JBSA-Lackland, Texas

Assistant Professor of Dermatology

Uniformed Service University of the Health Sciences
Bethesda, Maryland

Joanna G. Bolton, MD, FAAD

ASDS Cosmetic Dermatologic Surgery Fellow
Cosmetic Laser Dermatology

San Diego, California

Carrick Burns, MD
Lieutenant Commander
United States Navy
Department of Dermatology
Naval Medical Center

San Diego, California

Vi



Marsha Chaffins, MD

Department of Dermatology and Pathology
Henry Ford Hospital

Detroit, Michigan

Henry Hin Lee Chan, MD, PhD, FRCP
Division of Dermatology

Department of Medicine

The University of Hong Kong
Dermatology & Laser Centre

Hong Kong, Peoples Republic of China

Sydney R. Coleman, MD
Department of Plastic Surgery
University of Pittsburgh
Pittsburgh, Pennsylvania
Department of Plastic Surgery
New York University

New York, New York

Private Practice

Tribeca Plastic Surgery

New York, New York

Dawn Cragg, MBE, CPCP
Member of the British Empire

Comite International d’Esthetique et de Cosmetologie (CIDESCO)

Contributors

Confederation of International Beauty Therapy and Cosmetology (CIBTAC)

British Association of Skin Camouflage (BASC)
Nottinghamshire, Retford, United Kingdom

Paul Diegidio, MD
Division of Plastic Surgery
University of North Carolina
Chapel Hill, North Carolina

Jie Ding, MD, PhD

Division of Plastic and Reconstructive Surgery and Critical Care
Department of Surgery

University of Alberta

Edmonton, Alberta, Canada

Reinhard Dolp, MD

Sunnybrook Research Institute

Institute of Medical Science, University of Toronto
Toronto, Canada

Matthias B. Donelan, MD

Chief of Staff

Shriner’s Hospital for Children

Visiting Surgeon, Massachusetts General Hospital

Associate Clinical Professor of Surgery, Harvard Medical School
Boston, Massachusetts

Dominik Duscher, MD

Division of Plastic and Reconstructive Surgery
Department of Surgery

Stanford University School of Medicine
Stanford, California

Nicole Fett, MD, MSCE

Assistant Professor of Dermatology
Center for Health and Healing
Department of Dermatology

Oregon Health and Sciences University
Portland, Oregon

vii



viii Contributors

Curtis Gaball, MD, FACS
Commander

United States Navy

Chairman

Department of Otolaryngology
Naval Medical Center

San Diego, California

Gerd G. Gauglitz, MD, MMS
Department of Dermatology and Allergy
Ludwig-Maximilian University

Munich, Germany

Mitchel P. Goldman, MD

Volunteer Clinical Professor of Dermatology
University of California, San Diego

Medical Director, West Dermatology

San Diego, California

Lawrence J. Gottlieb, MD

MacLean Center for Clinical Medical Ethics
University of Chicago

Chicago, Illinois

Kendra Grim, MD

Assistant Professor of Anesthesiology
The Mayo Clinic

Rochester, Minnesota

Geoffrey C. Gurtner, MD, FACS

Johnson & Johnson Professor of Surgery
Division of Plastic and Reconstructive Surgery
Department of Surgery

Stanford University School of Medicine
Stanford, California

Chad Hivnor, MD, FAAD

Colonel

United States Air Force Reserve

Staff Dermatologist

Wilford Hall Ambulatory Surgical Center
JBSA-Lackland, Texas

Assistant Professor of Dermatology

Uniformed Services University of the Health Sciences
Bethesda, Maryland

Michael Sung-Min Hu, MD, MPH, MS

Hagey Laboratory for Pediatric Regenerative Medicine
Department of Surgery

Division of Plastic and Reconstructive Surgery
Stanford University School of Medicine

Institute for Stem Cell Biology and Regenerative Medicine
Stanford University

Stanford, California

Department of Surgery

John A. Burns School of Medicine

University of Hawai’i

Honolulu, Hawai’i

C. Scott Hultman, MD, MBA, FACS

Ethel and James Valone Distinguished Professor
Chief, Division of Plastic Surgery

University of North Carolina

Chapel Hill, North Carolina



Contributors

Isaac B. James, MD
Resident

Department of Plastic Surgery
University of Pittsburgh
Pittsburgh, Pennsylvania

William James, MD

Perelman School of Medicine

University of Pennsylvania Department of Dermatology
Philadelphia, Pennsylvania

J. Daniel Jensen, MD
Division of Mohs Surgery
Scripps Clinic

La Jolla, California

Marc Jeschke, MD, PhD, FACS, FCCM, FRCS(C)

Professor, University of Toronto

Department of Surgery, Division of Plastic Surgery, Department of Immunology
Director, Ross Tilley Burn Centre, Sunnybrook Health Sciences Centre

Chair in Burn Research

Senior Scientist, Sunnybrook Research Institute

Toronto, Canada

Andrew C. Krakowski, MD

Founder and Director; Scar Treatment and Revision (S. T.A.R.) Institute
Chief Medical Officer

DermOne, LLC

West Conshohocken, Pennsylvania

Tripp Leavitt, BS

Hagey Laboratory for Pediatric Regenerative Medicine
Department of Surgery

Division of Plastic and Reconstructive Surgery
Stanford University School of Medicine

Stanford, California

Boston University School of Medicine

Boston, Massachusetts

Kachiu C. Lee, MD

Wellman Center for Photomedicine
Massachusetts General Hospital
Boston, Massachusetts

Benjamin Levi, MD

Director

Burn/Wound and Regenerative Medicine Laboratory
Assistant Professor of Plastic Surgery

University of Michigan Health Systems

Ann Arbor, Michigan

Michael T. Longaker, MD, MBA, FACS

Deane P. and Louise Mitchell Professor of Surgery
Division of Plastic and Reconstructive Surgery
Department of Surgery

Stanford University School of Medicine

Hagey Laboratory for Pediatric Regenerative Medicine
Institute for Stem Cell Biology and Regenerative Medicine
Stanford University

Stanford, California

H. Peter Lorenz, MD

Hagey Laboratory for Pediatric Regenerative Medicine
Division of Plastic and Reconstructive Surgery
Department of Surgery

Stanford University School of Medicine

Stanford, California

ix



X Contributors

Walter Meyer 1l1, MD

Shriners Hospitals for Children

Galveston, Texas

Department of Psychiatry and Behavioral Sciences
University of Texas Medical Branch

Galveston, Texas

Michael E. Nemergut, MD, PhD
Assistant Professor Anesthesiology
Pediatrics and Adolescent Medicine
The Mayo Clinic

Rochester, Minnesota

Tuyet A. Nguyen, MD

Albert Einstein College of Medicine
Bronx, New York

Rady Children’s Hospital

San Diego, California

Jonathan Niszczak, MS, OTR/L
Clinical Care Specialist

Burn Rehabilitation & Plastic Surgery
Bio Med Sciences, Inc.

Rei Ogawa, MD, PhD, FACS

Professor and Chief

Department of Plastic, Reconstructive and Aesthetic Surgery
Nippon Medical School Hospital

Tokyo, Japan

Keith Olsen, MD, PhD

Center for Health and Healing
Department of Dermatology

Oregon Health and Science University
Portland, Oregon

David Ozog, MD
Department of Dermatology
Henry Ford Hospital
Detroit, Michigan

Jane Petro, MD, FACS, FAACS
Professor of Surgery

New York Medical College
Valhalla, New York

Julian Poetschke, MD

Department of Dermatology and Allergy
Ludwig-Maximilian University

Munich, Germany

Bruce M. Potenza, MD, FACS, FCCM
Chief, Department of Surgery

Phoenix VA Health Care System
Phoenix, Arizona

Molly Powers, MD
Department of Dermatology
Henry Ford Hospital
Detroit, Michigan

Markus Reinholz, MD

Department of Dermatology and Allergy
Ludwig-Maximilian University

Munich, Germany



Hans-Oliver Rennenkampff, MD

Director of Plastic, Aesthetic, and Burn Surgery
Klinikum Leverkusen gGmbH

Leverkusen, Germany

Laura Rosenberg, PhD

Shriners Hospitals for Children

Galveston, Texas

Department of Psychiatry and Behavioral Sciences
University of Texas Medical Branch

Galveston, Texas

Marta Rosenberg, PhD

Shriners Hospitals for Children

Galveston, Texas

Department of Psychiatry and Behavioral Sciences
University of Texas Medical Branch

Galveston, Texas

E. Victor Ross, MD

Director

Laser and Cosmetic Dermatology
Scripps Clinic

San Diego, California

J. Peter Rubin, MD, FACS

Chair, Department of Plastic Surgery

UPMC Endowed Professor of Plastic Surgery
Professor of Bioengineering

University of Pittsburgh

Pittsburgh, Pennsylvania

Ashley Rudnick, BS
Miami Dermatology and Laser Institute
Miami, Florida

Michael A. Serghiou, OTR, MBA
Clinical Care Specialist

Burn Rehabilitation & Plastic Surgery
Bio Med Sciences, Inc.

Previously, Administrative Director
Shriners Hospital for Children
Galveston, Texas

Baddr A. Shakhsheer, MD

MacLean Center for Clinical Medical Ethics
University of Chicago

Chicago, Illinois

Peter R. Shumaker, MD, FAAD, FACMS
Captain, United States Navy

Chairman, Dermatology

Naval Medical Center

San Diego, California

Clinical Associate Professor of Dermatology

Uniformed Services University of the Health Sciences
Bethesda, Maryland

Mark Siegler, MD, MACP

Lindy Bergman Distinguished Service Professor of Medicine and Surgery
Director

MacLean Center for Clinical Medical Ethics

Executive Director

The Bucksbaum Institute for Clinical Excellence

University of Chicago

Chicago, Illinois

Contributors

xi



Xii Contributors

Puneet Singh, MD

MacLean Center for Clinical Medical Ethics
University of Chicago

Chicago, Illinois

Mayer Tenenhaus, MD, FACS

Clinical Professor, Plastic and Reconstructive Surgery
University of California at San Diego Medical Center
San Diego, California

Edward E. Tredget, MD, MSc, FRCSC

Division of Plastic and Reconstructive Surgery and Critical Care
Department of Surgery

University of Alberta

Edmonton, Alberta, Canada

Nathan Uebelhoer, DO
Commander

United States Navy (Retired)
Private Practice

Jill S. Waibel, MD

Miami Dermatology & Laser Institute
Assistant Professor (Voluntary)

Miller School of Medicine

University of Miami

Chief of Dermatology

Baptist Hospital

Miami, Florida

Fiona Wood, FRACS, AM

Director of the Burns Service of Western Australia,

Fiona Stanley and Perth New Children’s Hospitals, Western Australia
Winthrop Professor of Surgery

Director of the Burn Injury Research Unit

University of Western Australia

Perth, Australia

Chi Keung Yeung, MD, FRCP
Division of Dermatology

Department of Medicine

The University of Hong Kong
Dermatology & Laser Centre

Hong Kong, Peoples Republic of China

Lisa A. Zaleski-Larsen, DO, FAAD
Cosmetic Dermatologic Surgeon
West Dermatology

San Diego, California



Preface

The roots of this book are nourished in the soil of collaboration. Few entities permeate medicine
and impact as many people worldwide as scars and fibrosis, and no medical specialty is completely
absolved of responsibility for the creation, or in managing the consequences, of scars. Reams of
new information on scar pathophysiology and treatment are generated every year, but in our
view, progress in scar management is impeded by the compartmentalization of the information by
discipline and location. Thus, one of the primary objectives of the inaugural edition of The Scar
Book is to aggregate a multitude of different perspectives into a single comprehensive source. It
is an ambitious effort to help advance collective knowledge and discovery by remaining focused
on the condition; a compendium of the state of the art in scar formation, treatment, and research,
presented by many of the world’s foremost experts.

The contributors to The Scar Book represent at least 10 different disciplines practicing in
7 different countries on 4 continents across the entire spectrum of care. They include thought
leaders and inventors; past, present, and future Academy and Society presidents; institutional
leaders and prolific authors and investigators. Many of the names will be readily recognizable to
practitioners in their own respective fields, but perhaps as-yet little known in others. That is part
of the point—we have much to learn from each other, and optimal care will arise from a combined
approach. Whether one is helping to alleviate the burden of scars at an academic burn center or
treating acne scars in the private practice setting, we hope this text offers a fresh perspective and
a path forward.

We began our own earnest journey into scar management more than 8 years ago, lasers in
hand. As happens so often in medicine, the observation that a judicious laser-mediated injury
could help remodel a debilitating traumatic scar to a more functional and cosmetically appealing
state was based largely on serendipity. It was not intuitive that reinjuring a traumatic scar in a
specific way could help normalize its structure and function. Most of the lasers commonly used
in scar management today were initially designed for other, often cosmetic, purposes; it required
some astute observers (several of whom are contributors to this book) to turn observations into
applications. Thus was the genesis of a new thread of exciting research, and the beginning of a
stimulating new phase of our careers. Of course, laser treatment is just one small facet of scar
management—but one that we have been eager to exchange with our colleagues for the benefit
of our patients.

The textbook is divided into five sections—Perspectives, Formation, Mitigation, Rehabilitation,
and Prevention—each highlighting a different aspect of wound healing, scar management, and
research. Perspectives, as the name suggests, helps to introduce the current scope of the problem.
Insights into the present state of trauma rehabilitation, reconstruction, and scar management are
gained by learning about the past. A wide variety of medical conditions present with scars and
scarlike lesions. A consideration of the similarities and differences in pathogenic pathways will
undoubtedly direct future efforts in treatment and prevention. This section concludes by describing
some of the ethical principles that serve to guide decision making by patients and providers in our
current state of knowledge, and will help to inform future decisions fortified by new discoveries.

Formation addresses the biologic processes that begin with cutaneous injury and eventuate in
normotrophic, hypertrophic, and atrophic scars. Mitigation introduces interventions that help to
expedite wound healing after injury. Rebabilitation contains the largest number of chapters and
reviews the current state of the art in scar management from a wide variety of perspectives. The
words “mitigation” and “rehabilitation” may seem to have similar meanings. In the text, Mitiga-
tion is primarily dedicated to concepts that may help reduce the burden of scars as they form, and
Rebabilitation to improving and managing the many sequelae of existing scars.

Rehabilitation includes chapters devoted to both “medical” and procedural interventions, but
these divisions are indistinct. Medical management in this setting connotes primarily nonsurgi-
cal treatments (not involving “cold steel”), but actually includes a variety of minimally invasive
procedures such as intralesional injections, laser, and radiation. Despite excellent new options in
scar treatment, surgical scar revision remains a foundation of comprehensive care. The symp-
toms of pain and itch receive special attention owing to their potentially overwhelming impact
on the quality of life of scar patients. Laser treatment and autologous fat grafting are highlighted
given their enormous promise in scar management, and clues to future treatments may lie in
further elaboration of their mechanisms of action. Since most providers employ a combination of

xiii
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techniques and see patients from a variety of backgrounds, a degree of overlap (and perhaps even
contradiction) is expected. Rehabilitation includes chapters that help synthesize the information
based on treatment combinations and skin type, and the nearly universal nature of atrophic scars
such as striae and those that follow inflammatory acne merit a dedicated discussion.

The number and range of chapters in Rebabilitation should be an indication that we need not, and
probably should not, attempt to go it alone in the face of physically and cosmetically debilitating
scars. Additional chapters describe the enormous value of a comprehensive program of therapy
(e.g., physical and occupational) and an accounting for the psychosocial aspects of recovery from
traumatic injury—the hidden scars. Other contributions introduce options for scar camouflage and
medical tattooing as important adjuncts to reconstruction. The editors have benefited immensely
from practice environments conducive to interdisciplinary and interinstitutional cooperation and
are cognizant of the potential synergy of combined efforts. Therefore, we have included chapters
highlighting our own experience (and that of our colleagues) from the military and pediatric set-
tings. The final chapter in the section elaborates on some of the practical aspects of integrating
novel scar treatments into clinical practice.

As noted by multiple authors, the ultimate goal for wound healing is tissue regeneration, not
the reparative processes that eventuate in a scar. Despite the section name “Prevention,” the only
way to prevent a scar in our current state of knowledge is to avoid significant injury. Equally as
important as learning what to do for a scar is learning what NOTT to do to avoid a scar, or to avoid
exacerbating an existing scar. Selecting the name “Prevention” for the final section reflects optimism
that a route to regenerative therapy will ultimately be found through ongoing research efforts.
We all were capable of regenerative healing during early fetal development, but that capacity is
sacrificed in the name of evolutionary compromise. Tantalizing clues to regenerative healing may
therefore lie in the study of human fetal wound healing and in the regenerative capacity of other
species. Since future advances obviously rely on ongoing discovery, scar-related research is discussed.

Embracing scar management into our own practices has been endlessly rewarding for multiple
reasons. Scars, regardless of their origin or size, can be physically and emotionally devastating for
the myriad patients affected by them. We currently have access to an array of effective tools and
techniques that have the potential to incrementally improve the lives of our patients after virtually
every encounter. It is no secret that these interventions are all too frequently imperfect, but the
accelerating pace of innovation promises better treatments in the future. The ubiquitous nature
of scars has also provided a vehicle for professional engagement with a wide variety of experts in
other disciplines. Our common endeavor to share knowledge and better treat our patients was
the inspiration for this book.

Peter R. Shumaker
Andrew C. Krakowski
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