Journal of
Environmental
Pathology,
Toxicology, and
Oncology

Volume 29, Issue No. 4, 2010

Qian Peng
Editor-in-Chief

‘rlll

begell house, inc.
Connecticut « Wallingford (U.K.)



AIMS AND SCOPE

environmental factors on human health. Scientists in various fields of biological research, such
as toxicologists, chemists, immunologists, pharmacologists, oncologists, and industrial tech-
nologists, now focus much of their research on the interface between the environment and humans.

r I YHE WORLD has become increasingly aware of and concerned about the nefarious effects of
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A Tribute to Richard F. Edlich, MD, PhD

William C. Lineaweaver, MD
Editor-in-Chief, Annals of Plastic Surgery

Introduction

Richard F. Edlich was a Ford Foundation Scholar who gained eatly admission to La-
fayette College at age 15. Three years later, he was accepted as an early admission stu-
dent to New York University School of Medicine, where he received his medical de-
gree. He completed a general surgery residency at the University of Minnesota Health
Sciences Center under the guidance of his mentor, Dr. Owen H. Wangensteen, who
is recognized as one of the twentieth century’s greatest teachers of surgery.! During
his eight-year surgical residency, Dr. Edlich also received his PhD. He completed his
plastic surgery residency at the University of Virginia Health Science Center in 1973.
He commenced his teaching career at the University of Virginia in 1973, beginning
as Assistant Professor and eventually becoming Distinguished Professor of Plastic
Surgery and Professor of Biomedical Engineering;

Multi-disciplinary Research Program

During his years at Virginia, Dr. Edlich founded, designed, and served as director
of the 16-bed University of Virginia Burn and Wound Healing Center. Treatment
of burn injuries and complex wounds at the center was a multidisciplinary research
effort involving basic scientists as well as healthcare professionals. Dr. George T. Ro-
deheaver, the Edlich Research Professor of Plastic Surgery, is an organic chemist who
played a leadership role in developing experimental models that effectively evaluated
the merits of different wound healing products and techniques. Dr. John G. Thacker,
Vice Chairman of the Department of Mechanical and Aerospace Engineering, devel-
oped reproducible performance tests that have been adopted by the medical industry
as standards for surgical product testing.

Collaborative efforts resulted in numerous innovative products, surgical tech-
niques, and tests used throughout the world. The Reinforced Steri-Strip™ (3M™,
Minneapolis, MN) has been used in more than a billion patients for wound closutre.” A
surgical wound cleanser, poloxamer-188 (Shur-Clens™, ConvaTec, Skillman, NJ), was
devised to remove bacterial contaminants from the wound without tissue toxicity.?
This wound cleanser has successfully decontaminated wounds in more than ten mil-
lion patients without a single reported toxic reaction. A more concentrated solution
of poloxamer-188 forms a gel that incorporates antibiotics for prevention of burn
wound sepsis. The Argyle™ Edlich Gastric Lavage Kit has been used throughout
the wotld to remove blood clots and poisons from patients’ stomachs.* Endoscopic

0731-8898/10/$35.00 © 2010 by Begell House, Inc. 267
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surgical gastrostomy was first devised by his team
of physicians as a safe technique of tube feeding.® A
more reliable Gram stain procedure was developed
to accurately identify bacterial pathogens in infec-
tions.® Studies of the biomechanical performance of
powder-free and latex-free examination and surgical
gloves have identified superior glove products that
have allowed more than 100 hospitals to abandon the
use of dangerous glove powdets.”

Dr. Edlich’s book, Medicine’s Deadly Dust? is a
meticulously detailed report documenting the life-
threatening dangers of powders from surgical and
examination gloves. On September 24, 2008, Dr.
Edlich teamed up with eleven other gifted health
professionals to submit a Citizen’s Petition to the
US Food and Drug Administration to ban corn-
starch powder on medical gloves.” Because the Food
and Drug Administration was slow to make a final
decision banning the dangerous cornstarch powder
on medical gloves, he submitted a review article
to Annals of Plastic Surgery on the subject.!® As this
team of surgeons and scientists made revolution-
ary advances in surgery, they helped transform the
field of surgery into a discipline in which decisions
are made on the basis of the results of reproduc-
ible, well-designed clinical and experimental studies.
Dr. Edlich’s research programs on the treatment of
burn wounds have been complemented by the larg-
est epidemiological study on burn prevention spon-
sored by the US Department of Health and Human
Services. The study demonstrated the important
role of liquid accelerants as a major causal factor of
burn injuries.!! On the basis of these studies, public
education programs were initiated to end these pre-
ventable injuries.

A specialist in research on the biology of wound
repair and infection, he is a coauthor of seven books
and more than 800 scientific articles and chapters
on these subjects. In 2000, Dr. Edlich received the
Harvey Stuart Allen Medal from the American Burn
Association in recognition of his significant contri-
butions to burn care.

Emergency Medical Services

From 1971 until 1982, Dr. Edlich was Ditrector of
the Emergency Medical Service at the University of
Virginia Hospital. He teamed up with his colleague
and friend Dr. Ernst Attinger, Professor and Chair-
man of Biomedical Engineering, to develop a com-

268

prehensive emergency medical system in the Com-
monwealth of Virginia. With the aid of grants from
the Robert Wood Johnson Foundation and the US
Department of Health and Human Services, they
championed the development of basic and advanced
life-support training for physicians, emergency medi-
cal technicians and paramedics;!? a telemetered medi-
cal system for emergency cate; a rape crisis center;!?
a crisis center for psychiatric emergencies; and the
Pegasus Flight Operations, which is celebrating its
25% anniversary. Working with Governor John Dal-
ton, Dr. Edlich was instrumental in the designation
of Level I Trauma Centers in the Commonwealth
of Virginia. He served voluntarily as the physician
technical advisor for emergency care for Washing-
ton, DC, Maryland, West Virginia, Pennsylvania, and
Virginia under the guidance of Dr. David Boyd, who
served as Director of Emergency Care Operations
for the Department of Health and Human Services.
In recognition of Dr. Edlich’s leadership in develop-
ing emergency medical systems, he received the Dis-
tinguished Service Award from the Department of
Health and Human Services (DHHS). In 2008 Dr.
Edlich was the recipient of the James D. Mills Award,
the highest academic honor given by the American
College of Emergency Physicians.!

Realizing the importance of partnerships between
the University and industry, Dr. Edlich championed
the development of the North Fork Research Park.
This initiative transformed a 504-acre cow pasture
into a modern industrial park. When he convinced
MicroAire® Sutgical Instruments to move its compa-
ny from California to the North Fork Research Park,
the University of Virginia built streets and a sewer
and water system for the entire park. In recognition
of Dr. Edlich’s vision of a modern industrial park in
Charlottesville, the University named the street en-
trance to this patk Edlich Drive.”

Rehabilitation Medicine

After the development of the first poison control
center at the University of Virginia, Dr. Edlich soon
learned from a mother who was deaf about her un-
successful attempts at contacting the poison control
center regarding the ingestion of pills by her daugh-
ter. Because the poison control center and hospital
did not have a teletypewriter (T'TY) for the deaf, she
was unable to enlist the help of the staff at the poi-
son control center. Since the University of Virginia

JEPTO 2010, Volume 29, Number 4
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hospital did not have adequate funds to buy a TTY,
Dr. Edlich enlisted the help of Dr. Jerry Falwell, of
the Thomas Road Baptist Church in Lynchburg, Vir-
ginia. Reverend Falwell and Dr. Edlich were com-
mitted to creating access for the deaf community to
hospitals and community services. They teamed up
to develop the National Crisis Center for the Deaf.
This center provides access for the deaf community
to emergency care and community services through-
out our country.!®

Dr. Edlich became a champion for the enforce-
ment of the Americans with Disabilities Act (ADA)
regulations. His complaints to the US Department
of Justice have successfully removed architectural
barriers to persons with disabilities in the Majes-
tic Theatre in New York, Hotel Macklowe in New
York, the Newark International Airport, and the
Charlotte-Douglas International Airport. His strong
advocacy for accessibility has made the University
of Virginia a model of accessibility for people with
disabilities. Recognizing that his own hospital as
well as other hospitals had numerous architectural
barriers to people with disabilities, he transformed
the University of Virginia Medical Center into a bar-
rier-free center that complies with ADA standards.
In an effort to ensure that all hospitals comply
with ADA, he is now working with the US DHHS
Healthcare Financing Administration to incorporate
ADA compliance review as part of its certification
process. Realizing that all patient care involves a
comprehensive rehabilitation program, he cham-
pioned the establishment of a Department of Re-
habilitation Medicine at the University of Virginia
Health Science Center.

Discussion

As a teacher, Dr. Edlich is a popular speaker whose
addresses are remembered by members of the Uni-
versity and professional societies. In 1985, he gave
the Kennedy Lecture to the Society of Academic
Emergency Medicine. In 1987 and 1992, the gradu-
ating class of medical students of the University of
Virginia asked him to deliver their baccalaureate ad-
dress. He delivered the commencement address to
the graduating nursing students in 1993. In recogni-
tion of his commitment to teaching, the University
of Virginia Alumni Association honored Dr. Edlich
with its Distinguished Professor Award. Dr. Edlich
was the recipient of the Commonwealth of Virginia’s

JEPTO 2010, Volume 29, Number 4

Council of Higher Education’s Outstanding Faculty
Award in 1989. His work was honored by the South-
eastern Society for Plastic Reconstructive Surgery’s
first prize for surgical research, the Virginia Surgical
Society’s Bigger-Lehman Award, and the University
Association of Emergency Medicine’s President’s
Award. A member of Alpha Omega Alpha and the
Raven Society, he received the Hal Jayne Award from
the Society for Academic Emergency Medicine for
his academic excellence in 1989. In 1991, Dr. Edlich
received the Thomas Jefferson Award, the highest
academic honor presented by the University of Vir-
ginia. The Sigma Theta Tau International Beta Kappa
Chapter presented him with its community service
award in 1995. Also, Lafayette College presented the
George Washington Kidd Class of 1876 Award to
Dr. Edlich for achieving distinction in his career in
medicine and teaching,

Through the generous support of friends and col-
leagues, endowments were established for the Rich-
ard F Edlich Chair in Plastic Surgical Research, the
annual Richard E Edlich Medical Student Research
Award in Emergency Medicine, and the Scientist
of the Year Award from the University of Virginia
Patent Foundation. During a meeting with President
Clinton in the Oval Office on January 8, 2000, Dr.
Edlich convinced President Clinton to increase fund-
ing for scientific research by the largest amount in
this generation, to prevent and cure illnesses!’. In
November 2001, Dr. Edlich was invited to continue
his medical career in the Pacific Northwest. His work
with Dr. William B. Long, III, has been a unique ex-
perience in which Edlich has been inspired by Dr.
Long’s enormous contributions in developing the
first Shock Trauma Center in the Pacific Northwest,
modeled after the R Adams Cowley Shock Trauma
Center in Maryland.'®

Like his mentor Dr. Wangensteen, Dr. Edlich
views his role as a teacher to be similar to that of
a cheerleader for his many students and colleagues.
Through his progeny, which includes more than 2000
students as well as myself, he will inherit eternity. I
predict that Dr. Edlich’s leadership will enhance the
scope, breadth, and dimension of the Journal of Envi-
ronmental Pathology, Toxicology, and Oncology.
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The Evolution of Emergency Medicine

Richard F. Edlich, MD, PhD, FACEP, FACS, FASPS

Distinguished Professor Emeritus of Plastic Surgery, Biomechanical Engineering, and
Emergency Medicine, University of Virginia Health System, Charlottesville, VA, USA

Address all correspondence to Richard F Edlich, MD, PhD, 22500 NE 128th Circle, Brush
Prairie, WA 98600; richardedlich@gmail.com.

In this manuscript, I will outline three specific evolutionary achievements in the delivery of
emergency and trauma care, followed by caveats on what prevents an emergency and trauma
system from achieving optimal goals and maintaining them. First, I will review the emergence
of the specialty of emergency medicine under the guidance of Dr. James Mills, and outline the
steps he took to establish the specialty in acute care hospitals. Second, I will discuss the heroic
career of Dr. R Adams Cowley, a cardiothoracic surgeon who took some of the principles of
cardiac resuscitation and surgery and rapid military evacuation of the wounded from the bat-
tlefield, and applied them to the resuscitation and transport of the severely injured trauma pa-
tient to a fully prepared and equipped trauma center, and also created an organized approach
to trauma care in Maryland. Third, I will provide an overview of the subsequent development
of a comprehensive emergency medical system in the Commonwealth of Virginia. Finally,
I will emphasize what prevents good public health policy regarding emergency medical and
trauma care, and some of the changes that must be made to ensure that the Commonwealth
of Virginia and other states provide optimal care for their citizens through their emergency
medical care and trauma systems.

KEY WORDS: emergency medicine, trauma, surgery, Golden Hour
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Introduction

Dr. James D. Mills, a general practitioner, saw the
need for a physician with medical knowledge focused
on medical emergencies and resuscitation dedicated
to the hospital emergency room. He left his general
practice and formed a full-time emergency practice
group.! Dr. Mills’ training and experience prepared
him for a leadership role in medicine.” He served as
a line officer in the Navy for four years (1941-1945)
during World War II before entering medical school at
the Washington University. His military service to our
country became a life-defining experience. His addi-
tional three years of service in the Navy as a physician
(1950-1953) showed him an organized approach to
emergency care that was not available to the injured ci-
vilian, confirming that the chances for survival would
be better in a combat zone than on the average city
street. Because the military had a coordinated system
of emergency care, he watched how skilled emergen-
cy medical teams changed a catastrophic injury into a
life-transforming opportunity. After leaving the Navy
at age 30, he started a practice in family medicine in
Alexandria, Virginia, and was very involved in com-
munity service, becoming a member of the Board of
Directors of Alexandria Community Health Center in
1950, a position he held for the next 18 years.

Within seven years after starting his practice, Jim
was a recognized medical leader. He was elected Pres-
ident of the Medical Staff of Alexandria Hospital in
1961, which provided him with a unique overview
of the entire hospital’s healthcare delivery system.
The dissatisfaction expressed by the patients treated
in the hospital’s emergency department caught his
attention.> “The public has come to look upon the
emergency department as the community medical
center where any man may come with any complaint,
at any hour of the day or night, and expect prompt
and courteous attention his due.”

His emergency department was staffed then by
rotating interns, residents, and nurses, with the back-
ing of the attending staff. As attrition and turnover
of the resident staff increased over time there were
efforts made to supplant this service with various
models. “One solution was to call the medical staff
to serve in rotation. This was met with less than en-
thusiasm by doctors who had put in more than 60
hours a week in our practice.”

In 1961, Jim then identified a different solution
for this healthcare problem: staff emergency depart-
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ments with physicians trained and credentialed in
Emergency Medicine. Jim enlisted the help of three
powerful problem-solvers to launch a revolutionary
change in medicine. He and three of his physician col-
leagues, actively engaged in private practice, agreed to
relinquish their practice and become full-time emer-
gency department physicians. He recruited physicians
in family medicine who were respected as doctors,
who had taken on leadership roles in the hospital, and
who were his close personal friends. It is remarkable
that these pioneers in emergency medicine (Jim Mills,
John McDade, Chalmers Loughridge, and William
Weaver) remained together in emergency medical
practice for their entire professional careers.

In 1963, Jim reported the 15 months’ experience
of his emergency medical coverage plan in the [ 7Zrginia
Medical Monthly? He indicated that, “The doctors of
the emergency department continue to enjoy the cor-
dial relations with their confreres they had in private
practice. The staff members of the several services
have been most helpful in their essential backing of
the emergency department. The doctors of the com-
munity have learned that the service can help them
with their patients during busy office hours, evenings
off, or nights, with the assurance that their own
doctor-patient relationship will be preserved...the
12-month patient load has increased 14% over the
previous year.”

When the American Medical Association high-
lighted the Alexandria plan in their news bulletin,
national attention focused on this new health profes-
sional, the full-time emergency medical physician.
Jim’s innovation was a giant step ahead of the previ-
ous staffing either with interns and residents, or with
rotating members of the attending staff.

With the need for and efficiency of around-
the-clock skilled professional care in the emergency
department demonstrated, the next step in the evolu-
tion of this new medical specialty was the special-
ized training of physicians whose career choice was
in emergency medicine. In other words, residencies
were needed in emergency medicine that would pro-
vide trained and board certified physicians for staff-
ing emergency departments throughout the USA and
other countries.

The following is the history of how this next
step evolved. Dr. John G. Wiegenstein in Michigan
became aware that some physicians, such as James
D. Mills in Virginia, had started to practice solely
in emergency departments.* Others, in Pontiac,
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Michigan, were contracting to provide emergency
department coverage with part-time physician help.
A physician, Dr. Eugene Nakfoor, informed Wiegen-
stein that he wanted to form an emergency medicine
group to provide staffing at St. Lawrence Hospital in
Michigan. The two proceeded to visit Dr. John Rupke
who had set up an Alexandria-type plan in western
Michigan. Wiegenstein was well aware of the need for
education to provide emergency care and sought out
training in emergency medical services and courses in
critical care and trauma. In 1968, Wiegenstein, Rupke
and six other emergency physicians from Michigan
met in Lansing and formed the first national emer-
gency medical organization, The American College
of Emergency Physicians. Wiegenstein was elected
as the first Chairman of The American College of
Emergency Physicians. Before the inauguration of
this organization, he wisely invited Dr. James D. Mills
to be a member of the Board of Directors.

As emergency medicine began to develop as a
discrete specialty, there was a need to train the phy-
sicians who were converting themselves to this new
practice. The first emergency medicine residency was
founded at the University of Cincinnati in 1970.%> As
President of The American College of Emergency
Physicians from 1971 to 1973, Jim Mills championed
the development of certifying boards in emergency
medicine. He served on the Board of Examiners
from 1976 untl 1988, and was appointed as Presi-
dent of the Board in 1986. Within 28 years, Jim Mills
was able to realize his professional dream: a modern
emergency department whose certified and well-
trained emergency medical physicians expeditiously
and effectively treated their patients with courtesy and
compassion. By 1978, as a result of Jim’s pioneering
efforts, 30 university programs offered formal resi-
dency training programs in emergency medicine. The
graduates of these programs entered active practice
of emergency medicine and were in great demand to
upgrade the quality of emergency service.

Today, the American College of Emergency
Physicians represents more than 26,000 emergency
physicians and is the largest and most influential
organization representing the specialty. The history
of The American College of Emergency Physicians
is inextricably linked with the development, recog-
nition and specialization of emergency medicine in
the United States. The College is headquartered in
Dallas and has 53 chapters representing each state,
the District of Columbia, Puerto Rico and physi-
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cians employed by the military and other government
agencies. There are 216 residency training programs
including those at the University of Virginia Health
Sciences Center, Hastern Virginia Medical School and
the Medical College of Virginia.

Jim Mills recognized that the part-time coverage
of hospitals’ emergency departments with interns
and residents, often with little attending supervi-
sion, did not provide the emergency patients with
optimal care, and that patients and their families were
dissatisfied with the service. He foresaw that a new
healthcare professional was necessary. He and a few
of his colleagues were willing to commit themselves
to developing and concentrating their knowledge in
all types of emergency medical problems to become
those new professionals, providing a new service for
their hospital community. In mid career, Jim Mills
changed professions to demonstrate the need for a
new healthcare specialist and modeled that innova-
tive concept. Not only did he model it, he made the
effort to describe his experience with this concept in
the medical literature. Other healthcare profession-
als recognized that this new concept made sense and
looked to Jim for guidance on how to establish simi-
lar programs for their hospitals. Jim carried the torch
for emergency medicine as a specialty and aided its
incorporation into the university academic teaching
programs and helped to create a national organiza-
tion to accredit the new specialists and focus on set-
ting national standards.

Jim planted the seed from which a new specialty
grew. On April 25, 1989, he succumbed to an unusu-
ally aggressive myelogenous leukemia, leaving the spe-
cialty of emergency medicine as a legacy for us all.

The Emergence of an Organized Approach
to Civilian Trauma Care: The Contributions
of Dr. R Adams Cowley

In their book Shock-Trauma, two acclaimed journal-
ists, Jon Franklin and Alan Doelp, tell the whole story
of how Dr. R Adams Cowley, a professor and chair-
man of cardiothoracic surgery at the University of
Maryland, saw the poor care trauma victims received
in the state of Maryland and sought to do something
about it.° He statted by obtaining a US Army grant
to study shock, and the reasons patients die from
shock. The Army funded a two-patient critical care
unit where intense monitoring and research was done
on patients in shock referred to the unit by doctors
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who could offer no other options for these patients.
With the initial successes, Cowley applied for federal
funding to expand the clinical research unit to include
16 ICU beds, two operating rooms, a floor for hyper-
baric chambers to treat advanced shock, and research
laboratories.

With the matching funds from the State of Mary-
land, Cowley acquired medevac helicopters, manned
by the Maryland State Police, to rapidly bring trauma
patients from the scene of the accident (bypassing
urban traffic gridlocks) to the operating rooms at the
Shock Trauma Center. Ill-equipped and inadequately
staffed emergency departments with little or no
support from the hospital’s surgical specialists were
bypassed for a trauma center staffed by surgical spe-
cialists and anesthesiologists, interested and specially
trained in traumatic injury, immediately available to
treat the patient. These basic concepts would revolu-
tionize how trauma care would be delivered in Mary-
land and other states.

Who was Dr. R Adams Cowley, known affection-
ately as “R A.”, and how did he become interested in
this huge public health problem of traumatic injury?
Raised in rural northern Utah on a ranch, RA. was fa-
miliar with the impact of traumatic injury on working
families and the community. This led him to pursue
a career in medicine. He did his undergraduate stud-
ies at the University of Utah in Salt Lake City (1936-
1940), and his medical education at the University of
Maryland School of Medicine (1940-1944) and sup-
ported his family during those years by working in his
off hours.

He began his surgical residency in 1945 at the
University of Maryland and was interrupted in 1946
by military service, which had considerable influence
on his surgical career. As Chief of Surgery for a field
hospital, he was sent to Europe soon after World War
IT ended. R A’s military service became a life-defin-
ing expetience.” He soon discovered that there was
an abundance of surgical opportunities in the war’s
aftermath with civilians being assaulted and injured
throughout Hurope. In 1946, he worked under vir-
tual wartime conditions in the operating rooms of
his hospital in Mourmalon, France. As he gained
experience, he became Chief of General Surgery of
the 98th General Hospital in Munich, Germany. R A.
repeatedly witnessed the military emergency medical
system’s ability to change a catastrophic accidental
injury into a life-transforming opportunity. Cowley
acknowledged his debt to the army, which had intro-
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duced him to the field of trauma, a subject that would
be the focus of his entire professional career at the
University of Maryland where he became a skilled
cardiothoracic surgeon.

After the war, he joined the faculty at the Uni-
versity of Maryland and initially pursued a career in
open-heart surgery, made possible by the cardiopul-
monary bypass machines invented by Gibbon, De-
Wall and Lillehei. Patients who were dying of shock
and heart failure could survive a surgical intervention
with the aid of these life-support devices. It was an
exciting time for the pioneering surgeons in adult and
congenital heart surgery. Some of the brightest surgi-
cal talents in the USA were attracted to this field.

However, the memories of his military experi-
ence and observation about trauma led Dr. Cowley to
pursue a second career: trauma care and the develop-
ment of trauma systems of care. Even though car-
diothoracic trauma is relatively rare in civilian popula-
tions, R A. saw a sharp contrast between trauma care
in the military hospitals and that provided in civilian
hospitals in the United States, and even in his own
university hospital. Most noticeable were the delays
in care provided to the trauma patient, which could
result in their bleeding to death. Emergency medical
technicians (EMT) were trained to “stabilize” pa-
tients at the scene of the accident, similar to patients
with heart attacks. EMTs treating trauma patients
can most often control external bleeding with com-
pression dressings and tourniquets, but they cannot
stop or control internal bleeding. Patients bleeding
internally need immediate surgery to stop bleeding.
Emergency departments at most hospitals are staffed
by non-surgeons. On nights and weekends, the sur-
geons and anesthesiologists need to be called in from
home to do emergency surgery. The delay and lack of
experience and preparation can be fatal.

Reflecting on RAs military career, Franklin and
Doelp reminded their readers of the sharp contrastin
care between an emergency department with no trau-
ma expetienced surgical team immediately available
and that of a trauma center, where all the resources
are immediately available to save a life. They included
a memorable comment about Cowley’s disdain for
emergency department care of the trauma patient.”
“The God’s truth is that most emergency rooms are
awful. I getinto trouble every time I say that and some
miserable [individual] quotes me in the newspaper,
but it’s true. Even today you live or die depending on
where you have your accident, because in most places
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they take you to the nearest hospital.” Cowley’s dis-
dain for the incompetence of emergency department
care of trauma patients was deep and abiding. After
being trained as an open-heart surgeon, he knew that
the lives of trauma patients could only be saved in an
operating room in a shock trauma center. RA. had
clearly identified a goal for his life: “I want to save the
lives of injured Americans.”

Origin of the First Shock Trauma Center

Cowley’s concepts of trauma care began in the mid
1950s when his studies of shock in animals demon-
strated the importance of immediate care.” He fo-
cused on the trauma patient who had lost blood, suf-
fering an extreme drop in blood pressure. When he
took a quart of blood from a laboratory dog, Cow-
ley caused the animal to develop shock. By return-
ing the blood to the animal quickly, the animal would
recover. If the animal remained in shock more than
one hour, “the golden hour,” death came slowly and
inevitably to all dogs. Dr. Cowley had developed a
simple but revolutionary concept: he related the du-
ration of shock directly to life expectancy. He con-
cluded that the trauma team must restore the patient’s
blood pressure within that “golden hour” to save the
patient’s life.

Cowley built upon the classic foundation of
Walter B. Cannon’s book, Traumatic Shock, published
in 1923.1% Cowley’s expetience grew out of his in-
vestigations in combat surgery during the battles in
France during World War 1. His early clinical studies
of shock in the trauma and critically ill patient were
funded by an Army Research Development contract,
which later supported the development of Cowley’s
two-room Clinical Shock Trauma Research Unit in
1961. Skeptics referred to it as the “death lab.” Frank-
lin and Doelp celebrate the courageous attitudes of
Cowley’s surgical residents who coordinated the care
of the patients in this two-bed trauma research unit.
“We were the black birds of the hospital, man,” com-
mented Dr. David Boyd, one of Cowley’s residents.
“Whenever we showed up on the wards, the nurses
would dive for their charts to see who was in shock.
Whenever we were around, someone was dying.”!!

Patients dying from all types of shock were trans-
ferred to this research unit only as a last resort. Death
with dignity was still an unrecognized concept and
the patient’s family was usually begging the physician
to do anything, From the beginning, half the patients
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brought to the “death lab” did not die. These results
made Cowley ecstatic. He realized the potential im-
pact of his trauma care on the 50,000 people who
were dying on the highways each year, more than 800
in his own state of Maryland. If he had a big enough
trauma center, he knew he could save at least half of
these lives.

In 1966, the Committee on Shock and the Com-
mittee on Trauma of the Division of Medical Sciences
of the National Academy of Sciences/National Re-
search Council wrote a white paper, Accidental Death
and Disability: The Neglected Disease of Modern
Society. This document was prepared after three years
of deliberations and is considered to be the inaugural
event in what was to become a sustained effort spon-
sored by government to control accidental injury
as a health problem.!? This publication outlined the
enormous magnitude of the personal and financial
losses due to accidental injury to include the tragedy
of death among the young, the burden of disability
and the economic costs of billions of dollars. The
authors emphasized that the scope of the problem
was even more concerning because the public had
developed an apathetic attitude toward trauma care.

Ignoring the public’s sentiment of indifference,
the authors outline a broad program of action that
included training, education, and research to improve
the expertise and fund of knowledge available regard-
ing treatment, in particular, emergency medical care.
The authors believed that there could be a coopera-
tive effort between medical professionals and the lay
public with the federal and state governments provid-
ing guidance and allocating funds for these projects.

This revolutionary manuscript made recommen-
dations for the care of seriously injured patients. It
pointed out that optimal treatment must begin in the
prehospital phase with ambulance services adhering to
established standards, including vehicle construction
and credentialing of fully trained ambulance attendants.
It emphasized that radio communication technology
was essential for a timely dispatch to call for help. It
spoke to the need for the emergence of a new specialty
of physicians with special training in immediate care,
providing additional support to Jim Mills’ dream of
having a specialty of emergency medicine.

This document asked that outside agencies
with regulatory authority categorize hospital emer-
gency and trauma capabilities. Four categories were
described that varied from first aid facilities to fully
capable trauma centers able to manage all trauma
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patients. The authors believed all hospitals and care
providers should be held accountable for patient out-
comes. The development of registries of valid and
reliable data would ensure that information from au-
topsies would be available to examine the outcomes
of care. Moreover, the report pointed out that in-
vestment in prevention of injury through sponsored
research, public education, or government regulation
would have enormous benefits in reducing healthcare
costs. Most important, the paper pointed out that the
budget for injury research was inadequate and it rec-
ommended the establishment of a National Institute
of Trauma within the US Public Health Service.

Congtress appropriately responded to the ac-
cidental death and disability report by enacting leg-
islation, the National Highway Safety Act of 1966
(Public Law 89-564), which had a profound effect
on the treatment of the trauma patient in America.'?
The Department of Transportation was given the
responsibility to allocate money as well as instruction
to implement the law. Because one of the goals of
the legislation was to reduce injury to occupants in
motor vehicle accidents, research sponsored resulted
in the development of effective car safety devices.
The bill also identified systematic changes intended
to improve the care of injured patients, including
expanded capability for radio communication and
use of helicopters for medical evacuation of injured
patients to hospitals. Funding of ambulance services
was integrated into the national highway traffic safety
program. Maryland, Florida and Illinois were the
major benefactors of the federal programs funded
by the National Highway Safety Act of 1966. These
states revolutionized the development of regional
emergency services programs, including trauma sys-
tems. Under the leadership of R Adams Cowley of
the Maryland Institute for Emergency Medicine, the
University of Maryland Hospital joined together with
the Maryland Police Aviation Division in a revolu-
tionary transport program. It will come as no surprise
that implementation of this first trauma system in
Maryland caused a dramatic reduction in the mortal-
ity rate of setiously injured patients.!*

Most trauma centers today consist of a few beds
in either the emergency department, or an intensive
care unit (ICU) that are dedicated to trauma patients.
Hospital administrators will call it a trauma center.
This arrangement results in fundamental changes in
the care given in the emergency department or ICU.
However, R A. realized that the mission of the emet-

276

gency departments and the ICUs were different than
that of a true trauma center. The emergency depart-
ment must be geared to a wide variety of patients
with different conditions, most of which are not life-
threatening. The average ICU is structured to provide
postoperative care to patients receiving major surgical
procedures or needing support for heart and/or lung
failure.

R A’ concept of a trauma center was neither
an emergency department, nor an ICU. His trauma
center had a resuscitation area, combining the best
of the emergency department and the ICU, always
prepared to immediately receive and treat the most
critically ill and injured patients. The severely injured
trauma patient arrives at the hospital undiagnosed
and untreated with his survival at stake. R A’s trauma
center had the ability to provide resuscitation as well
as diagnostic and therapeutic measures for most
critical situations, and to continue such care until that
patient’s condition stabilized. R A.s cardinal rule was
“treatment before definitive diagnosis.”

In his trauma center, all necessary lifesaving
services, diagnostic and ancillary equipment, were
brought to the patient; the patient was not trans-
ported throughout the hospital for diagnosis and
treatment. Treatment was immediate, and operations
were performed on an instant’s notice. Rehabilitative
measutes began on admission and were a fundamen-
tal, continuous part of care to minimize disability. In
his trauma center, there was no waiting. Resuscitation,
stabilization, definitive care, and rehabilitation were
all a part of his trauma center, and they all began on
the patients’ arrival.

Working with the Maryland State Police Aviation
Division, he developed an efficient and cost-effective
air medevac helicopter program. Helicopters were
based across the state, and the patients were flown di-
rectly to the Shock Trauma Center in Baltimore from
almost any corner of the state in less than one hour,
the “golden hour” for treating the trauma patient. Si-
multaneously, R A. created a communication network
that became the first comprehensive statewide com-
munication system to provide radio contact between
the scene of an emergency, ambulances, hospitals,
specialty referral centers, medevac helicopters, and
fire department central alarms, with both voice and
telemetry capabilities. Cowley’s growing emergency
medical system won support from the State and the
University of Maryland, and after reorganization in
1973, became an autonomous institute within the
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University of Maryland (Maryland Institute for Emer-
gency Medical Services Systems or MIEMSS). This
Institute combined the Shock Trauma Center with the
statewide Emergency Medical System program.

The development of his modern trauma cen-
ter within a university setting was not accomplished
without difficulties. Resistance to a physically and
administratively separate facility was intense. R A. had
to overcome opposition of healthcare professionals
and administrators who were reluctant to relinquish
control of the trauma center. R A. surmounted these
enormous obstacles and demonstrated the significant
potential of a modern trauma center in a university set-
ting that reached the goals of excellence of care at all
levels, standards of therapy developed through research
and education, dissemination of new knowledge, and
provision of care systems for the community.

On the morning of April 13, 1971, the tide of
resistance dramatically changed when Governor Mar-
vin Mandel was fortuitously involved in trauma care.
15 His long-time friend James P. Mause was involved
in a serious auto accident and a land ambulance took
him to the nearest hospital in Frederick, Maryland.
Because the doctors at the hospital were unable to
care for his injuries, he was transferred to a larger
hospital in nearby Hagerstown, MD. When Mandel
was alerted to the severity of his friend’s injuries,
he immediately intervened by taking a State Police
helicopter to the hospital in Hagerstown to see his
friend. In a scene dramatically pictured in Franklin
and Doelp’s book Shock-Trauma, “He was lying flat”
Mandel remembers. “I walked over to him and spoke
to him. He was conscious, but he could hardly do
anything but move his arm a little. I'll never forget
that as long as I live. He indicated distinctly that he
wanted a pad and pencil.” Slowly, with agonizing ef-
fort, Mause wrote, “Marvin, please, I want to live.”
Mandel called Cowley to transfer Mause to the Shock
Trauma Center where Cowley’s team saved Mause’s
life. Cowley later took the Governor on a tour of
the Shock Trauma Center. Realizing the enormous
benefit of the Center, the Governor became a strong
advocate for Cowley.

Despite Cowley’s clinical achievements in the
care of the trauma patient, there was still continued
resistance to patient transfer as well as criticism of
Cowley’s efforts. When this criticism wended its way
to the Governot’s office, Mandel commented, “I think
medical politics are much tougher than politics as I
know it. Much tougher. They tried to make Dr. Cow-
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ley look like an individual who'd gone berserk, who
was doing everything counter to what the medical
profession would want to see. And, oh, my God, they
had meetings all over the place, denouncing him.””!¢

When the Chairman of the Department of Sur-
gery at the University of Maryland threatened the
autonomy of the Shock Trauma Center, Governor
Mandel interceded and signed an executive order
that created the Maryland Institute for Emergency
Medical Services and separated the Center from the
Department of Surgery. With the skillful use of his
friendship with Mandel, Cowley sold the concept of
the Shock Trauma Center to the State of Maryland.
He had successfully affected a societal transforma-
tion program that would allow all patients in Mary-
land to gain the benefit of care in a modern trauma
center. Ultimately, he directed the entite emergency
medical system of Maryland as well as a new $50
million, eight-story, 135-bed trauma center until his
retirement in 1989.

Most Maryland physicians and surgeons who
were practicing when Cowley was introducing and
refining these new approaches to trauma care, and
who knew of the outcomes of that type of treat-
ment, are convinced that he is the most successful
trauma surgeon in the world, an achievement that the
Governor, the Maryland legislators, and the public
recognized appropriately by naming the new modern
shock trauma center the R Adams Cowley Shock
Trauma Center at the University of Maryland. Of
the patients treated there in 2003, 4,759 (95%) were
transported from the scene of injury at the request
of local fire services and 252 (5%) were transported
between hospitals to obtain a higher level of care. In
2003, Maryland’s emergency medical service commu-
nity commemorated the transport of the Maryland
State Police Aviation Division’s 100,000th patient.
In continuous operation since March 19, 1970, the
Maryland State Police Program is the oldest existing
medevac program for the transport of civilians in our
country.

The authors Franklin and Doelp concluded their
book Shock-Trauma with the following hopeful mes-
sage. “Perhaps most important of all a steady stream
of trauma resident fellows come each year to Shock
Trauma to study under Cowley, and when they leave the
young surgeons often take Cowley’s convictions with
them. Across the country, veterans of shock trauma
are fighting the same battles that Cowley fought and
for the same reasons.” 7 One of Dr. Cowley’s gifted
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residents was Dr. William B. Long, 111, who pioneered
the development of the only American College of
Surgeons Verified Level I Trauma Center for children
and adults at Legacy Emanuel Medical Center in Port-
land, Oregon, and who was instrumental in helping
Oregon develop the first statewide trauma system in
the Pacific west coast states.

Initially, federal funding supported only develop-
ment of Emergency Medical Service (EMS) systems
in all 50 states, a program created and overseen by Dr.
Dave Boyd, who became the Director of EMS for
the Federal Department of Health, Education, and
Welfare. Dr. Boyd was a fellow at the Center for the
Study of Shock and studied patients on the two-bed
1CU research unit Dr. Cowley founded at the Univer-
sity of Maryland Hospital.

Professional organizations, such as the American
College of Surgeons Committee on Trauma (AC-
SCOT), began to advocate standards for trauma cen-
ter categorization. The Committee on Trauma of the
American College of Surgeons had a leadership role
in trauma system development. With its publication
of the first edition of Optimal Hospital Resources for
Care of the Seriously Injured in 1976, the Committee
on Trauma provided a landmark document of the es-
sential characteristics of trauma centers and stressed
that trauma centers must operate in the context of
a trauma system.' This Optimal Hospital Resoutces
document and its subsequent editions are always cited
by state authorities designing trauma systems and its
recommendations are utilized to form state standards
for trauma centers and trauma systems.

As emergency medical service systems and trau-
ma systems have evolved in each state with and with-
out federal funding, the principle of a coordinated
approach to trauma care established by Dr. Cowley
in the State of Maryland has not been replicated in
other parts of the country. The role of acromedical
services range from limited to non-existent in many
states, and land ambulance politics have limited the
use of rapidly available, medically staffed helicopters
in many others. In San Francisco, a city ordinance
prevents medical helicopters from landing at major
trauma centers in the city, necessitating the transfer
of a critically injured patient to a level one trauma
center by land ambulance. The stated reason is noise
abatement. The “golden hour” of life concept is not
available to the trauma patients being transferred
to San Francisco General Hospital from outside
San Francisco.
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Many other states do not have statewide coordi-
nated air and ground advanced life support services
with access to a separate and dedicated trauma facil-
ity. This lack of a statewide coordinated advanced
life support program has resulted in unnecessaty loss
of lives.

Origin of Emergency Medical Systems in
the Commonwealth of Virginia

I accepted the position of Acting Director of the
Emergency Room at the University of Virginia Health
Sciences Center in 1974. At that time, [ was Assistant
Professor of Plastic Surgery and had no specialized
clinical and educational emergency healthcare experi-
ences that allowed me to be selected for this posi-
tion. I had no formal training in either prehospital
care, emergency care, or trauma care. The lack of
awareness about this public health problem and the
resources needed to address it led to no other appli-
cants for this position when my predecessor resigned.
Ironically, the University of Virginia faculty was wor-
ried that my academic credentials would cause me to
focus more on research than clinical care in the emer-
gency room. I emphasize the term emergency room,
because that was all the University Hospital provided
me to see emergency patients. By appointing me as
Acting Director, the University was implying that 1
could be easily terminated from the position if 1 did
not fulfill responsibilities that were never changed
from Acting Director to Director, because the Uni-
versity was continually concerned that I was making
too many changes in the emergency room.

On my first day as Acting Director, I thought it
would be appropriate to gather together the entire
staff involved in caring for the nearly 35,000 patients
treated annually in the emergency room. The staff
consisted of second-year surgical residents, third-
year medical residents, full-time emergency medical
nurses, and one hospital administrator. I had no
supervisory control over the staff because these
individuals reported to their own administrative de-
partment heads.

I scheduled a meeting with this wide range of
health professionals who treated this large number of
patients, personally contacted each of the individuals
and posted announcements of the first conference. 1
anticipated participating in a dynamic conference in
which they would share visions about the future of
the emergency room. When I arrived at 8§ am for the
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conference, I was surprised that no one was there.
After waiting for 15 minutes in the empty room, I set
out to find out why no one showed up. The medi-
cal and surgical residents were sleeping because they
had been awake all night taking care of patients. The
nursing staff was busy preparing for a change in shift.
The hospital administrator could not be found.

After this learning experience, I immediately re-
flected on the sage advice of my mentor, Dr. Owen
Wangensteen, Chairman of the Department of Sur-
gery at the University of Minnesota Health Sciences
Center, in selecting a medical career.?’ There were two
important considerations. First, select a field that is
important to humankind and that provides an oppot-
tunity to save lives. Second, choose a field in which
relatively few health professionals see opportunities
for revolutionary advances in care. It would appear
that the directorship of the University of Virginia
Emergency Room had met all of Dr. Wangensteen’s
criteria for an ideal job. Armed with this sage advice, I
learned the ropes by using a system of crisis manage-
ment to approach the problem of emergency medical
services systems and trauma care.

With regard to the prehospital system, I found
that most rescue squads were poorly trained and driv-
ing antiquated vehicles with no radio communication
system. In 1974, the minimum requirement for cer-
tification of ambulance attendants was the American
Red Cross Advanced First Aid Course, which was
generally considered inadequate for those who were
required to render care to persons who were seriously
ill. Most rescue vehicles had citizen band radios that
allowed them to communicate to the University po-
lice, who would then relay the message to the emer-
gency room by telephone.

Upon the arrival of my first transport of an acci-
dent victim to the emergency room, I was surprised to
find a patient who had been injured in an automobile
accident, was not breathing, but resting comfortably
on a soft stretcher. The 42-year-old male patient had
cold, purplish-colored skin and no detectable vital
signs. He must have been dead for at least 30 minutes.
When I asked the rescue squad if they had performed
cardiopulmonary resuscitation (CPR), they indicated
that they had no training in this technique. It was
even more disturbing to find that none of the hos-
pital personnel in the entire facility had any formal
training in CPR. I had to acknowledge, however, that
the nursing and administrative staff had an expedi-
tious and organized plan to transfer the patient from
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the hospital to the morgue. They knew exactly how
to encircle the large toe of the corpse with a label,
allowing proper identification and transfer to the fu-
neral home. I was horrified by my hospital staff’s lack
of interest in and knowledge of emergency medicine.
Our emergency room had no life-saving equipment
and staff capability; one could observe that we served
merely to transport the dead patient to the funeral
home. These memories caused me many sleepless
nights and became my first life-defining experience in
emergency medicine.

This was only the first of many frightening life-
defining experiences involving other emergency clini-
cal care services offered by my hospital. My reflection
of these services are the best illustrated by recount-
ing several tragic and potentially preventable personal
losses. In the crisis intervention service, a medical
resident had answered a telephone call from a patient
who was threatening to kill himself. The suicidal pa-
tient had organized a detailed plan, ensuring that he
would be successful in his effort. He told the resident
that he had placed a microphone next to his heart so
that he could localize the audible noises of his heart-
beat to ensure an accurate shot from his gun. The
resident pleaded with him not to take this desperate
action and offered to get immediate psychiatric con-
sultation. After carefully writing down the patient’s
name and telephone number, he immediately called
the psychiatric resident, asking him to contact the sui-
cidal patient. The psychiatric resident, who was also
busy interviewing a patient for admission to the hos-
pital, delayed returning the call for at least five min-
utes. His delayed call to the patient was not answered.
Forty-five minutes later, a call was received from the
police that this same patient had a self-inflicted bullet
wound to his heart. The emergency room staff had
failed to save this frightened patient’s life. This warn-
ing gave the nurses ample time to find another toe
tag. The patient was dead on arrival and expeditiously
transferred to the morgue.

Prior to 1976, the poison control system consist-
ed of a drug card file that was updated daily by one
of the clinical departments. A resident had received
a telephone call indicating that a 4-year-old child had
unwittingly swallowed 25 tablets of Tylenol®. The
resident immediately called the pharmacy asking
them for a drug dose study to determine the risk to
the child. The pharmacy immediately called back, in-
dicating that this dosage of Tylenol® was potentially
life-threatening, and recommended the child come
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immediately to the emergency room for treatment.
The embarrassed resident was unable to contact the
patient’s family because he had not written down a
name or telephone number.

Sexual assault patients were being routinely in-
terviewed in the hallway of the emergency room,
providing the patient no confidentiality. There were
no guidelines for patient care or physical evidence
recovery kits. Psychosocial support of the distressed
individual was not provided by the staff. I had the
perception that the distressed patient who was sexu-
ally assaulted was treated in the same manner as a
college student complaining of a toothache. The hos-
pital administrative staff and young residents were
numb to the plight and psychological trauma of the
sexually abused.

Handwritten medical records were completed
only by physicians who ignored the nurses’ notes
stapled to the back of the patients’ medical records.
Critical patient information provided by the nurses
about a patient was lost in this confused system of
care. After reading the previously mentioned de-
scription of care given to patients, the reader might
reasonably argue that the patients should not pay for
their clinical care.

I soon learned that the inadequacy of the health-
care system in the emergency room was not the reason
for the absence of a billing system. Receptionists did
not have a computerized billing system and were not
allowed to accept any cash payments for care. When
I suggested the novel approach of billing patients for
emergency medical services, the hospital administra-
tor explained to me that the university would be re-
imbursed by the state government for the cost of free
care. Realizing the ineptitude of the infrastructure of
the emergency room, I asked that my office in plastic
surgery be relocated to the emergency room. Because
the hospital had no funds for my relocation, they
suggested I seck grant funds to pay for renovating
my office.

As Acting Director of the University Hospital
Emergency Room, I inherited a clinical care system
that ignored the illness or injury as well as the soul
of the patient. This emergency healthcare system had
to be reformed so that it treated disease and listened
to the patients. At the entrance to the emergency
room, the staff had positioned a large, white board
with each treatment room listed along the top of the
board. A box outlined below the designated room that
was used for writing pertinent information regarding
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each patient. Patient identification was by illness or
injury and may have included sexual assault. Chairs
were positioned below the white board for patients
who had not yet been interviewed, waiting to be es-
corted to the designated room. The white board was
adjacent to the entrance of the emergency room so
emergency room staff as well as strangers could have
an overview of the challenging clinical problems.

I hoped that a colleague or friend would join me
in improving the emergency room situation, as well as
its emergency medical system, and help transform it
into a dynamic and caring lifesaving system. It was as
if God had sent an angel to my rescue. On a busy Sat-
urday evening in 1975, one of the licensed practical
nurses, Shitley Talbert, asked to speak to me privately,
regarding outr care of sexual assault victims.?' She
spoke in a gentle and kind manner that did not reflect
her exasperation with the incompetent care. She be-
gan by providing a simple overview of her concerns.
“Dr. Edlich, the care of sexual assault victims in this
Emergency Room is outdated, inappropriate, ineffec-
tive, and dangerous. We act as if we are in the dark
ages of medical care. For instance, both the police
and the physician interview sexual assault victims in
the hallway. Moreover, we don’t use an evidentiary
recovery kit for obtaining legal specimens. Follow-up
of these patients is nonexistent. I would recommend
that we make some immediate changes.” Because
Shirley was so concerned, motivated, and knowledge-
able about this subject, I asked her to head a sexual
assault task force that would develop standard pro-
tocols for treating these patients. Moreover, I asked
that she identify other interested nurses who would
become familiar with established treatment protocol.
She pointed out that they were going to need con-
siderable help from the police as well as attorneys
to devise these protocols. She emphasized that the
emergency room must have a demonstrated commit-
ment to the care of these patients by allocating one
treatment room to conduct confidential interviews
with these patients as well as other assault victims.
I agreed to her request and enlisted the help of the
chief of police, John Bowen, as well as a dynamic at-
torney, Susan White. Both of these individuals helped
organize protocols for the emergency care of the
sexual assault victim, including guidelines for patient
care, discussion of police investigations, written con-
sent forms, and physical evidence recovery kits.

After developing these new protocols, I ap-
proached hospital administration regarding allocation
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of a separate room for confidential interviews. The
space for the outdated emergency room was limited,
and there was immediate reluctance to any space real-
location. After gaining support from all departments
in the hospital, I persuaded hospital administration
to reallocate this space. When this final decision
was made, I believed that one of the administrators
had severe misgivings about the new plan. After the
room was stripped of cabinets and shelves, the tile
floors were thoroughly cleaned in preparation for the
change. My intuition about hospital administration’s
reluctance to accept the changes was confirmed when
I asked the question, “Where can we get a couch and
two chairs?” The administrator responded, “We have
no money available for furniture.”

Fortunately, I was able to slowly make changes in
the culture of the emergency room and the hospital
that allowed improvements in emergency care. The
hospital selected a new head nurse, Sue Loud, who
was an emergency nurse practitioner. In addition, the
hospital had hired a new director of nursing, Helen
Ripple, who was a champion for excellence in patient
care. She was a product of a devout Catholic family
that was committed to service to the disadvantaged.
She had a new and innovative managerial style that
allowed her to make immediate decisions. These deci-
sions were based on her loving concern for patients
in the hospital. When I approached Helen regarding
the sexual assault center without furniture, she had
an immediate solution. Pointing at the furniture in
her office, she said, “Use any or all of the furniture
in my office!” While expressing my appreciation for
her generous offer, 1 questioned her as to how she
planned to replace it. She responded, “Those folding
metal chairs in the hallway will be perfect.”

The opening of the Crisis Center for Sexual As-
sault Victims had numerous repercussions. First, the
Chatlottesville community began to view the emer-
gency room as a safe retreat for sexual assault victims
in which they would receive superb medical care that
was coordinated with an effective legal investigation.
Shirley Talbert expanded the nurse liaison role by
identifying a safe haven for the patient after discharge
as well as being present with the victim in any subse-
quent court appearance. This supportive environment
for the sexual assault victim subsequently brought vic-
tims out of the closet. Their numbers were so great
that the nurse liaison could no longer assume sole
responsibility for their housing as well as the other
services she provided. Realizing the enormous mag-
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nitude of the problem, the community established
a shelter for victims of sexual assault and domestic
violence. In addition, a non-profit organization with
volunteer trained counselors was organized to provide
patient advocates in the emergency room as well as
following discharge from the hospital. The Virginia
legislation related to sexual assault was outdated and
irresponsible and had to be changed to protect the as-
sault victim. It was blanketed with rules that protected
the man against a “vengeful woman.” Consequently,
the victim was thoroughly cross-examined by the
defendant’s attorney about her past sexual activities.
The victim had to prove that she resisted the rape to
the utmost, despite threats to her life. Another feature
of the antiquated rape legislation was the draconian
penalties for the convicted assailant. Juries often ac-
quitted, rather than send the defendant to prison for
20 or more years. Subsequently, the Commonwealth
of Virginia enacted modern legislation, similar to that
of the Michigan comprehensive rape law reforms. In
this legislation, the victim cannot be cross-examined
regarding her past sexual history. A victim who alleges
that she was raped may still have her reputation within
the community come to issue, but testimony about
specific sexual acts is expressly prohibited. The victim
does not have to prove that she physically resisted
the assault. Furthermore, sentencing of the assailant
is more flexible with graded penalties, based on the
violence of the crime. In May 1979, Shitley Talbert
gave a keynote address before the University Asso-
ciation for Emergency Medicine in Orlando, Florida,
outlining her organized effort to improve emergency
department care of the sexual assault victim.*! Her
speech was especially notable in that she was the only
licensed practical nurse to ever address this emergency
physician academic organization. In addition, she was
the recipient of a community service award from the
Chatlottesville Board of Supervisors.

As I reflected on this experience, I was certainly
pleased that they have improved the quality of care
for sexual assault victims. However, I was saddened
that I was not aware of the treatment of women in
the emergency room until Shirley awakened me from
this anesthetized state. During the last 20 years, I have
grown to realize that the problems facing women in
our emergency room in Charlottesville are only the
small tip of a giant iceberg that is blocking women
from equal status in the country.

These early life-defining experiences in the
emergency room helped me define my goal: develop a
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model emergency medical system for the University of 1 irginia
Hospital as well as the Commonwealth of 1 irginia. Faced
with numerous life-threatening crises in emergency
medical care, I began to search within the massive
university medical bureaucracy for other angels to
help me. I was delighted that my search was suc-
cessful as I found two more unsung heroes at the
university who assisted me in dramatically changing
emergency care from a fatalistic, disorganized service
to a vibrant, structured emergency healthcare system.
One was Dr. Ernst Attinger, who was the Director
of Biomedical Engineering. Ernst was both a physi-
cian and engineer; he was a skilled clinician whose
talents in biomedical engineering complemented his
innate sensitivity to clinical care.?? His department
had already established contractual relationships
with the hospital in which his staff would provide
quality assurance testing for medical devices used in
the hospital. In addition, he had already established a
computerized information system that could be po-
tentially used in the emergency room.

Another unsung hero was Dr. Richard Crampton,
Professor of Cardiology, who had clear visions of the
potential benefits of prehospital care in saving lives
of patients with heart attacks.” He had developed an
effective alliance with one rescue squad, the Charlot-
tesville-Albemarle Rescue Squad, which was willing
to develop a prehospital lifesaving plan for patients
with heart attacks. Dick first designed this prehos-
pital system so that the rescue squad would pick up
a medical resident and transport the resident to the
patient with signs of a heart attack. His embryonic
program was beginning to save patients’ lives. He
doggedly pursued his interests in prehospital cardiac
care during the subsequent 20 years, and he became a
recognized leader in this field.

During my tenure as Acting Director of the
Emergency Room, major developments resulted in
dramatic improvements in emergency medical care.
Cognizant of the need for improved emergency
service in the country, the Robert Wood Johnson
Foundation decided in the early 1970s to authorize
a nationwide competitive program to encourage
communities to develop regional emergency medical
systems. In 1974, Dr. Attinger and I were awarded a
grant to implement an emergency medical system in
the Thomas Jefferson Planning District 10, the five-
county geographic catchment area for the Univer-
sity of Virginia Hospital. The grant program, which
ended in 1977, focused on access of the public to
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the emergency medical system by the 911 telephone
number, training of rescue squads, and development
of a radio communications system for rescue squads
in this five-county region. The number 911, desig-
nated for public use throughout the United States to
request aid from fire, police, or rescue agencies, had
already been installed in Nelson County in 1969 after
Hurricane Camille.” By late 1976, adjacent Greene
and Fluvanna Counties had this emergency telephone
service. Installation of this system for the more
populated regions of Albemarle County and the City
of Charlottesville was accomplished in 1984. The de-
velopment of this 911 telephone system eliminated
the 40 telephone numbers for the different police and
fire departments and rescue squads in the five-county
area. Consequently, we had developed a system that
allowed immediate access for hearing individuals into
the emergency medical system.

The Department of Transportation’s National
Highway Safety Administration allocated sufficient
funds to develop a training course for rescue person-
nel that prepared them to cate for the sick and injured
using basic life-support techniques. This 81-hour
training program was pilot-tested at Piedmont Vir-
ginia Community College in Charlottesville in 1975,
after which it was offered to other rescue squads in
the region. Successful completion of the course al-
lowed the rescue squad personnel to be certified as
emergency medial technicians-ambulance (EMT-A).
In 1983, this training program became the minimum
training requirement for the rescue squad person-
nel for certification by the Virginia Department
of Health. The first training program at Piedmont
Community College was an Edlich family event. I
taught and attended all of the classes and completed
certifications as EMT-A. During the mock field tests,
my three children, Elizabeth, Richard, and Rachel,
volunteered to participate as “casualties.”

A radio communications system was designed
and implemented by Frank Hunter, Assistant Profes-
sor of Biomedical Engineering, which allowed trained
rescue squads to communicate with the University
of Virginia Medical Center and Martha Jefferson
Hospital, as well as with each other. Today, there are
three advanced training programs for rescue squads
certified by the Virginia Department of Health. The
objectives of the emergency medical technician-
shock trauma (EMT-ST) training program devised
by Diana Rockwell, an emergency medical nurse at
the hospital, were to have the students understand
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the dangerous consequences of significant traumatic
injuries and selected medical emergencies, as well as
to teach the appropriate therapeutic intervention to
stabilize the patient’s condition.”® The emergency
medical technician-cardiac (EMT-C) course focuses
on emergency care of the heart attack patient and
teaches the student to perform cardiac monitoring
and defibrillation, the use of electric shock to correct
irregular heartbeats. The emergency medical techni-
cian-paramedic course provides the highest level of
training for prehospital personnel.

The passage of the Emergency Medical Service
Systems Act (EMSS) in 1973 was the next major
development. This program, led by Dr. David Boyd,
authorized $185 million over 10 years and provided
the awarding of grants and contracts for develop-
ment of emergency medical systems throughout the
United States. The passage of this Act provided the
mechanism and funds for communities in Virginia to
develop regional emergency care systems that were
modeled after our successful regional system in
Charlottesville. Because the system was receiving
national recognition, Dr. Dave Boyd, head of Emer-
gency Medical Services of the federal Department
of Health and Human Services, asked me to serve
as one of his eight physician-technical advisors to as-
sist state governments in designing and implementing
their emergency medical systems. I was assigned to
assist Maryland, West Virginia, Virginia, Pennsylva-
nia as well as Puerto Rico, to guide these geographic
regions to implement their emergency medical sys-
tems. Because Dr. Boyd had developed a conceptual
plan for an emergency medical system, my job was
relatively easy: to advise enthusiastic communi-
ties on implementing plans to improve emergency
medical care.

Realizing that the emergency medical system in
our country should benefit the President of the Unit-
ed States, I worked with Secret Service to develop an
emergency care plan for the President of the United
States. When President Reagan was shot, the Secret
Service agent immediately took President Reagan to
a trauma center rather than to an emergency depart-
ment. The trauma surgeons were ready for the arrival
of the President and saved his life.

The only challenging part of my voluntary po-
sition was to advise Dr. Cowley regarding his ex-
emplary statewide system that was a model for the
world. Realizing that Dr. Cowley was the father of
organized trauma care, I willingly accepted the role
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of student and listened carefully to Dr. Cowley’s
retelling of his extensive experience at the Shock
Trauma Center. As I carefully reviewed the orga-
nized trauma program, I realized that the Common-
wealth of Virginia could benefit by replicating Dr.
Cowley’s coordinated program.

Dr. Cowley and I spent long hours discussing the
many obstacles to implementing a modern trauma
care system. In Virginia, I had encountered the same
resistance by administrators and surgeons to develop-
ing an organized trauma care program that Dr. Cow-
ley had overcome in Maryland. On the basis of the
pivotal support of Governor Mandel for Dr. Cowley’s
trauma care program, Dr. Cowley suggested a simple
remedy to my problem: enlist the help of the Gov-
ernor of Virginia. It was fortuitous that the Virginia
First Lady, Eddy Dalton, and Governor John Dalton
were both sympathetic and appreciated the benefits
of organized care. When the First Lady joined me on
a tour of the Shock Trauma Center in Baltimore, Dr.
Cowley provided a clear vision of the components of
a successful trauma care system which I later promot-
ed nationally. Eddy Dalton was sufficiently impressed
by what she saw and heard in Maryland to have an
impassioned discussion with Governor Dalton, who
directed Virginia’s Department of Health to desig-
nate regional trauma centers in 1981.

For hospitals to be designated as trauma centers
by a governmental agency such as the Department of
Health of the State of Virginia, the hospital has to
apply to the state department of health to have a site
visit by trauma experts who verify the hospital’s com-
mitment of resources and organization as detailed
in the American College of Surgeons (ACS) trauma
center criteria to develop a responsive program that
provides specialized care to the trauma patient.*
Designation as a Trauma Center had some influence
on the University of Virginia Hospital. There was a
positive change in attitude toward the trauma patient
by the entire hospital staff, especially surgical and
emergency personnel, but also including hospital ad-
ministrators, teachers, scientists, and support person-
nel, and gave impetus to the in-house reorganization
necessary to develop a multidisciplinary trauma ser-
vice. However, I must emphasize that I did not lobby
effectively for a separate clinical trauma service in
the hospital that would allow patients to be admitted
directly to the trauma service rather than being seen
initially by emergency physicians. Trauma surgeons
should be present at the time of the trauma patient
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arrival and be prepared to offer immediate surgery
if necessary. Many trauma centers operate as a single
unit by having the emergency physician and trauma
surgeon work together as a team to resuscitate the
patient, but the trauma surgeon is the team leader,
and makes all surgical decisions.

Today, designation of trauma facilities is often
done at the state level. The ACS does not participate
in any designation process. However, the ACS has
established both a trauma center and system veri-
fication process to assist hospitals (and systems) in
evaluation and improvement of trauma care and to
provide information regarding institutional capability,
performance, and system development to aid those
who are responsible for developing and maintaining
these systems.

The federally supported program championed
by Dr. David Boyd allowed me to implement other
important programs in emergency medical care.
An emergency first aid guide was written and pub-
lished in the community telephone books so that
each household with a telephone would have an un-
derstanding of first aid treatments for the sick and
injured. An emergency medical nurse practitioner
program was temporarily established in the Nurs-
ing School that became a fertile training ground for
nurses who would assume leadership positions in
medicine. In addition, staffs were trained to provide
a coordinated, organized approach to the care of the
victims of sexual assault, their treatment now guided
by modern, updated practices of care. In addition,
psychosocial support was arranged for each patient.
A computerized poison information system was de-
veloped at the University of Virginia Hospital that
replaced the antiquated card file. Trained staff mem-
bers could now answer each call and ensure optimal
care. Trained psychiatrists and social workers staff
the crisis intervention center and provided immediate
and continued support for all patients. The University
of Virginia Hospital employed two full-time nurses
to provide continuing education courses for the 18
rescue squads that transported patients to the hos-
pital. A life-support training center was established
to teach the faculty and residents the psychomotor
skills to care for trauma patients as well as those who
have had a heart attack. These trauma and cardiac
care programs were accredited educational programs
that were instituted in the medical center. Recently,
these programs were expanded to include continuing
education programs involving the care of the injured
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ot sick child. The cardiac training program has been
made available to the fourth-year medical students.

With the exception of an emergency air transpot-
tation system, I naively thought that all central Virginia
now had immediate access to the finest medical care.
This momentary naive celebration of my accomplish-
ments was shattered when I received a handwritten
note from a disgruntled patient. This note became
another life-defining experience. It opened with a cry
for help: “To whom it may concern: I had a frighten-
ing experience that I want to share with you. While I
was cleaning dishes in the kitchen, I was shocked to
see my five-year-old daughter swallow the last por-
tion of a six-ounce bottle of cough syrup. I imme-
diately grabbed the bottle from her hands, thinking
that she had swallowed an overdose of medications
that may be life-threatening, Using my teletypewriter,
I telephoned your poison control center and got no
response. Fearing for my daughter’s life, I asked my
next-door neighbor to drive us to the Emergency
Room at the Hospital. Your doctors and nurses were
wonderful and assured me that my daughter was in
no danger and that the cough syrup would have no
side effects. They even showed me some childproof
caps for bottles that even I had a hard time opening!”
The presence of an interpreter who was skilled in
sign language considerably facilitated the communi-
cation. However, she was shocked to learn that the
University of Virginia Hospital did not have a TTY
(teletypewriter) in its emergency room or hospital.
While she thought that the University Hospital had
wonderful emergency care for the hearing in its hos-
pital, she believed that they had forgotten the deaf.
This short letter burst my bubble as I realized that
my modern emergency department was not respon-
sive to the deaf community. I wrote her an apologetic
note, promising that the University Hospital would
have TTY’s in the emergency department as well as
the hospital. As per usual, I naively made this prom-
ise without speaking to the hospital administrators.
Because I purposefully tried to remain uninformed
about hospital finances, it was easy for me to make
promises without regard to budgets. Through grants
from the federal government and the Robert Wood
Johnson Foundation, as well as the annual state fund-
ing for the hospital, more than $4 million had been
spent to develop the modern emergency medical sys-
tem in the Commonwealth of Virginia. Consequently,
I thought that the $350 needed to buy a TTY would
be a drop in this large financial bucket.
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I had to develop a written proposal for hospi-
tal administration to support the cost of purchasing
the TTY for the emergency room as well as those
for the hospital. I wrote the report with the same
naiveté of a college student who was submitting a
manuscript to his teacher. Because I had not met or
treated individuals with severe hearing impairments,
I had no perception of the plight of the deaf com-
munity. To familiarize hospital administrators with
the importance of the project, I went immediately to
the library to search for information on the TTY sys-
tem that could be included in my report. This report
began by describing the origin of the TTY so that
the administrators would be better able to understand
its purpose. It went something like this: “a major
development in telecommunications enabled deaf
individuals to use standard telephone technology to
transmit messages between teletypewriters. In 1964,
Robert Wiebrecht, a deaf physicist, developed a mo-
dem to convert teletypewriter code into frequency or
tones that are transmitted over telephone lines. When
receiving, the demodulator circuits of the modem
convert the tones into the digital signals used by a
teleprinter. More than 75,000 deaf people have the
special teletypewriter/ telecommunications  devices
(TTY/TDD) that allow them to send and receive
messages by telephone and gain access to emergency
care. This telecommunications device must be imme-
diately purchased and available for use in the emer-
gency room and poison control center. In addition,
a TTY should be available for patients with hearing
impairment to be used in their hospital rooms. The
retail cost for this device is $350.”

My proposal was sent expeditiously to hospital
administration with the expectation that I would re-
ceive an A for its content and $700 for TTYs in the
emergency department and poison control center.
One week later, the hospital administrator gave me
an F and no check, explaining that the funding for
my request would be placed in next year’s proposed
hospital budget. While the eloquent letter from the
deaf mother had touched my heart, my scholarly
manuscript on TTYs had not opened the hospital
coffers. Dismayed by the failure of the hospital
to implement this life-saving system for the deaf,
I telephoned the hospital administrator and reiter-
ated the importance of the TTYs to the hospital
and even threw in the medical and legal implications
of the failure to have TTYs. My pleas fell on deaf

cars...
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My disappointment with the hospital’s lack of
support for the deaf community, coupled with the
weight of my promise to the distressed mother that
my hospital would serve the deat community, com-
pelled me to search for another avenue to solve the
problem, one that would also help deaf individuals
throughout the State of Virginia: the development
of a statewide emergency telecommunication system
for the deaf. I sent in a grant request to the Office
of Emergency Services located in the central govern-
ment of the Commonwealth of Virginia. I provided a
detailed description of the system that could be avail-
able at a bargain price of $25,000. A computer-aided
emergency telecommunication system for the deaf
would be housed in the poison control center and
serve as a relay station for all TTY calls from the deaf.
My grant for an innovative emergency program for
the deaf community throughout the state was turned
down by the Office of Emergency Services with the
explanation that such a statewide program would be
better coordinated by its Richmond office. It is im-
portant, however, to point out that my rejection letter
did not include any promise by the office that such a
program would be implemented.

Undeterred by this bad news, I then pursued yet
another avenue for solving this urgent problem: gar-
nering funds for the development of a nationwide
emergency telecommunications system for the deaf.
With the appropriate modifications, I expanded my
proposal, describing a computer-aided emergency
telecommunications system for the deaf for the entire
country at a bargain price of only $250,000. I sent this
grant request into the Office of Emergency Services
of the Department of Health and Human Services of
the federal government. I did not have any unrealistic
expectations of successful grant approval because this
division had planned to be terminated; moreover, my
friend, David Boyd, had resigned from the office. Con-
sequently, my next letter of rejection from the federal
government came as no surprise. Despite this growing
list of rejections for my plans for an emergency tele-
communications system for the deaf, I remained bliss-
fully optimistic that I would achieve my new goal of
developing a nationwide system and keep my promise
to the deaf mother. I realized that the reasons for my
unsuccessful attempts to assist the deaf community
were caused primarily by the fact that I was communi-
cating with decision-makers who were unsympathetic
to the plight of the deaf community. I had to find an
individual or organization that listened to the deaf.
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I found the answer to my search in a hotel room
in Chicago.” The reason for my visit to

Chicago was the annual meeting of the Ameri-
can College of Surgeons. Because my academic ca-
reer had required increasing numbers of trips, I felt
considerable loneliness, missing my wife and three
children living on our 18-acre farm in Albemarle
County, twelve miles from the university. On Sunday
morning, I decided to try to find some spiritual con-
solation watching a televised church service. During
this telecast, I confessed that I did not recognize the
name of the minister, but was impressed by his strong
voice, commitment to beautiful music and God.
What mostly caught my attention was a small box on
the lower right-hand corner of the screen in which a
woman was using sign language to communicate the
minister’s message to the deaf while the sermon was
being delivered. The credits at the end of the telecast
provided the answer to my quest when they identi-
fied the service as being broadcast from the Thomas
Road Baptist Church in Lynchburg, Virginia.

When I returned home to Chatlottesville, I called
the church to learn the name of this televangelist.
The operator at the church informed me that Rev-
erend Jerry Falwell was the minister whose Sunday
services were televised throughout the world as the
“Old Time Gospel Hour.” I immediately made an ap-
pointment with Dr. Falwell to share my dream about
a National Crisis Center for the Deaf.

Fully aware of the importance of this meeting,
I brought with me respected colleagues from the
University who could eloquently vouch for the im-
portance of the mission. Dr. Will Spradlin, Professor
and Chairman of the Department of Psychiatry, and
Dr. Daniel Spyker, Director of the new computer-
ized Poison Control Center, agreed to join me for
the mission. We met Reverend Falwell in his office
at the Thomas Road Baptist Church. After introduc-
ing my colleagues to Dr. Falwell, I outlined my plans
for a computerized emergency telecommunications
system for the deaf in the United States. When I
began to discuss the need for such a program, Dr.
Falwell asked me politely to expedite my discussion
because Dr. Falwell reminded me that he had long
been a champion for the deaf and had been commit-
ted to their access to his ministry using signing as well
a TTYs. I then indicated that this communication
center would be housed at both Dr. Falwell’s univer-
sity and at the University of Virginia. Staff from Dr.
Falwell’s university could provide spiritual counsel to
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the deaf, while the University of Virginia would co-
ordinate emergency services. I handed Dr. Falwell a
proposal for the telecommunication centers. Without
reading it, Dr. Falwell asked the big question: “How
much money will you need?” I answered, “$250,000.”
Dr. Falwell immediately responded, “I can support
your proposal. Let’s get started as soon as possible.”

In June 1981, two years after I read the deaf
mother’s impassioned plea, the National Emergency
Medical Telecommunications System for the Deaf
was established. The deaf community had 24-hour,
toll-free access to this Center, which was staffed by
emergency personnel especially trained to meet the
communication needs of the deaf. The computerized
system expedited exchange by automatically sending
out questions. The staff member monitors this inter-
change between the deaf caller and the microcomputer
and interrupts as needed to elicit additional informa-
tion or clarify responses. A computerized directory
of emergency services facilitated referral to an ap-
propriate public agency. After identifying the agency,
the staff member telephoned the agency, requesting
a response to the caller’s emergency situation. Within
the first month, the staff responded to calls from 20
states as well as the District of Columbia.

I was very surprised by the different types of
calls. Sixty-one percent of the callers used the emer-
gency service for information referral. Because deaf
individuals had no access to banks, utility companies,
or directory assistance, they viewed themselves as iso-
lated from society and in desperate need of assistance
in conducting the business of their everyday lives.
While hearing individuals telephone a bank about
checks, loans, and mortgages, banks, like hospitals,
had no TTYs to receive calls from the deaf com-
munity. Consequently, the deaf community appro-
priately judged calls to a utility company or bank to
be an emergency. Only 24% of the callers requested
life-saving emergency care. The remaining callers
(15%) requested that our staff relay information to
members of the hearing community. The type of in-
formation relayed included contact with employers to
give notice of illness, personal business inquiries, and
notification of death of a family member. Their joint
efforts clearly demonstrated that the deaf community
throughout the country was isolated from society and
subject to discrimination because of their disability.
This unconscionable and deplorable situation was
finally resolved with the passage of the Americans
with Disabilities Act (ADA) in 1990. Because this Act
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required that each local telephone system design an
emergency response system for the deaf, the need for
our pilot program ended.

Their attempts to improve communication and
safety for the deaf community facilitated the vast
changes implemented by the ADA. In watching this
revolution take place, I learned a very important les-
son. The pursuit of a dream that changes lives is so
grand it cannot be contained. Its power radiates, takes
on a life of its own, and provides the blueprint for
other changes and contributions in areas that were
never identified from the outset.

As I participated in developing revolutionary ad-
vances in the emergency medical system in the Com-
monwealth of Virginia as Acting Director of the
Emergency Department, 1 was notified by a friend
that the University of Virginia planned to terminate
my position as Acting Director. As I considered this
potential crisis in my life, I again followed the advice
and guidance of my beloved mentor, Dr. Owen H.
Wangensteen. He had indicated to me that if my neck
was on the guillotine for an extended period of time,
ask my friends for help. Consequently, he immedi-
ately called the director of the University of Virginia
Health System and said that Dr. Edlich wants to de-
velop emergency medical systems in our country. Let
him achieve his dreams. When the director heard Dr.
Wangensteen’s impassioned plea for me, the director
said immediately that I should be allowed to achieve
this goal. When Dr. Wangensteen called me and told
me this good news, I knew that my position as acting
director was safe.

Because 1 was part of Dr. David Boyd’s medical
adventure, he thought it should be documented in the
scientific literature. Dave expressed some treluctance
in collaborating in this endeavor because he was too
busy changing the nation’s healthcare system. Fortu-
nately, in 1983, he agreed to edit with me and Dr. Syl-
via Micik, Associate Professor of Clinical Pediatrics
at the University of California School of Medicine in
San Diego, the landmark publication, Systemzs Approach
to Emergency Medical Care.® In the preface to this book,
it was pointed out that, “This book is of importance
to EMS systems today as few, if any, regional EMS
systems have yet to accomplish the task of completing
a totally comprehensive regional EMS system.” This
prediction was verified by a report in the Journal of
the American Medical Association in 1989 that acknowl-
edged that only Virginia and Maryland had success-
tully implemented all components of a comprehen-
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sive regional emergency medical system.?” Today, the
University of Virginia Hospital has a new Emergency
Department with modern critical care facilities. A resi-
dency training program has been established to train
future leaders in academic Emergency Medicine.

An important development in the Virginia emer-
gency medical system has been the establishment of
an emergency air transportation system. The emer-
gency air transportation system began on a beautiful
fall day in 1975 when the University of Virginia was
contacted by a physician in Grundy, Virginia, request-
ing that the University of Virginia burn center accept
a burn patient from its hospital. Because the ground
transportation distance from Grundy to Chatlottes-
ville was more than nine hours, I knew that this seri-
ously ill burn patient would die of shock during the
long ambulance transport. Knowing that I could pos-
sibly save the patient’s life if I had a plane to fly there
and back, I rented a fixed-wing aircraft to fly me to
Grundy. After gathering together appropriate lifesav-
ing equipment, I began the first emergency medical
flight for the University Hospital. I remember cleatly
the beautiful, spectacular adventure flying over the
mountains of Virginia on such a magnificent day.

When I arrived in Grundy, I was met by an am-
bulance that transported me to the hospital. After
stabilizing the condition of this desperately ill young
man, they transported me and the patient back to the
airport. The patient was accompanied by his father as
well as a nurse from the Grundy hospital. I welcomed
the father to fly with me, but the nurse was concerned
that the father would have no place to stay in Charlot-
tesville. The father assured me that he would be very
comfortable sleeping in the lobby of the University
Hospital. When the nurse from the Grundy hospital
asked the father if he had enough money for food,
he indicated that he did not have enough if his son’s
hospitalization lasted longer than a week. Without
hesitation, she opened her purse and gave him $40 to
help him on his journey. This generous gift from the
nurse exemplifies the gifts of love and affection that
I have encountered from so many loving individuals
during my travels through emergency medicine dur-
ing the last 40 years. I transported the patient back
to the hospital where the patient made an uneventful
recovery. When I presented the bill for renting the
plane to the Director of the hospital, the Director
looked at me with considerable surprise and asked me
if I planned to continue these rescue operations. I as-
sured him that this first flight was just the beginning,
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My prediction became a reality with the development
of the Pegasus Flight Operations.

During its first 10 years of operation, Pegasus had
transported 5,945 patients by helicopter and 1,393
patients by fixed wing.”® In 1993, 571 critically ill pa-
tients were transferred by helicopter to the University
of Virginia Hospital. The majority of the patients
(68%) flown by helicopter were transferred from a
referring hospital to the University of Virginia Hos-
pital. The remaining patients (32%) were stabilized by
the trained rescue squad at the scene of the accident
and then transferred to the emergency department of
the University of Virginia Hospital.

The fixed-wing air transport team made 205
flights. Of these, 135 flights involved the transfer of
critically ill patients. In 70 other flights, the transplant
team procured organ donations. The newborn ICU
accounted for approximately 5% of the fixed-wing
flights, as well as helicopter flights bringing critically
ill babies back to the university’s neonatal ICU.

I have tried to show, dramatically and graphically,
how patients with life-threatening illnesses or injuries,
who once would have died during transport to the
nearest emergency department, are now being safely
transported to Verified Level One Trauma Centers
that are prepared to take heroic measures to save the
patients’ lives. Most of these survivors are rescued by
a well-trained team of health professionals who gain
little national recognition. However, when Christopher
Reeve suffered a spinal cord injury after falling from
his horse in nearby Culpeper, Virginia, every American
celebrated his emergency medical and rehabilitation
journey. It was indeed fortunate that his injury occurred
after the implementation of this modern emergency
medical system in the Commonwealth of Virginia.

As doctors, nurses, paramedics, pilots, and res-
cue squad volunteers save lives, they are faced with
tremendous emotional pressures in their efforts to
reverse the tide of violent death. Breathtaking in its
immediacy, moving in its intimacy, and exhilarating in
its message of hope, it has been an unforgettable saga
of an emergency medical adventure that state emer-
gency medical systems are still waging together. As
I reflect on my career in Emergency Medicine over
the last 40 years, I have had the unrivaled honor of
championing the development of a model emergency
medical system in the Commonwealth of Virginia
that has saved thousands of lives.”” The success of
this emergency medical system is because of the tal-
ented members of the emergency medical team who
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care for the patient from the time of injury until com-
plete recovery. My professional career has truly been
a joytul experience. I have ridden the winged horse
Pegasus to a constellation in the stars. I am one of the
luckiest people in the world to have been privileged
to be part to this heavenly adventure.

Expanding Dr. Cowley’s Dream

The organized approach to caring for trauma pa-
tients was introduced into the civilian setting by the
innovative pioneer, R Adams Cowley.** His system
in Maryland has the following 11 components: (1)
a State Police Aviation Division that transports pa-
tients throughout the state, (2) trained paramedics at
the scene of the accident as well as on the helicopter
that will stabilize the patients en route to the Shock
Trauma Center, (3) one central dispatch communi-
cation center in Baltimore that coordinates informa-
tion between paramedics and the trauma center, (4) a
Shock Trauma Center with a helicopter landing port
on the roof of the building, (5) trained trauma nurses
as well as trauma technicians to transfer the patient
from the helicopter by stretcher to the resuscitation
area. If there is a special complication, such as an
airway problem, the anesthesiologist and/or trauma
surgeon may meet the helicopter on the roof as well,
(6) all trauma surgeons are board-certified in surgery
with a certificate of added qualification in surgical
critical care care for the critically ill trauma patients
in the resuscitation area, (7) a CT scan and portable
X-ray units in the admission area that aid in the diag-
nosis of the injury, (8) operating rooms adjacent to
the admission area for repair of trauma injuries, (9) a
surgical intensive unit to care for the trauma patient,
(10) a team of specialty physicians trained in a wide
variety of specialties that works as a multidisciplinary
unit caring for the hospitalized patient, and (11) an
ambulatory outpatient unit that allows the patient to
be followed in the Center after discharge. Dr. R Ad-
ams Cowley incorporated each of these eleven com-
ponents for an organized trauma center in Maryland.
His legend in Trauma Care lives on!

Like so many other regions in our country, the
Pacific Northwest urgently needs statewide aviation
systems that transport patients throughout Oregon
and Washington to one of the two designated Veri-
fied Level I Shock/Trauma Centers for children and
adults, such as at Legacy Emanuel Medical Center in
Portland, Oregon. These helicopter transport units
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have immediate access to trauma surgeons working
in the Legacy Emanuel Shock Trauma Center that is
a separate functioning unit in the hospital. This sepa-
rate trauma center has a separate trauma resuscitation
unit with CT scan and portable x-ray units. Operating
rooms are immediately adjacent to the resuscitation
unit. It is my quest to have every citizen in the Pacific
Northwest know about this Verified Level I Shock/
Trauma Center led by the gifted trauma surgeon, Dr.
William B. Long, 111, President and Medical Director
of Trauma Specialists, LLP.!

Working with Dr. William B. Long, 111, it has been
an exciting adventure. The trauma team has made rev-
olutionary advances in healthcare. They helped pass
legislation that requires lift equipment in all hospitals
in the State of Washington to prevent back injuries
in healthcare workers.”? We have developed operating
room posters for the use of the double-glove hole
indication systems that prevents the transmission
of deadly bloodborne viral infections.** In addition,
we have instituted the use of emergency medical
examination gloves with a glove hole leakage rate of
only 1% as compared to 4% glove hole leakage rate
for the standard hospital examination gloves, at the
emergency department and trauma center.’* We have
devised a website for Trauma Specialists, LLP, that
has eight free continuing medical education courses
sponsored by the Dannemiller Memorial Foundation
that has not been incorporated into the Legacy Health
Care System website for the past two years. In addi-
tion, there are no highway signs directing people to
the trauma center or signs within the hospital, even

though I have personally had two Traunma Center signs
framed and given to the Legacy Emanuel Administra-
tion. Finally, I have published an editorial on the use
of car bumper stickers that can be attached to the car
indicating that the injured occupants want to be taken
to Legacy Emanuel Shock Trauma Center.”> These
bumper stickers have not been given to all of the
Legacy Health System employees. Fortunately, I have
two bumper stickers on my Dodge Caravan. Hope
springs eternal that I can awaken the Legacy Health
System and the citizens of the Pacific Northwest to
the presence of this landmark Verified Level I Trauma
Center for children and adults. This is my Quest!

Conclusion

As I accepted the James D. Mills Award from the
American College of Emergency Physicians in 2008,
I wanted to acknowledge the guidance and advice of
three gifted physicians: Dr. James D. Mills, Dr. R Ad-
ams Cowley and Dr. William B. Long, III, for their
guidance and advice in my efforts to develop com-
prehensive emergency medical systems in our coun-
try. As you may have guessed, I view each individual
in my emergency medical journey as a teacher. In rec-
ognition of their enormous contributions to my life-
saving career, I have given to each of them a copy of
a picture developed by a graphic artist that identifies
the six unique features of a teacher that have been
highlighted by Dr. Owen H. Wangensteen, who is
recognized as one of the best surgical teachers during
the last century (Fig. 1). Dr. Wangensteen and I would

Aﬁ( “Ta @ﬁ; (A Yo

S
%}_(i\ leippopfp@ a
S \%
& 8"-‘ =
¢ ¢ L3
¥ § 33
XS ‘TEAcHea 7T §
T~
[y )
) 2L
& (o
I~ & o
%3%/\ ':'-\Q N

S

> Z Generowd . b

Provider

FIGURE 1. Six Unique Features of a Teacher
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like each of our teachers to achieve their wonderful
dreams that allow our country and wortld to be a safer
and happier place to be. This is our Quest!
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The purpose of this report is to discuss management of operating room personnel who have
had occupational exposure to blood and other body fluids that might contain hepatitis B virus
(HBV), hepatitis C virus (HCV), human immunodeficiency virus (HIV), and human T-cell
lymphotropic virus type I (HTLV-I). HBV postexposure prophylaxis includes starting hepati-
tis B vaccine series in any susceptible unvaccinated operating room personnel who sustain an
exposure to blood or body fluid during surgery. Postexposure prophylaxis with hepatitis B im-
mune globulin (HBIG) is an important consideration after determining the hepatitis B antigen
status of the patient. Ideally, all operating room personnel should be vaccinated with hepatitis
B vaccine before they pursue their career in surgery. Immune globulin and antiviral agents (eg,
interferon with or without ribavirin) should not be used for postexposure prophylaxis of op-
erating room personnel exposed to patients with HCV; rather, follow-up HCV testing should
be initiated to determine if infection develops. Postexposure prophylaxis for HIV involves a
basic four-week regimen of two drugs (zidovudine and lamivudine; lamivudine and stavudine;
or didanosine and stavudine) for most exposures. An expanded regimen that includes a third
drug must be considered for HIV exposures that pose an increased risk for transmission.
When developing a postexposure prophylaxis regimen, it is helpful to contact the National
Clinicians’ Postexposure Prophylaxis Hotline, (888) 448-4911. Prevention should be a major
consideration in postexposure prophylaxis with the use of the double-glove hole indication
system by all operating room personnel.

KEY WORDS: hepatitis B, HBV, hepatitis C, HCV, human immunodeficiency virus, HIV,
human T cell lymphotropic virus type I, HTLV-1
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Introduction

Because surgical needles have a proven role in spread-
ing deadly bloodborne viral infection, the surgeon
must select surgical gloves that reduce the risk of acci-
dental injuries during surgery.1 A unique double-glove
hole indicator system has been developed that reduces
the incidence of needle puncture as well as provides a
unique glove hole detection system that facilitates an
initiation of postexposure prophylaxis. Postexposure
prophylaxis consists of the following components: (1)
treatment of exposure site, (2) evaluation of the type
of exposure, (3) evaluation of the exposure source,
(4) completion of the exposure report, (5) postexpo-
sure prophylaxis and (6) occupational exposure man-
agement resources. By following these comprehen-
sive recommendations, the reader should be able to
institute a program in his/her hospital that will reduce
the frequency of deadly bloodborne viral infections.

Double-Glove Hole
System

Puncture Indication

Because surgical glove perforation provides
exposure to viruses that can infect operating room
personnel as well as the patient, Palmer and Rickett?
examined the mechanisms and risks of surgical glove
perforation in a hospital. In their study, 275 pairs of
surgeons’ gloves were collected from 100 consecutive
operations. In 42% of the operations where glove
damage occurred, the surgeon was aware of the nee-
dle perforation. It was surprising that in only 28% of
the operations did the surgeons change their gloves
because the surgeon was aware of the surgical glove
needle puncture. Surgical glove puncture was unno-
ticed in 58% of the instances where it occurred. On
the basis of this clinical study, Palmer and Rickett?
indicated that a surgeon risks acquiring more than
one hepatitis B infection per lifetime. In addition,
they estimated that at least one in 1,500 surgeons is
likely to be infected by the human immunodeficiency
virus (HIV) during the next 35 years.

Because most surgical glove hole punctures go
unnoticed for some time after perforation, Molnlycke
Health Care (Norcross, GA) designed and manufac-
tured a new double-glove hole puncture indication
system called the Biogel® Reveal™ Puncture Indica-
tion System. This glove hole indication system was
first developed for latex gloves. It consisted of a
double-glove puncture indication system with the in-
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ner glove uniformly colored green. Later, Molnlycke
Health Care replaced the Biogel® Reveal™ Punc-
ture Indication System with the Biogel® Indicator®
Underglove that can be combined with a variety of
Biogel® latex gloves as the outer glove. When the
outer glove was punctured, the green inner glove im-
mediately was exposed to the blood and other fluids
in the operative procedure. After exposure to fluids,
this double-glove puncture indication system devel-
oped the appearance of a darker green color around
the outer glove puncture site, a warning to operating
room personnel of the presence of glove puncture
of the outer glove. This color change is an optical ef-
fect and does not involve release of dye or any other
material. After noting this color change, the surgeon
should remove all surgical gloves, wash hands and
don a new double-glove puncture indication system.

The Department of Mechanical and Aerospace
Engineering, University of Virginia, Charlottesville,
VA (USA), was the first to measure the puncture re-
sistance of the double-glove hole puncture indication
system manufactuted by Molalycke Health Cate.’
Using a computerized needle penetration system,
the computer plotted the vertical force exerted on
the glove membrane by a wide diameter (0.45 mm)
taper point needle. The penetration force data typi-
cally showed an initial penetration force followed by
a maximum force. The initial force peak represents
the first point at which the needle actually penetrated
the glove membrane. The maximum force peak, how-
ever, was reached as the wider needle body followed
the taper point through the channel created in the
membrane. Penetration force data were collected for
the Biogel® Indicator® Underglove, the standard
Biogel® glove and a combination of the two into a
Biogel® double-glove Puncture Indication System™.
The initial and maximum penetration forces required
for the needle to penetrate the Biogel® double-glove
hole Puncture Indication System™ were significantly
greater than those required to penetrate either the
single Biogel® outer glove or the single Biogel® In-
dicator® Underglove.

Several clinical studies have been subsequently
reported that confirm the value of the double-glove
hole puncture indication system. In 1996, Brown*
reported on the use of this double-glove puncture
indication system during trauma surgery. These dou-
ble-glove puncture indication systems were used in
40 consecutive operative procedures for lower limb
fracture fixation. Glove perforations were noted in
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48% of the operative procedures. Perforations of
the outer gloves were evident in 26 occasions; glove
punctures of the undergloves were noted in two oc-
casions. This clinical study indicated that there were
no false-positive color changes. However, no indica-
tion of perforation was visible on one occasion. The
study concluded that the rapidity and accuracy of
color change allowed identification of glove punc-
tures intraoperatively.

In the next year, Nicolai et al.’ described their
experience with this glove system in major joint re-
placement surgery. They performed a prospective,
randomized trial comparing the incidence of glove
perforation using this new double-glove puncture
Biogel® Indicator® system and standard double-
gloves in total hip and knee replacement surgery.
One or more perforations were detected in 14.6%
of all double-glove systems. The investigators con-
cluded that the new double-glove puncture indica-
tion system increased significantly the awareness of
perforations. It was also observed that the dexterity
of surgeons using the double-glove puncture Bio-
gel® Indicator® system was similar to that of the
standard double-gloves.

In 1999, Avery et al.® evaluated this new double-
glove puncture indicator system in maxillofacial
trauma surgery. Surgeons wearing the double-glove
puncture indication systems detected more petfo-
rations (79%) than surgeons wearing the standard
double-gloves (19%). They noted that the accuracy
of the double-glove puncture indication system was
most noticeable in wet operating fields.

It is important to emphasize that for this system
to be reliable, fluid must be present in the operative
environment because ingress of fluid through the
puncture hole is necessary to cause a color change
in the double-glove hole puncture indication system.
Consequently, this system is not reliable for surgeries
that are performed in relatively dry clinical settings.
The need for a wet surgical environment for this
double-glove puncture indication system was clearly
demonstrated in the evaluation of 50 consecutive pa-
tients in the emergency department.” During wound
closure, there was no color change in the double-glove
puncture indication system indicating glove puncture.
When the same gloves were then analyzed for holes
by water filling and distention as described by Brough
et al.,’ 14 of the 50 double-glove puncture indication
systems failed. All 14 outer gloves were punctured,
and three inner gloves had holes without demon-
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strable injury to the skin. The results of this clinical
study have caused one to alter the wound closure
procedures in the emergency department. A sterile
basin has been added to our sterile wound closure
tray. When the tray is opened aseptically, sterile 0.9%
sodium chloride is added to the sterile basin. The
emergency physician then immerses his/her hands
in the sterile fluid before beginning surgical wound
treatment and periodically during longer surgeries.
This glove exposure to fluid now allows the accurate
detection of glove hole puncture using this double-
glove puncture indication system.

When the Biogel® Reveal™ system was first
developed, two pairs of gloves were packaged in the
same heat-sealed paper overwrap. The inner glove,
the green Biogel® Indicator® Underglove, was a half
size larger than the outer Biogel® glove. This differ-
ence in the sizes of the underglove and the outer
glove was based on the results of clinical trials re-
ported by Webb and Pentlow.’ In their clinical studies
involving !7 surgeons of all specialties, they reported
that wearing the smaller glove on the outside of the
larger glove was considered more comfortable than
wearing a similarly sized underglove and outer glove.
In addition, they found that double-gloving did not
alter two-point discrimination or ability to tie surgical
knots in their clinical study.

Clinical studies continue to be reported in the
surgical literature demonstrating the metit of this
unique latex double-glove puncture indication sys-
tem. Aarnio and Laine!” confirmed the value of this
double-glove puncture indication system in vascular
surgery. The gloves used in this study were either
double-gloves with the hole puncture indication
system or the standard single glove used in the hos-
pital. In 73 operations, 200 gloves were tested; half
of them were double-gloves and half of them were
single systems. Perforation was experienced in three
double-glove systems. The perforation was detected
in two of the three double-glove systems. Glove hole
puncture was encountered in 12 of the single gloves.
These investigators expanded their clinical evaluation
of this double-glove hole puncture indication system
to 885 operations.!! According to their study, the eatly
detection of glove hole perforations occurred in 86%
of the perforations involving this double-glove hole
puncture indication system.

Naver and Gottrup'? investigated the incidence
of glove perforations using this double-glove Indica-
tor® system duting vatious types of gastrointestinal
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surgery. The surgeons, assistants and scrub nurses
were assigned to wear either single gloves or the Bio-
gel® Indicator® double-glove indication system; 566
pairs of gloves were tested. The perforation rate in
single gloves was 17%; perforations were identified in
both the outer Biogel® and the inner green Biogel®
Indicator® gloves in only 2% of the double-gloves. In
addition, they observed that double-gloving reduced
the rate of blood contamination of the hands among
surgeons from 13% using single gloves to 2% using
double-gloves. The investigators concluded that the
Biogel® Indicator® double-gloving system was rec-
ommended in gastrointestinal surgery because of the
appreciable protection against blood contamination
that it offers.

During operative procedures, the operating room
personnel wear sterile surgical gloves that are designed
to protect them and their patients against transmis-
sible infections. The US Food and Drug Adminis-
tration (FDA) has set compliance policy guides for
manufacturers of gloves. The FDA allows surgeons’
gloves whose leakage defect rates do not exceed 1.5%
Acceptable Quality Level (AQL) to be used in operat-
ing rooms. The implications of this policy are poten-
tially enormous to operating room personnel and the
patient. For a surgeon with a transmissible infection
using surgical gloves with this rate of leakage, it could
be estimated that one in 40 of his/her patients could
potentially become infected due to exposure via fail-
ure of his/her surgical gloves. This unacceptable risk
to the patient could be significantly reduced by the
use of sterile double surgical gloves.

Latex Allergy Among Operating Room
Personnel

Operating room personnel have a high frequency of
exposure to latex gloves which has led to the devel-
opment of a greater than average incidence of latex
allergies.!>!* In addition, they cate for certain patient
groups that are considered to be at risk for latex al-
lergies. Staff allergic to latex and those caring for
patients allergic to latex must wear latex-free gloves
to protect themselves and their patients. In response
to this latex allergy epidemic, Molnlycke Health Care
has just developed a new non-latex double-glove hole
puncture indication system.!®

Because Molnlycke Health Care has devised non-
latex double-glove hole puncture indication and latex
double-glove Biogel® Indicator® puncture indication
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systems, the accuracy of the blue non-latex double-
glove hole puncture indication and the green latex
double-glove Biogel® Indicator® systems has been
evaluated in detecting holes made by five commonly
used stetile Syneture™ (Covidien Incorporated, Mans-
field, MA) surgical needles: taper point surgical needle,
tapercut surgical needle, reverse cutting edge surgical
needle, taper cardiopoint surgical needle and spatula
surgical needle.’® After subjecting both the non-latex
double-glove puncture indication system and the latex
double-glove Biogel® Indicator® system to surgical
needle puncture in each glove fingertip, these double-
glove systems were immersed in a sterile basin of sa-
line after which the double-gloved hands manipulated
surgical instruments. Within two minutes, both the
non-latex double-glove hole puncture indication sys-
tem and the latex double-glove Biogel® Indicator®
system accurately detected needle punctures in all
of the surgical gloves, regardless of the dimensions
of the surgical needles. In addition, the size of the
color change visualized through the translucent outer
glove did not correlate with needle diameter. On the
basis of this extensive experimental evaluation, either
the non-latex double-glove hole puncture indication
system or the latex double-glove Biogel® Indicator®
system should be used in all operative procedures by
all operating room personnel.

The purpose of this study was to examine the
reliability of these unique non-latex and latex double-
glove hole puncture indication systems. These dou-
ble-glove puncture indication systems were subjected
to surgical needle puncture by a wide variety of surgi-
cal needles produced by one of the leading surgical
needle manufacturers. The time of appearance of
the color changes in the double-glove puncture in-
dication system was carefully monitored. In addition,
the intensity and configuration of the color changes
following puncture by the different surgical needles
were evaluated.

Molnlycke Health Care has designed an enhanced
glove packaging system that offers features conducive
to the medical industry’s fast-paced environment, with
improved accessibility through an easy-to-open film
pack. This modified design offers easy access into a
rectangular heat-sealed plastic overwrap. One side of
the overwrap has product information printed on its
surface; the other side is devoid of information, in-
dicating that it is the back of the overwrap. One end
of the overwrap has two unsealed edges that extend
to its heat-sealed border. One unsealed edge from the
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front of the overwrap has the directions “pull down
to open.” With the unsealed edges grasped between
the thumb and index fingertip of each hand, the
glove package is opened to expose the paper wallet
containing two surgical gloves.

The Biogel® Indicator® Underglove is a green
latex glove that is used in combination with any other
Biogel® latex surgical glove to create a double-glove
puncture indication system. This underglove has a
methacrylate polymer lining bonded to its inner sur-
face that enables it to be donned on damp, wet or dry
hands. The outer surface is specially treated so that
the underglove can be easily donned by a latex outer
glove. This methacrylate polymer lining allows don-
ning without the presence of cornstarch powders,
eliminating glove-powder complications. Its thickness
at the fingertip is 0.19 mm. The glove has a curved
finger design. The glove is manufactured to contain
50 pg or less of water extractable latex protein per
gram. This underglove has a distinct green color that
is not apparent when the underglove is covered by
the translucent surface of the outer glove. When the
outer glove is punctured, leakage of fluids through
the puncture hole allows the green underglove to be
visualized through the translucent outer glove.

In this study, the standard Biogel® or the Bio-
gel® Supet-Sensitive™ gloves wete used as the outer
gloves. These outer gloves have Biogel® coatings on
only the inner surfaces of the gloves. These outer
gloves are translucent, permitting visualization of
color changes in the underglove in the event that
these outer gloves are punctured. The standard
Biogel® glove is a relatively thick glove with a mi-
croroughened surface. The thickness of its fingertip
is 0.25 mm. It also contains 50 pg or less of water
extractable latex protein per gram. In contrast, the
Biogel® Super-Sensitive™ glove is approximately
20% thinner than the standard Biogel® glove, and its
thickness at the fingertip is 0.19 mm.

In addition, Molnlycke Health Care has designed
the first non-latex double-glove hole puncture indica-
tion system. The blue underglove, Biogel® Skinsense®
N Universal has a polymer coating on its inner surface
and a special treatment of its outer surface that allows
it to be used either as a single glove or as part of a
double-glove puncture indication system. Its thick-
ness is remarkably similar to the green latex Biogel®
Indicator® glove, measuring 0.20 mm. It has a distinct
dark blue color that becomes apparent following glove
puncture of the translucent light blue outer glove.
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The non-latex outer glove, Biogel® Skinsense®

PI, has a polymer coating on its inner surface. This
non-latex glove, made of polyisoprene, has the same
thickness (0.20 mm) as the non-latex underglove. This
can cither be donned over damp, wet or dry hands, or
can serve as the outer glove of the non-latex double-
glove hole puncture indicator system. Its translucent
light blue color allows visualization of the dark blue
underglove after puncture of this outer glove.

Postexposure Prophylaxis
Room Personnel

of Operating

For all operating room personnel, the potential ex-
ists for blood and body fluid exposure. This expo-
sure places the operating room personnel at risk for
hepatitis B virus (HBV), hepatitis C virus (HCV),
human immunodeficiency virus (HIV), and human
T-cell lymphotropic virus type I infection (HTLV-
I).1¢1 This exposure occuts either as a percutaneous
injury (eg, a needlestick or cut with a sharp object),
or contact with mucous membrane, or non-intact
skin (eg, exposed skin that is chapped, abraded, or
afflicted with dermatitis) or with blood, tissue, or
other body fluids that are potentially infectious.!®!”
The risk of infection from these viruses is extremely
low even when operating room personnel come in
contact with feces, nasal secretions, saliva, sputum,
sweat, teats, urine and vomitus, unless they contain
blood. The purpose of this part of the continuing
education program is to provide recommendations
for operating room personnel and patients exposed
to these bloodborne diseases. These recommenda-
tions include the following: (1) treatment of the ex-
posure site, (2) evaluation of the type of exposure,
(3) evaluation of the exposure source, (4) preparation
of exposure report, and (5) postexposure prophylaxis
for HBV, HCV, HIV and HTLV-I.

Treatment of the Exposure Site

During the last decade, there have been numerous
technologic advances in wound care that have allowed
the open wound to heal without infection. These tech-
nologic innovations have emerged from comprehen-
sive, well-designed, experimental and clinical studies
in microbiology, molecular biology, and mechanical
engineering. These technologic advances in wound
repair have gradually transformed the decision-mak-
ing process in emergency wound care. The exposure
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site must be examined using aseptic technique with
mask and gloves. The surgeon should examine and re-
pair the wound using the sterile powder-free double-
gloves. Powdered surgical gloves should be avoided
because the powder on surgical gloves causes dam-
age to all tissues and is the vector for the latex allergy
epidemic.?’ Ideally, the examiner should wear a stet-
ile double-glove puncture indication system that has
been developed for the accurate detection of a hole in
the outer glove.?! It consists of a colored underglove
within the translucent outer glove. When a hole in the
outer glove occurs in the presence of fluids, the un-
derglove develops a color change around the needle
puncture hole, which is a visible indicator for immedi-
ate glove change. If hair removal around the wound
is necessary to visualize accurately the exposure site,
surgical clippers, rather than a razot, should be em-
ployed for atraumatic removal of the hair.?? The expo-
sure site should be washed with a sterile fine pore-cell
size sponge soaked in poloxamer 188 (ShurClensTM,
ConvaTec, Inc., Skillman, NJ).? Poloxamer 188 has
been used to cleanse wounds in more than 10,000,000
patients without an adverse effect.

The commercially available surgical scrub solu-
tions that contain iodophors or chlorhexidines are
not safe for use in wounds.** These solutions contain
toxic antiseptic agents and detergents that damage
tissue defenses and potentiate the development of
infection. The cleansed exposure site should then be
covered by a sterile dressing,

Evaluation of the Type of Exposure

The type of exposure should be evaluated for its
potential to transmit HBV, HCV, HIV and HTLV-I
based on the type of body substance involved and
the route and severity of exposure.”® In most cases,
there is evidence of compromised skin integrity
which includes dermatitis, abrasion or open wound.
Blood, fluid, fluid containing visible blood, or other
potentially infectious fluid, including semen, vaginal
secretions, cerebrospinal, synovial, pleural, perito-
neal, pericardial, and amniotic fluids, or tissue, can
be also infectious for transmission of bloodborne
viruses. The routes for exposure to these fluids or
tissue that pose a risk for bloodborne virus trans-
mission is usually a percutaneous injury (ie, needle-
stick or other penetrating sharps-related event) or

through contact with a mucous membrane. For
HCV and HIV, exposure to a blood-filled hollow
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needle or visibly bloody instrument carries a higher
risk than exposure to a needle that was used for giv-
ing an injection. Furthermore, any direct contact
with a concentrated virus in a research laboratory
or production facility is considered an exposure that
requires clinical evaluation.

Evaluation of the Exposure Source

The person whose blood or body fluid is the source
of operating room personnel’s exposure should be
evaluated for HBV, HCV, HIV and HTLV-I infection.
Information available in the patient’s medical record
at the time of exposure or from the source person
might confirm or exclude bloodborne virus infection.
The laboratory test results, admitting diagnosis, as well
as previous medical history, must be reviewed careful-
ly in the patient’s hospital record. There are specific
segments of the population that have increased risk
for these bloodborne infections and, consequently, a
higher prevalence of infection. These segments of
the population have several important risk factors.
Lifestyle risk factors include male homosexuality and
injection drug use. Geographic risk factors involve in-
fection acquired in economically disadvantaged parts
of the world where the prevalence of bloodborne in-
fections is higher. Occupational risk factors, such as
healthcare workers exposed frequently to blood, are
other important considerations.

If the HBV, HCV, HIV, and HTLV-I infection
status of the source is unknown, the source person
should be informed of the incident and tested for
serologic evidence of bloodborne virus infection.
When testing the source person, one must obtain
informed consent in accordance with state and local
laws. When the source person is found to be infected
with any of these bloodborne viruses, he/she should
be referred for appropriate counseling and treatment.
Strict confidentiality of the source person must be
maintained.

Testing for these bloodborne infections in the
exposure source must be performed as soon as pos-
sible. Hospitals, clinics and other sites that manage
operating room personnel exposed to bloodborne
infections should consult their laboratories regarding
the most appropriate test that will expedite obtaining
the laboratory results. An FDA-approved rapid HIV
antibody test kit is valuable in making the diagnosis,
especially if testing by standard enzyme immunoassay
(EIA) cannot be accomplished within 24-48 hours. A
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new rapid test, Determine® (Abbott, Abbott Park,
IL), detects HIV-1 and HIV-2 antibodies within 15
minutes by using 50 ul. of serum or plasma.®® It is
important to point out that this rapid test detects
HIV infection in serum from patients with CD4+
T-cell counts as low as 5 cells/mm3. Rapid testing
is efficient for laboratories that have small volumes
of fluid for testing, that require rapid results, and
do not have technically advanced equipment, such
as the EIA plate readers. Repeatedly reactive results
by EIA or rapid HIV-antibody test are highly sug-
gestive of infection, whereas a negative result is an
excellent indicator of the absence of HIV antibody.
Confirmation of a reactive result by Western Blot or
immunofluorescent antibody is not necessary to initi-
ate postexposure management, but should be done
to complete the testing process and before informing
the source person. Repeatedly reactive results by EIA
for anti-HCV should be confirmed by an additional
test (ie, recombinant immunoblot assay (RIBATM)
or HCV polymerase chain reaction (PCR)). Direct
virus assays (eg, HIV p24 antigen EIA or test for
HIV RNA or HCV RNA) for routine testing of HIV
or HCV screening of source persons should not be
instituted.

If the exposure is unknown or cannot be tested,
information about where and under what circum-
stances the exposure occurred in the operating room
should be assessed epidemiologically for the potential
of transmission of HBV, HCV, HIV or HTLV-1. An
important consideration in this decision is the preva-
lence of HBV, HCV, HIV or HTLV-I in the popula-
tion group from which the contamination source is
derived. For example, an exposure that occurs in a
geographic area where injection drug use is frequent
would be considered epidemiologically to have a high-
er risk of transmission than an exposure that occurs
in a nursing home for the elderly. Testing of needles
or other sharp instruments implicated in an exposure
is not recommended. Healthcare providers should be
aware of the state and local laws governing the col-
lection and release of serostatus information on the
source person following an occupational exposure.

If the source person is known to have an HIV
infection, the following information should be gath-
ered, including the person’s stage of infection (ie,
asymptomatic, symptomatic, or AIDS), CD4+ T-
cell count, results of viral load testing, current and
previous antiretroviral therapy and results of any ge-
notypic or phenotypic viral resistance testing, so that
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an appropriate postexposure prevention program
can be instituted. If this information is not available,
initiation of postexposure prophylaxis should not be
delayed. Changes in the regimen can be made later.
Reevaluation of the postexposure regimen should be
done within 72 hours after exposure.

If the source person is HIV seronegative and has
no clinical evidence of AIDS or symptoms of HIV
infection, no further testing of the source person
for HIV infection is indicated. The likelihood of the
source person being in the “window period” of HIV
infection in the absence of symptoms is rare.

Completion of Exposure Report

When an operating room exposure occurs, an oc-
cupational exposure report must be completed. This
report should list the day and time of exposure. It
should provide details of the procedure being per-
formed, including where and how the exposure oc-
curred. If the exposure was due to a sharp device,
the type and brand of the device should be identi-
fied. In addition, the circumstances involved in the
course of handling the device when the exposure oc-
curred should be documented. Furthermore, the type
and amount of fluid or material should be identified.
In addition, the severity of the exposure should be
carefully noted. For a percutaneous exposure, depth
of injury and whether fluid was injected are impor-
tant considerations. For a skin or mucous membrane
exposure, the estimated volume of material and the
condition of the skin (eg, chapped, abraded, intact)
should be listed. Moreover, the details of the expo-
sure source should be carefully listed including wheth-
er the source material contained HBV, HCV, HIV or
HTLV-L. If the source is HIV-infected, the stage of
disease, history of antiretroviral therapy, viral load,
and antiretroviral drug resistance must be identified.
Pertinent information about the exposed person, to
include hepatitis B vaccination and vaccine-response
status, must be reported. This report should be com-
pleted with information about counseling, postexpo-
sure management and follow-up.

Postexposure Prophylaxis for HBV
The postexposure prophylaxis for HBV, HCV, HIV
and HTLV-I differs considerably and will be discussed

separately. HBYV infection is a well-recognized risk
for operating room personnel (Table 1).% The risk of
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TABLE 1. Recommended postexposure prophylaxis for exposure to hepatitis B

virus

Yaccination and
antibody response
status of exposed

Treatment

Source HEsAQD®

Treatment

Source HEsAD®

Treatment

Source unknown

workers? positive negative or not available for
testing
Unwvaccinated HEIG? x 1 and Initiate HE vaccine | Initiate HE wvaccine

initiate HB wvaccine
SErES

SEries

SEres

Freviously Mo treatment Mo treatment Mo treatment

vaccinated/known

responder®

Freviously HEIG = 1 and Mo treatment If known high risk

vaccinated/known initiate source, treat as if

nonrespondert revaccination or SOUFCE Were
HE| 5 x 29 HEsAg positive

Previously Test exposed Mo treatment Test exposed

vaccinatedfantibody | person far person for

response unknown | anti-HBs" anti-HB s

1. If adequate' no
treatment is
necessary

2. If inadeguate
administer

HEIG x 1 and
vaccine booster

1. If adeguate’ no
treatment is
necessary

2. If inadequ atel
administer
vaccine booster
and recheck
titer in 1-2
manths

a. Perszons who have previously been infected with HEY are immune to reinfection
and do not reguire postexposure prophyl axis.

Hepatitis B surface antigen.

Hepatitis B immune globulin, dose is 0.068 mUkg intramuscularly,

Hepatitis E waccine.

el L e

anti-HE= 2 10mllimL).

A responder iz a person with adequate levels of serum antibody to HEsAQ (e,

f. A nonresponderis a person with inadequate response to vaccination (i.e., serum
anti-HE=s < 10miIUfmL).

. The option of giving one dose of HEIG and initiating the vaccine series is
preferred for nonresponders who have not completed a second 3-dose waccine
series. For persons who previously completed a second vaccine series but failed
to respond, two doses of HEIG are preferred.

h. Antibody of HEsAG.

I.  Adeguate levels of serum antibody to HEsAQ (i e, anti-HBs = 10mIUmL).

|. Inadeqguate response to vaccination {i.e., serum anti-HBEs < 10milU/mL).
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HBYV infection to operating room personnel is pri-
marily related to the degree of contact with blood in
the operating room and also to hepatitis B e antigen
(HBeAg) status of the patient. In studies of health-
care personnel who sustained injuries from needles
contaminated with blood containing HBV, the risk
of developing clinical hepatitis was 22% to 31% if
the blood was both hepatitis B surface antigen (HB-
sAg) and HBeAg-positive. In these patients, the risk
of developing serologic evidence of HBV infection
was considerably greater, 37% to 62%. In contrast,
the risk of developing clinical hepatitis from a needle
contaminated with HBsAg-positive, HBeAg-negative
blood was only 1% to 6%. In these circumstances, the
risk of developing serologic evidence of HBV infec-
tion was 23% to 37%.%

All operating room personnel should be vac-
cinated against hepatitis B*** (Table 1). Prevaccina-
tion serologic screening for previous infection is not
recommended for persons being vaccinated because
of occupational risk. Hepatitis B vaccine contains
purified recombinant HBsAg and causes anti-HBs
production to hepatitis B. Hepatitis B vaccines ate
licensed for preexposure and postexposure prophy-
laxis. Two recombinant DNA hepatitis B vaccines are
available, one prepared by Merck Sharp and Dohme
(Recombivax HB®) and the other by SmithKline Bee-
cham (Energix-B®). A genetically engineered yeast
strain results in both vaccines. Recombivax HB® is
available in 10 pg/mlL of purified hepatitis B surface
antigen, while Engerix-B® contains 20 ug/ mL of
the same antigen. A more concentrated solution of
Recombivax® contains 40 pg/mlL for use in patients
who receive hemodialysis. Twinrex® (SmithKline
Beecham) is a bivalent vaccine that produces protec-
tive antibodies against hepatitis A and hepatitis B.

As required under the National Childhood Vac-
cine Injury Act, all healthcare providers in the United
States who administer any vaccine shall, prior to ad-
ministration of the vaccine, provide a copy of the Vac-
cine Information Statements (VIS) (Fig. 1) produced
by the CDC to the parent or legal representative of
any child to whom the provider intends to administer
such vaccine, or to any adult to whom the provider
intends to administer such a vaccine. The VIS must
be supplemented with visual presentation or oral ex-
planations, as appropriate. If there is not a single VIS
for a combination vaccine (eg, HAV/HBYV), use the
VIS for both HAV and HBV component vaccines.
Copies of the VIS are available at www.cdec.gov/vac-
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cines/pubs/vis/defaulthtm, and are available in
English as well as many other languages.

The adverse reactions to the HBV vaccines are
outlined to the patient or guardian in clear, under-
standable language. The VIS also emphasizes that in
the rare event that you or your child has a serious
reaction to a vaccine, a federal program (the National
Vaccine Injury Compensation Program) has been
created to help the individual pay for care required as
a result of the adverse reaction. For details about the
National Vaccine Injury Compensation Program, call
(800) 338-2382, or visit www.hrsa.gov/bhpt/vicp.

Surveillance  for
events is an integral part of patient care in spite of
the current record of safety of the HBV vaccine.
Any adverse events suspected to be associated with
HBV vaccination should be reported to the Vaccine
Adverse Event Reporting System (VAERS), (800)
822-7967. VAERS is a cooperative program for vac-
cine safety of the CDC and FDA. VAERS is a post
marketing safety surveillance program that collects

vaccine-associated  adverse

information about adverse events that occur after
the administration of vaccines licensed in the United
States. The website, vaers.hhs.gov, provides a nation-
wide mechanism by which adverse events following
immunization may be reported, analyzed, and pub-
lished. Also, the website provides a valuable vehicle
for disseminating vaccine safety-related information
to parents/guardians, healthcare providers, vaccine
manufacturers, state vaccine programs, and other in-
stitutions and facilities.

The recommended schedule for hepatitis B vac-
cine is three doses administered at 0, 1 and 6 months.
There is some evidence indicating the closer the
last dose is given to 12 months after the first, the
greater and longer lasting the antibody response will
be. Interruption of the immunization schedule does
not require that any dose be repeated, as long as the
minimum intervals between doses are initiated. Vac-
cines produced by the different manufacturers can
be used interchangeably despite the different doses.
The dose used should be that recommended by the
manufacturer. Hepatitis B vaccine must always be ad-
ministered by the intramuscular route in the deltoid
muscle with a needle 1 to 1.5 inches long.

Operating room personnel who have contact
with patients or blood and are at ongoing risk for
percutaneous injuries should be evaluated 1 to 2
months after completion of the three-dose vaccina-
tion series for anti-HBs.? Operating room personnel
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HEPATITIS B VACCINE

( WHAT YOU NEED TO KNOW )

Many Waccine Information Statements are available in Spanish and other languages. See www.immunize. orgivis.

(1

Hepatitis B is a serious disease that affects the liver.
It is caused by the hepatitis B virus (HBV). HBV

can cause:

What is hepatitis B?

Acute (short-term) illness. This can lead to:

* loss of appetite  * diarrhea and vomiting

* tiredness + jaundice (vellow skin or eyes)
* pain in muscles, joints, and stomach

Acute illness is more common among adults.
Children who become infected usually do not have
acute illness.

Chronic (long-term) infection. Some people go on
to develop chronic HBV infection. This can be very
serious, and often leads to:
eliver damage (cirrhosis) *death

=liver cancer

Chronic infection is more common among infants
and children than among adults. People who are
infected can spread HBV to others, even if they don't
appear sick.

* In 2005, abour 51,000 people became infected with
hepatitis B.

* About 1.25 million people in the United States
have chronic HBV infection.

* Each year about 3,000 to 5,000 people die from
cirrhosis or liver cancer caused by HBV.

Heparitis B virus is spread through contact with the
blood or other body fluids of an infected person. A
person can become infected by:
- contact with a mother’s blood and body fluids at
the time of birth;
- contact with blood and body fluids through
breaks in the skin such as bites, cuts, or sores;
- contact with objects that could have blood or body
fluids on them such as toothbrushes or razors;
- having unprotected sex with an infected person;
- sharing needles when injecting drugs;
- being stuck with a used needle on the job.

) (2

Hepatitis B vaccine: Why get
vaccinated?

Hepatitis B vaccine can prevent hepatitis B, and
the serious consequences of HBV infection, including
liver cancer and cirrhosis.

Routine hepatitis B vaccination of U.S. children
began in 1991. Since then, the reported incidence of
acute hepatitis B among children and adolescents
has dropped by more than 95% — and by 75% in all
age groups.

Hepatitis B vaccine is made from a part of the hepatitis
B virus. It cannot cause HBV infection.

Hepatitis B vaccine is usually given as a series of 3
or 4 shots. This vaccine series gives long-term

protection from HBV infection, possibly lifelong.
(3 Who should get hepatitis B

* All children should get their first dose of hepatitis
B vaccine at birth and should have completed the

vaccine and when?
Children and Adolescents
vaccine series by 6-18 months of age.

* Children and adolescents through 18 years of
age who did not get the vaccine when they were
yvounger should also be vaccinated.

Adults

¢ All unvaccinated adults at risk for HBV infection
should be vaccinated. This includes:

- sex partners of people infected with HBV,

- men who have sex with men,

- people who inject street drugs,

- people with more than one sex partner,

- people with chronic liver or kidney disease,

- people with jobs that expose them to human
blood,

- household contacts of people infected with HBV,

- residents and staff in institutions for the
developmentally disabled,

- kidney dialysis patients,
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- people who travel to countries where hepatitis
B is common,
- people with HIV infection.

* Anyone else who wants to be protected from HBV
infection may be vaccinared.

@ Who should NOT get hepatitis

B vaccine?

* Anyone with a life-threatening allergy to baker’s
yeast, or to any other component of the vaccine,
should not get hepatitis B vaccine. Tell your
provider if you have any severe allergies.

* Anyone who has had a life-threatening allergic
reaction to a previous dose of hepatitis B vaccine
should not get another dose.

* Anyone who is moderately or severely ill when a
dose of vaccine is scheduled should probably wait
until they recover before getting the vaccine.

Your provider can give you more information about
these precautions.

Pregnant women who need protection from HBV
infection may be vaccinated.

(5

Hepatitis B is a very safe vaccine. Most people do
not have any problems with ir.

Hepatitis B vaccine risks )

The following mild problems have been reported:

* Soreness where the shot was given (up to about 1
person in 4).

* Temperature of 99.9°F or higher (up to abour 1
person in 15).

Severe problems are extremely rare. Severe allergic
reactions are believed to occur about once in 1.1
million doses.

A vaccine, like any medicine, could cause a serious
reaction. But the risk of a vaccine causing serious
harm, or death, is extremely small. More than 100
million people have gotten hepatitis B vaccine in the

United States.
What should | look for?
* Any unusual condition, such as a high fever or

behavior changes. Signs of a serious allergic

What if there is a moderate or
severe reaction?

reaction can include difficulty breathing, hoarse-
ness or wheezing, hives, paleness, weakness, a fast
heart beat or dizziness.

What should | do?
= Call a doctor, or get the person to a doctor right
away.

+ Tell your doctor what happened, the date and time
it happened, and when the vaccination was given.

* Ask your doctor, nurse, or health department to
report the reaction by filing a Vaccine Adverse
Event Reporting System (VAERS) form.

Or you can file this report through the VAERS
web site at www.vaers.hhs.gov, or by calling
1-800-822-7967.

VAERS does not provide medical advice.

(7

In the event that you or your child has a serious
reaction to a vaccine, a federal program has been
created to help pay for the care of those who have
been harmed.

The National Vaccine Injury
Compensation Program

)

For details about the National Vaccine Injury
Compensation Program, call 1-800-338-2382 or visit
their website at www.hrsa.gov/vaccinecompensation.

(8

¢ Ask your doctor or nurse. They can give you the
vaccine package insert or suggest other sources of
information.

How can | learn more? )

+ Call your local or state health department.
* Contact the Centers for Disease Control and
Prevention (CDC):
- Call 1-800-232-4636 (1-800-CDC-INFO)
- Visit CDC websites at:
www.cdc.gov/ncidod/diseases/hepatitis
www.cdc.gov/vaccines
www.cde.gov/travel
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
CENTERS FOR DISEASE CONTROL AND PREVENTION

Vaccine Information Statement (Interim)
Hepatitis B (7/18/07) 42 U.S.C. § 300aa-26

Figure 1. Hepatitis B Vaccine Information Statement
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who do not respond to the primary vaccine series
should complete a second three-dose vaccine series
ot be evaluated to determine if they are HBsAg-posi-
tive. Revaccinated operating room personnel should
be retested at the end of the second vaccine series.
Persons who do not respond to the first three-dose
vaccine series have a 30-50% chance of responding
to a second three-dose seties.?’?

Operating room personnel who are found to
be HBsAg-positive should be counseled on how to
prevent HBV transmission to others and referred
for further medical evaluation. Operating room
personnel who do not respond to vaccination, and
who are HBsAg-negative, should be susceptible to
HBYV infection and should be counseled regarding
precautions to prevent HBV infection. It should
be emphasized that these non-responders to vac-
cination need hepatitis B immune globulin (HBIG)
prophylaxis for any known or probable parenteral
exposure to HBsAg-positive blood. Booster doses
of hepatitis B vaccine are not recommended for
these non-responders.

There are no reported risks to developing fetuses
when hepatitis B vaccine is administered to pregnant
women. While the vaccine contains non-infectious
HBsAg particles, they should pose no risk to the
fetus. Because HBV infection may result in severe
disease for the mother and chronic infection for the
newborn, neither pregnancy nor lactation should
be considered a contraindication to vaccination of
women. HBIG is also not contraindicated for preg-
nant ot lactating women.?

HBIG is prepared from pooled human plasma
from selected donors with a high level of antibody
to HBsAg (anti-HBs). The plasma from which
HBIG is prepared is screened carefully for HBsAg
and antibodies to HCV and HIV. During the pro-
cess of preparation of HBIG, HIV is inactivated
and eliminated from the final product. Since 1996,
the final product is free of HCV RNA as recorded
by PCR. All products since 1999 have been available
in the United States using a manufacturing process
that inactivates HCV and other viruses. There is
no evidence that the commercially available HBIG
has ever transmitted HBV, HCV, or HIV in the
United States.*

Serious adverse reactions from HBIG when ad-
ministered as recommended have been rare. Local
pain and tenderness at the injection site, urticaria,
and angioedema might occur. Although rare, ana-
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phylactic reactions have been reported following the
injection of human immune globulin preparations.®!
Consequently, persons with a history of anaphylac-
tic reaction to immune globulin should not receive
HBIG. There are many indications for administration
of HBIG, including the following: percutaneous or
mucosal exposure to blood containing hepatitis B
virus, birth of an infant to a mother with acute hepa-
titis B infection, and sexual contact with an acute case
of hepatitis B. If the exposure source is known to
be positive, HBIG should be administered as soon as
possible after exposure, preferably within 24 hours.
The injection of HBIG should be at a site separate
from the vaccine.

The efficacy of HBIG and/or hepatitis B vac-
cine has been examined in several prospective stud-
ies in various postexposure settings. For perinatal
exposure to an HBsAg- , HBeAg-positive mother,
a combination of HBIG and initiation of hepatitis
B vaccine series at birth is 85 to 95% effective in
preventing HBV infection.?>33 Regimens involving
either multiple doses of HBIG alone or the hepati-
tis B vaccine series alone were 70 to 75% effective
in preventing HBV infection.” Multiple doses of
HBIG initiated within one week following percu-
taneous exposure to HbsAg-positive blood in the
occupational setting provided an estimated 75%
protection from HBV infection.®*3® The increased
postexposure efficacy of the combination of HBIG
and hepatitis B vaccine series in the perinatal set-
ting, compared with HBIG alone, suggests that this
combination therapy would prove superior in the
occupational setting as well.

Hepatitis B vaccines are reported to be safe
when administered to infants, children or adults.>#
Approximately 100 million persons have received
hepatitis B vaccine in the United States. The most
common side effects from hepatitis B vaccination
are mild to moderate fever as well as pain at the in-
jection site. These side effects are reported no more
frequently than among those receiving placebo.*!
Surveillance of adverse events following hepatitis B
vaccination in the United States has demonstrated
no association between hepatitis B vaccine and the
occurrence of serious adverse events, including Guil-
lain-Barré syndrome, transverse myelitis, multiple
sclerosis, optic neuritis, and seizures.* While there
have been several case reports that have claimed
an association between hepatitis B vaccination and
the demyelinating diseases, reviews by international
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panels of experts have concluded that available data
do not demonstrate a causal relationship between
hepatitis B vaccination and demyelinating diseases,
including multiple sclerosis.*

Postexposure Prophylaxis for HCV

HCV is not transmitted efficiently through occupa-
tional exposures to blood. The average incidence of
anti-HCV seroconversion after accidental percuta-
neous exposure from an HCV-positive source was
1.8%, varying from 0% to 7%.% One study noted
that transmission occurred only from hollow-bore
needles compared with other sharps.*® No trans-
mission in healthcare personnel has been reported
from intact or non-intact skin exposures to blood.
The high risk for HCV transmission in hemodialysis
units has been contributed to poor infection control
practices as well as environmental conditions of this
hospital setting.** In several studies, investigators
have attempted to assess the effectiveness of immune
globulin following hospital exposure to hepatitis C.
These studies have been difficult to interpret because
they lack uniformity in diagnostic criteria and study
design.?® In one expetimental study, the investiga-
tors found no therapeutic merit in the use of high
anti-HCV  titer immune globulin administered to
chimpanzees one hour after exposure to HCV-posi-
tive blood.** In 1994, the Advisory Committee on
Immunization Practices (ACIP) concluded that using
immune globulin for postexposure prophylaxis for
hepatitis C was not indicated.*’

No clinical trials have been conducted to evalu-
ate postexposure using antiviral agents (eg, interferon
with or without ribavirin) to prevent HCV infections.
Consequently, antiviral agents are not approved by
the FDA for this indication. Clinical studies suggest
that an established infection must be present before
interferon can be an effective treatment. Kinetic stud-
ies indicate that the effect of interferon on chronic
HCB infection occurs in two phases. During the first
phase, interferon interrupts the production or release
of virus from infected cells. In the second phase, vi-
rus is eliminated from infected cells.*®

In the absence of postexposure prophylaxis for
HCV, recommendations for postexposure manage-
ment are designed to achieve early identification of
chronic disease and, if evident, referral for evaluation
of treatment options. However, there is a theoretical
argument that intervention with antivirals when HCV
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RNA first become detectable might indeed prevent
the development of chronic infection. Data from
studies initiated in the United States indicated that a
short course of interferon started eatly in the course
of acute hepatitis C was associated with a higher rate
of resolved infection than that achieved when ther-
apy has begun after chronic hepatitis C had become
well established.*! It is important to emphasize that
no studies have been initiated that have evaluated the
treatment of acute infection without evidence of
liver disease.

Hospitals must establish policies and procedures
for testing operating room personnel for HCV after
percutaneous or mucosal exposures to blood and in-
sure that all personnel are familiar with these policies.
The patient first must be tested for anti-HCV. For
operating room personnel exposed to an HCV-posi-
tive patient, immediate baseline testing for anti-HCV
and alanine aminotransferase (ALT) activity must be
performed. If early diagnosis of HCV infection in
the hospital personnel is desired, testing for HCV
RNA must be initiated at 4 to 6 weeks. In any event,
follow-up testing at 4 to 6 months for anti-HCV
and ALT activity is mandatory. All anti-HCV results
that are positive must be confirmed by enzyme im-
munoassay using supplemental anti-HCV testing (eg,
recombinant immunoblot assay) RIBA™.!8

Counseling Operating Room Personnel Ex-
posed to Viral Hepatitis

Operating room personnel exposed to HBV- or
HCV-infected blood do not need to take any special
precautions to prevent transmission to other patients
during the 4- to 6-month follow-up petiod.? How-
ever, they must refrain from donating blood, plasma,
organs, tissue or semen. In addition, the exposed per-
son does not need to modify sexual practices or re-
frain from becoming pregnant. The exposed person
can continue breastfeeding.

No modifications in the operating room per-
sonnel’s patient-care responsibilities are necessary to
prevent transmission to their patients based solely
on their exposure to HBV- or HCV-positive blood.
However, if the exposed operating room person-
nel become acutely infected, the person should be
evaluated. In 1991, the Centers for Disease Control
made recommendations for preventing transmission
of hepatitis B virus as well as HIV during exposure-
prone invasive procedures.” It has been reported that
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the risk of HIV transmission to a healthcare worker
after percutaneous exposure to HIV-infected blood
was considerably lower than the risk of HBV trans-
mission after percutaneous exposure to HBeAg-posi-
tive blood (0.3% versus approximately 30%).7> On
this basis, it can be assumed that the risk of transmis-
sion of HIV from an infected healthcare worker to a
patient during an invasive procedure will be propor-
tionately lower than the risk of HBV transmission
from a HBeAg-positive healthcare worker to a patient
during the same procedure.

Since the introduction of serologic testing for
HBYV infection in the ecatly 1970s, there have been
published reports of more than 20 clusters in which a
total of more than 300 patients were infected in asso-
ciation with treatment by a HBV-infected healthcare
worker.” Five clusters were linked to obstetticians or
gynecologists, and three were linked to cardiovascular
surgeons. In addition, recent reports strongly suggest
HBYV transmissions from three surgeons to patients
in 1989 and 1990 during colorectal, abdominal and
cardiothoracic surgery.

Seven of the healthcare workers who were linked
to published clusters in the United States were allowed
to perform invasive procedures following modifica-
tion of invasive techniques (eg, double-gloving and
restriction of certain high-risk procedures).’*% For
five healthcare workers, there was no further trans-
mission. In two instances involving an obstetrician/
gynecologist and an oral surgeon, HBV was transmit-
ted to patients after techniques were modified.””

Despite adherence to principles of universal pre-
cautions, certain invasive surgical and dental proce-
dures have beenimplicated in the transmission of HBV
from infected healthcare workers to patients. These
procedures should be considered exposure-prone and
include certain oral, cardiothoracic, colorectal, and
obstetric/gynecologic procedures. Expetience with
HBYV indicates that other invasive procedures would
pose substantially lower risk, if any, of transmission
of HIV and other bloodborne pathogens from an
infected healthcare worker to patients.

The Centers for Disease Control has made the
following recommendations for healthcare workers
with either HIV, HBV or HCV infections?:

1. All healthcare workers should adhere to uni-
versal precautions including the appropriate
use of hand washing, protective barriers, and
care in the use and disposal of needles and
other sharp instruments.
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2. Healthcare workers who have exudative lesions
or weeping dermatitis should refrain from all
direct patient care and from handling patient
care equipment and devices used in perform-
ing invasive procedures until the condition
resolves.

3. Currently available data provide no basis for
recommendations to restrict the practice of
healthcare workers infected with HIV or HBV
who perform invasive procedures not identified
as exposure-prone.

4. Exposure-prone procedures should be iden-
tified by medical/surgical/dental organiza-
tions and institutions at which the procedures
are performed.

5. Healthcare workers who perform exposure-
prone procedures should know their HIV an-
tibody status. Healthcare workers who perform
exposure-prone procedures and do not have
serologic evidence of immunity to HBV from
vaccination or from previous infection should
know their HBsAg status, and if that is positive,
should also know their HBeAg status.

6. Healthcare workers who are infected with HIV
or HBV should not perform exposure-prone
procedures unless they have sought counsel
from an expert review panel and have been
advised under what circumstances, if any, they
may continue to perform these procedutes.
Such circumstances would include notifying
prospective patients of the healthcare worker’s
seropositivity before the patient undergoes ex-
posure-prone invasive procedures.

7. Mandatory testing of healthcare workers for
HIV antibody, HBsAg or HBeAg was not rec-
ommended.

8. No recommendations exist regarding restrict-
ing the professional activities of healthcare
workers with HCV infection.'®

Postexposure Prophylaxis for HIV

In prospective studies of healthcare personnel, the
average risk of HIV transmission after a percutane-
ous exposure to HIV-infected blood has been esti-
mated to be approximately 0.3%.7* After a mucous
membrane exposure, the average risk of HIV infec-
tion is even lower, 0.09%. Although episodes of HIV
transmission after non-intact skin exposure have
been documented, the average risk for transmission
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by this route has not been precisely quantified.* As
of June 2000, the Centers for Disease Control has
received reports of 56 U.S. healthcare personnel with
documented HIV seroconversion associated with an
occupational HIV exposute.®® An additional 138 inci-
dences of HIV infection in healthcare personnel are
considered possible occupational HIV transmissions.
In these latter cases, HIV conversion after a specific
exposure was not documented.

Epidemiologic and laboratory studies indicate
that several factors may influence the risk of HIV
transmission after an occupational exposure. In a
retrospective case-control study of healthcare per-
sonnel who had percutaneous exposure to HIV, the
risk for HIV infection was reported to be increased
with exposure to a larger quantity of blood from the
source person as indicated by (1) a device visibly con-
taminated with the patient’s blood, (2) a procedure
that involved a needle being placed in a vein or artery,
ot (3) a deep injury.®® The risk also was enhanced by
exposure to blood from source persons with terminal
illness, possibly reflecting either the higher titer of
HIV in blood late in the coutse of AIDS or other im-
portant factors (eg, the presence of syncytia-inducing
strains of HIV). A laboratory study that demonstrated
that more blood is transferred by deeper injuries and
hollow-bore needles lends credence to the observed
variation in risk related to blood quantity.’

The use of the source person’s viral load of HIV
as a measure of viral titer for assessing transmission
risk remains to be established. Plasma viral load (eg,
HIV RNA) reflects only the level of cell-free virus in
the peripheral blood; latently infected cells may trans-
mit infection in the absence of viremia. Although a
lower viral load (eg, <1,500 RNA copies/mlL) or one
that is below the limits of detection probably sug-
gests a lower titer exposure, it does not eliminate the
possibility of transmission.?

Operating room personnel exposed to HIV
should be evaluated within hours (rather than days)
after exposure and should be tested for HIV at base-
line to establish the infection status at the time of
exposure. If the source person is seronegative for
HIV, baseline testing or further follow-up of the
exposed operating room petrsonnel is not necessary.
Serologic testing must be made available to all opet-
ating room personnel who are concerned that they
might have been occupationally infected with HIV.
When considering HIV postexposure prophylaxis,
the evaluation should include information about
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medications the operating room personnel might be
taking and any current or overlying medical condi-
tions or circumstances that might influence drug se-
lection, to include pregnancy, breastfeeding, or renal
or hepatic disease. Recommendations have been de-
veloped for the operating room personnel that have
been exposed to a source person with HIV infection
or when information suggest the likelihood that the
source person is HIV-infected (Table 2 and Table 3).
These recommendations are based on the risk of
HIV infection after different types of exposure as
well as on limited data regarding efficacy and toxicity
of postexposure prophylaxis. Because most occupa-
tional HIV exposures fortunately do not result in the
transmission of HIV, potential drug toxicity must be
considered carefully when prescribing postexposure
prophylaxis. To assist with the initial management of
an HIV exposure, hospitals should have drugs for
an initial postexposure prophylaxis regimen selected
and available for use. Ideally, these recommendations
should be implemented in consultation with physi-
cians who have expertise in antiretroviral therapy and
HIV transmission.

Timing and Duration of Postexposure Pro-
phylaxis

Postexposure prophylaxis should be started as
soon as possible. Animal studies have revealed the
importance of starting postexposure prophylaxis
for HIV soon after an exposure.®®*’ When ques-
tions exist about which antiretroviral drugs to use or
whether to use a basic or expanded regimen, begin
the basic regimen immediately rather than delaying
postexposure prophylaxis administration. Although
animal studies indicate that postexposure prophylaxis
is substantially less beneficial when started more than
24 to 36 hours postexposure, the interval after which
no benefit is gained from postexposutre prophylaxis
for humans is not known. Consequently, postexpo-
sure prophylaxis should be initiated even when the
interval since exposure exceeds 36 hours. Initiating
therapy after a longer interval, such as one week,
might be considered for exposures that present an
increased risk for transmission. Today, the optimal
duration of postexposure prophylaxis for HIV is
still not known. Because four weeks of zidovudine
(ZDV) was reported to be protective in occupational
and animal studies, postexposure prophylaxis should
be administered for four weeks, if tolerated.®®”!
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Table 2. Recommended HIV postexposure prophylaxis for percutaneous injuries

Infection status of source

Exposure Type | HIV-Positive HIY-Fositive Source of Lnknowin
Class 1! Clags 2 unknown HIY sourcet
status?
Less severe® Fecommend Fecommend Generally, no Generally na
hasic 2-drug expanded FEF warranted; | PEF warranted;
PEF® J-drug PEF however, however,
consider basic | consider basic
2-drug PEF® for | 2-drug PEF® in
source with HIY | setting where
risk factors? Exposure to
HIv-infected
persons is likely
Wore severe® Fecommend Fecommend Generally, no Generally na
expanded expanded FEF warranted; | FEF warranted;
J-drug PEF 3-drug PEF howewver, hiowewver,

consider basic
2-drug PEF® for
source with HIY
risk factors’

consider basic
Z-drug PEP? in
setting where
exposure to
HIv-infected
persons is likely

1. HW-Positive, Class 1 — asymptomatic HY infection or known low viral load (e.g., <
1,600 RMA copies/mL).

2. HW-Positive, Class 2 — symptomatic HIY infection, AIDS, acute seroconversion, or
knawwn high wiral load. If drug resistance is a concern, obtain expert consultation.
Initiation of postexposure prophylaxis (PEF) should naot be delayed pending expert
consultation, and bhecause expert consultation alone cannot substitute for face-to-face
counseling, resources should be availakle to provide immediate evaluation and

followy-up care for all exposures.

d. Source of unknown HIY status (e.g., deceased source person with no samples
available for HIY testing).

4. Unknown source (e.q., a needle from a sharps disposal container).

8. Less severe (e.g., solid needle and superficial injury).

H. The designation "consider PEP" indicates that PEF is optional and should be baszed
an an indrvidualized decision between the exposed person and the treating clinician.

7. If PFEF is offered and taken and the source is later determined to be HIV-negative,

FEF =should be discontinued.

8. Mare severe (e.g., large-bore hollow needle, deep puncture, visible blood on device,
ar needle used in patient's artery or vein.
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Table 3. Recommended HIV postexposure prophylaxis for mucous memhbrane
exposures and nonintact skin' exposures

Infection status of source

Exposure Type | HIV-Fositive HIv-Fositive Source of Unknown
Class 12 Class & unknown HIY source?
status?
Small volume® | Recommend Fecommend Senerally, no Senerally no
basic 2-drug expanded FEF warranted: | PEF warranted;
PEF? d-drug PEF hiowever, hinwesver,
consider basic | consider basic
Z-drug PEFT for | 2-drug PEFT in
source with HIY | setting where
risk factors® ExposUre to
HI-infected
persons is likely
Large volume? | Recommend Fecommend Generally, no Generally no
expanded expanded FEF warranted; | FEF warranted
3-drug PEF Jd-drug PEF howewver, howewver,
consider basic | consider basic
2-drug PEPT for | 2-drug PEPT in
source with HIYV | setting where
risk factors® exposure to
HIY-infected
persons is likely

1. For skin exposures, follow-up is indicated only if there is evidence of compromised
skin integrity (e.g., dermatitis, abrasion, or open wound )

2. HIW-Positive, Class 1 — asymptomatic HY infection ar known low viral load (e.g., =
1,600 EMA copies/ml).

3. HIW-FPositive, Class 2 — symptomatic HIY infection, AlDS, acute seroconversion, ar
known high wiral load. If drug resistance is a concern, obtain expert consultation.
Initiation of postexposure prophylaxis (PEF) should not be delayed pending expert
consultation, and because expert consultation alone cannot substitute for face-to-face
counseling, resources should be availakle to provide immediate evaluation and

follow-up care for all exposures.

4. Source of unknomen HIY status (e.g., deceased source person with no samples
availahle for HIY testing).

5. Unknown source (e.g., a needle from a sharps disposal container).

B. Small volume (e.g., a few drops).
=

. The designation "consider PEP" indicates that PEF is optional and should be based
on an individualized decision between the exposed person and the treating clinician.

2. If PEF is offered and taken and the source is later determined to be HIV-negative,

FEF should be discontinued.

d. Large Yolume {i.e., major hlood splash).

Use of Postexposure Prophylaxis When Sta-
tus of Source Person is Unknown

If the source person’s HIV infection status is not

known at the time of exposure, use of postexposure
prophylaxis should be made on a case-by-case basis,
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after considering the type of exposure and the clini-
cal and/or epidemiologic likelihood of HIV infec-
tion in the source.” If these considerations suggest a
possibility for HIV transmission, and HIV testing of
the source is pending, initiate a two-drug postexpo-
sure prophylaxis regimen until laboratory results have
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been obtained, after which the therapy can be modi-
fied or discontinued.

In any event, postexposure prophylaxis for HIV
should be started as soon as possible after exposure.
The exposed person must be reevaluated 72 hours
postexposure, especially as additional information
about the exposure or source person becomes avail-
able. Postexposure prophylaxis should continue for
four weeks, if tolerated

Postexposure Prophylaxis for Pregnant Op-
erating Room Personnel

If the exposed person is pregnant, the evaluation
of risk of infection and the need for postexposure
prophylaxis should be approached as with any oth-
er operating room personnel who has had an HIV
exposure. However, the decision to use any antiret-
roviral drugs during pregnancy should involve dis-
cussions between the woman and her primary care
physician regarding the potential benefits and risks to
her and her fetus. Certain drugs must be avoided in
pregnant women because of their teratogenic effects.
Because teratogenic effects were observed in primate
studies, efavirenz (EFV) is not recommended during
pregnancy. Moreover, reports of fatal lactic acidosis
in pregnant women treated with a combination of
stavudine (d4T) and didanosine (ddl) have prompted
warnings about use of these drugs during pregnancy.
Because of the risk of hyperbilirubinemia in new-
borns, indinavir (IDV) should be avoided in pregnant
women shortly before delivery.?®

Recommendations for the Selection of Drugs
for HIV Postexposure Prophylaxis

The selection of a drug regimen for HIV postexpo-
sure prophylaxis will be determined by the potential
risk for infection as well as the potential toxicity of
the drug. Because the drugs used in postexposure
prophylaxis for HIV are potentially toxic, their use is
not justified for exposures that pose a negligible risk
for transmission. In addition, there is insufficient evi-
dence to support recommendations for a three-drug
regimen for all HIV exposures. Consequently, two
regimens are suggested: a basic two-drug regimen
that should be appropriate for most HIV exposures
and an expanded three-drug regimen that should be
used for exposures that present an increased risk for
transmission. These regimens should be implemented
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in consultation with physicians who have expertise in
antiretroviral treatment and HIV transmission. Most
HIV exposures will require a two-drug regimen using
two nucleoside analogues (eg, ZDV and lamivudine
(3TC); or 3TC and d4T; or d4T and ddl). The addi-
tion of a third drug should be considered for expo-
sures that present an increased risk for transmission.
Selection of a postexposure prophylaxis regimen for
HIV should consider the comparative risk represent-
ed by the exposure as well as information about the
exposure soutce including history of and response to
antiretroviral therapy based on clinical response to in-
clude CD4+ T-cell counts, viral load measurements,
and current disease stage. When the source person’s
virus is known or suspected to be resistant to one or
more of the drugs considered for the postexposure
prophylaxis regimen for HIV, the selection of drugs
to which the source person’s virus is unlikely to be re-
sistant is recommended. Expert consultation is obvi-
ously needed. If this information is not immediately
available, initiation of the postexposure prophylaxis
regimen, if indicated, should not be delayed. Changes
in the regimen can be made after postexposure pro-
phylaxis has been initiated. Reevaluation of the ex-
posed person must be undertaken within 72 hours
after exposure.

Follow-up of Operating Room Personnel
Exposed to HIV

HIV testing with EIA should be used to monitor for
seroconversion. The routine use of direct virus as-
says (eg, HIV p24 antigen EIA or test for HIV RNA)
to detect infection in the exposed operating room
personnel is not recommended.72 The high rate of
false-positive test results using these tests could lead
to unnecessary patient anxiety and treatment changes.
Despite the ability of direct virus assays to detect HIV
infection a few days earlier than EIA, the infrequency
of occupational seroconversion and increased cost of
these tests has prompted the Centers for Disease Con-
trol not to recommend their routine use in this setting.
In addition, the Centers for Disease Control recom-
mends HIV-antibody testing for at least six months
postexposure. Moreover, HIV testing should be pet-
formed on any exposed person who has an illness
compatible with an acute retroviral syndrome. The
monitoring and management of postexposure pro-
phylaxis toxicity for HIV treatment should be done by
a specialist skilled in the management of HIV.
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It is important to emphasize that there is con-
siderable emotional turmoil of the operating room
personnel exposed to HIV.73-75 The operating room
personnel are given seemingly conflicting information
on the postexposure prophylaxis. First, they are told
that a low risk exists for HIV transmission and a four-
week regimen of postexposure prophylaxis might
be recommended. They are then asked to commit
to significant behavioral measures to prevent sexual
transmission, all of which influence their lives for
several weeks to months. These behavioral measures
include abstinence or use of condoms to prevent
sexual transmission and to avoid pregnancy as well as
to refrain from donating blood, plasma, organs, tis-
sue, or semen. If an exposed woman is breastfeeding,
discontinuation of breastfeeding is recommended,
especially in high-risk exposures.

The patient care responsibilities of an exposed
person do not need to be modified, based solely
on an HIV exposure. If HIV seroconversion is
detected, the person’s patient care responsibilities
should be evaluated according to published recom-
mendations for infected healthcare personnel.76
XIV. Postexposure Prophylaxis for HTLV-1/II
The year 2004 marks the 24th anniversary of the
discovery of the first human retrovirus, human T-cell
lymphotropic virus-I (HTLV-I).” Its discovery has
had several notable implications. First, this retrovirus
provided clear proof of a relationship between viruses
and cancer. Second, the obvious association of HTLV-
I with a neurologic disease similar to multiple sclero-
sis created an opportunity to study the mechanisms
that lead to chronic demyelinating diseases. Finally,
its identification clearly facilitated the discovery and
isolation of HIV, which has caused a global epidemic
of a rapidly progressing fatal illness, AIDS. While the
AIDS epidemic justifiably captured the attention of
the most gifted scientists in the world, scientific atten-
tion to HTLV-1 was dramatically diminished, permit-
ting the development of a global epidemic of HTLV-I
that causes fatal chronic diseases.

Another retrovirus, HTLV-II, has a biologic simi-
larity to that of HTLV-I. Because of the absence of
distinguishing serologic assays, HTLV-1 and HTLV-11
were often first grouped together in seroepidemio-
logic studies. When serologic assays were developed
to distinguish these two retroviruses, it was realized
that HTLV-1I played a different role in the develop-
ment of certain neurologic, hematologic, and derma-
tologic diseases.
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The major modes of HTLV-I and HTLV-1I
transmission are perinatally (predominantly through
breastfeeding), parenterally (through blood transfu-
sions or exposure to needles and syringes contaminat-
ed with blood) and sexually. Promising public health
initiatives to prevent HTLV-I and HTLV-II infection
include routine screening of blood transfusion, pro-
tected sex, and avoidance of breastfeeding. Trans-
mission by blood transfusions has been diminished
by screening blood donors as is practiced in Japan,
United States, France and certain islands of the West
Indies.!” Despite the severe consequences of these
bloodborne diseases, they have been ignored by the
US healthcare profession. When asymptomatic car-
riers of HTLV-1 or HTLV-II are identified by blood
banks, this information will be kept confidential and
not become part of the patient’s medical record. The
blood bank will not report the patient’s condition to
the blood donor’s primary physician, the Health De-
partment or the Centers for Disease Control.

The Centers for Disease Control wrote a position
paper for counseling persons infected with HTLV-I
and HTLV-IL.”® Its recommendations for counseling
include the following: (1) share the information with
their physician, (2) refrain from donating blood, se-
men, body organs or other tissues, (3) refrain from
sharing needles or syringes with anyone, (4) refrain
from breastfeeding infants, and (5) consider the use
of latex condoms to prevent sexual transmission.
Because this bloodborne disease is not reported to
the state health departments, the Centers for Disease
Control has no information regarding the incidence
of these bloodborne infections in the United States.
It has set no guidelines for postexposure prophy-
laxis of operating room personnel exposed to these
bloodborne diseases. If the Centers for Disease
Control does not mandate that it is a reportable in-
fection, it will continue to be ignored by hospitals in
the United States.

Occupational Exposure Management
Resources

Operating room personnel who sustain an occu-
pational injury that may expose them to a bloodborne
disease may be either unfamiliar with the postexpo-
sure prophylaxis that they are receiving or dissatisfied
with the clinical expertise of the physicians providing
postexposure prophylaxis. In these cases, there are su-
perb 24-hour resources staffed by personnel trained
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in postexposure prophylaxis. The National Clini-
cians’ Postexposure Prophylaxis Hotline (PEPline) is
a unique resource for operating room personnel who
have questions about postexposutre prophylaxis. Its
staff can be contacted by telephone, (888) 448-4911.
This program is conducted by the University of Cali-
fornia-San Francisco/San Francisco General Hos-
pital staff. This program receives support from the
Health Resources and Services Administration Ryan
White CARE Act, HIV/AIDS Bureau, AIDS Educa-
tion and Training Centers, and Centers for Disease
Control. It has a valuable internet website that con-
tains updated information (www.ucsf.edu/hiventr).
This service has been expanded to include a hepatitis
hotline. Its telephone number is (888) 443-7232, and
it has a valuable website (http://www.cdc.gov/hepa-
titis). A website has also been developed to help clini-
cians manage and document occupational blood and
body fluid exposures. It is developed and maintained
by the University of California, Los Angeles (UCLA),
Emergency Medicine Center, UCLA School of Medi-
cine, and is funded in part by the Centers for Disease
Control and the Agency for Healthcare Research and
Quality. The success of these informational systems
has led to their serving as models for dissemination
of expert information regarding other emergencies,
such as malignant hyperthermia. That information
service is managed by the Malignant Hyperthermia
Association of the United States, (607) 674-7901,
www.mhaus.org;
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All surgical healthcare professionals and their patients should be aware of exposure to blood
from individuals infected with potentially transmissible disease. The site that was most suscep-
tible to sharp injuries was the index finger of the surgeon’s hand. It is also important to note
that needles cause the vast majority of sharp injuries. During the last two decades, there have
been two revolutionary advances in preventing accidental needlestick injuries during surgery
that include the development of blunt tapering point needles as well as the double-glove hole
indication systems. During the innovative development of blunt taper point needles, a glove
manufacturer, Molnlycke, Inc., devised non-latex and latex double-glove hole puncture indica-
tion systems that are being used throughout the world. The reliability of these double-glove
hole indication systems in detecting holes in the outer glove has been reliably documented by
scientific studies that are published in peer-reviewed journals. On the basis of these extensive
quantitative studies, the authors recommended that the double-glove hole indication system
be used in all operative procedures to prevent the transmission of deadly bloodborne viral
infections.

KEY WORDS: surgical accidental injuties, needle puncture, blunt taper point needles, dou-
ble- glove hole indication systems
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Introduction

All surgical healthcare professionals and their
patients should be aware of exposure to blood from
individuals infected with potentially transmissible
disease. The danger to the patient was graphically il-
lustrated in a report by Carl et al. in 1982."! Between
January 1979 and January 1980, hepatitis B developed
in three women within six months of gynecological
surgery at a community hospital in Mississippi. An
investigation of these hospital-acquired infections
uncovered one other case of hepatitis B following
gynecological surgery. The gynecologist who per-
formed all four procedures was later found to be a
chronic carrier of hepatitis B. Hepatitis B surface an-
tigen subtyping on serum from this gynecologist and
one of the hepatitis B patients gave identical results.

When the gynecologist was interviewed about his
surgical technique, it was learned that he often held
a surgical needle in his hand during suturing instead
of using a needle holder. In addition, he remembered
finding blood on his hands after removing his gloves
at the end of surgical procedures several times during
the year. The Mississippi State Health Department
allowed the gynecologist “to resume his surgical
practice after he agreed to use a needle holder dur-
ing suturing and to wear two pairs of gloves during
surgery. He also agreed to change gloves and surgical
instruments if he pricked himself with a needle or
other instrument or if he tore his glove.” In addi-
tion, each of his subsequent patients were required
to give written informed consent indicating that she
knew her gynecologist had transmitted hepatitis B
and that it was possible that he could do so again. No
further transmission of hepatitis B was found after
the gynecologist began wearing two pairs of gloves.
The Mississippi State Health Department concluded
that modifying the gynecologist’s surgical technique
by his wearing double-gloves was a far better solution
to the problem of transmitting further disease than
his dismissal or cessation of his practice.

Because operating room personnel are at highest
risk among healthcare professionals for occupational
hepatitis B and C infections due to their frequent
exposure to blood, they are also at comparatively
high risk for human immunodeficiency virus (HIV)
infection.? McKinney and Young desctribed a math-
ematical model for assessing the individual risk for
HIV infection after multiple potential exposures over
many years for surgeons and other operating room
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personnel. * They considered the risk to surgeons in
three large hospitals with high, intermediate, and low
estimated seroprevalence of HIV infection. They
estimated the cumulative risk for a surgeon during
a 30-year career using seroprevalence data from the
three patient populations. In addition, they calculated
the cumulative risk of HIV infection to surgeons by
the rate of skin/glove puncture per procedure. They
demonstrated that the combination of high skin
puncture rate and high patient seroprevalence over a
long period of time places the surgeon at consider-
able risk of HIV infection. If the seroprevalence rate
of the hospital was 1% and the surgeon performed
procedures with an estimated 10% skin puncture rate,
the surgeon’s cumulative risk of developing HIV in-
fection after performing a total of 10,000 cases was
4%. When the seroprevalence rate of the hospital
was 10% and the skin puncture rate was 10%, the
surgeon’s cumulative risk of developing HIV infec-
tion was calculated to be a staggering 33%. While
these investigators acknowledged several limitations
of their mathematical model, the results of their
studies should be taken very seriously by operating
room personnel.

In addition, these investigators suggested several
options that would reduce the surgeon’s susceptibility
to HIV infection. First, surgeons could lower their
risk by moving to a hospital or geographical region
with a lower patient seroprevalence of HIV infection.
Such a move would have serious personal and finan-
cial repercussions. Another suggested alternative was
to reduce selectively the number of invasive proce-
dures performed on patients with HIV infections.
Obviously, this second alternative has serious medi-
colegal consequences. The third and most attractive
alternative presented was to make a determined effort
to decrease the likelihood of percutaneous exposures
to blood during each surgical procedure.

Search for the Causes of Accidental Injuries
During Surgery

Until the last decade, the development of strategies
to prevent exposure of operating room personnel to
blood has been limited by a lack of knowledge about
the specific mechanisms of exposure. In 1988, Hus-
sain et al. reported results of a survey that was de-
signed to determine the incidence of accidental inju-
ries to surgeons during operations, the mechanism of
injury, and the anatomic site on the surgeon’s body.*
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Factors such as duration of operations, time of day,
and experience of surgeons were correlated to the
frequency of injury. This survey included eight gen-
eral surgeons, four orthopedic surgeons, two urolo-
gists, and four surgical residents in a hospital in Saudi
Arabia. In their study of 2016 operations, the authors
identified 112 accidental injuries (5.6%). Needlestick
injuries accounted for the vast majority of injuries,
107 (95.5%). Only four (3.6%) were caused by cuts
with surgical knives. One injury was caused by a burn
from electrosurgery. The general surgeons and their
residents in general surgery had the highest frequency
of accidental injuries (7.0%), followed by the urolo-
gists (3%), and then the orthopedic surgeons (2.8%).

The site that was most susceptible to in-
jury was the left index finger of the surgeon’s hand,
which represented 42 injuries (37.5%). Most injuries
occurred during wound closure (85 injuries, 75.9%).
Most needlestick injuries were noted as the needle
emerged from the patient’s tissue, puncturing the
glove of the overlying finger that was not under di-
rect vision of the surgeon. Longer operative proce-
dures had a greater frequency of accidental injuries
than did shorter operative procedures.

It was surprising that most injuries were con-
sidered trivial and disregarded completely (84 injuries,
75%). The surgeons changed their gloves in only 28
incidences (25%), rescrubbed their hands in 14 inci-
dences (12.5%), and applied an antiseptic agent to the
site of the injury in 13 incidences (11.6%)

In another effort to classify the mechanisms of
accidental injuries in the operating room, Wright et
al. had a nurse interview operating room personnel
in a tertiary care teaching hospital immediately after
glove tear or sharp injury.® Potential exposures were
categorized into the following three types: glove tears,
sharp injuries, or gown leaks. A glove tear was con-
sidered to be any perforation of a glove that exposed
bare skin. A sharp injury was judged to be an injury
by a sharp instrument that caused pain to the injured
person. A gown leak was judged to be any contact
with body fluids at, or proximal to, the gown-glove
margin. In the 2292 surgical operations within the
scope of the study, most of the accidental operative
exposures were glove tears (249, 75%). Sharp injuries
accounted for 70 (21%). Gown leaks accounted for
only 12 exposures.

Almost all of the glove tears were located over
the digits (208, 84%). It was surprising that the
mechanism of glove tears could not be identified
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in the majority (168, 67%) of the 249 tears. More
important, contact with the patient’s blood was even
more common when the mechanism of tear was not
identified (128, 76%). It is important to note that the
vast majority (92%) of the operating room person-
nel who experienced glove tears wore single gloves.

It is also important to note that needles caused
the vast majority of sharp injuries (47, 67%). Only
seven (10%) of the sharp injuries were from scalpels.
The remaining 16 (23%) sharp injuries were from
other instruments, such as the tip of the electrosur-
gical device, wire, skin staple, bone cutter, capillary
tube, or chisel. Bleeding was caused by the injury
in 56 (80%) cases of sharp injuries. The anatomic
locations of sharp injuries were remarkably similar
to those of glove tears. Eleven of the 12 gown leaks
were encountered during gynecologic or general
surgical abdominal operations. In either case, the
surgeon or assistant was reaching into the abdomen
filled with blood or fluid. One gown leak was noted
when blood soaked through the gown cuff of a plas-
tic surgeon.

The mechanism of exposure was recognized in
81 glove tears and 71 sharp injuries. In 34 exposures,
the injured hand was being used as a retractor. The in-
jured hand was suturing in 17 of these 34 exposures,
and was usually passing the surgical needle through
the patient’s tissue at the time of injury.

In the 23 exposures identified as “hand holding
an instrument,” the injured hand was stationary over
the wound and holding an instrument, while sharp
instruments were passed into or out of the held
instrument. Six exposures were encountered during
hand tying of sutures, in which the suture material
cut through the glove. In three of these incidents, the
suture cut through the skin of the operating room
personnel. When suture tying cut through the glove,
the personnel were wearing single gloves.

On the basis of this comprehensive study, the
investigators recommended preventive strategies to
reduce the risk of exposure. First, the gloved hand
should never be used as a retractor. Injuries to the
hand holding a retractor could be reduced by distanc-
ing the hand from the site of such injuries by using
longer forceps, by holding the forceps at a more acute
angle with the skin, or by designing new forceps. In-
juties from sharps not being used may be decreased
by eliminating or shielding the sharp instrument. It
was surprising to us that the investigators did not rec-
ommend double-gloves in all operative procedures.
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In 1992, Tokars et al. reported the results of a
multicenter observational study to record detailed
information on the frequency and circumstances of
blood contacts during surgical procedures.® Observ-
ers, nurses, or operating room technicians were pres-
ent at 1382 surgical procedures to record information
about the procedure, the personnel present, and the
percutaneous injuries that evolved. The investiga-
tors defined percutaneous injury as penetration of
a healthcare worker’s skin by a needle, other sharp
instrument, or object that has been contaminated
with a patient’s blood. They judged recontact to be
(1) contact of a sharp object with a patient’s open
wound after penetration of the healthcare worker’s
skin, or (2) injury of a worker by a bone fragment or
surgical wire attached to the patient’s body.

During the 1382 procedures observed in this
study, 99 percutaneous injuries were noted. One or
more injuries were recorded during the 95 procedures.
As expected, suture needles accounted for the major-
ity (76, 77%). Electrosurgical devices, scalpels, or wire
caused only three injuries. Suture threads produced
two injuries. There were single reports of injuries
caused by a bone fragment, a bone hook, an ortho-
pedic pin, a cannula, a retractor, scissors, a staple gun,
and a trocar. The objects causing four injuries were
not known. Suture needles placed on the surgical field
that were not being used by the surgeon produced two
injuries. As expected, injuries were more common on
the non-dominant than on the dominant hand (63%
vs. 34%). The most commonly injured area was the
palmer surface of the distal forefinger.

We were alarmed by the operating room per-
sonnel’s inappropriate responses to these percutane-
ous injuries. No glove changes were made after 15
injuries (15%). One individual (1%) placed a clean
glove over the punctured glove. One individual was
not wearing gloves at the time of injury. Immediate
glove change was encountered in 61 (62%) of the
injured operating room personnel. In 11 (11%) inju-
ries, glove change was delayed from 5 to 15 minutes.
Worker injury rates were greatest for surgeons and
their resident staff (88 injuries). There were a total
of 28 injuries to surgeons in which the sharp object
that caused the injury recontacted the patient. The
risk of injury, adjusted by confounding variables
by logistic regression, was greatest during vaginal
hysterectomy and lower during certain orthopedic
procedures than during the other observed opera-
tive procedures.
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Revolutionary Advances in Preventing Acciden-
tal Surgical Needlestick Injuries

During the last two decades, there have been two rev-
olutionary advances in preventing accidental needle-
stick injuries during surgery that include the develop-
ment of blunt tapering point needles as well as the
double-glove hole indication systems.

Blunt Taper Point Needle

In 1991, Montz et al. announced the develop-
ment of a blunt tapering point needle, with a dol-
phin-shaped tip that allows tissue penetration with
minimum force, but does not puncture gloves. 7 The
surgeons used these needles in fascia closure. While
they found that these needles were easily passed
through the fascia, they did not penetrate the glove,
limiting penetrating cutaneous injury to the surgeon
and operating staff.

In 1993, Wright et al. expanded the evaluation of
this new taper point needle.8 They compared the per-
formance of the new blunt taper point needle with
the traditional taper point needle in a prospective
randomized trial of 69 patients who underwent total
hip arthroplasty or hemi-arthroplasty. The surgeons
wore two pairs of gloves. The outer pair was changed
before the insertion of the prosthetic components
and also before wound closure. The inner gloves
were worn throughout the operation unless there was
evidence of a glove puncture. After the operation, all
gloves used by the surgeons were labeled and tested
for perforations using water inflation as described by
Brough et al.9 Each glove was inflated with water to a
diameter of 10 cm above the palm and then squeezed
to inflate each digit to a diameter of 4 cm, allowing
the number and site of perforations to be identified.

The blunt taper point needle was used in 38 op-
erations, while the standard taper point needle was
employed in 31. At least one glove perforation was
noted in 46 of the 69 operations (67%). A total of
138 outer gloves were worn during wound closure.
When 62 outer gloves were worn using the standard
taper point needle, 31 perforations were identified in
16 gloves. In the 76 outer gloves worn while using the
blunt taper point needle, there were 18 perforations
in 10 gloves. This reduced level of outer glove perfo-
rations encountered with the blunt taper point needle
was statistically significant (P = 0.049). It is important
to point out that the frequency of perforation of the
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undergloves was not altered by needle configuration.
Two undergloves were punctured by the blunt taper
point needle at a site corresponding to the holes in
the outer gloves. Similarly, two undergloves were
punctured by standard taper point needles at sites
corresponding to holes in the outer gloves.

It was significant that the undergloves were not
changed during the operations. Moreover, it was un-
certain at which stage the perforations had occurred.
The surgeons rarely recognized glove damage, identi-
tying it in only 11 cases (7%) of the perforations. The
difficulty in detecting glove damage emphasizes the
need for a glove hole puncture detection system that
accurately identifies glove perforations.

In 1994, Miller and Sabharwal reported that the
new blunt taper point needles could be effectively used
for subcuticular skin closure.10 In 108 skin incisions
in 40 patients, it was reported that the new blunt taper
point needle successfully penetrated the subcuticular
layers, allowing the use of a subcuticular closure tech-
nique with a reduced risk of glove puncture.

In 1994, Dauleh et al. evaluated the performance
of blunt-tipped needles produced in their hospital
workshops. 11 The tips of taper point and reverse
cutting edge needles were subjected to this blunting
process. When the standard needles were used in 253
procedures, 48 (18.9%) glove hole punctures were de-
tected. In 22 of these cases, the needle penetrated the
surgeon’s skin. When blunt-tipped needles were used
in 78 operations, only 2 glove perforations were iden-
tified, with no skin injury. The surgeons concluded
that their blunt-tipped needles were a practical option
against the hazard of needlestick injury. In a report
from the Centers for Disease Control and Prevention
(CDC) published in 1995, Bell et al. recommended
the use of instruments, such as the new blunt taper
point needle, new surgical protective equipment, and
techniques that would reduce the likelihood of intra-
operative blood exposure without adversely affecting
patient care.12

Lewis et al. wrote a collective review on tech-
niques to minimize sharp injuries in gynecologic and
obstetric operations in 1995.13 They concluded that
gynecologic surgery appears to have one of the high-
est rates of injury of the surgical specialties, and rates
of injury vary by procedure within a given specialty.
They also concluded that suture needles caused the
majority of injuries. They reported that certain ac-
tions, such as holding tissue while suturing or cutting,
were associated with a higher risk of injury.
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In 1996, Hartley et al. reported a randomized trial
of the new blunt taper point needle during mass clo-
sure of abdominal wounds.14 A total of 85 patients
were randomly assigned to the clinical trial. The new
blunt taper point needle was used in 46 patients, while
39 patients were subjected to wound closure with the
standard taper point needle. Glove perforation was
encountered in only 3 of the 46 abdominal wound
closures accomplished with the blunt taper point
needle. In contrast, 14 of the 39 operations using
the standard taper point resulted in glove puncture.
The surgeon was aware of the glove punctured by the
standard taper point needle in 8 of the 14 incidences.
The surgeon recognized 1 of the 3 punctures caused
by the blunt taper point needle. In this study, none of
the glove punctures led to needlestick injuries to the
surgeons.

In 1996, Mingoli et al. evaluated the perfor-
mance of another blunt taper point needle.15 The
blunt needle and the standard tapered needle were
subjected to a random number allocation in 200 pa-
tients. These needles were used for abdominal fascia
closure in emergency general, vascular, and trauma
procedures. The investigators reported that surgeons
had 14 needlestick injuries and 76 perforations in
09 pairs of gloves. They reported that the standard
taper point needles were responsible for all injuries
and 58 (76%) glove perforations. The investigators
concluded that the risk of glove perforations was
17-fold greater if standard taper point needles were
used. They agreed that blunt needles reduced sharp
injuries and improved safety for surgeons.

In 1997, the CDC reported their evaluation of
blunt surgical needles in preventing percutaneous in-
juries among healthcare workers during gynecologic
surgical procedures.16 The blunt point needles were
evaluated as a potential replacement for conventional
taper point needles in gynecologic surgery. From
March 1993 through June 1994, trained nurse observ-
ers systematically recorded information about the
nature and frequency of all percutaneous injuries and
the number and type of suture needles used. They re-
ported that 87 percutaneous injuries occurred during
84 (6%) of the 1464 procedures. Of the 61 injuries
involving suture needles, none were encountered with
the blunt taper point needle. The CDC concluded
that the findings of this report support the use of
blunt needles as an effective component of a percu-
taneous injury prevention program in gynecologic
surgery and possibly for other surgical specialties.
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Double-Glove Hole Indication Systems

In 1998, Berridge et al. reported a randomized con-
trolled trial of vascular surgical operations in which
the value of double-gloving was evaluated. 7 Whet-
ever possible, the blunt taper point needles were
used. The frequency of perforations in the single and
double-glove systems was determined by testing un-
der high pressure of water. All episodes of obvious
blood contamination of the hands or undergloves
were determined. It was interesting to note that the
frequency of perforation was greatest with double-
gloves. However, the incidence of contamination was
lowest with double-gloves. Contamination was judged
to be present if there was macroscopic evidence of
blood on the hand. For the 129 operating room pet-
sonnel wearing single gloves, 18 had evidence of per-
foration. Beneath these 18 glove perforations, 8 had
evidence of contamination. In contrast, 32 perfora-
tions were evident in the double-glove systems, but
only 4 had evidence of contamination.

During the innovative development of the blunt
taper point needles, a glove manufacturer (Molnlycke,
Inc., Norcross, GA) devised non-latex and latex dou-
ble-glove hole puncture indication systems. These
double-glove systems accurately identify the site of
glove hole puncture. In 2003, Edlich et al. conducted
a biomechanical performance study that quantified
the resistance to glove puncture of these double-glove
hole puncture indication systems to blunt-tipped and
standard taper point needles.’® The manufacturer of
these surgical needles was Syneture™, Covidien, Inc.
(Norwalk, CT).

The Biogel® Indicator® latex surgical underglove,
made by Molnlycke, Inc., is a sterile green underglove
that is used in combination with any other Biogel®-
brand latex surgical glove to form a double-glove hole
puncture indication system. This underglove has a
polymer coating on its inner surface that allows it to be
donned on damp, wet, or dry hands. Its outer surface
is specially treated so that a latex outer glove can be
easily donned over the underglove. The thickness of
the fingertips of the undergloves is 0.19 mm. This un-
derglove has a curved finger design and a distinct green
color that becomes apparent when the outer translu-
cent latex glove is punctured in the presence of fluid.

In this study, the sterile Biogel® or the Biogel®
Super-Sensitive™ gloves have been used as the outer
gloves.!”® These outer gloves have polymer coatings
on the inner surfaces of the gloves. They are trans-
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lucent, permitting visualization of color changes in
the underglove when the outer glove is punctured
in the presence of fluid. The Biogel® glove is a rela-
tively thick glove with a microroughened surface. The
thickness of its fingertip is 0.25 mm. In contrast,
the Biogel® Super-Sensitive™ glove is approximately
20% thinner than the standard Biogel® glove, with a
fingertip thickness of 0.19 mm.

Molnlycke has recently designed the first non-
latex double-glove hole puncture indication system.
The underglove, Biogel® Skinsense® N Universal, has
a polymer coating on its inner surface and a special
treatment of its outer surface that allows it to be used
as part of a double-glove hole puncture indication
system. The thickness of this non-latex glove, made
of Neoprene™., is rematkably similar to that of the
latex Indicator® underglove, measuring 0.20 mm. It
has a distinct dark blue color that becomes apparent
when the translucent outer glove is punctured in the
presence of fluid.

The non-latex outer glove, Biogel® Skinsense
Polyisoprene, has a polymer coating on its inner
surface. This non-latex glove, made of polyisoprene,
has the same thickness (0.20 mm) as the non-latex
underglove. It can be donned with damp, wet, or dry

®

hands or can serve as the outer glove of the non-latex
double-glove hole puncture indication system. After
outer glove puncture, its translucent light blue color
allows visualization of the dark blue underglove in
the presence of fluid.

This technique for measuring glove puncture
resistance simulates the standard test for material
resistance to puncture outlined by the American So-
ciety for Testing and Materials (West Conshohocken,
PA)." Measurement of puncture resistance was ac-
complished using a stationary support assembly af-
fixed to the lower arm of a tension testing machine.
Three curved needles, produced by Syneture™, were
used in this evaluation: taper point needle, blunt taper
point needle, and blunt-point needle. The taper point
needle tapers to a sharp point. In contrast, the blunt
taper point needle has a remarkably similar geometry
to the taper point needle, except that its point has a
blunt ending at the tip of the needle. The geometry
of the blunt-point needle differs from those of the
taper point and blunt taper point needles. Instead of
tapering to either a sharp or dull tip, it has no taper at
all. The full needle diameter extends to the tip of the
needle, which has a blunt configuration. Each surgi-
cal needle was firmly mounted into a suitable fixture
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and attached to a penetrometer stand. The order in
which the needles were tested was randomly assigned.
The whole assembly was attached to the compression
load cell of an Instron model 1222 (Instron Corp.,
Canton, MA). The glove membrane was supported
between two flat metal plates. The glove membrane
or membranes were affixed to the top plate, which
was shaped like a ring and served to secure the edges
of the sample. The top plate, with the attached glove
membrane or membranes, was then placed over an-
other plate containing 24 holes whose size was 0.6 cm
diameter, located 1.9 cm from the plate edge, through
which one of the curved surgical needles would pass.
Four screws were placed through the plates to firmly
secure the glove membrane or membranes. The sup-
port plates were then set on top of the load cell,
which was then calibrated in grams.

Glove samples were taken from the tubular area
of the glove near the cuff and secured between the
support plates, allowing a uniform strain to be placed
upon the glove membrane or membranes by the pull-
ing clamp. The curved surgical needle was positioned
above one of the puncture holes and then moved
downward at a rate of 10 mm/min. After glove mem-
brane puncture, the needle movement was stopped
and returned to the starting position. The plate was
then rotated to align another puncture hole, and the
process was repeated. The force applied to the load cell
was graphed throughout the process by a strip chart
recorder. The maximum puncture resistance force was
measured by the compression load cell and recorded
in grams with a strip chart recorder. Ten puncture
resistance measurements for each needle were taken
from five samples of the Biogel® Indicator™ under-
glove, Biogel® Supet-Sensitive™ glove, Biogel® glove,
Biogel® Skinsense® N Universal underglove, Biogel®
Skinsense® Polyisoprene glove, Biogel® Skinsense®
Polyisoprene double-glove hole puncture indication
system, Biogel® Super-Sensitive™ double-glove hole
puncture indication system, and the Biogel® double-
glove hole puncture indication system. The computer
system calculated the means and standard deviations
of the puncture forces of each of the three curved
surgical needles for the different glove samples. The
statistical significance of the data was determined by
the Student’s test.

The magnitude of the puncture resistance forces
encountered was influenced by three factors: (1) the
glove material, (2) the number of glove layers, and (3)
the type of surgical needle. For each type of curved
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surgical needle, the resistance to needle penetration
by the non-latex gloves was significantly greater than
that encountered by the latex glove material (P <
0.001). This enhanced resistance to glove puncture of
the non-latex gloves was noted with both the non-la-
tex underglove and the latex underglove. Blunting the
sharp end of the taper point needle before penetrat-
ing the non-latex outer glove (P < 0.001) markedly
increased its resistance to glove puncture in the latex
and non-latex outerglove.

Using the same surgical needle type, the Biogel®
Skinsense® Polyisoprene outer glove provided the
greatest resistance to surgical needle puncture fol-
lowed by the Biogel® Skinsense® N Universal undet-
glove (P <0.001) The resistance to needle puncture
of all three double-glove hole puncture indication
systems was significantly greater than that of either
the non-latex or latex undergloves or outer gloves.

The taper point needle encountered the lowest
puncture resistance forces in the five single gloves
and three double-glove hole puncture indication
systems (P < 0.001). Blunting the sharp end of the
taper point needle markedly increased its resistance
to glove puncture of the five single gloves as well
as the three double-glove hole puncture indication
systems (P<0.001). The blunt-point surgical needle
elicited the greatest needle penetration force of all of
the single and double-glove hole puncture indication
systems (P < 0.001).

Mast et al. developed both an 77 vitro and an ex
vivo model of percutaneous needlestick injury and
compared blood volumes transferred while varying
exposure parameters.’’ They also evaluated the ef-
ficacy of latex and vinyl surgical gloves for blood
transfer in both models. Needle size and depth of
needle penetration had statistically significant correla-
tion with the amount of blood volume transferred
by hollow needles when surgical needles were tested.
Only the depth of penetration had significant influ-
ence on the volume of blood transferred. The use of
glove material of any type was associated with a re-
duction in blood volume transferred by both hollow-
bore and suture needles. The observation that glove
material may decrease the exposure volume by <50%
during simulated needlesticks indicates that the risk
of infection could be decreased when a needle passes
through a glove before contacting skin. Even though
the glove materials do not prevent all needlestick inju-
ries, they may reduce infection risk even though there
is skin penetration.
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In 1994, Bennett and Howard further evaluated
the quantity of blood inoculated in a needlestick injury
from suture and hypodermic needles using an 7 vitro
model.?! Their study quantified the amount of blood
inoculums present on several commonly used surgical
and phlebotomy needles. In addition, they determined
the effect of single or double-gloving, depth of needle
penetration, and needle size on inoculums volume.
Nineteen gauge, 22 gauge, and 25 gauge phlebotomy
needles, taper point surgical needles attached to 0,
3-0, and 5-0 sutures, as well as a cutting edge needle
with a 4-0 suture were evaluated. The needles were
positioned into blood labeled with epidermal growth
factor and then embedded 2 or 5 mm into an agarose
gel. The volume of blood inoculum varied from 133
to 683 nL for the phlebotomy needles and from 35 to
366 nl. for sutgical needles. These different needles
were then passed through two, one, or no layers of
surgical glove material before embedding the needles
5 mm into agarose gel. They reported that the use of
one layer of surgical glove resulted in a significant (P <
0.001) decrease in inoculum from taper point needles,
but not from cutting edge needles. They noted that
double-gloves were even more efficient (P < 0.001)
than one glove in removing blood from all suture
needles, including the cutting edge surgical needle. In
contrast, surgical glove material did not significantly
reduce the volume of blood inoculum transferred by
phlebotomy needles.

As in the above 7 vitro investigations, a wide va-
riety of surgical specialists have provided convincing
evidence that double-gloving protects the operating
room staff from skin contamination during acciden-
tal surgical needle puncture. In 1997, Marin-Bertolin
et al. evaluated the effectiveness of double-gloving in
maintaining an intact barrier between the patient and
the hands of the surgical staff during plastic surgical
operations. ? For 2 months, the surgical staff of a
plastic surgery unit randomly wore single or double-
gloves during all elective surgical procedures. All
operating room personnel wore latex double-gloves,
except one of the surgeons with chronic eczema of
the hands who wore vinyl undergloves. One pair of
unused latex gloves was selected at random in one
of four of all the operative procedures and tested
for perforations. The perforation rate of the control
as well as the operative gloves was determined us-
ing the water leak method. It was gratifying to find
that the 54 control gloves had no perforations. Dur-
ing the 107 operations, the parenteral exposure rate
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was 9.3% (10 of 107). All exposures were a result of
surgical needle puncture. The perforation rate for the
single glove (7.3%) was similar to that for the outer
glove of the double-glove system (9.8%). They re-
ported that the perforation rate for the underglove of
the double-glove system (3%) was significantly lower
than those of the single gloves or outer gloves of the
double-glove systems (P < 0.05). The investigators
concluded that double-gloving reduced the risk of
skin contamination in plastic surgical procedures.

In 1999, Hollaus et al. examined the glove pet-
foration rate of the latex double-glove hole puncture
indication system during 100 thoracotomies.”® The

outer gloves were the Biogel® Super-Sensitive™

glove. The underglove was the green Indicator™
glove. Perforation of the outer gloves allowed inflow
of fluid between the two pairs of gloves. The wet
area of the underglove then appeared as a green spot
through the translucent outer glove once the outer
glove had a petforation. Because Brown?* demon-
strated a 100% accuracy of this double-glove hole
puncture indication system, Hollaus et al. used this
modality rather than the water leak test as evidence
of glove hole puncture.?* The investigators reported
150 outer glove perforations (8.9%) and only 19 un-
derglove perforations (1.1%). On the basis of these
results, they concluded that cutaneous blood expo-
sure was prevented in 78% of all operations. They
indicated that double-gloving should become a rou-
tine for thoracic surgeons, to prevent transmission of
bloodborne infections.

Despite the dangers of transmission of blood-
borne pathogens many surgeons are reluctant to use
double-gloves for a variety of reasons.! Some do not
see the need and ignore the overwhelming evidence
of bloodborne transmission of infections during
surgery.? Others complain of symptoms of hand
tingling, numbness, or pain while wearing double-
gloves. Others note decreased hand sensitivity, which
interferes with manipulation of instruments.

Consequently, Novak et al. assessed the hand
sensitivity of surgeons without surgical gloves, with
single gloves, and with double-gloves.? They per-
formed a sensory evaluation that included cutaneous
pressure threshold, moving two-point discrimination,
and static two-point discrimination. The cutaneous
pressure thresholds varied from 1.65 to 3.22 with no
gloves, 2.44 to 3.61 with single gloves, and 3.22 to 4.17
with double-gloves. It was interesting that the moving
two-point discrimination was 2 mm in the majority
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(22 of 25) of surgeons. They reported that the lowest
cutaneous pressure thresholds were noted when mea-
sured with no gloves and increased with single and
double-gloves. Statistically significant differences in
cutaneous pressure thresholds were found for gloves
versus no gloves and single versus double-gloves. In
addition, statistically significant differences in moving
two-point discriminations were identified in single
versus double-gloves. The investigators concluded
that double-gloves do indeed impair hand sensation.
They did, however, point out that the surgeon will be
able to find the correct and comfortable fit for dou-
ble-gloves after a trial period that takes approximately
1 to 120 days. They suggest that the perception of de-
creased sensation experienced by the surgeon when
first using double-gloves will likely be minimized and
overcome with sensory cortex remapping.

The US. Food and Drug Administration man-
dates that the glove hole leakage rate of manufactured
sterile surgical gloves must not exceed 1.5%. It is sur-
prising to the authors of this collective review that
the potential glove leakage rate is not listed on every
sterile glove package, which would remind operating
room personnel that a significant number of sterile
surgical gloves have holes, an invitation to the spread
of deadly bloodborne viral infections between the
patient and the surgeon. Moreover, it is very disap-
pointing that the Food and Drug Administration has
still not banned the use of powder on sterile surgical
gloves that potentiates tissue toxicity and infection,
as well as adhesions, and remains as a vector for the
latex allergy epidemic.?’

It is important to emphasize that the hospital
setting in which double-glove hole systems are used
has an important influence on the accuracy of the
system to detect holes in the outer glove. Fisher et
al. documented the performance of the double-glove
hole indication system in the emergency department.
28 In their study, the frequency of holes in both gloves
of the double- glove hole indication system was de-
termined using a watertight test method. Second, the
frequency of glove puncture was determined first by
searching for the optical color change that occurs
when the ingress of fluid occurs in the double-glove
hole detection systems. In 50 consecutive patients,
there was no color change in the inner glove that
would indicate glove puncture. When the same gloves
were then tested with the watertight test method, 14
of 50 double-glove hole indication systems had in-
dication of glove puncture. The failure of the physi-
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cians to detect visual changes at the site of glove hole
puncture was due to the absence of a wet surface
over the outer glove. Because it is difficult to wet the
outer surface of the glove with sterile saline in the
emergency department, the double-glove hole indica-
tion system has no value in detecting glove puncture
in the emergency department.
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During the last four decades, there have been revolutionary advances in the development of
skin staples as well as tissue adhesives. One of the purposes of this collective review is to pro-
vide an overview of recent advances in the development of metal and absorbable skin staples
and tissue adhesives. In addition, we will provide technical considerations in the use of metal
and absorbable skin staples and tissue adhesives during surgery. On the basis of extensive ex-
perimental studies, we would recommend the Autosuture™ Multifire Premium™ metal skin
stapler. During a surgical operation, the rotating head of this skin stapler can have its skin sta-
pling cartridge removed once for additional stapling. The revolutionary Insorb™ subcuticular
skin stapler is designed to combine the cosmetic result of absorbable sutures with the rapid
closure times associated with metal skin staplers, while eliminating the need for metal staple
removal postoperatively. The Insorb™ absorbable staple is composed of a copolymer that
is predominantly polylactide, which is absorbed over a period of a few months. The supe-
tior petformance of the Insotb™ absorbable staple has been confirmed by experimental and
clinical studies. In the last 20 years, surgeons have become increasingly interested in replacing
sutures by means of adhesive bonds in the closure of surgical wounds. A recent collective
review of clinical studies done with tissue adhesive has recommended that thete is a need for
well-designed randomized, controlled trials comparing tissue adhesives and alternate methods
of closure, especially in patients whose health may interfere with wound healing.

KEY WORDS: metal skin staple, absorbable skin staple, tissue adhesive, wound infection,
wound dehiscence
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Introduction

During the last four decades, there have been revolu-
tionary advances in the development of skin staples
as well as tissue adhesives. One of the purposes of
this collective review is to provide an overview of re-
cent advances in the development of skin staples and
tissue adhesives. We will provide technical consider-
ations in the use of skin staples and tissue adhesives
during surgery. In addition, we will provide scientific
information that will allow you to select skin staples
and tissue adhesives that have the least risk for infec-
tion and allow wound closure to be achieved with the
most aesthetically pleasing scar.

Skin Staples

The use of mechanical means for wound closure
first appeared in ancient Hindu medicine. Insect
mandibles were employed for wound closure in the
jungles of southern Bhutan at the foot of the Hi-
malayas.! Victor Fischer, an ingenious designer of
surgical instruments, was the inventor of the first
surgical stapler that used metal staples.” He designed
and developed different gastrointestinal (GI) staplers
for Himér Hitl, one of the leading surgeons at the
St. Rokus Hospital in Budapest. Hiitl operated on
his first patient with the stapler on May 9, 1908. The
stapling instrument was very bulky and cumbersome,
weighing 5 kg and taking two hours to assemble. In
1920, Aladar von Petz, a young surgical assistant at
the University of Budapest, designed a stapler weigh-
ing only 1 kg that became the prototype for future
GI staplers.

Subsequently, a great impetus to mechanical
stapling devices was given by the Institute for Ex-
perimental Surgical Apparatus and Instruments in
the mid-1950s.? The eatly experience of Steichen and
Ravitch with the original Soviet staplers convinced
them of their potential uses in surgery, which pro-
vided the stimulus for American designers and manu-
facturers to create a family of staplers.* Although
many of the original staplers were developed from
the basic principles utilized in the Soviet instruments,
the skin stapler was a totally new kind of instrument
in conception. This stapler, manufactured in the
United States (Autosuture™, US Surgical, division of
Tyco Healthcare, Norwalk, CT), utilized a disposable,
preloaded, presterilized magazine that contained 25
staples. A small sterile disposable cylinder contain-
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ing carbon dioxide provided the driving force for the
formation of rectangular skin staples. Steichen and
Ravitch? reported that this instrument saved consid-
erable time during the operative procedure.

The first major change in the design of this skin
stapler was to replace the carbon dioxide cartridge
with a mechanical power soutce, a movable handle.’
By compressing the movable handle against a fixed
handle, the surgeon generated sufficient force to
form the rectangular staple. This metal stapler,
which had to be cleaned and autoclaved before each
surgical procedure, employed a sterile, disposable
cartridge containing 25 to 35 staples that were eas-
ily positioned in the delivery end of the stapler. The
time required to clean and autoclave these staplers
was circumvented by then developing sterile dispos-
able skin staplers.®

It is one of the purposes of this report to de-
scribe the scientific basis for the selection of skin
stapling techniques. By understanding the influence
of these staple closure devices on the biology of
wound repair and infection, the surgeon can accom-
plish staple closure with the most aesthetically pleas-
ing scar and with the lowest incidence of infection.
Skin staplers can be divided into those that deliver
metal skin staples and those that deliver absorbable
skin staples.

Metal Skin Staples

Metal skin staples are one of the most common tech-
niques of approximating the skin. When selecting
a metal skin stapler, the surgeon must consider the
following features: design specifications and surgical
performance.

Design Specifications

The surgeon’s selection of a disposable stapler is
determined by several important parameters of me-
chanical performance, including 1) handling chat-
acteristics, 2) maximal angle of visual access to the
staple, 3) angle at which the staple enters the tissue,
4) ease of positioning, 5) prepositioning mechanism
for staple, 0) staple release mechanism, 7) texture, and
8) weight.

Stapler design must strive to diminish energy ex-
penditure.” The weight of the stapler is an important
consideration to avoid hand fatigue. Using light tools
for light tasks is a worthwhile rule. The investigations
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of Comaish and Bottoms® and Naylot” provide a ba-
sis for including texture among the important design
elements of staplers. A slippery finish demands en-
ergy expenditure for retention in the surgeon’s hands.
Texture that is too coarse can lead to discomfort, skin
irritation, and diminished efficiency. Actuating the
stapler should be accomplished with ease. Strength
differences between men and women provide a basis
for using women’s strength as a standard when de-
termining forces needed to form staples. Once the
staple is formed, all stapler handles are spring-loaded,
which returns them to their resting position, reducing
work expenditure.

Staplers operated by grip activity with a rotating
head remain the most popular skin closure staplers.
All staplers are designed with fixed and movable
handles. For skin staplers operated by grip activities,
the surgeon usually compresses the movable handle
with the index, long, ring, and little fingers against the
fixed handle, which is stabilized against the plane of
the hand.!"” The distance between the movable and
stationary handles is an important consideration in
stapler design. Surgeons prefer to compress a movable
handle whose contact surface is 5.5 to 8.0 cm from
the contact surface of the stationary handle, because
they can exert maximal grip strength at these distanc-
es without becoming fatigued.!! When this distance
is short (£3.0 cm), the surgeon’s grip strength on the
movable and fixed handles is limited, predisposing to
fatigue after repeated staple formations.

A surgical skin stapler should have a rotating head
to provide optimal visualization of the underlying
wound. By rotating the stapler head, the stapler can
be adjusted so that the instrument does not obstruct
the surgeon’s view of the wound edge. An important
additional feature of the skin stapler is its preposi-
tioning mechanism, which allows the surgeon to hold
the staple in various positions during its formation.
A clutch-like mechanism has been incorporated into
the stapler, which allows the surgeon to release pres-
sure on the moveable stapler handles without losing
control of the partially formed staple. The delivery
end of the skin stapler cartridge should assume a
60° angle with the undetlying skin, which provides
intimate contact with the skin with only a 1 mm deep
recess in which the staple is formed. When the staple
is delivered to the wound at this 60° angle, it tends to
assume an upright position that is perpendicular to
the wound. This additional space allows the entrapped
tissue to expand during healing without contacting
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the staple topspan, thereby decreasing the likelihood
of the development of transverse skin scars (cross-
hatching) beneath the topspan.

Once the staple is formed, the stapler should have
an automatic release system that separates the staple
from the stapler. After firing all of the staples in a
cartridge, the cartridge should be removed from the
instrument and replaced with a new cartridge if addi-
tional staples are needed to staple the incision or graft.
Finally, the handling characteristics of the stapler
should be such that the surgeon can easily implant a
large number of staples without becoming fatigued.

Like surgical needles, the configuration and posi-
tion of the pointed legs of the staple may influence
the performance of the stapler. The geometry of the
staple should assume a rectangular shape in the tissue.
The uniform geometry of the stainless steel staples
has been attributed to both the position of dimples,
or indentations, in the staple wire, and to the geom-
etry of the staple wire. Dimples or indentations in the
wire have been inset at the junction of the topspan
and its legs. These dimples facilitate the positioning
of the wire on the anvil and the creation of a uniform
staple. In addition, the flattened topspan of the staple
gains intimate contact with the anvil, which contrib-
utes to uniform staple geometry. In our extensive
experience with skin stapling, we prefer rotating head
skin staplers.

Rotating Head Skin Staplers

Rotating head skin staplers are now produced by two
different manufacturers. Covidien (Norwalk, CT)
produces the Autosuture™ Multifire Premium™,
while Ethicon, Inc., (Somerville, NJ) manufactures
the Proximate RH™.,

Autosuture™  Multifire Premium™. The Autosu-
tureTM Multifire PremiumTM disposable skin sta-
pler is unique in that its cartridge may be reloaded,
allowing for multiple uses during a single surgical
procedure (Fig. 1). This stapler functions like a pistol
stapler and is lightweight, weighing less than 98 g.
Each Multifire PremiumTM disposable skin stapler
has two components: a loading unit and a cartridge.
The instrument has one fixed and one movable handle
that are attached to the stapler delivery body through
which the cartridge is loaded. The movable handle of
the loading unit extends from the fixed handle at a
45° angle resulting in an 8.0 cm distance between the
contact surfaces of its handles. The contact surface
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Figutre 1. Autosuture™ Multifire Premium™ disposable skin stapling instrument.

of the movable handle has a deep scallop that accom-
modates the surgeon’s index finger.

The delivery end of the loading unit has a station-
ary component that is attached to a rotating hollow
plastic nose through which the cartridge is inserted.
The plastic nose is tapered and short (4.8 cm), so that
it does not interfere with the surgeon’s sight of the
wound. The loading unit accepts cartridges contain-
ing either wide or regular size staples, both of which
have a rectangular shape with a beveled delivery end.
The length and thickness of the cartridge for the
regular and wide staples are identical, being 10.1 cm
and 7 mm, respectively. The width (1.6 cm) of the
cartridge with the regular size staples is smaller than
that of the cartridge with the wide staples (2.1 cm).

The delivery end of the Multifite Premium™
disposable skin stapler cartridge assumes a 60° angle,
which provides intimate contact with the skin and
with only a 1 mm deep recess in which the staple is
formed. When the staple is delivered to the wound
at a 60° angle, it tends to assume an upright position
that is perpendicular to the wound. This additional
space allows the entrapped tissue to expand during
healing without contacting the topspan, thereby de-
creasing the likelihood of the development of skin
scars (cross-hatching) beneath the topspan. Direc-
tional arrows made of paper with an adhesive back-
ing are attached to the top and bottom surfaces of
the cartridge to indicate the site to which the staple
is delivered.

The Multifire Premium™ disposable skin stapler
was designed for multiple uses during a single opera-
tive procedure. The most obvious advantage of this
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feature is that it substantially reduces the cost of skin
stapling during surgery that involves multiple car-
tridges. The need for multiple cartridges is especially
evident in the fixation of multiple skin grafts during
reconstructive surgery. Today, the Multifire Premi-
um™ stapler is limited to only one cartridge change
before a new skin stapler must be used.

Forceps approximate the skin edges before sta-
pling. Stapling is accomplished in a manner so that
there is sight of each formed staple. With the surgeon
standing at the patient’s right side, skin stapling is be-
gun at the cephalad end of incisions. Stapling from
the caudad to cephalad direction is technically more
challenging because the surgeon’s hand and stapler
will interfere with sight of previously formed staples,
accounting for errors in staple placement that may
result in misalignment of the wound edges.

By rotating the stapler handles toward the sur-
geon, sight of the skin edges becomes easier. The ro-
tated delivery end of the stapler is positioned above
the divided skin edges. An important additional
feature of the Multifite Premium™ disposable skin
stapler is its staple prepositioning mechanism, which
allows the surgeon to hold the staple in various posi-
tions during its formation. A clutch-like mechanism
has been incorporated into this stapler, which allows
the surgeon to release pressure on the movable staple
handle without losing control of the partially formed
staple. Precocking of the instrument occurs when the
topspan of the unformed staple rests against the an-
vil with exposure of the staple legs beyond the stapler
delivery end. Precocking of the stapler requires only
a small degree of rotation (squeeze) of the movable
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Figutre 2. Proximate RH™ disposable skin stapling instrument.

handle (9.5°) with insignificant force, because the
staple is not deformed. Consequently, the surgeon
can precisely and repetitively expose the staple legs,
which are strong enough to be used as skin hooks that
facilitate approximation of the divided skin edges.
Once the staple is formed, the stapler has an au-
tomatic release mechanism that separates the staple
from the stapler. The Multifire Premium™ dispos-
able skin stapler cartridges contain 12, 25, or 35
staples. After firing all of the staples in a cartridge,
the cartridge should be unloaded from the disposable
instrument and replaced with a new cartridge if ad-
ditional staples are needed to staple the incision.
Proximate RH™ Stapler. The Proximate RH™
stapler has an external surface made of a smooth
polished plastic and functions like a pistol stapler
(Fig. 2). It is lightweight, weighing less than 122 g
The stapler has one fixed and one movable handle
that are attached to the delivery end of the stapler,
which has a rotating head. The stationary handle of
the Proximate RH™ stapler attaches to its delivery
end at an oblique angle of 30° from the vertical axis.
The longest distance between the contact surfaces of
the stationary and movable handles of the Proximate
RH™ stapler is 8.0 cm. A shallow scallop, or flare, is
evident on the contact surface of the movable handle
to facilitate positioning of the surgeon’s index finger.
The delivery end of the Proximate RH™ stapler
has a stationary part that is attached to its rotating
end. Its rotating end has two components. Its proxi-
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mal position has a tapered plastic sleeve (length 4.0
cm) through which a planar-shaped cartridge (length
0.3 cm) passes to become the delivery end of the sta-
pler. The cartridges for the regular and wide staples
of the Proximate RH™ stapler are the same size. The
cartridge has a linear slit that allows sight of the num-
ber of staples. Once all the staples are fired from the
stapler, the surgeon must use a new stapler because
its cartridge is fixed to the delivery end of the stapler
and is, therefore, not reloadable.

The delivery end of the Proximate RH™ car-
tridge has two distinct parts. Its distal portion (1.8 cm
width) with a 1 mm deep recess is flat and contacts
the skin surface so that the stapler delivers its staples
at a 90° angle to the tissue. The remaining portion is
recessed 3 mm from the distal portion (1.6 cm width)
and has a flat surface that does not contact the skin.
An engraved black arrow on the top of the cartridge
indicates the site to which the staple is delivered.

The 90° angle at which the Proximate RH™
staple delivers its staples has several implications.
This staple delivery angle limits the surgeon’s ability
to visualize the staple as it penetrates the tissue. Con-
sequently, the surgeon cannot easily control the depth
that the staple legs penetrate the tissue. The surgeon
may implant the staple deeply in the tissue with its
topspan flush with the skin. Such a deeply implanted
staple may induce several damaging effects on the tis-
sue. First, it can strangulate the entrapped tissue, and
thereby reduce its resistance to infection. Second, it
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may abrade the underlying skin, which may result in
permanent transverse scars.

The Proximate RH™ stapler forms a rectangu-
lar-shaped staple. Its unformed staple has a unique
configuration. V-shaped legs extend from its straight
topspan. For this unformed staple to assume a rect-
angular shape, its legs must rotate 120°. Its unique
unformed shape permits an in-line staple-to-staple
stacking arrangement which, by itself, seems quite
reliable. This stack, however, requires a mechanism
to transfer the lead staple to the firing position, and
thereby introduces an additional mode of failure
(eg, jamming).

Precocking of the Proximate RH™ stapler to a
site at which the staple legs are visible beyond the
staple delivery end requires considerable force and
movement of the movable handle. In contrast to the
™ stapler, the unformed staple
must be deformed to allow visualization of the
staples pointed legs. This staple deformation is as-
sociated with substantial rotation (16.5°-19.5°) of the
staplet’s movable handle. Because prepositioning of
the Proximate RH™ staple leg involves considerable
handle movement by substantial forces, it precludes
delicate manipulation of the divided skin edges by
the exposed staple legs. Once the staple is formed,
the Proximate RH™ stapler has an automatic release
mechanism that separates the staple from the stapler.

A comprehensive study by Jones and colleagues
compared the performance of the Multifire Premi-
um™ and Proximate RH™ disposable skin staplers
in an experimental and clinical investigation.'?

Experimental Bvalnatio. Stapler performance for
the Multifire Premium™ and Proximate RH™ was
determined by four parameters: force required to
form the staple, staple sharpness, uniformity of the
staple geometry, and clinical performance. The force
required to form the staple is an important factor in
assessing stapler performance. Ideally, staple forma-
tion should be accomplished with relative ease and
without fatigue. Although the distances between
the contact surfaces of the movable and stationary
handles of the Multifire Premium™ and Proximate
RH™ staplers were remarkably similar (8.0 cm),
the investigators reported significant differences
between the forces required to form their regular
and wide staples using these staplers.”” The forces
required to form the Multifire Premium™ regular
and wide staples were significantly less than those
needed to form the corresponding Proximate RH™

Multifire Premium
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regular and wide staples (P < 0.05). The forces
needed to form the Proximate RH™ wide staples
were the greatest

Point-sharpness of the skin staple was deter-
mined by measuring the maximum vertical force re-
quired for it to penetrate a thin synthetic membrane.'?
Although the diameter of the regular size staples was
less than that of the wide staples, the forces required
for the regular and wide staples to penetrate the
thin synthetic membrane did not differ significantly.
However, the manufacturing process appeared to
have considerable influence on staple sharpness, as
measured by the penetration forces. The Multifire
Premium™ regular and wide staples encountered
significantly lower penetration forces than the regular
and wide Proximate RH™ staples (P < 0.05).

The metal staples had similar composition, being
made of 316L stainless steel. The surfaces of staples
may be coated with polymers to facilitate passage
through tissue. The manufacturers did not iden-
tify the presence of surface coatings and their exact
composition. The dimensions of the unformed and
formed staples from the staplers were determined
by measurements made with a Model TM 20 Nikon
Toolmaker Microscope (Tokyo, Japan). The unifor-
mity of the geometry of random samples of the
formed staples and the pointed legs was ascertained
by photographs at 10 X and 25 X magnifications, re-
spectively. The Multifire Premium™ regular and wide
staples formed by the stapler, without penetrating the
skin, had a rematkably uniform geometry.! In con-
trast, the geometry of the regular and wide staples
formed by the Proximate RH™ stapler showed con-
siderable variability. This disparity in the shapes of
the staples had considerable influence on the position
of the pointed legs underlying the staple topspan. In
some cases, the distances between the pointed legs
of the Proximate RH™ staple varied, while in other
cases the pointed legs were not in or on the same
geometric plane.

Clinical Evaluation. Five surgeons during surgical
procedures that involved skin closure accomplished a
clinical evaluation of the Multifire Premium™ dispos-
able skin stapler and Proximate RH™ stapler.!* For
each stapler, the surgeon commented on the staple
prepositioning mechanism, visibility of staple during
its formation, uniformity of staple geometry, relative
force required to form the staple, frequency and type
of stapler malfunction, as well as any perceived ad-
vantages and disadvantages of the staplers.
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In this clinical study, the Multifire Premium™
disposable skin staplers were favored over the Proxi-
mate RH™ staplers for closure of incisions. The
surgeons noted that the major advantage of the
Multifite Premium™ disposable skin stapler was
that its cartridge could be reloaded. This reloading
capability of the Multifire Premium™ disposable
skin stapler did require limited training of the user
to prevent unnecessary malfunction of the stapler.
They preferred the handling characteristics of the
Multifire Premium™ disposable skin stapler to the
Proximate RH™ skin stapler. They noted that they
could preposition (precock) the Multifire Premium™
disposable skin stapler with less force than the Proxi-
mate RH™ stapler, allowing them easier use of the
pointed legs of the Multifire Premium™ staples as
skin hooks to facilitate approximation of the divided
edges of skin. They favored the delivery end of the
Multifire Premium™ disposable skin stapler over that
of the Proximate RH™ stapler, because the beveled
delivery end of the Multifire Premium™ disposable
skin stapler delivered the staple at a 60° angle to the
wound surface. As the staple rotated to a 90° angle,
it left a space between the skin and topspan, allowing
easy staple removal. In contrast, the surgeon usually
held the delivery end of the Proximate RH™ stapler
perpendicular to the underlying wound, making it dif-
ficult to visualize and control the depth of penetra-
tion of its staple legs.

Surgeons could repeatedly use the Multifire Pre-
mium™ disposable skin staplers with either wide or
regular staples as well as the Proximate RH™ staplers
with regular staples without fatigue. However, sut-
geons noted that the forces to form Proximate RH™
wide staples were excessive and could predispose the
surgeons to fatigue. Moreover, they were impressed
by the uniform geometry of the formed regular and
wide Multifire Premium™ staples that facilitated me-
ticulous approximation of the divided skin edges. In
contrast, they noted the non-uniform geometry of the
regular and wide Proximate RH™ staples appeared
to distort the wound edges. In addition, one out
of three Proximate RH™ staplers became jammed
during wound closure so that staples could not be
delivered into the skin. In contrast, staple jamming of
the Multifite Premium™ disposable stapler was not
encountered, unless the surgeon did not reload a new
cartridge properly.

The influence of staples and their configuration
on the biology of skin wound repair and infection has
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been the subject of increasing numbers of scientific
studies. Jewell and colleagues compared the healing
of sutured wounds to that of stapled wounds in the
rat.® The skin incisions in one expetimental group
were closed with regular-sized Proximate RH™ sta-
ples implanted at 5 mm intervals, whereas interrupted
4-0 monofilament nylon sutures approximated skin
incisions in the remaining group at 5 mm intervals.
Staples and sutures were removed from the wounds
on the seventh postoperative day. No significant dif-
ference was reported between the mean breaking
strength of the wounds with either staples or sutures
at 10, 42, and 180 days after closure. However, there
was a significant difference in the breaking strength
at 21 days, the sutured wounds being slightly stronger
than the stapled wounds.

There is uniform agreement that skin wounds
closed by staples exhibit a superior resistance to in-
fection than skin wounds contaminated by the least
reactive suture. In an experimental study, Johnson
and colleagues compared the resistance to infection
of contaminated wounds approximated by tape,
staples, or sutures.!* Skin wounds closed by tape ex-
hibited the greatest degree of resistance to infection,
followed by the stapled wounds, and then the wounds
approximated by the least reactive nonabsorbable su-
tures. The superiority of tape closure was evident at
all levels of contamination, except 5x107bactetia at
which all wounds were destined to develop infection
regardless of the closure technique. In the presence
of lower bacterial inocula, wounds approximated by
staples exhibited a lower rate of infection than the
least reactive nonabsorbable suture, monofilament
nylon. The infection rate in these wounds correlated
with the wound bacterial counts. Sutured wounds
exhibited the highest bacterial counts, followed by
stapled wounds and then taped wounds. The su-
perior resistance of stapled wounds to infection as
compared with the resistance of sutured wounds
was confirmed by the experimental study of Stillman
and colleagues."” In contaminated wounds in mice,
stapled wounds displayed a lower incidence of infec-
tion than wounds approximated by either percutane-
ous sutures (4-0 silk, 4-0 monofilament nylon, and
4-0 polyglycolic acid suture) or subcuticular sutures
(4-0 polyglycolic).

In a busy clinical setting, there exists a need for
fast, safe, and cost effective methods of wound re-
pair. In animal models, stapled and sutured wounds
displayed similar mechanical and histologic character-
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istics, and contaminated wounds demonstrated lower
infection rates when stapling was employed.' Staple
repair also provided other advantageous results, in-
cluding decreased inflammatory response, wound
width, and wound closure times, as well as promotion
of wound-edge eversion, formation of an incomplete
loop with decreased tissue strangulation, and a lack
of residual cross marks.!!”

Kanegaye and colleagues'® conducted a study of
a pediatric emergency department to determine the
cost effectiveness and timesaving benefit of using
staples in place of sutures. It was determined that
staples were six times faster than standard sutures in
the closure of scalp lacerations and eight times faster
per centimeter. The results of staple use demonstrat-
ed a 29% decrease in the cost of surgical supplies,
and an overall 30% to 40% decrease in the combined
costs of supplies and physician compensation. The
results of this study are comparable to studies in-
volving adult patients.!**
also studied the costs related to both equipment and
personnel time in stapling and suturing procedures
and found staples to be cost effective for all surgical
procedures examined.

Otlinsky and colleagues?!

Absorbable Skin Staples

The revolutionary Insorb™ Subcuticular Skin Sta-
pler is designed to combine the cosmetic result of
absorbable sutures with the rapid closure times as-
sociated with metal skin staplers, while eliminating
the need for metal staple removal postoperatively.
The patented Insorb™ 20 Subcuticular Skin Stapler
(Incisive Surgical, Inc.,”™ Plymouth, Minnesota) is a
sterile, single-patient-use device that deploys up to 20
staples, which is sufficient to close a 17 cm incision.
The Insorb™ absorbable staple is composed of a
copolymer that is predominantly polylactide, which is
absorbed over a period of a few months. In 10 weeks,
the mass of this staple is approximately one-half of
its original size.

This stapler uses a novel method of dermal
closure that presents the dermis and then precisely
places an absorbable staple in a horizontal, subcu-
ticular, and interrupted manner to provide a secure,
well-approximated everted dermal closure. The staple
design features a U-shaped curvature with cleats at
the two distal ends to secure the subcuticular tissue.

In 2006, our team of gifted scientists examined
the performance of the Insorb™ stapler as com-
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pated to suture and metal staplers.”? Six pigs were
used to evaluate the influence of three separate mo-
dalities on contaminated wounds. Full-thickness skin
wounds on the abdomen were contaminated with 10
x 4 or 10 x 5 Staphylococcus anreus and then closed with
one of three methods. The three closure modali-
ties included (1) a new absorbable staple (Insorb™)
placed in the subcuticular tissue, (2) a braided Vic-
ryl™ suture, and (3) percutaneous metal staples.
Any foreign body or material implanted in tissue
increases the risk of infection at that site. Wound
closure always involves the use of a foreign body.
Historically, sutures have been the primary material
used to close tissue. The newer synthetic sututres are
significantly more biodegradable and cause less in-
fection than sutures composed of protein, such as
silk and catgut. Metal staples are also associated with
a low risk of infection. Recently, Incisive Surgical,
Inc. (Plymouth, Minnesota), has developed an ab-
sorbable polymer staple specifically for subcuticular
skin closure. The purpose of this study was to com-
pate the new Insorb™ staple to both an absorbable
polymer suture and a metal staple. Wound infection
was assessed 7 days after closure by clinical signs
and quantitative bacterial swabs. The results demon-
strated that wounds closed with Insorb™ staples had
the lowest incidence (33%) of infection, followed
by percutancous metal staples (44%). All wounds
(100%) closed with Vicryl™ suture became infected.
The incidence of wound infection directly corre-
lated with the level of quantitative bacterial count
at analysis. The Insorb™ staple was associated with
significantly reduced closure time, less inflammation
and infection, and better aesthetic result compared
to Vicryl™. Compared to metal staples, the Insorb™
subcuticular staplers demonstrated comparable clo-
sure time without the need for later staple removal.
In conclusion, the closure of contaminated wounds
with the Insorb™ staples is a supetior choice to Vic-
tyl™ suture because they have a significantly (P =
0.009) lower incidence of infection. The Insorb™
staple is a revolutionary advance in subcuticular
skin stapling.

In 2009, Cross et al. published a prospective, ran-
domized, controlled clinical study using the Insorb™
dermal staple device. Patients undergoing bilateral
breast reconstruction with tissue expanders had one
incision randomized to dermal closure with absorb-
able dermal staples. The contralateral side was closed
with dermal sutures. During the expansion period,
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wounds were assessed by a blinded plastic surgeon
using the 13-point Vancouver Scar Scale. At the time
of implant exchange, both scars were excised and ex-
amined for histologic signs of inflammation. Eleven
patients (22 incisions) were enrolled in the study. The
dermal stapler was four times faster than standard su-
ture closure, reducing closure time by 10.5 minutes (P
< 0.001). Overall, cost savings with the dermal stapler
was $220 per case. In the eatly postoperative period,
the dermal stapler had a higher Vancouver Scar Scale
score than sutures because of superior wound ever-
sion, a beneficial characteristic for wound healing. By
4 months postoperatively, no significant difference
in scar scores was found between interventions. At
6 months, histologic analysis suggested decreased in-
flammatory cell invasion of the dermal stapler-closed
scar. Closure using the absorbable dermal stapler can
be performed significantly faster than standard suture
closure techniques, allowing for a more cost-effective
incisional closure with equivalent cosmetic results.”®

Tissue Adhesives

In the last 20 years, surgeons have become increas-
ingly interested in replacing sutures by means of
adhesive bonds in the closure of surgical wounds.
Cyanoacrylate tissue adhesives have been used for a
number of medical applications including broncho-
pleural fistula repair, endoscopic treatment of ulcers,
high risk intestinal anastomoses, middle ear surgery,
and a mesh fixation for inguinal hernia repair.?*? The
most extensive use of adhesive bonds is, however, for
repair of traumatic lacerations in the emergency de-
partment. There are several advantages for the use
of adhesive bonds compared with the conventional
sutures. First, tissue union can be achieved rapidly.
Second, the need to remove sutures is eliminated.
Third, application of adhesive bonds is significantly
less painful than suturing, and the cyanoacrylate ad-
hesives have a significant antimicrobial effect against
Gram-positive organisms.?’

Doraiswamy et al. studied the three available
tissue adhesives and compared their performance.”
These tissue adhesives included the following: N-bu-
tyl-2-cyanoacrylate (Histoacryl®, B. Braun, Melsun-
gen, Germany), 2-octyl-cyanoactylate (Dermabond®,
Ethicon, Inc., Somerville, NJ), and N-butyl 2-cyano-
acrylate (Indermil®, Syneture™, Covidien, Norwalk,
CT). Histoacryl® has been available for nearly fifteen
years; Indermil® and Dermabond® were introduced
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to the market during the last decade. Children pre-
senting with uncomplicated wounds <2.5 cm and
<6h since the injuries were studied. There were 17
children in each group. Results were compared for
the individual tissue adhesive and the technique.
The tissue adhesives were applied according to the
manufacturer’s instructions. For Dermabond®, the
outer container is squeezed to break the inner con-
tainer that releases the adhesive, and the adhesive is
then applied over the approximated wound edges
by smearing in contact with the wound. For Histo-
acryl®, the adhesive is squeezed and smeared over
the approximated wound edges by the spatulous tip.
In the case of Indermil®, the adhesive is squeezed
and applied over the approximated wound edges by
droplet installation without contact. The caregiver’s
responses were recorded by direct questioning im-
mediately after the procedure.

The use of tissue adhesives was, in general, sat-
isfactory to all concerned: children, caregivers and
staff. The glue effect was similar in all of the three
tissue adhesives. It was found to be advantageous to
use gloved fingers to approximate the wound edges.
In the unfortunate event that the glove became stuck
to the tissue adhesive, the glove had to be cut and left
at the wound site, to prevent disrupting the wound
while attempting to release the stuck glove. Use of
the glove also helped to prevent adhesion of the
user’s finger directly to the edges of the wound as
the glue finger on removal might disrupt the approxi-
mated wound edges. The investigators believe that
Indermil® was the best choice among the three tissue
adhesives. Parents should be warned of the persis-
tence of scabs for scalp wounds for a maximum of
3.5 weeks in spite of washing hair.

Pelissier® provides comprehensive investigations
of the use of Indermil® for wound closure of dorsal
wounds with rabbits. A 4-cm-long and 1-cm-wide
incision was created bilaterally on the backs of fif-
teen rabbits. A partial wound dehiscence occurred in
the wound subjected to Indermil® in one animal at 2
weeks. In all other animals, no seroma, partial dehis-
cence, or wound infection occurred. Histopathologic
analysis revealed that Indermil® induced edema and
a mild acute inflammatory reaction, and reabsorbed
completely in two months when applied to well vas-
cularized tissue. The investigators concluded that the
application of Indermil® on the cutaneous wound
edges is a fast and easy procedure that does not seem
to delay or inhibit the healing process or its quality.
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Sinha et al. studied 50 patients who underwent a
variety of hand operations and were randomized for
wound closure either with tissue adhesive (Indermil®)
or sutures.”’ The two treatment groups had similar
demographic characteristics and similar outcomes at
the 2- and 6-week postoperative assessments, which
were performed by a designated tissue viability nurse
blinded to the method of closure. Five minor wound
dehiscences occurred: three in the adhesive group
and two in the suture group. No infection occurred in
either group. In conclusion, their study demonstrated
tissue adhesive was as effective as suture in this type
of hand surgery.

When cyanoacrylate tissue adhesive is topically
applied to a wound site as a liquid, it polymerizes
to a firm, pliable film that binds to epithelium and
bridges the edges of a wound together. This film is
sufficiently water resistant to permit showering by
the patient after 48 hours and typically sloughs with
keratinized epithelium 5 to 10 days after application.
When compared with traditional skin closing tech-
niques (sutures, staples, and adhesive tapes), certain
cyanoacrylates have been repeatedly reported to be
equal in effectiveness and safety for repair of lacera-
tions and surgical incisions. Unlike sutures, cyanoac-
rylate tissue adhesives do not require special instru-
mentation or routine use of anesthesia for a removal
procedure. They can also be applied more rapidly,
and they decrease the amount of wound care from
patients by serving as their own dressings. In addi-
tion, Osmond et al.?’ reported that cyanoacrylate tis-
sue adhesive was more cost-effective compared with
absorbable and nonabsorbable sutures for closing of
pediatric facial lacerations.

1n 2010, Coulthard et al. wrote a collective review
on tissue adhesives for closure of surgical incisions.
32 In their scientific report, studies documented that
sutures were significantly better than tissue adhesives
for minimizing dehiscence and were found to be
significantly faster to use. Although surgeons may
consider the use of tissue adhesives as an alternative
to other methods of surgical site closure in the oper-
ating theatre, the authors emphasize that they must
be aware that adhesives may take more time to apply
and that if higher tension is needed upon an inci-
sion, sutures may minimize dehiscence. The authors
pointed out that there is a need for more well de-
signed randomized controlled trials comparing tissue
adhesives and alternative methods of closure. Finally,
these trials should include patients whose health may
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interfere with wound healing and surgical sites of
high tension.
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Ideally, the choice of the suture material should be based on the biological interaction of
the materials employed, the tissue configuration, and the biomechanical properties of the
wound. Measurements of the in vivo degradation of sutures separate them into two general
classes: absorbable and nonabsorbable sutures. The nonabsorbable sutures and absorbable
sutures are classified according to their origin. When considering an absorbable suture’s ten-
sile strength in vivo, we recommend that the manufacturer provides specific recommendations
of its holding strength, rather than the percentage retained of its initial tensile strength. The
newest advance in nonabsorbable sutures is polybutester suture, which is a block copolymer
that contains butylene terephthalate (84%) and polytetramethylene ether glycol terephthalate
(16%). The expanded polytetrafluoroethylene (ePTFE) suture has been expanded to produce
a porous microstructure that is approximately 50% air by volume. The clinical performance
of polybutester suture has been enhanced by coating its surface with a unique absorbable
polymer. A search for a synthetic substitute for absorbable collagen sutures led to the devel-
opment of the POLYSORB™ sutures that can reliably approximate tissues with a low risk
for infection. The latest innovation in the development of monofilament absorbable sutures
has been in the rapidly absorbing CAPROSYN™ suture. A new high-nickel stainless steel,
SURGALLOY™ | has been used recently to manufacture surgical needles. Biomechanical
performance studies of cutting edge needles made of S45500 stainless steel alloy and SUR-
GALLOY™ stainless steel demonstrated that needles made of SURGALLOY™ had supetior
performance characteristics over those made of S45500.

KEY WORDS: polybutester suture, Polysorb™, Caprosyn™, Surgalloy™ needle
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Introduction

There are several different suture materials and nee-
dles that provide an accurate and secure approxi-
mation of the wound edges. Ideally, the choice of
the suture material should be based on the biologi-
cal interaction of the materials employed, the tis-
sue configuration, and the biomechanical properties
of the wound. The tissue should be held in apposi-
tion until the tensile strength of the wound is suf-
ficient to withstand stress. A common theme of the
many reported investigations is that all biomaterials
placed within the tissue damage the host defenses
and invite infection. Because surgical needles have a
proven role in spreading deadly bloodborne viral in-
fection, the surgeon must select surgical gloves that
reduce the risk of accidental injuries during surgery.!
To protect surgeons and operating room personnel
from deadly bloodborne viral infections occurring
after glove puncture, we recommend that all operat-
ing room personnel wear double-glove hole indica-
tion systems that reliably identify glove holes in the
outer glove.

Surgical Sutures

Important considerations in wound closure are the
type of suture, the tying technique, and the configu-
ration of the suture loops. Selection of a surgical
suture material is based on its biologic interaction
with the wound and its mechanical performance 7
vivo and 7n vitro. Measurements of the 7/ vivo deg-
radation of sutures separate them into two general
classes.? Sutures that undergo rapid degradation in
tissues, losing their tensile strength within 60 days,
are considered absorbable sutures. Those that main-
tain their tensile strength for longer than 60 days are
nonabsorbable sutures. This terminology is some-
what misleading because even some nonabsorbable
sutures (ie, silk, cotton and nylon) lose some tensile
strength during this 60-day interval. Postlethwait
measured the tensile strength of implanted nonab-
sorbable sutures during a period of two years.® Silk
lost approximately 50% of its tensile strength in one
year and had no strength at the end of two years.
Cotton lost 50% of its strength in six months, but
still had 30% to 40% of its original strength at the
end of two years. Nylon lost approximately 25% of
its original strength throughout the two-year obser-
vation period.
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Nonabsorbable Surgical Sutures

The nonabsorbable sutures can be classified accord-
ing to their origin. Nonabsorbable sutures made
from natural fibers are silk sutures. Silk sutures are
nonabsorbable, sterile, non-mutagenic surgical su-
tures composed of natural proteinaceous silk fibers
called fibroin. This protein is derived from the do-
mesticated silkworm species Bombyx mori of the
family bombycidae. The silk fibers are treated to
remove the naturally-occurring sericin gum, and
braided sutures are available coated uniformly with
a special wax mixture to reduce capillarity and to
increase surface lubricity, which enhances handling
characteristics, ease of passage through tissue, and
knot rundown properties. Silk sutures are available
colored black with Logwood extract.

Metallic sutures are derived from stainless steel.
Modern chemistry has developed a variety of syn-
thetic fibers from polyamides (nylon), polyesters
(Dacron®), polyolefins (polyethylene, polypropylene),
polytetrafluoroethylene, to polybutester.

Polypropylene is a linear hydrocarbon polymer
that consists of a strand of polypropylene, a syn-
thetic linear polyolefin. All polypropylenes begin
with a base resin and then go through the following
steps: extrusion, drawing, relaxation, and annealing,
Each step in the process will influence the ultimate
biomechanical performance of the suture. Biome-
chanical studies demonstrate that the manufacturing
process (ie, annealing, relaxation) can dramatically
influence the surface characteristics without altering
its strength. Changes in the surface characteristics can
facilitate knot construction of the suture. Polypropyl-
ene sutures that have a low coefficient of friction will
facilitate knot rundown and suture passage through
the tissue. A new polypropylene suture has been de-
veloped that has increased resistance to fraying dur-
ing knot rundown, especially with smaller diameter
sutures. Polypropylene sutures are extremely inert in
tissue and have been found to retain tensile strength
in tissues for a period as long as two years. Polypro-
pylene sutures are widely used in plastic, cardiovas-
cular, general, and orthopedic surgery. They exhibit
a lower drag coefficient in tissue than nylon sutures,
making them ideal for use in continuous dermal and
percutaneous suture closure.

Nylon is composed of the long-chain polyam-
ide polymers. While they have a high tensile strength
and low tissue reactivity, they degrade zz vivo at a rate
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of about 12.5% per year by hydrolysis. The pliability
characteristics of these sutures permit good handling.
Because nylon sutures are more pliable and easier to
handle than polypropylene sutures, they are favored
for the construction of interrupted percutaneous
suture closures. However, polypropylene sutures en-
counter lower drag forces in tissue than nylon sutures,
accounting for their frequent use in continuous der-
mal and percutaneous suture closure. Nylon sutures
are also available in a braided construction. These
braided nylon sutures are relatively inert in tissue and
possess the same handling and knot construction
characteristics as the natural fiber, silk sutures.

Polyester sutures are comprised of fibers of
polyethylene terephthalate, a synthetic linear polyes-
ter derived from the reaction of a glycol and a dibasic
acid. Polyester sutures were the first synthetic braided
suture material shown to last indefinitely in tissues.
Their acceptance in surgery was initially limited be-
cause the suture had a high coefficient of friction
that interfered with passage through tissue and with
the construction of a knot. When the sutures were
coated with a lubricant, polyester sutures gained wide
acceptance in surgery. This coating markedly reduced
the suture’s coefficient of friction, thereby facilitating
knot construction and passage through tissue. The
polyester sutures are coated with either silicone, poly-
butylene adipate, or teflon.

The polybutester suture (Novafil™, Covidien
Inc., Mansfield, MA) is a block copolymer that con-
tains butylene terephthalate (84%) and polytetra-
methylene ether glycol terephthalate (16%). Polybu-
tester suture has unique performance characteristics
that may be advantageous for wound closure.* This
monofilament synthetic nonabsorbable suture exhib-
its distinct differences in elongation compared with
other sutures. With the polybutester suture, low forc-
es yield significantly greater elongation than that of
the other sutures. In addition, its elasticity is superior
to that of other sutures, allowing the suture to return
to its original length once the load is removed. In a
study by Trimbos et al., they compared the cosmetic
outcome of lower midline laparotomy scars using ei-
ther nylon or polybutester suture for skin closure.’> A
randomized clinical trial compared polybutester skin
suture with that of nylon for lower midline laparot-
omy wounds in 50 women undergoing gynecologic
surgery. Scar hypertrophy, scar width, scar color, the
presence of cross-hatching marks, and a total score
was assessed in all patients at eighteen months fol-
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lowing surgery and compared by nonparametric
statistical tests. The wounds closed with polybutester
suture were significantly less hypertrophic than those
closed with nylon. Regardless of the suture material
used, the lower part of the laparotomy scar showed
an inferior cosmetic result compared with the upper
part underneath the umbilicus for scar hypertrophy,
scar width, and the total scar score. The surgeons
concluded that polybutester skin suture diminished
the risk of hypertrophic scar formation because of
its special properties allowing it to adapt to changing
tensions in the wound. Increased closure tension of
the skin in the midline region above the pubic bone
may be caused by a relative immobility of the skin.
In 1997, Pinheiro et al. compared the performance
of polybutester sutures to that of nylon sutures in
70 male and female rats in which they examined the
clinical response of the skin in abdominal wall muscle
to the use of these sutures.® Under general anesthesia,
standard wounds were created in the dorsum and ab-
domen of the animals and subjected to suture closure
with either polybutester, or nylon. The animals were
sacrificed immediately, and at 12, 24, and 72 houts,
and at four, five and seven days to evaluate the impact
of the sutures on the wounds. Pinheiro et al. found
that polybutester suture has some advantages, such as
strength, lack of package memory, elasticity, and flex-
ibility, which made suturing quicker and easier. They
concluded that polybutester can be used safely on
skin and mucosal wounds because it is less irritating
to tissues than nylon.

The expanded polytetrafluoroethylene (ePTFE)
suture has been expanded to produce a porous mi-
crostructure that is approximately 50% air by vol-
ume.” The porous nature of the suture allows tissue
ingrowth into the suture. The ePTFE suture has some
novel performance characteristics that are distinct
from those of other monofilament nonabsorbable
sutures. ePTFE is greater than 100 times more supple
than any monofilament suture, without evidence of
plastic memory. In addition, the rate of creep (suture
elongation that occurs when a suture is subjected to
constant load for an extended period) encountered
in the ePTFE suture is significantly less than that
in the polypropylene suture. These unique features
of the ePTFE suture must be weighed against other
important considerations. First, the breaking strength
of an unknotted and knotted ePTFE suture is signifi-
cantly less than that of either the polypropylene or
polybutester sutures. For either the polybutester or
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polypropylene sutures, three throws are required to
form secure square (1=1=1) knots. In contrast, knot
security for a square ePTFE knot is accomplished
with seven (1=1=1=1=1=1=1) throws.

The clinical performance of polybutester suture
has been enhanced by coating its surface with a unique
absorbable polymer (VascufilTM, Covidien Inc., Man-
sfield, MA).® The coating is a Polytribolate™ polymer
that is composed of three compounds: glycolide, ep-
silon-caprolactone, and poloxamer 188. Coating the
polybutester suture markedly reduces its drag forces
in musculoaponeurotic, colonic, and vascular tissues.
Knot security with the coated polybutester suture
was achieved with only one more throw than with
comparably sized, uncoated polybutester sutures. On
the basis of the results of this investigation, coating
the polybutester suture represents another major ad-
vance in surgical suture performance.

Only nylon and stainless steel sutures are avail-
able both as a monofilament and as a multifilament
suture. Monofilament stainless steel is manufactured
as different diameter single strands of stainless steel.
Multifilament stainless steel sutures are formed by
winding one filament around another, forming a
twisted suture. Long continuous strands of stainless
steel are twisted together to form different gauge
sutures. Intertwining three or more filaments forms
the other multifilament sutures. Several very fine silk
fibers are twisted together to form yarns, which are
then braided. The number of silk fibers used regulates
the suture gauge. A large gauge suture can be made
with braids of synthetic filaments by either increasing
the number of filaments, or enhancing the size of
the filaments.

The ultimate performance of the new cardiovas-
cular sutures and needles must not only be considered
as separate entities, but as a complete product with
the suture attached to the needle. The introduction
and wide acceptance of ePTFE grafts has focused
considerable attention on the bleeding that occurrs
during vascular anastomosis. One of the character-
istics of the material is that a needle hole placed in
this graft remains approximately the same size as the
needle. Needle-hole bleeding is due to the disparity
between the diameter of the needle making the hole
and the diameter of the suture filling it. With vascular
surgical monofilament sutures that have a needle to
suture diameter of 2:1, the difference between the
sizes of the needles and sutures leaves an unfilled
space at each suture hole through which bleeding
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occurs. To resolve this problem of bleeding through
the holes in the ePTFE grafts, a cardiovascular suture
made of ePTFE was developed that can be swaged
to a taper point needle that closely approximates its
suture diameter, having a needle to suture diameter
ratio that approaches 1:1. This 1:1 ratio is allowed
because of the porous microstructure of the ePTFE
monofilament suture.” Laboratory testing has dem-
onstrated that sutures with a needle to suture ratio
of approximately 1:1 encountered less needle hole
leakage than sutures with a needle to suture ratio of
2:1. When evaluated with ePTFE graft containing
blood maintained at a constant pressure (80 mm Hg),
negligible needle hole bleeding was encountered fol-
lowing puncture by a needle with its attached ePTFE
suture.!” A new vascular suture has been designed
recently whose diameter also approximates that of its
needle diameter, having a needle to suture ratio of
1:1. This vascular suture is a monofilament, polypro-
pylene suture that has been extruded to produce a
tapered swage end, which is significantly smaller than
that of the remainder of the suture. This tapered su-
ture configuration allows it to be channel swaged to
smaller diameter needles, yielding a needle to suture
ratio that approaches 1:1.

Insight into the clinical significance of this nee-
dle hole bleeding can be gained from the results of
experimental studies in animals. Miller et al. recorded
the volume of canine anastomotic bleeding in a seties
of end-to-end, ePTFE graft to ePTFE graft anasto-
moses made by sutures with different needle to suture
diameter ratios.!! They concluded that sutures with a
needle to suture ratio of 1:1 were clinically beneficial,
caused reduced blood loss, and limited the time spent
in surgery, regardless if ¢ePTFE or polypropylene su-
tures were used. In contrast, sutures with a needle to
suture ratio of 2:1 dramatically increased anastomotic
bleeding in ePTFE grafts. With the advent of ePTFE
grafts with exterior ePTFE yarn wrap, bleeding around
suture holes is a less important consideration.

These unique features of the ePTFE sutures
must be weighed against other important features.
First, the breaking strength for a knotted and un-
knotted ePTFE suture is approximately one half that
of the polypropylene suture. It is also noteworthy
that knot construction in an ePTFE suture did not
diminish its breaking strength. This maintenance
of breaking strength of the ePTFE suture has also
been demonstrated by Miller et al.'! In contrast, the
breaking strength of polypropylene sutures as well as
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other sutures tested was decreased by knot construc-
tion."”” The degree of elongation of the unknotted
ePTFE and polypropylene sutures before breakage
was remarkably similar, and was not influenced by
immersion in 0.9% saline solution. After elongation
at the different percent extension that did not lead to
breakage, the degree of elasticity of the polypropyl-
ene sutures, as measured by percent work recovery,
was superior to that of ePTFE sutures.

Absorbable Surgical Sutures

The absorbable surgical sutures are made from either
collagen, or synthetic polymers. The collagen sutures
are derived from the submucosal layer of ovine small
intestine or the serosal layer of bovine small intes-
tine (gut). This collagenous tissue is treated with an
aldehyde solution, which cross-links and strengthens
the suture and makes it more resistant to enzymatic
degradation. Suture materials treated in this way are
called plain gut. If the suture is additionally treated
with chromium trioxide, it becomes chromic gut,
which is more highly cross-linked than plain gut and
more resistant to absorption. When this treatment
of collagen sutures is limited, the result is a special
form of chromic gut, mild gut, which is more suscep-
tible to tissue absorption. The plain gut, mild gut and
chromic gut sutures are composed of several plies
that have been twisted slightly, machine ground, and
polished, yielding a relatively smooth surface that is
monofilament-like in appearance. Salthouse and col-
leagues demonstrated that the mechanism by which
gut reabsorbs is the result of sequential attacks by
lysosomal enzymes.!> In most locations, this degra-
dation is started by acid phosphatase, with leucine
aminopeptidase playing a more important role later
in the absorption period. Collagenase is also thought
to contribute to the enzymatic degradation of these
collagen sutures.

The type of gut being used determines the rate
of absorption of surgical gut. Plain gut is rapidly
absorbed. Its tensile strength is maintained for only
seven to ten days postimplantation and absorption is
complete within 70 days. Mild chromic gut has had a
limited exposure to chromium trioxide to accelerate
tensile strength loss and absorption. This fast absorb-
ing surgical gut is used primarily for ophthalmic and
cuticular applications where sutures are required for
only five to seven days. The tensile strength of chro-
mic gut may be retained for 10 to 14 days.
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Natural fiber absorbable sutures have several
distinct disadvantages. First, these natural fiber ab-
sorbable sutures have a tendency to fray during knot
construction. Second, there is considerably more
variability in their retention of tensile strength than is
found with the synthetic absorbable sutures. A search
for a synthetic substitute for collagen sutures began
in the 1960s. Soon procedures were perfected for the
synthesis of high molecular weight polyglycolic acid,
which led to the development of the polyglycolic acid
sutures.!* These sutures are produced from the homo-
polymer, polyglycolic acid. Because of the inherent
rigidity of this homopolymer, monofilament sutures
produced from polyglycolic acid sutures are too stiff
for surgical use. This homopolymer can be used as a
monofilament suture only in the finest size. Conse-
quently, this high molecular weight homopolymer is
extruded into thin filaments and braided.!* The thin
filaments of polyglycolic acid sutures are coated with
POLYCAPROLATE™, a copolymer of glycolide
and epsilon-caprolactone, to reduce the coefficient
of friction encountered in knot construction (Dexon
TM 11, Covidien Inc., Mansfield, MA). The polygly-
colic acid sutures degrade in an aqueous environment
through hydrolysis of the ester linkage.

Copolymers of glycolide and lactide were then
synthesized to produce a LACTOMER™ copolymer
that is used to produce a new braided absorbable su-
ture, POLYSORB™, Covidien Inc., Mansfield, MA).
The glycolide and lactide behaved differently when
exposed to tissue hydrolysis. Glycolide provides for
high initial tensile strength, but hydrolyses rapidly
in tissue.'* Lactide has a slower and controlled rate
of hydrolysis, or tensile strength loss, and provides
for prolonged tensile strength in tissue.'® The LAC-
TOMER™ copolymer consists of glycolide and lac-
tide in a 9:1 ratio.

The handling characteristics of the POLY-
SORB™ sutures were found to be superior to those
of the Polyglactin 910™ suture.”® Using comparable
knot construction and suture sizes, the knot breaking
strength for POLYSORB™ sutures was significantly
greater than that encountered by Polyglactin 910™ su-
tures. In addition, the mean maximum knot rundown
force encountered with the POLYSORB™ sutures
was significantly lower than that noted with the Poly-
glactin 910™ sutures, facilitating knot construction.

The surfaces of the POLYSORB™ sutures have
been coated to decrease their coefficient of friction.!
The new POLYSORB™ suture is coated with an
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absorbable mixture of caprolactone/glycolide copo-
lymer and calcium stearoyl lactylate. At 14 days post-
implantation, nearly 80% of the USP (United States
Pharmacopoeia) tensile strength of these braided
sutures remains. Approximately 30% of their USP
tensile strength is retained at 21 days. Absorption is
essentially complete between days 56 and 70.

Drake et al. recently studied the determinants of
suture extrusion following subcuticular closure by
synthetic braided absorbable sutures in dermal skin
wounds.'® Miniature swine were used to develop a
model for studying suture extrusion. Standard, full-
thickness skin incisions were made on each leg and
the abdomen. The wounds were closed with either
size 4-0 POLYSORB™ or COATED VICRYL™
(Ethicon, Inc., Somerville, New Jersey) sutures. Each
incision was closed with five interrupted, subcuticu-
lar, vertical loops secured with a surgeon’s knot. The
loops were secured with 3-throw knots in one pig,
4-throw knots in the second pig, and 5-throw knots
in the third pig. The swine model reproduced the
human clinical experience: suture extrusion, wound
dehiscence, stitch abscess, and granuloma forma-
tion were all observed. The cumulative incidence of
suture extrusion over five weeks ranged from 10%
to 33%. COATED VICRYL™ sutures had a higher
mean cumulative incidence of suture extrusion than
that of POLYSORB™ sutures (31% vs. 19%). With
POLYSORB™ sutures, the 5-throw surgeon’s knots
had a higher cumulative incidence of suture extrusion
than the 3-throw or 4-throw surgeon’s knot square,
30% vs. 17% and 10%, respectively. This swine
model offers an opportunity to study the parameters
that influence suture extrusion. Because the volume
of suture material in the wound is obviously a criti-
cal determinant of suture extrusion, it is imperative
that the surgeon construct a knot that fails by break-
age, rather than by slippage, with the least number
of throws. Because both braided absorbable suture
materials are constructed with a secure surgical knot
that fails only by breakage rather than slippage with a
3-throw surgeon’s knot square (2 = 1 = 1), the con-
struction of additional throws with these sutures does
not enhance the suture holding capacity, but plays a
key factor in precipitating suture extrusion. Finally, it
is important to emphasize that the surgeon must al-
ways construct symmetrical surgical knots for dermal
subcuticular skin closure in which the constructed
knot is always positioned perpendicular to the linear
wound incision. Asymmetrical knot construction for
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dermal wound closure becomes an obvious invitation
for suture extrusion.

When coated polyglactin 910 sutures were
treated with a pure form of triclosan, this suture
inhibited the growth of bacteria.!” The addition of
the triclosan to coated polyglactin 910 sutures did not
affect physical handling properties and performance
characteristics. In addition, this suture did not appear
to impaitr wound healing.!® Finally, the presence of
the antibiotic did not influence the absorption of the
polyglactin 910 braided sutures.

A monofilament absorbable suture, polydioxa-
none, has been prepared from the polyester, poly (p-
dioxanone).!” The results of implantation studies of
polydioxanone monofilament sutures in animals indi-
cate that approximately 70% of its original strength
remains two weeks after implantation. At four weeks
postimplantation, approximately 50% of its original
strength is retained, and at six weeks, approximately
25% of the original strength is retained. Data ob-
tained from implantation studies in rats show that the
absorption of these sutures is minimal until about the
90th postimplantation day. Absorption is essentially
complete within six months.

Another monofilament absorbable suture has
been developed using trimethylene carbonate.?” Gly-
colide trimethylene carbonate is a linear copolymer
made by reacting trimethylene carbonate and gly-
colide with diethylene glycol as an initiator and stan-
nous chloride dihydrate as the catalyst. The strength
of the monofilament synthetic absorbable suture,
glycolide trimethylene carbonate, is maintained 7 vivo
much longer than that of the braided synthetic ab-
sorbable suture. This monofilament suture retained
approximately 50% of its breaking strength after
implantation for 28 days, and still retained 25% of
its original strength at 42 days. In contrast, braided
absorbable sutures retained only 1% to 5% of their
strength at 28 days. Absorption of the trimethylene
carbonate suture is minimal until about the 60th day
postimplantation, and is essentially complete within
six months.

A recent innovation in the development of
monofilament synthetic absorbable sutures has been
the production of Glycomer 631 (BiosynTM, Covi-
dien Inc., Mansfield, MA), a terpolymer composed
of glycolide (60%), trimethylene carbonate (26%),
and dioxanone (14%). This monofilament suture has
many distinct advantages over the braided synthetic
absorbable sutures.? First, this monofilament suture
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is significantly stronger than the braided synthetic
absorbable suture over four weeks of implantation.
It maintains approximately 75% of its USP tensile
strength at two weeks and 40% at three weeks post-
implant. Absorption is complete between 90 to 110
days. In addition, this monofilament suture potenti-
ates less bacterial infection than does the braided
suture. The handling characteristic of this monofila-
ment suture is superior to the braided suture because
it encounters lower drag forces in the tissue than does
the braided suture.

The latest innovation in the development of
monofilament absorbable sutures has been the rap-
idly absorbing CAPROSYN™  suture (Covidien
Inc., Mansfield, MA). CAPROSYN™ monofilament
synthetic absorbable sutures are prepared from
POLYGLYTONE™ 621, a synthetic polyester that
is composed of glycolide, caprolactone, trimethyl-
ene carbonate, and lactide. Implantation studies in
animals indicate that CAPROSYN™ suture retains a
minimum of 50% to 60% USP knot strength at five
days postimplantation, and a minimum of 20% to
30% of knot strength at 10 days postimplantation.
All of its tensile strength is essentially lost by 21 days
postimplantation.

Pineros-Fernandez et al. recently have compared
the biomechanical performance of CAPROSYN™
suture to that of chromic gut suture.? The biome-
chanical performance studies included quantitative
measurements of wound security, strength loss, mass
loss, potentiation of infection, tissue drag, knot secu-
rity, knot rundown, as well as suture stiffness. Both
CAPROSYN™ and chromic gut sutures provided
comparable resistance to wound disruption. Prior to
implantation, suture loops of CAPROSYN™ had
a significantly greater mean breaking strength than
suture loops of chromic gut. Three weeks after im-
plantation of these absorbable suture loops, the su-
tures had no appreciable strength. The rate of loss of
suture mass of these two sutures was similar. As ex-
pected, chromic gut sutures potentiated significantly
more infection than did the CAPROSYN™ sutures.

The handling properties of the CAPROSYN™
sutures were far superior to those of the chromic gut
sutures. The smooth surface of the CAPROSYN™
sutures encountered lower drag forces than did the
chromic gut sutures. Furthermore, it was much easier
to reposition the CAPROSYN™ knotted sutures
than the knotted chromic gut sutures. In the case of
chromic gut sutures, it was not possible to reposi-
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tion a two-throw granny knot. These biomechani-
cal performance studies demonstrated the superior
performance of synthetic CAPROSYN™ sutures
compared to chromic gut sutures and provide com-
pelling evidence of why CAPROSYN™ sutures are
an excellent alternative to chromic gut sutures.

The direct correlation of molecular weight and
breaking strength of the synthetic absorbable su-
tures with both 7z vivo and in vitro incubation implies
a similar mechanism of degradation. Because 7 vitro
incubation provides only a buffered aqueous envi-
ronment, the chemical degradation of these sutures
appears to be by nonenzymatic hydrolysis of the
ester bonds. Hydrolysis would be expected to pro-
ceed until small, soluble products are formed, then
dissolved, and removed from the implant site. In
contrast, the gut or collagen suture, being a protein-
aceous substance, is degraded primarily by the action
of proteolytic enzymes.

A distinction must be made between the rate of
absorption and the rate of tensile strength loss of the
suture material. The terms rate of absorption and rate of
tensile strength loss are not interchangeable. Although
the rate of absorption is of some importance with re-
gard to late suture complications, such as sinus tracts
and granulomas, the rate of tensile strength loss is of
much greater importance to the surgeon considering
the primary function of the suture, maintaining tissue
approximation during healing.

When considering an absorbable suture’s tensile
strength 7n vivo, we recommend that the manufacturer
provide specific measurements of its holding capac-
ity, rather than the percentage retained of its initial
tensile strength. The United States Pharmacopoeia
(USP) has set tensile strength standards for synthetic
absorbable suture material. If the manufacturers
were to use these standards to describe maintenance
of tensile strength, the surgeon would have a valid
clinical perspective to judge suture performance.
Some manufacturers persist in reporting mainte-
nance of the tensile strength of their suture in tissue
by referring only to the percentage retained of its
initial tensile strength, making comparisons between
sutures difficult. The need to use USP standards in
reporting is particularly important when there are
marked differences in the initial tensile strengths of
the synthetic sutures. For example, the initial tensile
strength of Glycomer 631 is 43% stronger than that
of polydioxanone. At two weeks, the Glycomer 631
suture is approximately 30% stronger.
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Suture Infection-Potentiating Effect

All sutures damage the local tissue defenses to in-
fection, and several mechanisms are implicated. The
trauma of inserting a needle is sufficient to cause an
inflammatory response. The surgeon’s suturing tech-
nique is crucial. Sutures tied too tightly impair tissue
defenses and invite infection.?® Sututes that penetrate
the intact skin provide an avenue for wound contami-
nation by means of the perisutural cuff. The presence
of the suture material increases the tissue’s suscepti-
bility to infection. The magnitude of this local injury
to defenses is related to the quantity of suture within
the wound (ie, diameter, length) and to the suture’s
chemical composition.

The infection potentiating effects of suture ma-
terials are listed in Table 1.>* For the absorbable su-
tures, synthetic monofilament sutures elicit the least
inflammatory response followed by the multifilament
absorbable sutures. All of the synthetic absorbable
sutures were less reactive than the natural fiber ab-
sorbable sutures. Of the natural fiber absorbable su-
tures, plain gut was less reactive than chromic gut.

Similarly, the monofilamentnonabsorbable sutures
were the least reactive of the nonabsorbable sutures,
followed by the multifilament synthetic nonabsorb-
able sutures. Of all sutures, the metallic sutures are
the most reactive because of their stiff configuration.
Realizing this, the monofilament stainless steel sutures
were less reactive than the multifilament stainless steel
sutures. The relatively high infection rates encountered
with either monofilament or multifilament stainless
steel sutures may be the result of their chemical or
physical configuration. Stainless steel is not generally
as inert as pure polymers and undergoes degradation
in vive. In addition, metallic sutures are so stiff that
patient movement induces tissue damage and impairs
the wound’s ability to resist infection.

Sutures made of natural fibers potentiate infec-
tion more than any other nonabsorbable sutures; this

correlates with the tissue’s reaction to these sutures in
clean wounds.?* It would appear from these expeti-
mental studies that the use of silk and cotton should
be avoided in wounds that have experienced gross
bacterial contamination. Furthermore, because the
handling characteristics of the highly reactive natural
fiber sutures are indistinguishable from those of the
less reactive braided nylon sutures, we believe that
there is no clinical role for these natural fiber sutures
in surgery.

The physical configuration of a suture has a sig-
nificant role in the development of infection. Using
a model similar to that reported by our laboratory,
Sharp and colleagues found that the synthetic mono-
filament sutures were associated with less infection
than that encountered with the multifilament syn-
thetic sutures exposed to the same bacterial inocula.?
The superiority of the synthetic absorbable sutures
over the naturally occurring gut sutures was also evi-
dent with this model.

In general, the techniques of sutural closure of
skin can be divided into two types: percutaneous
sutures and dermal (subcuticular) sutures. The selec-
tion of the technique for closure is influenced by the
wound’s configuration and biomechanical properties,
as well as other special circumstances. Percutaneous
sutures of either monofilament nylon or polypropyl-
ene are excellent for closure of skin wounds because
these suture materials exert the least damage to the
wounds’ defenses.? Because the magnitude of the
suture’s damage to the local tissue defenses is related
to the quantity of the suture within the wound (ie,
diameter, length), we employ the narrowest diameter
suture (5-0 or 6-0) whose strength is sufficient to
resist disruption of the skin wound. By approximat-
ing the middle portion and the bisected portions of
the unclosed wound with percutaneous sutures, the
least length of suture can be employed in the skin
closure. An interrupted dermal suture placed in each
quadrant of a wound subjected to strong static and

Table 1. Infection-potentiating Effect of Surgical Suturestm

Absorbable

Non-absorbable

Synthetic Monofilament
Synthetic Multifilament
Plain gut

Chromic gut

Synthetic Monofilament
Synthetic Multifilament

Silk = cotton
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dynamic skin tensions provides sufficient strength to
permit early suture removal. Sutural closure of the
adipose tissue beneath the skin should be avoided.?
Obliteration of this potential dead space between the
cut edge of adipose tissue by even the least reactive
suture increases the incidence of infection.

When wounds of different thickness are to be
reunited, the needle having passed through one edge
of the wound should be drawn out before reentry
through the other side of the wound. This maneuver
will ensure that the needle will be inserted at com-
parable levels on each side of the wound. Unless
appropriate adjustment of the bite is made on the
thinner side, uneven coaptation of the skin will occur
resulting in a step-off scar. Grasping or crushing of
the skin edges by forceps should be avoided during
approximation of the wound.

Dermal (subcuticular) sutures can be used alone
or as adjuncts to percutaneous sutures in wounds
subjected to strong skin tensions; they serve as an
added precaution against disruption of the wound.
Dermal sutures are employed as either interrupted or
continuous sutures. Some surgeons prefer a synthetic
absorbable suture for dermal closure, whereas others
favor a synthetic nonabsorbable suture. When con-
tinuous nonabsorbable dermal sutures are employed,
the wound is additionally supported with interrupted
synthetic absorbable dermal sutures. The continuous
nonabsorbable dermal suture is removed before the
eighth day after wound closure to prevent the devel-
opment of needle puncture scars.

In special circumstances, percutaneous sutures
should be avoided in favor of dermal sutures: (1)
infants frightened at the prospect of suture removal,
(2) follow-up appointments are difficult to keep, (3)
wounds covered by casts, and (4) patients prone to
the development of keloids. When dermal closure
alone is used, it is advisable to immediately apply tape
skin closures to the wound edges to provide a more
accurate approximation of the epidermis.

The influence of dermal suture closure on the
wound infection rate is a subject of debate. Certainly,
dermal suture closure reduces or completely prevents
the normal serosanguinous discharge noted on sur-
gical dressings, which therefore may remain in the
wound serving as a culture medium for bacteria. In
a prospective clinical trial by Foster and colleagues
in 127 patients after appendectomy, wound infections
were significantly more common after dermal polyg-
lycolic acid sutures than in wounds approximated by
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petcutaneous interrupted nylon sutures.?’ In another
clinical study by Hopkinson and Bullen involving 184
patients after appendectomy, the infection rate in
wounds after interrupted dermal polypropylene su-
tures did not differ from that of wounds approximat-
ed by continuous dermal polypropylene sutures.®

Thereis general agreement, however, that wounds
subjected to continuous dermal (subcuticular) closure
are more resistant to exogenous bacterial contamina-
tion than wounds closed by percutaneous sutures.?’
The percutaneous suture serves as an avenue for the
migration of bacteria from the skin surface into the
wound. After infection develops beneath the dermal
skin closure, the collecting purulent exudate spreads
preferentially between the divided edges of fat rather
than penetrating the sutural closure. By the time in-
fection becomes clinically apparent, it has involved
the entire extent of the wound. This circumstance
is distinct from the localized collections of purulent
discharge encountered in infected wounds closed by
either interrupted percutaneous sutures or tape. In
the latter circumstance, the purulent discharge first
exits between the wound edges before spreading be-
tween the divided layers of adipose tissue.

Another concern about continuous dermal non-
absorbable sutures is that suture pullout may require
considerable force that may break the suture and may
be accompanied by patient discomfort. Several tech-
nical considerations may facilitate suture pullout.’
First, polypropylene sutures are advocated over other
monofilament nonabsorbable sutures because their
surface displays the lowest coefficient of friction
facilitating suture removal. In addition, continuous
dermal polypropylene sutures should be surfaced as
a percutaneous loop every 3 cm to allow shorter seg-
ments of the suture to be removed. Suture pullout by
elastic traction applied over minutes to hours is con-
siderably easier than suture pullout by manual traction
over a short time. Despite the immediate aesthetically
pleasing appearance of dermal skin closure, it does
not improve the cosmetic appearance of the scat.’!

The type of sutures used to approximate fascia
(galea aponeurotica), however, has considerable influ-
ence on the width and depth of skin scars. In a study
by Nordstrém and Nordstrém of a group of patients
undergoing scalp excision for correction of andro-
genic alopecia, polypropylene sutures reduced the
postoperative stretching and depth of skin scars more
than comparably sized polyglycolic acid sutures.>* An-
other approach to reducing static skin tensions on the
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wound is to undermine its edges before closure. De-
spite common clinical usage of this technique, there
has been only one experimental study that objectively
evaluated its effects on wound closure. In this  vivo
study, McGuire identified the directional otientation
of the static skin tensions by observing the oval dis-
tortion of 6 mm circular skin biopsy sites in pigs.*®
At each location, the immediate change in the shape
of the resulting defect indicated the magnitude and
directional properties of the static skin tensions. The
direction of the static skin tension lines correspond-
ed to the long axes of the defects. Wounds parallel
to these static skin tension lines required less force
and work to close initially, retracted less with initial
excision, and benefited more from undermining than
similar wounds oriented perpendicularly to the static
skin tension lines. Because undermining the wound
margin decreased the forces required for wound clo-
sure, it should limit the width of the ultimate scar.
This benefit, however, must be weighed against its
potential damage to the skin blood supply, which may
limit the host’s defenses and invite infection. Conse-
quently, we reserve undermining for wounds that are
subjected to strong static and dynamic tensions, with
low levels of bacterial contamination, during elective
surgical procedures.

Suture Knot Tying

This approach to suturing has contributed to a grow-
ing concern that the knot construction employed by
many surgeons is not optimal and that they use faulty
technique in tying knots, which is the weakest link in
a tied surgical suture. When a knotted suture fails to
perform its function, the consequences may be disas-
trous. Massive bleeding may occur when the suture
loop surrounding a vessel becomes untied or breaks.
Wound dehiscence or incisional hernia may follow
knot disruption.

Consequently, the surgeon must develop consid-
erable expertise in tying knots in surgical sutures us-
ing either an instrument tie or manual tie techniques.
First, the surgeon must have an understanding of
the components of a knotted suture loop. Second,
he/she must appreciate the mechanical performance
of an untied and knotted suture. Important consider-
ations in suture mechanical performance include knot
breakage, knot slippage, suture cutting tissue, and
mechanical trauma. The surgeon’ tying technique
remains one of the most important considerations.
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Components of a Knotted Suture Loop

The mode of operation of a suture is the creation of
a loop of fixed perimeter secured in the geometry by
a knot3* A tied suture has three components. First,
the loop created by the knot maintains the approxi-
mation of the divided wound edges. Second, the knot
is composed of a number of throws snugged against
each other. A throw is a wrapping or weaving of two
strands. Finally the “ears” act as insurance that the
loop will not become untied because of knot slip-
page. The doctor’s side of the knot is defined as the
side of the knot with “ears,” ot the side to which ten-
sion is applied during tying. The patient’s side is the
portion of the knot adjacent to the loop.

Each throw within a knot can be either a single
or double throw. A single throw is formed by wrap-
ping the two strands around each other so that the
angle of the wrap equals 360°. In a double throw, the
free end of a strand is passed twice, instead of once,
around the other strand; the angle of this double-
wrap throw is 720°. The tying of one or more addi-
tional throws completes the knot. The configuration
of the knot can be classified into two general types
by the relationship between the knot “ears” and
the loop. When the right “ear” and loop of the two
throws exit on the same side of the knot or parallel
to each other, the type of knot is judged to be square
(reef). The knot is considered a granny type if the
right “ear” and loop exit or cross different sides of
the knot. When the knot is constructed by an initial
double-wrap throw followed by a single throw;, it is
called a surgeon’s (friction) knot. The configuration
of a reversed surgeon’s knot is a single throw fol-
lowed by a double-wrap throw. A knot consisting
of two double-wrap throws is appropriately called a
double-double.

When forming the first throw of ecither a square
or granny knot, the surgeon is merely wrapping one
suture end (360°) around the other, with the suture
ends exiting in opposite directions. The surgeon will
apply equal and opposing tension to the suture ends
in the same planes. The direction of the applied ten-
sions will be determined by the orientation of the
suture loop in relation to that of the surgeon’s hands.
When the surgeon’s hands lie on each side and paral-
lel to the suture loop, the surgeon will apply tensions
in a direction parallel to his/her forearms. Tension
will be applied to the farther suture end in a direction
away from the surgeon. Conversely, an equal oppos-
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ing force will be applied to the closer suture end in
a direction toward the surgeon. After constructing
the second throw of these knots, the direction of the
suture ends must be reversed, with an accompanying
reversal of the position of the surgeon’s hand.® As
the surgeon’s hands move toward or away from his
body, the movements of his right and left hands are
in separate and distinct areas that do not cross, per-
mitting continuous visualization of knot construc-
tion. With each additional throw, the surgeon must
reverse the position of his/her hands.

Orientation of the suture loop in a plane that
is perpendicular to that of the surgeon’s forearms
considerably complicates knot construction. In this
circumstance, reversal of the position of the hands
occurs in the same area, with crossing and ovetlap-
ping of the surgeon’s hands, temporarily obscuring
visualization of knot construction. This circumstance
may be encountered when constructing knots in a
deep body cavity, which considerably limits changes
in hand positions. This relatively cumbersome hand
position may interfere with the application of uni-
form opposing tensions to the suture ends, an invita-
tion to the conversion of a square knot construction
to a slip knot.

The granny knot and square knot can become
a slip knot by making minor changes in the knot ty-
ing technique. Surgeons who do not reverse the po-
sition of their hands after forming each throw will
construct slip knots. Furthermore, the application of
greater tension to one “ear” than the other, encour-
ages construction of slip knots, a practice commonly
encountered in tying deep-seated ligatures.*® When
the tension is reapplied in equal, and opposing direc-
tions, the slip knots can usually be converted into
either the square or granny knots.

A simple code has been devised to describe a
knot’s configuration.’” The number of wraps for each
throw is indicated by the appropriate Arabic number.
The relationship between each throw being either
crossed or parallel is signified by the symbols x or =,
respectively. In accordance with this code, the square
knot is designated 1=1, and the granny knot 1x1. The
presence of a slip knot construction is indicated by
the letter S. This method of describing knots facili-
tates their identification and reproduction. It is, for
example, perfectly obvious what is meant by 2x2x2,
without giving the knot a name, and all surgical knots
can be defined unequivocally in this international

language.
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Biomechanical Performance

The mechanical performance of a suture is an impor-
tant consideration in the selection of a surgical suture
and can be measured by reproducible, biomechanical
parameters.”® The suture’s stiffness reflects its resistance
to bending. Its coefficient of friction is a measure of
the resistive forces encountered by contact of the sut-
faces of the suture material during knot construction.
Strength is a key performance parameter that indicates
the suture’s resistance to breakage. The knot breakage
load for a secure knot that fails by breakage is a re-
liable measure of strength. During these tests, forces
are applied to the divided ends of the suture loop. As
the suture is subjected to stress, it will elongate. The
load elongation properties of a suture have important
clinical implications. Ideally, the suture should elongate
under low loads to accommodate for the developing
wound edema, but return to its original length after
resolution of the edema. Although it should exhibit
an immediate stretch under low loads, it should not
elongate any further while continuously maintaining
the load, exhibiting a resistance to creep.

These biomechanical parameters play important
roles in the clinical performance of the suture. Sur-
geons consider the handling characteristics of the
suture to be one of the most important parameters
in their selection of sutures. Surgeons evaluate the
handling characteristics of sutures by constructing
knots using manual and instrument-tie techniques.
The surgeon prefers a suture that permits two-throw
knots to be easily advanced to the wound edges, pro-
viding a preview of the ultimate apposition of the
wound edges. The force required to advance the knot
is called knot rundown force. Once meticulous ap-
proximation of the wound edges is achieved, the sur-
geon prefers to add one more throw to the two-throw
knot so that it does not fail by slippage.

The magnitude of the knot rundown force is
influenced considerably by the configuration of two-
throw knots.” Knot rundown of the surgeon’s knot
square (2=1) generates sufficient forces to break the
knot. In contrast, knot rundown of square (1=1),
granny (I1x1), and slip (S=S, SxS) knots occurs by
slippage. For comparable sutures, the mean knot run-
down force for square knots is the greatest, followed
by that for the granny (1x1) knots, and then the slip
(8=S, Sx§) knots.

Failure of the knotted suture loop may be the
result of either knot slippage or breakage, suture
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cutting through tissue, and mechanical crushing of
the suture by surgical instruments. Initially, the knot-
ted suture fails by slippage, which results in untying
of the knot. All knots slip to some degree, regard-
less of the type of suture material. When slippage
is encountered, the cut ends (“ears”) of the knot
must provide the additional material to compensate
for the enlarged suture loop. When the amount of
knot slippage exceeds the length of the cut “ears,”
the throws of the knot become untied. In general,
surgeons recommend that the length of the knot
“ears” be 3 mm to accommodate for any knot slip-
page. Dermal sutures are, however, an exception to
this rule. Because the “ears” of dermal suture knots
may protrude through the divided skin edges, sur-
geons prefer to cut their dermal suture “ears” as they
exit from the knot. It must be emphasized that knot
security is achieved in a knot without “ears” with one
more throw than in a comparable knot whose “ear”
length is 3 mm.

Knot Slippage

Knot slippage is counteracted by the frictional forces
of the knots. The degree to which a knot slips can be
influenced by a variety of factors including the coef-
ficient of the friction of the suture material, suture
diameter, moisture, knot type and final geometry.
Knots of the granny type (crossed) usually exhibit
more slippage than do knots with a square-type (par-
allel) construction.

With each additional throw, incrementally greater
forces are required for knot untying. After a specified
number of throws, failure will occur by knot break-
age, after which the knot breakage force will not be
enhanced by the addition of more throws. Conse-
quently, these additional throws offer no mechanical
advantage and represent more foreign bodies in the
wound that damage host defenses and resistance to
infection.

The human element in knot tying has considet-
able influence on the magnitude of knot slippage.”
The amount of tension exerted by the surgeon on the
“ears” of the knot significantly alters the degree of
slippage. The careless surgeon who applies minimal
tension (10% of knot break strength) to the “ears” of
the knot constructs knots that fail by slippage. Knot
slippage can be minimized by applying more tension
(80% of knot break strength) to the “ears” of the
knot. Another serious error often made by the inex-
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perienced surgeon is not changing the position of
his/her hands appropriately during construction of
square and/or granny type knots. The resulting knot,
a sliding or slip knot, will become untied, regardless
of the suture material. The risk of forming a slip
knot is greatest when tying one-hand knots and/or
with deep seated ligatures.**

Knot Breakage

When enough force is applied to the tied suture to
result in breakage, the site of disruption of the su-
ture is almost always the knot. The force necessary to
break a knotted suture is lower than that required to
break an untied suture made of the same material.**
The forces exerted on a tied suture are converted into
shear forces by the knot configuration that break the
knot. The percentage loss of tensile strength, as a re-
sult of tying a secure knot, is least with monofilament
and multifilament steel.*! This relationship between
the tensile strength of unknotted and knotted suture,
which is designated knot efficiency, is described in the
following equation.

tensile strength of a knotted suture

KNOT EFFICIENCY (%) = -
tensile strength of unknotted suture

Regardless of the type of suture material, the efficien-
cy of the knot is enhanced with an increasing number
of throws, although only up to a certain limit.

The type of knot configuration that results in
a secure knot that fails by breaking varies consider-
ably with different suture material. The magnitude
of force necessary to produce knot breakage is in-
fluenced by the configuration of the knotted suture
loop, type of suture material, and the diameter of the
suture. The tissue in which the suture is implanted
also has considerable influence on the knot strength
of suture. In the case of absorbable sutures, a pro-
gressive decline in knot breaking strength is noted
after tissue implantation. In addition, the magnitude
of knot breakage force is significantly influenced by
the rate of application of forces to the “ears” of
the knot.*! When a constant force is applied slowly
to the knot “ears,” the knot breakage force is sig-
nificantly greater than that for knots in which the
same constant force is applied rapidly to the “ears.”
The latter knot loading rate is often referred to as
“the jerk at the end of the knot,” especially when the
knotted suture breaks.
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Suture Cutting Tissue

Suture failure also may occur if the knotted suture
loop cuts through the tissue. The type of tissue has
considerable influence on the magnitude of force re-
quired to tear the suture through the tissue. Howes
and Harvey reported that the forces required to tear
gut sutures through canine fascia were the greatest
followed by muscle, peritoneum and then fat.*’ Using
cadaver specimens six to 93 days after death, Tera and
Aberg measured the magnitude of forces required for
suture to tear through excised musculoaponeurotic
layers of laparotomy incisions.*” The rationale for
this study was that the forces required to tear sutures
through a musculoaponeurotic layer would provide a
basis for the choice of a suture whose strength is at
least as strong as the forces required to tear the suture
through the tissue. When the suture was passed lateral
to the transition between the linea alba and the rectus
sheath, the force required to tear the suture through
the tissue was greater than that for any other mus-
culoaponeurotic layer tested; the paramedian incision
required the lowest forces to pull sutures through its
sheaths. When they recorded the forces needed for
sutures to tear through structures involved in the re-
pair of inguinal hernia, the structures making up the
conjoined tendon and Cooper’s ligament were the
strongest and exhibited twice the resistance to suture
tearing than those of the other structure.

As expected, the force required for sutures to
tear through tissue changes during healing. Aberg
reported that the forces needed for sutures to tear
through the aponeurotic muscle layer reduced sig-
nificantly during the first week of healing.*’ When
the wound edges were approximated by sutures tied
tightly around this aponeurotic muscle layer, the re-
duction in force needed for the suture to pull through
this tissue persisted for two weeks.

Mechanical Trauma

Mechanical trauma to the suture by surgical instru-
ments can also result in suture failure. Nichols et al.
cautioned surgeons about the handling of sutures
by sutgical instruments.* They indicated that either
the application of clamps and forceps to sututres or
rough handling of sutures could damage and weak-
en them. Stamp et al. incriminated the teeth in the
needle holder jaws as important causal factors of su-
tural damage.* Compression of sututres between the
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needle holder jaws with teeth produced morphologic
changes in sutures that resulted in a marked reduction
in the suture breaking strength. Similarly, the sharp
edges of needle holder jaws without teeth can even
crush the suture and thereby decrease its strength.*
Finally, application of large compressive loads by
pinching polypropylene sutures with DeBakey for-
ceps decreased the strength of the suture.’

Tying Technique

The surgeon may use an individual ligature (“free
tie”) or a suture that is attached to a needle or ligature
reel. The length of a free tie or suture attached to a
needle is usually 18 inches. The longest strands of
suture material are available on a reel or spool. When
the suture is attached to a needle or reel, there is a
free end and a fixed end; the fixed end is attached to
either the needle or reel. The first throw of a knot is
accomplished by wrapping the free end either once or
twice (surgeon’s) around the fixed end. During prac-
tice, clamp one end of the suture with an instrument
that serves to represent either the needle or the reel,
which is the fixed end of the suture.

Formation of each throw of a knot is accom-
plished in three steps. The first step is the forma-
tion of a suture loop. In the second step, the free
suture end is passed through the suture loop to create
a throw. The final step is to advance the throw to
the wound surface. For the first throw of a square,
granny, and surgeon’s knot square, tension is applied
to the suture ends in opposite directions. With each
additional throw, the direction in which tension is
applied to the suture ends is reversed. The surgeon
should construct a knot by carefully snugging each
throw tightly against each other. The rate of applying
tension to each throw should be relatively slow.

For either the square knot or surgeon’s knot
square, the direction in which the free suture end
is passed through the loop will be reversed for each
additional throw. If the free suture end is passed
down through the first suture loop, it must be
passed up through the next suture loop. Reversal
of the direction of passage of the free suture end
through the loop does not alter either the knot’s me-
chanical performance or its configuration. It simply
reverses the presentation of the knot. For granny
knots, the direction in which the free suture end is
passed through the loop is the same for each ad-
ditional throw.
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During surgery, knot construction involves two
distinct steps. The purpose of the first step is to se-
cure precise approximation of the wound edges by
advancing either a one-throw or a two-throw knot to
the wound surface. Once the throw or throws contact
the wound, the surgeon will have a preview of the
ultimate apposition of the wound edges. Ideally, the
knotted suture loop should reapproximate the divided
wound edges without strangulating the tissue encircled
by the suture loop. If there is some separation of the
wound edges, the one-throw or two-throw knot can
be advanced to reduce the size of the suture loop and
thereby bring the wound edges closer together.

When the surgeon forms a double-wrap throw,
the first throw of the surgeon’s knot square (2=1) can
maintain apposition of the wound edges by “lock-
ing” or temporarily securing it in place by reversing
the direction of pull on its “ears” The “locked”
double throw is not a reliable means of maintaining
wound apposition because any tension applied to the
“ears” from the patient’s side of the knot will unlock
the knot. The addition of the second throw to the
surgeon’s knot square (2=1) will provide additional
resistance to wound disruption, but this knot will not
advance by slippage, limiting the surgeon’s ability to
secure meticulous coaptation of the wound edges.*

In contrast, two-throw square (1=1) or granny
(1x1) knots can be advanced to the wound surface
to secure precise wound edge apposition. These two-
throw square (1=1) or granny (1x1) knots can be
easily converted into their respective slip knots by ap-
plying tension to only one “ear” in a direction that is
perpendicular to that of the tissue surface. Surgeons
may inadvertently construct slip knots when tying
knots with one-hand technique or forming knots in
deep cavities.*” The risk of tying slip knots can be
obviated by applying tensions to both “ears” in hori-
zontal planes parallel to the tissue surface.

The second step in knot construction is the ad-
dition of a sufficient number of throws to the knot
so that it does not fail by slippage. The magnitude of
knot breakage force is always greater than that for
knot slippage force of a comparable suture, ensuring
optimal protection against wound dehiscence.

Instrument Tie
Knot construction can be accomplished by either an

instrument or hand tie.*
by the formation of a suture loop over an instru-

An instrument tie occurs
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ment, usually a needle holder. The right hand holds
the needle holder, while the left hand loops the fixed
suture end around the instrument. The position of
the instrument in relation to the suture ends during
knot construction will determine the type of knot.
When the instrument is placed above the fixed suture
end during the first and second throws, a square-type
knot will develop. In contrast, a granny-type knot will
first result when the instrument is placed above the
fixed suture end for the first throw and then below
the fixed suture end for the second throw. By repeat-
ing this positioning, the instrument tie is a reliable and
easy method to produce multiple throw granny knots
(1x1x1), a circumstance not encountered in hand ties.
Granny knots with more than two throws cannot be
constructed by either the one-hand or two-hand tech-
nique, without releasing hold of both suture ends.

Instrument tying is accomplished primarily by
the surgeon’s left hand, which holds the fixed suture
end. Initially, the length of the fixed suture end held
by the left hand is long (17 in), making it difficult to
form knots without injuring the attending assistant.
This assault can be avoided by shortening the length
of the fixed suture end held by the left hand. Prefer-
ably, the fixed suture end should be coiled into loops,
which are held between the tips of the thumb and
index finger. This maneuver is accomplished by first
grasping the fixed suture end with the small and ring
fingers, while it is being pinched between the tips of
the index finger and thumb. By pronating the wrist,
a loop forms around the grasped fingers and the top
of the loop must again be grasped between the tips
of the thumb and index fingers. The small and ring
fingers are then withdrawn from the loop before
coiling more suture. The grasped suture can be eas-
ily lengthened by releasing the coils held between the
tips of the thumb and the index finger.

When tying knots with an instrument, it is dif-
ficult to apply continuous tension to the suture ends.
Consequently, widening of the suture loop due to slip-
page is frequently encountered in wounds subjected
to strong tensions. This technique, however, is ideally
suited for closing a wound that is subjected to weak
tensions. In this circumstance, instrument ties can be
accomplished more rapidly and accurately than hand
ties, while conserving considerably more suture. By
using this technique, the parsimonious surgeon can
complete 10 interrupted suture loops for one suture
measuring 18 inches in length. This feat would be im-
possible if the knots had been tied by hand.
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The value of instrument ties has become read-
ily apparent in special situations in which hand ties
are impractical or impossible. In microsurgical pro-
cedures, an instrument tie provides the most reliable
and easiest method of knot construction. When
employing suture in the recesses of the body (eg,
mouth, vagina, etc.) or during endoscopic surgery,
instruments can also form knots in sites to which the
hand could never gain access.

Hand Tie

Hand tying of knots can be accomplished by either
the two-hand or one-hand technique. Each technique
has distinct advantages as well as drawbacks. The
two-hand technique of knot tying is easier to learn
than the one-hand. An additional advantage of the
two-hand tie is that the surgeon can apply continu-
ous tension to the suture ends until a secure knot is
formed. With the one-hand method, it is often dif-
ficult to maintain tension on the suture ends during
the formation of the knot and slippage of the first or
second throws will be encountered, especially by the
inexperienced surgeon. When the surgeon attempts to
shorten the resultant enlarged loop by advancing the
knot, breakage of the suture may occur, requiring pas-
sage of another suture through the once punctured
tissue. The student of surgery should master first the
construction of square-type knots because knot se-
curity can usually be achieved with fewer throws than
the granny-type knots.*’ The additional foreign bodies
required to form a secure granny knot, predisposes
the wound to the development of infection.

The hand-tying techniques illustrated in this
manual are those used by right-handed individuals.
Using the two-hand technique, he/she constructs the
knot predominantly with his/her left hand, which
forms a suture loop through which the free suture
end is passed. The left hand continually holds the
suture end until knot construction is complete. In
contrast, the right hand merely holds, releases, and
regrasps the free suture end. If the surgeon inadver-
tently manipulates the fixed suture end with his/her
right hand, he/she will be passing cither the needle
or reel through the formed loop. The latter case is an
invitation to needle glove puncture.

Many right-handed surgeons prefer to manipulate
the free end of the suture with their left hand during
two-hand ties. In such cases, the right hand performs
the major manipulation of the suture during forma-
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tion of the loop. An advantage of this technique is
that a surgeon who ties his/her own knots by the
two-hand technique during wound closure can hold
the needle holder in his/her right hand during knot
construction. If one desires to learn to tie knots using
the left hand to manipulate the free end of the suture,
study the illustrations in a mirror.

Using the one-hand tie, one hand forms the su-
ture loop while manipulating the free suture end. The
other hand merely holds the other suture end taut.
Most surgeons prefer to manipulate the free suture
end with their left hand, allowing them to hold the
needle holder in their right hand while they construct
knots with their left hand.

There are several important recommendations
for selecting a knot tying technique. First, position
the hands on each side of and parallel to the suture
loop. Second, grasp the appropriate suture ends and
form the suture loop, without exchanging suture
ends between the hands. While exchanging suture
ends between the hands forms a triangular shaped
suture loop, it is an unnecessary step that wastes
valuable time. Third, pass the free suture end, rather
than the fixed suture end, through the suture loop.
Finally, reverse the position of the hands after each
additional throw. Most of the knot tying techniques
in this course comply with these recommendations.
However, it is important to point out that the fixed
end of the suture is being passed through the suture
loops in the two-hand ties. Consequently, the surgeon
must detach the needle from the fixed suture end be-
fore a two-hand tie.

A standard format for illustrating surgical knot
tying techniques has been used throughout this con-
tinuing educational course. A horizontal incision is
pictured in the top of each illustration. Because the
wound edges are subjected to static tensions, there is
retraction of the wound edges, with exposure of the
underlying tissue. The surgeon is standing facing the
wound from the bottom of each illustration. Because
the surgeon usually passes the needle swaged to a
suture toward himself/herself, the fixed end of the
suture with its attached needle enters the farther side
of the mid-portion of the wound and exits from the
side of the wound closer to the surgeon. The suture
end farthest from the surgeon is grasped between the
distal phalanges of the left thumb and index finger
(tip-to-tip pinch). The tips of the distal phalanges of
the thumb and index finger of the right hand grasp
the suture end exiting from the wound edge closer to
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the surgeon. The grasped fingers apply constant ten-
sion to the suture ends. The security of this tip-to-tip
pinch can be enhanced by grasping the suture ends
between the tips of the long fingers, ring fingers,
small fingers, and the palm of each hand.

The tying of the square, slip, and surgeon’s knots
using manual and instrument-tying techniques are
illustrated. The technique of tying slip knots has
been included in the manual because it is an excel-
lent method to approximate temporarily the edges of
wounds subjected to strong tensions. In fact, a slip
knot has greater holding power than either a single-
wrap ot double-wrap throw.*” Once there is a me-
ticulous approximation of the wound edges, the slip
knot can be converted to a square knot, after which a
sufficient number of throws are added to the knot to
ensure knot security.

Surgical Needles

Surgical needles are produced from stainless steel al-
loys, which have excellent resistance to corrosion.*®
All true stainless steels contain a minimum of about
12% chromium, which allows a thin, protective sut-
face layer of chromium oxide to form when the steel
is exposed to oxygen. Since their development dur-
ing the early 1960s, high-nickel maraging stainless
steels have found extensive use in structural mateti-
als in many applications requiring a combination of
high strength and durability. The basic principle of
maraging consists of strengthening FeNi martens-
itic matrices by the precipitation of fine intermetallic
phases, such as Ni”Ti. These precipitates are so small
that they are only evident on transmission electron
microscopy. They strengthen the metal by preventing
the planes of atoms in the stainless steel from slid-
ing over each other. A high-nickel maraging stainless
steel, such as S45500, is composed of 7.5% to 9.5%
nickel, 0.8% to 1.4% titanium, and 11 % to 12.5%
chromium. In contrast, S42000 stainless steel is com-
posed of 12% to 14% chromium without nickel or
titanium. Scientists have successfully utilized the con-
cept of high-nickel maraging stainless steels (§45500)
to develop stainless steel wires with superior strength
and ductility for use as surgical needles. Surgical nee-
dles made of a high-nickel maraging stainless steel
have a greater resistance to bending and breakage
than stainless steels without nickel.

A new high-nickel stainless steel, SURGAL-
LOY™, has been used recently to manufacture sur-
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gical needles.*” Biomechanical performance studies
of SURGALLOY™ cutting edge needles made of
545500 stainless steel alloy demonstrated that needles
made of SURGALLOY™ had superior performance
characteristics over those made of S42000. The SUR-
GALLOY™ needles had considerably greater resis-
tance to bending than the needle produced from the
542000 alloy. In addition, SURGALLOY™ stainless
steel had almost a twofold greater resistance to frac-
ture than the S42000 stainless steel alloy.

Components of the Needle

Every surgical needle has three basic components:
swage, body, and point.

Swage

The swage is the site of attachment of the suture.
Since 1914, an eyeless needle, in which the suture was
attached to a drilled hole in the needle, has been used.
The swaging process provides a smooth juncture be-
tween the needle and suture; needles produced by
this swaging process thereby created smaller holes in
tissue than did threaded eye needles. However, this
swaging process was only possible for larger diameter
needles (greater than 0.36 mm) because the mechani-
cal drill could not reliably cut uniform holes in the
ends of small needles. Consequently, a forming tool
was used to create a channel in one half of the diam-
eter of smaller-diameter needles with an underlying
receptacle for the attachment of the suture. However,
the linear splits in the walls of these smaller diameter
needles increased the drag force encountered by tis-
sues during needle passage. With the advent of the
laser (yttrium-aluminum-garnet (YAG) laser), uni-
form holes are reliably produced in the ends of small
needles, resulting in a smooth swage that encounters
lower drag forces than channel needles.® These low-
drag forces caused by laser-drilled needles are associ-
ated with minimal mechanical trauma to tissues.

The laser-drilled needles have other unique
advantages over the channel needles related to the
length of the swage ends. The length of the chan-
nel in channel swage needles is four times longer
than that of the laser-drilled hole. Because swages
are more susceptible to bending and breakage by
the needle holder jaws than the body of the needle,
surgeons are warned to grasp the needle with the
needle holder at a site beyond the swage. In the case
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of 18-mm-long needles with laser-drilled and channel
swages, the depths of the laser-drilled holes and chan-
nel swages are 1.5 mm and 6.0 mm, respectively. The
laser-drilled needle can be held by the needle holder
jaws 3 mm from the needle end, whereas the channel
swage needle is grasped 7.5 mm from the needle end.
By grasping the needle close to its end, the surgeon
can more easily manipulate the passage of the needle
through tissue. This benefit of laser-drilled needles
is accomplished without altering the needle suture
attachment strength. These distinct advantages of
swages produced by lasers indicate that they should
eventually replace all channel swage needles.

The needle is attached to the suture by uniformly
compressing the walls of the swage against the suture,
creating a strong attachment force that prevents the
surgeon from detaching the suture from the needle
without exerting considerable force on the swage.
This suture attachment force is so great that separa-
tion of the needle from the suture is accomplished
more easily by cutting the suture rather than by apply-
ing sufficient force to the suture to separate it from
the swage. A special swage has been created by using
lower compression forces around the circumference
of the swage than conventionally used, allowing the
surgeon to detach the suture from the needle using
relatively low detachment forces, obviating the need
to cut the suture. The swage requiring lower uniform
forces to detach its suture is called a variety of names
(ie, pop-off control release). It was originally devel-
oped for abdominal wound closure, bolus dressings
for skin grafts, and hysterectomies in which large
numbers of interrupted sutures are used.

Body

The body of the needle is the portion that is grasped
by the needle holder. The security with which needle
holder jaws grasp the needle is influenced by the pres-
ence of teeth in the needle holder jaws, the ratchet
setting of the needle holder handle, and the shape of
the cross-sectional area of the needle body. Although
the shape of the cross-sectional area of the body has
a significant effect on needle holding security, the
presence of teeth in the needle holder jaws and the
ratchet setting of the needle holder handle are much
greater determinants of needle holding security than
is the needle body shape.>!

The shape of the cross-sectional area and the
geometric configuration of the length of the needle
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can categorize the geometry of the needle body. The
shape of its cross-sectional area will influence the
security with which the needle holder jaws grasp the
needle, as well as its resistance to bending. The cross-
sectional areas of the bodies of different needles
have the following shapes: circular, triangular, rect-
angular and trapezoidal. Needles with rectangular
cross-sectional areas are created either by flattening
the sides of the circular wire or by flattening the top
and bottom of the circular wire. When the top and
bottom portions of the needle body are flattened,
the long axis of its rectangular cross-sectional area
will gain intimate contact with the faces of the needle
holder jaw. This position of the needle body between
the needle holder jaws is similar to that of the needle
body with a trapezoidal shape.

In both cases, the needle holding security against
twisting and rotation is greater than any other needle
body (side flattening rectangular shape, triangular,
and circular). This benefit of enhanced needle hold-
ing security must be weighed against an associated
reduced resistance to bending, as compared to that of
the other needle bodies. Because we can increase the
needle holding security of all needles by advancing the
ratchet setting of the needle holder, we prefer side-
flattened needle bodies because they exhibit greater
resistance to bending than any other needle body.

The geometry of thelength of the needle will have
considerable influence on the surgeon’s use of a surgi-
cal needle. The curvature of the needle is described
in degrees of the subtended arc. The radius of the
needle is the distance from the center of the needle to
the body of the needle, if the curvature of the needle
was continued to make a full circle. The curvature
of the needle with one radius of curvature may vary
from 90° (1/4), 135° (3/8), 180° (1/2), to 225° (5/8).
A compound curved needle has two distinct radii of
curvature. The type curvature of its tip extends 35°
before it assumes a regular uniform curvature in the
remaining portion of the needle body (100°).

The surgeon uses needles with a curvature of
135° to approximate divided edges of thin planar
structures that are readily accessible (ie, skin), requir-
ing a limited arc of wrist rotation to pass the needle
through the tissue. It is difficult to use the 135°
needle in deep body cavities because the limited atrc
of wrist rotation in passing this needle is usually not
sufficient to expose the needle point, so that it will re-
main buried in the tissue and pose a challenge for the
surgeon to tretrieve. The 180° needle is ideally suited
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for use in deep body cavities because a limited arc of
wrist rotation will pass successfully the entire needle
through the tissue, allowing adequate exposure of the
needle point for easy retrieval of the needle by the
surgeon. The surgeon uses needles with a 90° angle
of curvature in microsurgery.

The compound curved needle has been primar-
ily used to alter the geometry of 135° needles.>* The
tight needle curvature at the point permits rapid, ac-
curate needle passage at a selected depth and allows
controlled exiting. Its design also offers a mechanical
advantage over the standard needle with one radius
of curvature. Although originally designed for an-
terior segment ophthalmic surgery, the compound
curved needle now has broader clinical applications
that include vascular and microvascular surgery, and
dermal and skin closure.

In addition to its curvature and radius, a surgical
needle can be characterized by three other measure-
ments: chord length, needle diameter, and needle
length. Chord length is the linear distance measured
from the central point of the needle swage to the
point of the needle. The needle diameter is the width
of the original circular wire utilized in the manufactur-
ing process for the production of the needle. Needle
length is the arc length of the needle measured at the
center of the wire’s cross-section.

Point

The point of the needle extends from the tip of the
needle to the maximum cross section of the body.
Each type of needle point is designed to penetrate
specific types of tissue. In general, there are needles
with cutting edges, taper points, or a combination of
both. Cutting edge needles have at least two oppos-
ing edges that are designed to penetrate tough tissue.
When cutting edge needles have three cutting edges,
the position of the third cutting edge categorizes the
needle as either a conventional cutting edge needle or
a reverse cutting edge needle. Use of the conventional
cutting edge needle leaves a hole that is susceptible to
tissue cut-through. Because its third cutting edge is on
the inside, concave, curvature of the needle, the inside
cutting edge causes a linear cut that is perpendicular
and close to the incision, against which the suture will
exert a wound closure force that may ultimately cut
through the tissue. In contrast, the third cutting edge
of the reverse cutting edge needle is located on the
outer convex curvature of the needle. When the re-
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verse cutting edge needle cuts through skin, it leaves
a wide wall of tissue, rather than an incision, against
which the suture exerts its wound closure force. This
wall of tissue resists suture cut-through.

Specifically designed cutting edge needles have
been developed for anterior segment surgery in oph-
thalmology. These needles underwent a modification
that converted the triangular geometry to a trapezoi-
dal or spatulated configuration by flattening the outer
convex surface. This flattening process also produces
a lateral widening of the needle body. In addition to
ophthalmic surgery, these spatulated needles have
been used successfully to repair lacerations of the
nail matrix. Referred to as “spatula needles,” they are
flat on their concave and convex surfaces, with long
side-cutting edges. The needle’s side-cutting edges
separate or split through the thin lamellar plane of
corneal and scleral tissue with minimal damage.

The sharpness of cutting edge needles is in-
creased by electrohoning, narrowing the needle point
configuration, narrowing the cutting edge angles, and
by providing a silicone coating. When the needle is
electrohoned, the surface of the needle is polished
while its edges are sharpened. Narrowing the point
configuration of the cutting edge needle will also en-
hance its sharpness.

The taper point needle tapers to a sharp tip. It
spreads the tissue without cutting it. The point ge-
ometry of this needle can be measured by its taper
ratio, which is the length of the tapered portion of
the needle divided by its diameter. The taper ratio of
these needles varies from 12:1 to 8:1. They are used
in soft tissues that do not resist needle penetration,
such as vessels, abdominal viscera, and fascia. They
are preferred when the surgeon wants to make the
smallest hole possible in tissue without cutting.

All tapercut needles combine the unique features
of taper point and cutting edge needles. The cutting
edges of the tapercut needle extend only a very short
distance from the needle tip and blend into a round
taper body. In vascular surgery, tapercut needles are
used frequently for the anastomosis of calcified and
fibrotic blood vessels to prosthetic grafts. Its cutting
tip penetrates the calcified portion of the artery with-
out the cutting edges of the needle body tearing the
friable vessel, thereby minimizing the risk of leakage
around the needle puncture. Tapercut needles have
also been advocated for closure of wounds in the oral
mucosa. Its short cutting edges produce a tiny hole
in the oral mucosa that is considerably smaller than
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that encountered with the cutting edge needles. The
penetrating point needle is a tapercut needle, used
by cardiothoracic and vascular surgeons, that has a
diamond-shaped point with a small sharp cutting tip.
Some surgeons have noted that the penetrating point
needle penetrates the calcified tissue of vessels more
easily than the standard tapercut needle.

Extensive clinical investigations have demon-
strated that blunt tipped surgical needles dramatically
reduce the risk of accidental injuties duting surgery.!
The standard taper point needle tapers to a shatp
point. In contrast, the blunt taper point needle has re-
markably similar geometry to that of the taper point
needle, except that its point has a blunt ending at the
tip of the needle. The geometry of the blunt point
needle differs from those of the taper point and blunt
taper point needles. Instead of tapering to either a
sharp or dull tip, it has no taper at all. Biomechani-
cal performance studies demonstrated that either the
blunt taper point or the blunt point needle dramati-
cally enhance the resistance to needle penetration of
either single or double gloves.!

The biomechanical performance of surgical
needles and needle holders is determined by the fol-
lowing parameters: (1) needle sharpness, (2) needle
resistance to bending, (3) needle ductility, and (4)
needle holder clamping moment.>® A sharpness tester
measures the force needed to pass a needle through a
membrane that simulates the density of human tissue.
Manufacturers measure needle resistance to bending
in the laboratory by recording the force required to
bend the needle 60° or 90° to determine the needle’s
ultimate bending moment. The more critical mea-
surement to the surgeon is the needle’s yield moment,
the force required to irreversibly deform the needle.
Ductility is a measurement of the needle’s resistance
to breakage. The needle holder clamping moment is
a measure of the force exerted by the needle holder
jaws on a curved surgical needle.

Needle Holder

The needle holder is an instrument designed to hold a
curved surgical needle. It consists of two first class le-
vers (female and male members) that rotate on a com-
mon fulcrum. The portions of the levers that grasp
the needle are distal to the fulcrum and ate called the
jaws. The remaining portion of the lever, that por-
tion which is held by the surgeon, is called the handle.
On the end of the handle portion of each shank is a
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ringlet through which a fingertip can be placed. Once
the jaws have gripped the needle, the surgeon can en-
gage a locking mechanism to secure the needle in the
needle holder jaws. The locking mechanism consists
of individual ratchets with engaging teeth that are at-
tached to each handle next to the ringlets. Once the
ratchets are engaged, the needle holder will grasp the
needle without the surgeon applying further force
to the ringlets because the handles are bent to en-
gage the ratchets, thereby producing a spring force to
disengage the ratchets. The angle of each engaging
tooth of the ratchet mechanism should be 39° rather
than 45° to enhance the security of the engagement
of the interlocking teeth.

The box lock is the junction where the female
member and the male member are secured, forming
the pivoting feature. The box lock is located at the
site of the fulcrum of the needle holder. The chamfer
is the edge of the ends of the box lock, being the end
edge of the box lock at the jaw and the end edge of
the box lock at the handle near the fulcrum. When
the needle holder jaws are closed, there should be a
space between the opposing chamfer edges so that a
suture can slide easily through. In addition, the edges
of the chamfer must be rounded to prevent injury to
the suture.

Selecting the appropriate needle holder for a
designated needle can be accomplished by relating
the clamping moment of the needle holder, at the
specified ratchet setting, to the yield moment for the
needle placed in a measured site in the needle holder
jaws. Ideally, the surgeon should use a needle holder
whose clamping moment is less that that of the yield
moment of the needle. When the clamping mo-
ment of the needle holder exceeds the needle yield
moment, clamping the needle between the jaws of
the needle holder will result in irreversible needle de-
formation, with a subsequent enlargement of needle
chord length.

The design of the needle holder jaw is another
important consideration in the selection of a needle
holder. Diamond-Jaw® needle holders grasp surgical
needles far more securely than conventional needle
holders. They feature hard, sharp diamond-cut teeth
in inserts of hardened tungsten carbide bonded to
the jaw of the instrument. This highly durable insert
securely grips the needle, preventing it from rotating
or slipping. Tungsten carbide inserts with teeth vary-
ing from 2,500 to 7,000 teeth/in* have been incorpo-
rated into the jaws of the needle holder to enhance
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the jaws’ needle holding secutity.>* The presence of
teeth within the needle holder jaws limits twisting
and rotation of the needle as compared with needle
holder jaws without teeth. These teeth stabilize the
needle, allowing the surgeon to control accurately the
passage of the needle through the tissue.

While appreciating the potential benefits for
tungsten carbide jaw inserts with teeth in achieving
needle holding security, the surgeon should also re-
alize the potential deleterious effects of the teeth on
suture materials and needles. These teeth can pro-
duce distinct morphologic changes in monofilament
synthetic sutures that markedly reduce the sutures’
breaking strength.>® The implications of this sutural
damage on the strength of continuous monofila-
ment synthetic suture in surgery are obvious. Finally,
these teeth can alter the structural configuration of
needles by producing stress concentrations, there-
by reducing their resistance to either bending or
breakage.®

Smooth needle holder jaws with rounded edges
do not induce structural damage to either the mono-
filament sutures or needles.”® However, their smooth
jaw surface provides limited resistance to either twist-
ing or rotation of the needle between the jaws. A tex-
tured needle holder jaw metallurgically bonded with
tungsten carbide particles (Snowden Pencer, division
of Cardinal Health, Tucker, GA) appears to be an
attractive alternative to both smooth needle holder
jaws and those with teeth.’> Although its needle hold-
ing security is significantly less than the jaws with
teeth, it provides greater needle holding security than
the smooth jaws. By enhancing the average surface
roughness of the jaw, the embedded tungsten carbide
particles of the textured jaw surface resist twist-
ing and rotational movement of the needle. Unlike
the sutural damage inflicted by the jaws with teeth,
compression of the synthetic monofilament suture
by either the rounded smooth jaws or textured jaws
with tungsten carbide particles does not weaken the
monofilament suture.

Recent studies demonstrate that the sharp outer
edges of some smooth needle jaws cut the smooth
surface of the monofilament suture during instrument
ties, weakening the strength of the suture.® When the
smooth needle holder jaws clamp 6-0 monofilament
nylon suture with their first opposing teeth, there is
a significant reduction in suture breaking strength.
This sutural damage can be prevented by mechani-
cally grinding the outer edges of the smooth tungsten

358

carbide inserts, yielding a rounded edge. Clamping
the suture with the smooth jaws of the needle holder
with rounded edges is atraumatic, with no demon-
strable damage to the suture’s breaking strength. The
sharp edges of the box lock of the fulcrum of the
needle holder are another cause of sutural damage
during instrument ties. Consequently, the box lock of
new needle holders has been manufactured with bev-
eled edges that do not entrap or cut the suture.

Packaging System for Surgical Needles and
Sutures

Packages for surgical needles swaged to sutures have
been designed to achieve several specific objectives.>
First, the package and its contents must be suscep-
tible to sterilization. Second, the package must afford
convenient and sterile transfer of the surgical needles
swaged to sutures to the sterile field. The needle must
be protected to prevent dulling of its cutting edges
and point. Finally, the suture must be kept as straight
as possible until knot construction.

Each suture swaged to its needle is contained
within at least two layers of packaging. These two
layers allow sterile transfer to the sterile field. The
“breather” or outer pouch is made of a laminate of
Tyvek™ on one side and heat sealed to plastic film
on the other. The exterior surfaces of this overwrap
are not considered sterile. The inside surfaces of the
overwrap and primary packet within it are sterile so
long as the overwrap remains intact and undamaged.
The Tyvek™ backing is permeable to ethylene oxide
resulting in reliable gas sterilization of the inside of
the overwrap as well as the inner packet containing
the suture swaged to the needle. The outer wrap has
two flaps that are peeled apart, allowing transfer of
the inner packet to the sterile field. The outer wraps
for the packages containing either absorbable or non-
absorbable sutures swaged to needles have identical
dimensions and construction.

The overwrap has two flaps that are peeled apart,
allowing transfer of the inner packet to the sterile
field. Once the overwrap is peeled apart, the inner
packet is transferred to the sterile field without con-
taminating it. The transparent plastic film is shorter
than the backing, allowing it to be easily separated
from the backing. A row of indentations in the plastic
film enhances the security of grasp.

The design of the inner packet for absorbable
sutures is different from that for nonabsorbable su-
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tures. Because absorbable sutures must be protected
from moisture, the sterile inner packets are hermeti-
cally sealed aluminum foil cavities that are designed
to be functional tear foil packets. The upper edge of
the sterile inner packet has a tear notch that provides
consistent easy opening of the foil packet. A TEAR
RIGHT indicator is printed on the front of the pack-
age to indicate the direction of tearing the foil packet.
Tearing the package in the direction of the indicator
allows easy access to the needle “parked” in foam
that can be armed by right-handed surgeons. Note
that each packet has easy to read graphics with the
designated expiration date listed for all absorbable
suture products.

The inner packet for nonabsorbable sutures has
several unique features. It has a mid-peel opening in
its packet with an access flap that is lifted from the
inner packet and turned 180° to expose the body
of the needle whose point and cutting edges are
“parked” in foam. By rotating the access flap 180°,
the needle is armed by the needle holder from either
side of the packet by right- or left-handed surgeons.
The needle is positioned in a manner that prevents
kinking of the monofilament suture near the swage
of the needle.

For either absorbable or nonabsorbable sutures,
unique systems have been designed to stabilize the
braided and monofilament suture in their packet.
For the braided sutures, a retainer of rigid plastic
film having a spiral labyrinth is specially designed for
delivery of a kink-free suture. The suture exits from
the labyrinth in a manner that maintains the suture’s
straight uniform configuration. The suture is swaged
to a needle that is “parked” in foam that protects the
delicate needle point and its cutting edges.

The physical and chemical properties of mono-
filament sutures are distinct from those of braided
sutures, causing manufacturers to design a special
packing system for monofilament sutures. The plastic
memory of the monofilament suture is so great that
the shape of the suture conforms to the shape of
the packet. Consequently, the monofilament suture is
not packaged in a circular configuration, which would
cause the suture to assume a coiled configuration. A
coiled monofilament suture is an invitation to the
knotting of the suture. The monofilament suture is
wrapped around four fixation pins in the figure-of-
eight shaped loops. The monofilament suture can be
straightened to a more linear configuration by apply-
ing forces to the suture ends.
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This scientific article was designed to teach the individual reader the scientific basis for suture
and needle selection as well as to illustrate the appropriate surgical techniques involved in
wound repair of skin incisions. Because the US Food and Drug Administration permits 1.5%
of the sterile surgical gloves to have holes, the operating room personnel should wear sterile
surgical double-glove hole indication systems that detect holes in the outer glove. From the
surgeon’s point of view, the rate of gain of strength of the skin wound is a key determinant
of many decisions including when the suture can be removed, the level of patient activity, and
the selection of the incision. Important considerations in wound closure are type of suture
and mechanical performance, iz vivo and 7n vitro. Measurements of the iz vivo degradation of
sutures separate them into two general classes, absorbable and nonabsorbable. Sutures that un-
dergo rapid degradation in tissues, losing their tensile strength within 60 days, are considered
absorbable. Those that maintain their tensile strength for longer than 60 days are considered
nonabsorbable. For skin closure with nonabsorbable suture, we favor the use of the poly-
butester suture that is coated with an absotbable polymer, VASCUFIL™. When absorbable
sututes are used for a dermal skin closute, the synthetic monofilament MAXON™ is recom-
mended. Absorption of the suture is complete between 90 and 110 days. In cither case, we
would recommend that the suture be attached by a swage attachment to a SURGALLOY™
reverse cutting stainless steel suture. Continuous percutaneous suture closure has definite,
distinct advantages over interrupted suture closure. Although continuous dermal wound clo-
sure is technically more challenging for the surgeon than interrupted dermal suture closure,
it has become an important wound closure technique. A monofilament absorbable synthetic
MAXON™ attached to a reverse cutting edge SURGALLOY™ stainless steel needle is ideally
suited for continuous dermal skin suture closure.

KEY WORDS: cpidermis, dermis, percutaneous suture, dermal suture, double-glove hole
indication system
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Introduction

If this scientific report heightens the surgeon’s, resi-
dent’s, and student’s interest in the biology of wound
closure and infection, the long years occupied in our
search for improved methods of wound management
would more than fulfill our expectations. Through the
ages, selection of surgical sutures, needles and gloves
has been an important consideration for surgeons.
Despite these important historical considerations,
some surgeons perceive surgical suture, needle and
glove selection more as an art than as a science. For
those artisans, the use of methods and materials for
suturing and glove selection is usually a matter of hab-
it, guesswork, or tradition. This approach to suturing
has contributed to a growing concern that the suture
selections as well as knot tying techniques employed
by many surgeons are not optimal and that they in-
correctly select sutures and use faulty techniques in
tying knots, which is the weakest link in a tied sur-
gical suture. When the recommended configuration
of a knot ascertained by mechanical performance
tests was compared to those used by board-certified
general surgeons, only 25% of surgeons used the
appropriate knot construction.! Of the twenty-five
gynecologists, mostly department heads, who were
polled about their knot tying technique, most were
convinced that they made square knots, even though
their knot-tying techniques resulted in slipped knots
that became untied.? When a knotted suture fails to
perform its functions, the consequences may be di-
sastrous. Massive bleeding may occur when the su-
ture loop surrounding a vessel becomes untied or
breaks. Wound dehiscence or incisional hernia may
follow knot disruption.

As with any master sutgeon, he/she must un-
derstand the tools of his/her profession. This link-
age between a surgeon and surgical equipment is a
closed kinematic chain in which the surgeon’s power
is converted into finely coordinated movements that
result in wound closure with the least possible scar
and without infection.

Surgeons have transformed surgical suture and
needle selection from a ritual practice to a surgical
discipline. Early in our careers, surgical selection of
sutures and needles was largely based on testimoni-
als and anecdotal experiences of senior surgeons.
Today, modern surgeons select sutures and needles
on the basis of well-controlled, randomized clinical
and experimental trials. Having a keen appreciation

364

of surgical education, we have modeled the format
of this report to be an individualized learning envi-
ronment. This scientific article was designed to teach
each participant the scientific basis for suture and
needle selection as well as to illustrate the appropriate
surgical techniques involved in wound repair of skin
incisions.

Sutural Skin Closure

All operating room personnel should wear powder-
free surgical gloves because the cornstarch glove mold
release agent causes tissue injury and serves as a vec-
tor for latex allergy® Participants sensitized to latex
should wear powder-free, latex-free surgical gloves.*
Because the US Food and Drug Administration per-
mits 1.5% of the sterile surgical gloves to have holes,
the operating room personnel should wear sterile sur-
gical double-gloves. Because most surgical glove hole
punctures go unnoticed for some time after perfora-
tion even with double-gloves, many operating room
personnel are now using a double-glove hole puncture
indication system (Molnlyke Health Care, Inc.).”> When
the outer glove is punctured, the colored inner glove
is exposed to blood and other fluids in the operative
procedure. After exposure to fluids, this double-glove
puncture indication system develops the appearance
of a datrker color around the outer glove puncture
site, a warning to operating room personnel to the
presence of glove puncture of the outer glove. After
noting this color change, the operating room person-
nel must remove all surgical gloves, wash hands and
don a new double-glove puncture indication system.®
Following needlestick injury of operating room per-
sonnel, postexposure prophylaxis is mandatory.

Biology of Skin Wound Repair

From the surgeon’s point of view, the rate of gain of
strength of the skin wound is a key determinant of
many decisions including when the suture can be re-
moved, the level of patient activity, and the selection
of the incision. The answers to these questions are
found in the results of bioengineering studies of the
strength of skin wounds. Even though collagen fi-
bers are evident on the third day after injury, the skin
wound has negligible tensile strength.” During the first
eight days after closure, the wound is held together
by blood vessels crossing the wound, epithelializa-
tion, and a fibrinous coagulum. If the percutaneous
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sutures are removed at this time, the wound may be
disrupted easily unless supported by dermal sutures
and/or skin closure tapes. Over the next 13 days (8 to
21 days after injury), there is a rapid gain in strength
of skin wounds. They continue to gain strength at
a relatively rapid and constant rate for four months
and at a slower rate for one year. The strength of re-
paired skin incisions never reaches that of uninjured
skin. Adamsons and Kahan demonstrated that rabbit
skin wounds closed with a continuous 4-0 silk suture
regained only 40% of the strength of unwounded tis-
sue 120 days after wounding.® In the dog, Van Winkle
and associates noted that skin wounds approximated
by different percutaneous sutures developed 70% of
their normal strength by 120 days.” Consequently, the
skin wound remains a relatively brittle structure that
is capable of absorbing much less energy than nor-
mal skin.

The diminished tensile strength of wounded
skin as compared with normal skin can be correlated
with histological appearance.!” The morphologic
features of scarred collagen differ distinctly from
collagen in unwounded tissue, particularly collagen
bundle size. Wound collagen bundles are narrower
than normal collagen. Polarized light studies indicate
that there is also a more generalized disorganization
of the wound collagen.

Normal collagen is birefringent, whereas wound
collagen is cleatly a non-birefringent material, which
indicates a relatively disorganized structure at the mo-
lecular or small fibril level. Physical irregularities in
fiber shape and “weave” are more readily appreciated
by scanning electron microscopic examination. Scan-
ning electron micrographs of a normal collagen fiber
show that it is made up of bundles of cross-banded
fibrils, characteristically organized into an interlac-
ing network. In the healing wound, the fibers lie in
a haphazard pattern. As time passes, the randomly
dispersed collagen bundles coalesce to form irregular
masses of collagen. Close examination of the wound
shows no evidence of the collagen fibril structure.
Unfortunately, scar collagen appears to be fixed ir-
retrievably in this haphazard arrangement.

Through the years, imaginative biologists have
suggested methods to accelerate healing. To date,
this avenue of research has resulted in important
findings on the repair of dehisced and resutured
wounds. Incised wounds allowed to heal for short
periods, then dehisced and immediately resutured,
developed strength at a significantly faster rate than
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the primary wound.!! Experiments in animals dem-
onstrated that strength gained in secondary wound
healing correlated with the rate of collagen synthesis
at the time of dehiscence rather than the collagen
content of the wounds."? Interestingly, excision of
the wound edges and reapproximation of the de-
brided edges eliminated this acceleration of healing.'?
Such debridement of the wound edges of a dehisced
wound is therefore cleatly an error in surgical judg-
ment. The benefits of secondary wound healing can
be realized in patients requiring surgical intervention
soon after the first procedure. Patients with wounds
exhibiting gross malapposition of skin edges should
be returned immediately to the operating theater
to reapproximate these edges. The development
of complications, such as ischemia of the wound
edges or hematoma, also warrants re-exploration
of the wound. When performed between the first
and fourth week after injury, the secondary wound
exhibits a greater breaking strength than the first.
This accelerated healing is associated with enhanced
resistance of the wound to infection.'*

Sutures

Important considerations in wound closure are type
of suture and mechanical performance, 7z vivo and in
vitro. Measurements of the 7z vivo degradation of su-
tures separate them into two general classes, absorbable
and nonabsorbable. Sutures that undergo rapid degrada-
tion in tissues, losing their tensile strength within 60
days, are considered absorbable. Those that maintain
their tensile strength for longer than 60 days are con-
sidered nonabsorbable. This terminology is some-
what misleading, because even some nonabsorbable
sutures (ie, silk and nylon) lose a degree of tensile
strength during this 60-day interval. Postlethwait!®
measured the tensile strength of implanted nonab-
sorbable sutures during a period of 2 years. Silk lost
approximately 50% of its tensile strength in 1 year
and had no strength at the end of the 2 years. Ny-
lon lost approximately 25% of its original strength
throughout the 2-year observation period.

Nonabsorbable Sutures

The nonabsorbable sutures of Syneture™ Sutures
(division of Covidien Inc., Norwalk, CT)
classified according to their origin. Nonabsorbable
sutures made from natural fibers are si/& sutures. Me-

can be
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tallic sutures are derived from stainless steel. Modern
chemistry has developed a variety of synthetic fibers
including polyamides (nylon), polyesters (Dacron™),
polyolefins (polyethylene, polypropylene), polytetra-
fluroethylene, and polybutester.

Polypropylene is a linear hydrocarbon polymer
that consists of a strand of polypropylene, a synthetic-
linear polyolefin. All polypropylenes begin with a base
resin and then go through the following steps: extru-
sion, drawing, relaxation, and annealing, Each step in
the process will influence the ultimate biomechanical
performance of the suture. Biomechanical studies
influence the surface characteristics without altering
strength. Changes in the surface characteristics can
facilitate knot construction of the suture. The poly-
propylene suture SURGIPRO™ has a low coefficient
of friction that facilitates knot rundown and suture
passage through the tissue. A new polypropylene
suture, SURGIPRO™TI, has increased resistance to
fraying during knot rundown, especially with smaller
diameter sutures. Polypropylene sutures are extremely
inert in tissue and have been found to retain tensile
strength in tissues for as long as 2 years. Polypropyl-
ene sutures are widely used in plastic, cardiovascular,
general, and orthopedic surgery. In tissue, they exhibit
a lower drag coefficient than nylon sutures, making
them ideal for use in continuous suture closure.

Nylon is polyamide polymer that is extruded
into a monofilament suture MONOSOF™, DER-
MALON™). Although it has high tensile strength
and low tissue reactivity, it degrades by hydrolysis
vivo at a rate of about 12.5% per year. The pliability
characteristics of nylon sutures permit good handling.
Because they are more pliable and easier to handle
than polypropylene sutures, they are favored for the
construction of interrupted percutaneous suture
closures. However, polypropylene sutures encounter
lower drag forces in tissue, which accounts for their
frequent use in continuous dermal and percutaneous
suture closure. Nylon sutures are also available in a
braided construction (SURGILON™), which are rel-
atively inert in tissue and possess the same handling
and knot construction characteristics as natural fiber,
silk sutures (SOFSILK™).

Polyester sutures (SURGIDAC™, TI*CRON™)
are composed of fibers of polyester, or polyethylene
terephthalate, a synthetic linear polyester derived
from the reaction of a glycol and a dibasic acid. Poly-
ester sutures were the first synthetic braided sutures
shown to last indefinitely in tissues. Their acceptance
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in surgery was initially limited because the suture had
a high coefficient of friction, which interfered with
passage through tissue and with knot construction.
However, when the sutures were coated with a lu-
bricant, they gained wide acceptance in surgery. This
coating markedly reduced the sutures’ coefficient of
friction, thereby facilitating knot construction and
passage through tissue. The surface lubricants vary
from polybutylene adipate (SURGIDAC™) to sili-
cone (TT*CRON™),

The polybutester suture (NOVAFIL™) is a block
copolymer that contains butylene terephthalate and
polytetramethylene ether glycol. Polybutester sutures
have unique performance characteristics that may be
advantageous for wound closure.!® This monofila-
ment synthetic nonabsorbable suture exhibits distinct
differences in elongation compared with other su-
tures. With the polybutester suture, low forces yield
significantly greater elongation than that found with
the other sutures. In addition, its elasticity is supe-
rior to other sutures, allowing the suture to return
to its original length once the load is removed. The
clinical performance of polybutester sutures has
been enhanced by coating its surface with a unique
absorbable polymer (VASCUFIL™).'” This coating
is a POLYTRIBOLATE™ polymer composed of
three compounds: gylcolide, e-caprolactone, and po-
loxamer 188. Coating the polybutester suture mark-
edly reduces its drag forces in musculoaponeurotic,
colonic, and vascular tissue.

The nonabsorbable sutures also may be char-
acterized by their physical configurations. Sutures
constructed from one filament (nylon, propropylene,
polybutester, polytetrafluoroethylene, and stainless
steel) are called monofilament sutures. Sutures contain-
ing multiple fibers (nylon, polyester, stainless steel,
and silk) are called multifilament sutures.

Only nylon and stainless steel sutures are avail-
able as both a monofilament and multifilament su-
ture. Monofilament stainless steel (SURGISTEEL™)
is manufactured as varying-diameter single strands
of stainless steel. Multifilament stainless steel sutures
(FLEXON™) are formed by winding one filament
around another, forming a twisted suture. Long, con-
tinuous strands of stainless steel are twisted together
to form sutures of various gauges.

The other multifilament sutures are formed by
intertwining three or more filaments. For instance,
several very fine silk fibers are twisted together to
form yarns, which are then braided. The number of
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silk fibers used regulates the suture gauge; a large
gauge suture can be made with braids of synthetic
filaments by increasing either the number or the size
of the filaments.

Absorbable Sutures

The absotbable sutures of Syneture™ Sutures (divi-
sion of Covidien Inc., Norwalk, CT) are made from
either collagen or synthetic polymers. The collagen
sutures are derived from the submucosal layer of
ovine small intestine or the serosal layer of bovine
small intestine (gut). This collagenous tissue is treat-
ed with an aldehyde solution, which cross-links and
strengthens the suture and makes it more resistant
to enzymatic degradation. Suture materials treated in
this way are called plain gut. If the suture is also treat-
ed with chromium trioxide, it becomes chromic gut,
which is more highly cross-linked and more resistant
to absorption than plain gut. When this treatment of
collagen sutures is limited, the result is a special form
of chromic gut, MILD CHROMIC GUT, which is
more susceptible to tissue absorption. Plain gut and
chromic gut sutures comprise several plies that have
been twisted slightly, machine ground, and polished,
vielding a relatively smooth surface that is monofila-
ment-like in appearance. Salthouse et al. demonstrat-
ed that the mechanism by which gut reabsorbs is the
result of sequential attacks by lysosomal enzymes.'®
In most locations, this degradation is started by acid
phosphatase, with leucine aminopeptidase playing a
more important role later in the absorption period.
Collagenase is also thought to contribute to the enzy-
matic degradation of these collagen sutures.

The type of gut being used determines the rate
of absorption of surgical gut. Plain gut is rapidly ab-
sorbed. Its tensile strength is maintained for only 7-10
days post implantation, and absorption is complete
within 70 days. A limited exposure to chromium tri-
oxide accelerates tensile strength loss and absorption
of MILD CHROMIC GUT. This fast-absorbing sur-
gical gut is used primarily for ophthalmic and cuticu-
lar applications in which sutures are required for only
5-7 days. The tensile strength of MILD CHROMIC
GUT may be retained 10-14 days.

Natural fiber absorbable sutures have several
distinct disadvantages. First, they have a tendency to
fray during knot construction. Second, there is con-
siderably more variability in their retention of tensile
strength than is found with the synthetic absorbable
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sutures. A search for a synthetic substitute for colla-
gen sutures began in the 1960s. Soon procedures were
perfected for the synthesis of high molecular weight
polyglycolic acid, which led to the development of
the polyglycolic acid sutures (DEXON™ II)." These
sutures are produced from the homopolymer, polyg-
lycolic acid. Because of the inherent rigidity of this
homopolymer, monofilament sutures produced from
polyglycolic acid sutures are too stiff for surgical
use except in the finest size. Consequently, this high
molecular weight homopolymer is extruded into thin
filaments, braided, and coated with POLYCAPRO-
LATE™." The polyglycolic acid sutures degrade in
an aqueous environment through hydrolysis of the
ester linkage.

Copolymers of glycolide and lactide were then
synthesized to produce a new braided absorbable su-
ture (POLYSORB™). The glycolide and lactide be-
haved differently when exposed to tissue hydrolysis.
Glycolide provides for high initial tensile strength but
hydrolyzes rapidly. Lactide has a slow and controlled
rate of hydrolysis, or tensile strength loss, and pro-
vides for prolonged tensile strength in tissue. LAC-
TOMER™ is a polymer consisting of glycolide and
lactide in a 9:1 ratio.

The handling characteristics of POLYSORB™
sutures were found to be superior to those of the Poly-
glactin 910™ suture.? Using comparable knot con-
struction and suture sizes, the knot breaking strength
for POLYSORB™ sutures was significantly greater
than that encountered by Polyglactin 910 ™ sutures.
In addition, the mean maximum knot rundown force
encountered with the POLYSORB™ sutures was sig-
nificantly lower that that noted with the Polyglactin
910™ sutures, facilitating knot construction.

The surfaces of these synthetic sutures have
been coated to decrease their coefficient of friction.?
The coating on the polyglycolic acid suture was an
absorbable surface lubricant, poloxamer 188, that
has now been changed. POLYSORB™ sutures are
coated with an absorbable mixture of caprolactone/
glycolide copolymer and calcium stearoyl lactylate. At
14 days postimplantation, approximately 65% of the
tensile strength of these braided sutures remains. Ap-
proximately 40% of their tensile strength is retained
at 21 days. Absorption is minimal until day 40, and
essentially complete between days 56 and 70.

A monofilament absorbable suture (MAXON™)
has been developed using trimethylene carbonate.?!
Glycolide trimethylene carbonate is a linear copo-
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lymer made by reacting trimethylene carbonate and
glycolide with diethylene glycol as an initiator and
stannous chloride dehydrate as the catalyst. The latest
innovation in the development of monofilament syn-
thetic absorbable sutures has been the production of
Glycomer 631, a terpolymer composed of glycolide,
trimethylene carbonate, and diaxanone (BIOSYN™),
which has several distinct advantages over braided
synthetic absorbable sutures.?? First, it is significantly
stronger than the braided synthetic absorbable suture
over 4 weeks of implantation. Absorption is complete
between 90 and 110 days. In addition, it potentiates
less bacterial infection than does the braided suture.
The handling characteristics of the monofilament
suture are superior to those of the braided suture be-
cause it encounters lower drag forces in the tissue.

The strength of the MAXON™ suture is main-
tained zz vivo much longer than that of the braided
synthetic absorbable suture. The MAXON™ re-
tained approximately 70% of its breaking strength
after implantation for 28 days and still retained 13%
of its original strength at 56 days. In contrast, braided
absorbable sutures retained 1-5% of their strength
at 28 days.?? Absorption of the MAXON™ suture is
minimal until about day 90 postimplantation and is
essentially complete within 6 months. The direct cor-
relation of molecular weight and breaking strength
of the synthetic absorbable sutures with both 7z vivo
and iz vitro incubation implies a similar mechanism
of degradation. Because /# vitro incubation provides
only a buffered aqueous environment, the chemical
degradation of these sutures appears to be by non-
enzymatic hydrolysis of the ester bonds. Hydrolysis
would be expected to proceed until small, soluble
products are formed, then dissolved and removed
from the implant site. In contrast, the gut or collagen
suture, being a proteinaceous substance, is degraded
primarily by the action of proteolytic enzymes.

A distinction must be made between the rate of
absorption and the rate of tensile strength loss of the
suture matetial. The terms rate of absorption and rate of
tensile strength loss are not interchangeable. Although
the rate of absorption is of some importance with re-
gard to late suture complications, such as sinus tracts
and granulomas, the rate of tensile strength loss is of
much greater importance to the surgeon, considering
the primary function of the suture: maintaining tissue
approximation during healing,

When considering an absorbable suture’s tensile
strength 7 vivo, we recommend that the manufacturer
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provide specific measurements of its holding capac-
ity, rather than the percentage retained of its initial
tensile strength. The United States Pharmacopoeia
(USP) has set tensile strength standards for synthetic
absorbable suture material. If the manufacturers
were to use these standards to describe maintenance
of tensile strength, the surgeon would have a valid
clinical perspective with which to judge suture per-
formance. Some manufacturers persist in reporting
maintenance of the tensile strength of their suture in
tissue by referring only to the percentage retained of
its initial tensile strength, making comparisons among
sutures difficult. Using USP standards in reporting is
particularly important when there are marked differ-
ences in the initial tensile strengths of synthetic su-
tures. For example, the initial tensile strength of BIO-
SYN™ is 43% greater than that of polydioxanone.
At 2 weeks, the BIOSYN™ suture is approximately
30% stronger.

Surgical Needles

The sutgical needles of Syneture™ Sutures (division
of Covidien Inc., Norwalk, CT) are produced from
stainless steel alloys, which have excellent resistance
to corrosion.? All true stainless steels contain a mini-
mum of about 12% chromium, which allows a thin,
protective surface layer of chromium oxide to form
when the steel is exposed to oxygen. Since their devel-
opment during the early 1960s, high-nickel maraging
stainless steels have found extensive use in structural
materials in many applications requiring a combination
of high strength and durability. The basic principle of
maraging consists of strengthening FeNi martensit-
ic matrices by the precipitation of fine intermetallic
phases, such as Ni;Ti. These precipitates are so small
that they are only evident on transmission electron
microscopy. They strengthen the metal by preventing
the planes of atoms in the stainless steels from slid-
ing over each other. A high-nickel maraging stainless
steel, such as $45500, comprises 7.5-9.5% nickel, 0.8-
1.4% titanium, and 11-12.5% chromium. In contrast,
S42000 stainless steel comprises 12-14% chromium
without nickel or titanium. Scientists have successfully
employed the concept of high-nickel maraging stain-
less steels (S§45500) to develop stainless steel wires
with superior strength and ductility for use as surgical
needles. Surgical needles made of high-nickel marag-
ing stainless steel have a greater resistance to bending
and breaking than stainless steels without nickel.
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A new high-nickel stainless steel, SURGAL-
LOY™, has been used recently to manufacture sur-
gical needles.?* Biomechanical performance studies
of cutting edge needles made of S45500 stainless
steel alloy and SURGALLOY™ stainless steel dem-
onstrated that needles made of SURGALLOY™
had superior performance characteristics over those
made of S4200. The SURGALLOY™ needles had
considerably greater resistance to bending than the
needle produced from the S4200 alloy. In addition,
SURGALLOY™ stainless steel had almost a 2-fold
greater resistance to fracture than the S4200 stainless
steel alloy.

Every surgical needle has three basic compo-
nents: swage, body, and point. For closure of skin
wounds, we recommend laser-drilled needles.” Using
laser-drilling, the needle is attached to the suture by
uniformly compressing the walls of the swage against
the suture, creating a strong attachment force that
prevents the surgeon from detaching the suture from
the needle without exerting considerable force on the
swage. We prefer cutting edge needles that have at
least two opposing edges designed to penetrate tis-
sue. For skin closure, we recommend a reverse cut-
ting needle that leaves a wide wall of tissue against
which the suture exerts its wound closure force. This
thick wall of tissue resists suture cut-through. In all

surgical needles, we prefer that they are made from
SURGALLOY™ stainless steel.?

Continuous Percutaneous Skin Suture
Closure

A small skin incision whose length is less than 5 cm
is made with a No. 15 knife blade. The surgeon uses
a reverse cutting edge needle with a subtended arc of
135° for continuous percutaneous skin closute using
the VASCUFIL™ suture. Continuous percutaneous
suture closure has definite, distinct advantages over
interrupted suture closure. First, continuous suture
closure can be accomplished more rapidly than inter-
rupted suture closure. This time saving is related to
the short time involved in constructing knotted su-
ture loops. For the continuous suture closure, there
is one knotted suture at each corner of the wound.
In contrast, interrupted suture skin closure requires
knot construction for each separate suture loop. An-
other advantage of the continuous suture is that it ac-
commodates to the developing edema of the wound
edges during healing. In contrast, the dimensions of
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the interrupted suture loop remain unchanged, con-
stricting the edematous tissue within each suture loop.
These benefits of the continuous suture skin closure
technique must be weighed against one notable dis-
advantage. Interrupted suture closure permits a more
meticulous approximation of the wound edges than
continuous suture closure, especially in stellate lacera-
tions with irregular wound edges.

Continuous VASCUFIL™ percutaneous sututre
closure of the wound can be accomplished by two
different techniques. In the first technique, the needle
pathway is at a 90° angle to the wound edges and re-
sults in a visible suture that crosses the wound edges
at a 65° angle. This technique is technically easier to
accomplish than one in which the needle pathway is
oblique to the wound edge. In the second technique,
the needle pathway is at a 65° angle to the wound
edges, so that the visible suture is at a 90° angle to the
wound edges rather than at a 65° angle. This oblique
passage of the needle is difficult to reliably replicate
throughout a long incision. With either technique,
the surgeon starts the continuous percutaneous su-
ture with an interrupted percutaneous suture placed
1 mm from either end of the wound. The needle is
passed in a direction toward the surgeon, rather than
away from the surgeon. The exit and entrance points
of this first interrupted percutaneous suture are 4
mm from the wound edges. After completion of the
first percutaneous suture, construct a secure 3-throw
square knot and cut the free suture ear 3 mm from
the knot. Position the knot so that it lies at a point
farthest from you. Holding the fixed suture end paral-
lel to the wound, the needle should be passed through
the skin 2 mm from and adjacent to the knot. This
needle entrance site is 4 mm from the wound edge
and 2 mm from the first interrupted percutaneous su-
ture. Pass the needle beneath the skin at an angle 90°
to the incision and exit 4 mm from the wound edge
through the skin on the opposite side of the wound.

The next suture then crosses the wound at a 65°
angle to the wound to an entrance point 4 mm from
the wound edge. Again, the needle is passed beneath
the wound at a 90° angle to the wound to continue
placement of the suture. The passage of the suture
is repeated as described until the wound edges are
almost completely approximated by the continuous
percutaneous suture, with one remaining needle pass
necessary for complete repair. When the surgeon is
at a point that is 2 mm from the end of the wound,
pass your needle perpendicular to the wound through
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the skin so that its entrance and exit points are 4 mm
from the wound edge. This last needle passage tra-
verses the wound at an angle of 90° to the incision.
The continuous percutaneous suture ends as an in-
terrupted percutaneous suture which is accomplished
with care to leave a suture loop remaining during
suture pull through; this suture loop will be used in
knot construction.

Knot construction is accomplished using an in-
sttument tie with the fixed end of the suture and the
remaining suture loop. When constructing a secure
knot with a suture loop and free suture, we prefer a
six-throw square knot with 3 mm ears, rather than a
three-throw knot, to ensure knot security.! It is ad-
visable to cut the needle from the fixed suture end
with surgical scissors before performing the instru-
ment tie.

Continuous Dermal Skin Suture Closure

Although continuous dermal wound closure is tech-
nically more challenging for the surgeon than inter-
rupted dermal suture closure, it has become an im-
portant wound closure technique. It results in closely
approximated wound edges that quickly become im-
pervious to exogenous topical bacterial contamina-
tion. The use of a continuous dermal suture, without
percutaneous sutures, is an attractive alternative for
wound subjected to strong skin tensions, in patients
prone to keloid formation, children frightened by su-
ture removal, and those individuals who are unable to
contact a health professional for suture removal.

Monofilament absorbable synthetic MAXON™
sutures, whose tensile strength remains for at least 28
days, are ideally suited for continuous dermal suture
because they do not have to be removed. In contrast,
the nonabsorbable dermal continuous suture has to
exit percutaneously from the ends of the wound and
must surface every 3 cm through the skin, along the
length of the continuous suture, to facilitate removal.
The 4-0 monofilament synthetic absorbable suture is
attached to the laser-drilled hole of the reverse cut-
ting edge needle.

Placement of a continuous dermal suture can
be facilitated by first approximating the mid-por-
tion of the wound with an interrupted synthetic
absorbable suture. This suture serves to align accu-
rately the divided edges of the wound as well as to
restore the configuration of the wound edges before
suture closure.

370

The continuous dermal suture is begun as an
interrupted anchoring dermal suture by passing the
needle in an upward direction, through the subcuta-
neous tissue and exiting through the reticular dermis
at the apex of the wound. A secure five-throw square
knot is constructed to secure the suture.

After cutting the one ear attached to the free
suture end, the fixed suture end with attached needle
is used for the continuous dermal skin closure. The
next stitch is passed horizontally from the end of
the wound through the superficial papillary dermis.
After exiting the dermis, the position of the next
bite is identified by pulling the suture across at right
angles to the wound. Accurate needle placement
is assured by slight back-tracking of each bite. By
keeping each bite of the continuous dermal closure
small, less than 3 mm, you can avoid puckering of
the skin edges after closure, and subsequent malap-
position of the wound edges. During passage of the
needle, the skin is stabilized by the tissue forceps.
As the small horizontal bites are taken, gentle con-
stant traction of the fixed suture brings the wound
edges together.

At a point one bite from the end of the wound, a
small horizontal bite is passed toward the end of the
wound. The suture before this corner stitch is with-
held, forming a loop for the free end of the suture
that will be used in constructing the knot. After pass-
ing the suture horizontally through a small bite of
dermis in the opposite wound edge, the fixed suture
end and the long loop of the free suture end are used
to construct a secure six-throw square knot.”’

It is important to note that the knot may not
remain buried in the subcutaneous tissue using this
technique. Consequently, some surgeons cut only the
suture loop flush with the knot. They then bury the
knot by passing the fixed end of the suture attached
to the needle proximal to the knot at the apex of the
wound at the level of the subcutaneous tissue, exit-
ing through the skin approximately 5 mm from the
end of the wound. As the surgeon exerts tension on
the fixed suture end after needle passage through the
skin, this movement inverts the knot into the sub-
cutaneous tissue. While maintaining tension on the
fixed suture end, the suture is cut flush with the skin.
The cut suture disappears from the surgeon’s view, re-
tracting into the subcutaneous tissues. It is important
to note the exact technique of suture passage that is
required for knot inversion. If the fixed suture end
with its attached needle is passed distal to the knot at
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the apex of the wound, this maneuver will serve to
evert the knot into the wound. In the human, the skin
edges are then approximated by percutaneous tape
closure to ensure a meticulous approximation of the
wound edges.

Conclusion

Your success in achieving optimal wound closure us-
ing sutures and their attached needles will depend on
several factors. First, you must have all of the appro-
priate sutures and attached needles that are necessary
to achieve wound closure. Inadequate instruments
will defeat the efforts of even the master surgeon.
Second, mastery of surgical skills using sutures and
needles requires repetitive practice. Surgeons who do
not have adequate psychomotor skills will not achieve
an excellent result even with the finest sutures and
their attached needles. Third, select the most appro-
priate sutures with their attached needles based on
the biology of wound repair and infection and the
biomechanics of sutures and needles. Finally, you
must always use a double-glove hole indication sys-
tem that accurately detects holes in the gloves. In
the event of a needlestick exposure during surgery,
operating personnel must follow carefully the post-
exposure prophylaxis plan against bloodborne deadly
viral infections outlined in this course. As you perfect
your surgical discipline, share this information with
your colleagues and encourage them to participate in
a training program. In addition, we encourage each
of you to evaluate carefully the clinical results of your
wound closure with sutures and strive to devise new
and improved techniques that are based on scientific
investigations rather than testimonials.

It has been recently announced that there is a
revolutionary knotless technology that supports op-
timal patient outcomes by closing wounds securely.
This V-Loc™ 180 device closes wounds up to 50%
faster than conventional sutures with comparable
holding strength.? This novel suture construct has
been developed to prevent the need for knot lapa-
roscopic suture. Self-anchoring, unidirectional barbs
in the suture allow secure tissue apposition with
continuous suture without the need to tie knots.
Barb suture material has been used clinically on a
limited basis in dermal closure, orthopedics, and
% This V-Loc suture is produced from a
size 0 polydioxanone monofilament that absorbs
within 26 weeks.

urology.
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If this educational program heightens the surgeon’s, resident’s, and student’s interest in the
biology of vascular wound closure and infection, the long years occupied in our search for
improved methods of wound management would more than fulfill our expectations. As with
any mastet surgeon, he/she must understand the tools of his/her profession. This linkage
between a surgeon and surgical equipment is a closed kinematic chain in which the surgeon’s
power is converted into finely coordinated movements that result in vascular wound closure
with the least possible scar and without infection. The description of wound repair of blood
vessels will be confined to arterial surgery in which the surgeon attempts to establish a new
non-wettable intima and to reestablish a strong elastic muscular media. Repair of vessel wall
wounds is encountered in arteriotomy for vascular access as well as in artery-to-artery anas-
tomoses. In both circumstances, wound repair is primarily at the suture line. The surgical
needles of Syneture™ are produced from stainless steel alloys, which have excellent resistance
to corrosion. A new high-nickel stainless steel, SURGALLOY™, has been used recently by
Syneture™ to manufacture surgical needles. We prefer a polybutester monofilament suture
whose surface is coated with an absorbable polymer. This absorbable coating of the VASCU-
FIL™ monofilament sutures markedly reduces its drag forces in vascular tissue. The surgeon
can practice using these sutures in femoral arteriotomies in animals.

KEY WORDS: vascular suture repair, SURGALLOY™ taper point needles, VASCUFIL™
suture, femoral arteriotomy
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Introduction

If this educational program heightens the surgeon’s,
resident’s, and student’s interest in the biology of
vascular wound closure and infection, the long years
occupied in our search for improved methods of
wound management would more than fulfill our ex-
pectations. Through the ages, selection of surgical
sutures, needles and gloves has been an important
consideration for surgeons. Despite these important
historical considerations, some surgeons perceive
surgical suture, needle and glove selection more as
an art than as a science. For those artisans, the use of
methods and materials for suturing and glove selec-
tion is usually a matter of habit, guesswork, or tradi-
tion. This approach to suturing has contributed to a
growing concern that the suture selection as well as
knot tying techniques employed by many surgeons
is not optimal, and that they incorrectly select su-
tures and use faulty techniques in tying knots, which
is the weakest link in a tied surgical suture. When the
recommended configuration of a knot ascertained
by mechanical performance tests was compared to
those used by board-certified general surgeons, only
25% of surgeons used the appropriate knot con-
struction.! Of the twenty-five gynecologists, mostly
department heads, who were polled about their knot
tying technique, most were convinced that they made
square knots, even though their knot-tying techniques
resulted in slipped knots that became untied.” When
a knotted suture fails to perform its functions, the
consequences may be disastrous. Massive bleeding
may occur when the suture loop surrounding a ves-
sel becomes untied or breaks. Wound dehiscence or
incision hernia may follow knot disruption. As with
any master surgeon, he/she must understand the
tools of his/her profession. This linkage between a
surgeon and surgical equipment is a closed kinematic
chain in which the surgeon’s power is converted into
finely coordinated movements that result in vascular
wound closure with the least possible scar and with-
out infection.

Fortunately, surgeons have transformed surgical
suture and needle selection from a ritual practice to
a surgical discipline. Early in their careers, surgical
selection of sutures and needles was largely based
on testimonials and anecdotal experiences of senior
surgeons. Today, modern surgeons select sutures and
needles on the basis of well-controlled, randomized
clinical and experimental trials in vascular surgery.
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Biology of Vascular Repair

The description of wound repair of blood vessels will
be confined to arterial surgery in which the surgeon
attempts to establish a new non-wettable intima and
to reestablish a strong elastic muscular media. There
are four possible origins of necoendothelial cells af-
ter injury: (1) circulating macrophage mononuclear
cells; (2) medial smooth muscle cells; (3) circulating
endothelial cells; and (4) junctional zone, which are
graft/post pannus extension of the anastomosis. The
origin of the new elastic fibers for the subintimal elas-
tic lamina is the medial smooth muscle (myointimal)
cells. The biology of the vessel healing can be divided
into three phases: substrate, proliferative, and resorp-
tive (maturation).’ The substrate phase lasts three to
four days. During the initial two to three days, fibro-
blasts appear in the wound and begin producing col-
lagen shortly after their appearance. The substrate
phase is overlapped by the proliferative phase where
the collagen is laid down in the wound. By the fifth
or sixth day, new collagen synthesis accelerates, and
wound strength enhances quickly. The proliferative
phase continues for several weeks. The process of
wound repair becomes a balance between the synthe-
sis of collagen and the lysis of collagen. Imbalance
of lysis and repair results in a failure of wound heal-
ing. In one case, excessive collagen lysis will result in
anastomotic failure. In contrast, excessive collagen
production may result in stricture formation. In the
resorptive phase, tissue macrophages and fibroblasts
disappear and excess collagen is removed. During
this phase of absorption, the amorphous mass of
collagen is transformed into an interlocking connec-
tion of collagen fibers. Blood vessels contain a spe-
cial type of collagen (type 11I) that possesses special
properties that allow some elasticity of the collage-
nous tubing, thereby enhancing its performance as a
vascular conduit. Wound repair will now be examined
in vessel wall wounds.

Repair of vessel wall wounds is encountered
in arteriotomy for vascular access as well as in ar-
tery-to-artery anastomoses. In both circumstances,
wound repair is primarily at the suture line. Both
of these surgical procedures are usually performed
in areas of relatively normal arteries that augur for
the best wound repair. It is important to point out
that the endothelium of artery-to-artery anasto-
moses and arteriotomies heal by pannus extension
that is continuous autogenous endothelial growth
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across a suture line, rather than by cellular ingrowth
from within the lumen of the vessel. Humans are
able to extend an endothelial pannus for only 6
to 10 mm in either direction from the suture line.
Replacement of this endothelial cell layer is rapid
and likely to be complete in ten days. Orientation
of the new endothelial cells appears random. By
twenty-one days, the endothelial cells resume their
normal orientation that is parallel to the blood flow.
Regeneration of the elastic lamina is not rapid or as
successful as endothelial repair. The elastic lamella
defect is repaired by four or six weeks. The origin of
the new elastic fibers is from medial smooth muscle
cells. Collagen synthesis begins to exceed lysis and
suture line strength begins to enhance within three
to four weeks.* On the basis of these observations,
surgeons recommend that stress on the anastomosis
or arteriotomy should be kept at a minimum for a
least two weeks.

The growth of the vascular suture line has been
studied extensively in a large number of experiments.
Although some felt that body growth ultimately re-
sulted as light relative stenosis at the suture line, all in-
vestigations reported that the suture lines grew fairly
well as the parent artery increased in size. However,
it was evident that the tendency toward constriction
at the suture line was considerable if continuous
nonabsorbent sutures were employed. Moreover,
constriction was minimized by the use of continu-
ous monofilament absorbable suture or interrupted
nonabsorbent suture. Consequently, it is generally
agreed that in infant and growing children, vascular
anastomotic repair can be accomplished by two dif-
ferent techniques to avoid late anastomotic stenosis.
In one technique, one half of any anastomosis with
nonabsorbable suture should be made with inter-
rupted sutures.’ In the other technique, a continuous
monofilament absorbable suture can be used clinically
with a low incidence of stenosis.® Some surgeons use
monofilament synthetic absorbable suture for anas-
tomosis repair in infants and growing children. When
surgeons make tucks under the suture line, these
tucks may result in disruption of the laminar flow
and may lead to progressive stenosis of suture repair.
Finally, in an adult, the surgeon should use at least
reactive nonabsorbable suture, monofilament poly-
propylene, because this suture maintains anastomotic
strength, causes the least fibrosis of the suture line
and facilitates a more rapid resolution of the suture
line inflammatory response.
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There has been some debate regarding the vari-
ous types of suture techniques. On the basis of their
investigations, Schumacker and Lowenberg conclud-
ed that mattress suture techniques were preferable
to techniques into which an end-on approximation
of the artery was accomplished by a continuous
suture.” However, Sako and colleagues reported no
essential difference in the incidence of thrombosis
with the mattress technique and with suture passed
through all layers® Opinions remain somewhat
divided as to the relative merits of the mattress su-
ture and the end-on approximation. The ease with
which end-on approximation can be accomplished
has caused most surgeons to rely exclusively on
the continuous end-on approximation technique.
Lowenberg and Shumacker conducted further studies
on the healing characteristics of divided and then su-
tured carotid arteries in dogs.” The breaking strength
at the anastomotic site was evaluated with the original
silk suture intact. The same type of healing curve was
observed as had been established by similar experi-
ments for the healing of other tissues, such as the
abdominal wall. It was concluded that arteries gained
strength much in the same fashion as did all other tis-
sues which had been studied. The actual force, which
disrupted the recently sutured artery during the “lag”
period, was as little as 2 lbs. It was evident that a small
force at that time could pull apart a recently com-
pleted arterial anastomosis and that it was important
to approximate blood vessels without tension. Their
observations indicated that while the force necessary
to break the recently sutured artery by direct pull
was not great, the sutured artery rapidly regained
resistance to intraluminal pressures, and that after
14 days or longer, could withstand, without leaking,
intraluminal pressures in excess of normal systolic
blood pressure. Preliminary studies by these authors
demonstrated that the circumference of the artery
at the anastamosis increased in the growing animal
comparable to the increase in the circumference of
the unsutured portion of the artery. The investiga-
tors pointed out that many of the healed suture lines
failed to break or burst at pressures that ruptured the
artery itself.

Scientific Basis for Selecting Vascular Surgi-
cal Needles and Sutures

The surgical needles of Syneture™ are produced
from stainless steel alloys, which have excellent re-
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sistance to corrosion. A new high-nickel stainless
steel, SURGALLOY™, has been used recently by
Syneture™ to manufacture surgical needles. Stud-
ies have demonstrated that the SURGALLOY™
needles have considerably more resistance to bending
than the needle groves from the S45500 alloy. Con-
sequently, we recommend using taper point needles
made from SURGALLOY™ for vascular surgical re-
pair. We prefer a polybutester monofilament suture
whose sutface is coated with an absorbable polymer.
This absorbable coating of the VASCUFIL™ mono-
filament sutures markedly reduces its drag forces in
vascular tissue. The surgeon can practice using these
sutures in femoral arteriotomies in animals.

There are two important considerations in mak-
ing vascular incisions: the direction of the incision
and the manner of the closure. Longitudinal incisions
provide excellent exposure because they can be easily
extended. This benefit must be weighed against a dis-
tinct disadvantage. Closure of a longitudinal incision
in smaller (< 4 mm) vessels narrows the lumen over a
great distance and thereby causes significant stenosis
and turbulence that may lead to thrombosis. This nat-
rowing is not encountered in closure of a transverse
incision. Consequently, a transverse arteriotomy is
recommended in smaller vessels.

Continuous suture closure of longitudinal
arteriotomy

The chosen area for the femoral arteriotomy is ex-
posed, mobilized, and isolated. Partial occlusion of
the artery by two silicone loops is not undertaken until
everything is ready for the arteriotomy, thereby mini-
mizing the occlusion time. The silicone loops are now
positioned at sites proximal and distal to the planned
arteriotomy. Sufficient tension is applied to the ends
of the suture loops to temporarily obstruct the flow
of blood into the artery. Tension is applied first to the
ends of the silicone loops to occlude partially the ves-
sel lumen. Both ends of the silicone loops are then
clamped between silicone-covered jaws that maintain
vessel occlusion.

The longitudinal arteriotomy is initiated with a
short opening of the lumen with the cutting edge of
a No. 11 blade, rather than its point. The arteriotomy
is then completed by cutting the vessel wall with a
7-inch DeBakey vascular scissors whose jaws are
positioned at a 45° angle to the scissor handles. The
length of the longitudinal arteriotomy is 3 cm long.
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In this psychomotor skill station, the arteriotomy
will be closed with a continuous VASCUFIL™ su-
ture. A 36-inch-length 4-0 VASCUFIL™ double-
armed suture swedged to taper point needles with
subtended arcs of 180° is used for continuous sutural
closure of the arteriotomy. This needle is grasped
between the smooth jaws with rounded edges of
the T-C Crile Wood needle holder 1.5 mm beyond
the end of its laser-drilled hole. The surgeon begins
the arteriotomy closure at the proximal end of the
arteriotomy farthest from the surgeon. The vessel
wall is everted with the 6-inch-long smooth DeBakey
forceps to permit needle passage through the intima
and overlying vessel wall 1 mm lateral to the end of
the arteriotomy. With eversion of the opposite wall,
the needle is passed through the intima and overly-
ing vessel wall 1 mm lateral to the arteriotomy. Us-
ing an instrument tie, a three-throw square knot is
constructed. After knot construction, the knot is
positioned at a point farthest away from the surgeon.
One fixed suture end with attached needle is cut 3
mm from the knot, leaving one 3-mm knot ear. The
other fixed suture end attached to the needle is then
passed through the adventitia and intima at a point 1
mm from the last interrupted suture and 1 mm from
the divided vessel edge.

The needle is then passed out through the intima
and overlying vessel wall 1 mm from the vessel edge
on the opposite side of the arteriotomy. The sutural
closure is then continued with similarly positioned
sutures Imm from each other and 1mm from the
divided vessel wall perpendicular to the suture line.
The polypropylene suture must be pulled taut con-
tinuously to maintain approximation of the vessel
wall and avoid later suture line bleeding. A fine nerve
hook with a blunted point inserted through the end
of the arteriotomy can be used as a safeguard as the
final suture is passed. At this point, tension is released
from the proximal suture loop, allowing blood and
air to escape from the remaining opened end of the
longitudinal arteriotomy.

After passing the final suture 1 mm lateral to the
end of the arteriotomy, knot construction is accom-
plished with the suture loop and free suture ends us-
ing a six-throw square knot construction. The suture
loop and ear are cut 3 mm from the knot, leaving
three, 3-mm-long suture ears.

Tension is now removed from the distal silicone
loop, allowing blood flow to return to the femoral ar-
tery. When closing a longitudinal incision in small (4
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mm diameter) vessels, stenosis of the approximated
lumen will occur with a continuous suture. This ste-
nosis may be obviated by the insertion of an elliptical
vein graft.

The surgeon’s ultimate selection of surgical
sutures and needles will be dependent on his/her
perception of the performance of the suture and
needle during surgery. Realizing the importance of
understanding the surgeon’s perception of the perfor-
mance of suture and needle products, two large mul-
ticentric evaluations of suture and needle products
have been reported in peet-reviewed publications.!®
"' The guidelines used in the development of this
multicentric evaluation of surgical suture and needle
products should be replicated in any hospital setting
to assure that the surgeon has a superior needle and
suture product.

The purpose of this initial report was to describe
an expanded suture and needle clinical evaluation
program jointly designed by hospital representa-
tives of Consorta, Inc. (Rolling Meadows, Illinois), a
leading healthcare resource management and group
purchasing organization, and Syneture™ Sutures (di-
vision of Covidien Inc., Norwalk, CT).! In this ex-
panded evaluation program, 42 Consorta shareholder
hospitals enrolled 1913 surgeons to participate in
Phase II of this nonexperimental observational study
of the clinical performance of surgical needles and
sutures. Performance characteristics of the sutures
and needles produced by Syneture™ Sutures that
were evaluated in 25,545 surgical procedures includ-
ed packaging/ease of opening, needle strength and
sharpness, tissue drag, knot security, tensile strength,
clinically acceptable determinations, and clinically
unacceptable determinations. In these 30-day stud-
ies, the surgeons found that the needles and sutures
were clinically acceptable in 98.1% of the evaluations.
The general, cardiothoracic, and orthopedic surgeons
who performed 61.2% of the product evaluations
reported that the suture and needle products were
clinically acceptable in 98.2% of the evaluations.
Nearly half (49.2%) of the evaluations involved the
POLYSORB™ braided synthetic sutures, which re-
ceived a clinically acceptable rating in 98.2% of the
evaluations. The silk suture (SOFSILK™)_ followed
by the monofilament nylon suture (MONOSOF™),
were the next most frequently used sutures. The
SOFSILK™ was found to be clinically acceptable
in 99.2% of the evaluations, while MONOSOF™
was noted to be clinically acceptable in 98.7% of the
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evaluations. Surgical needles made by Syneture™ Su-
tures also had a high rating of clinical acceptability
(97.9%).

This second report described an innovative su-
ture and needle clinical evaluation program jointly
designed by hospital representatives of Consorta,
Inc., a healthcare resource management and group
purchasing organization, and Syneture™ Sutures (di-
vision of Covidien Inc., Norwalk, CT), manufacturer
of surgical biomaterials.!' Nineteen Consorta share-
holder hospitals enrolled 699 surgeons to participate
in Phase I of this nonexperimental observational
study of the clinical performance of surgical needles
and sutures. Performance characteristics of the su-
tures and needles produced by Syneture™ Sutures,
which were evaluated in 3407 surgical procedures,
included packaging and ease of opening, needle
strength and sharpness, tissue drag, knot security,
tensile strength, and clinically acceptable and unac-
ceptable determinations. In these 30-day studies, the
surgeons concluded that the needles and sutures were
clinically acceptable in 98.1% of the evaluations. The
general, cardiothoracic, and orthopedic surgeons,
who performed 73.8% of the product evaluations,
reported that the suture and needle products were
clinically acceptable in 97.2% of the evaluations.
More than half (50.1%) of the evaluations involved
the POLYSORB™ braided synthetic sutures, which
received a clinically acceptable rating in 98.4% of the
evaluations. The next most frequently used sutures
were the SOFSILK™, followed by the monofilament
nylon suture. SOFSILK™ was found to be clinically
acceptable in 98.7% of the evaluations, whereas the
monofilament nylon was noted to be clinically ac-
ceptable in 96.3% of the evaluations. Surgical needles
made by Syneture™ Sutures had a 97.9% clinical ac-
ceptability rating,

Discussion

Your success in achieving optimal wound closure us-
ing sutures and their attached needles will depend on
several factors. First, you must have all of the appro-
priate sutures and attached needles that are necessary
to achieve wound closure. Inadequate instruments
will defeat the efforts of even the master surgeon.
Second, mastery of surgical skills using sutures and
needles requires repetitive practice. Surgeons who do
not have adequate psychomotor skills will not achieve
an excellent result even with the finest sutures and
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their attached needles. Third, select the most appro-
priate sutures with their attached needles based on
the biology of wound repair and infection and the
biomechanics of sutures and needles. Finally, you
must always use a double-glove hole indication sys-
tem that accurately detects holes in the gloves.12 In
the event of a needlestick exposure during surgery,
operating personnel must follow carefully the post-
exposure prophylaxis plan against bloodborne deadly
viral infections. As you petfect your surgical discipline,
share this information with your colleagues and en-
courage them to participate in this training program.
In addition, we encourage each of you to evaluate
carefully the clinical results of your wound closure
with sutures and strive to devise new and improved
techniques that are based on scientific investigations
rather than testimonials.
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