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Foreword

It is a pleasure to see the result of the Italian group of editors’
(Di Saverio, Tugnoli, Catena, Ansaloni and Naidoo) exemplary
effort to produce a landmark textbook about trauma care. They
have pulled together the best of the academic trauma brother-/
sisterhood and well beyond to make this book as primarily an
“Italian job” considering many world leaders among the authors
practice on the Apennine Peninsula or have an ancestral claim
there. Italy and Italian Trauma Care needs this fine example of
a documented, well-organised approach for the further
development of their trauma system and the recognition of
trauma as a specialty within surgery and critical care.

It is a common phrase that trauma is a leading cause of death
and long term disability in the young, productive age groups.
While this is still true, we need to acknowledge the enormous
advances in polytrauma management during the last decades.
Major trauma mortality in trauma centres is half of the figures
compared to the mortality 20 years ago. This is even more
significant in the context of the currently treated trauma
population who tend to be slightly more severely injured but on
average at least 10 years older. The overall trauma mortality in
developed level-1 trauma centres is less than 3 % of all
admissions and less than 9 % counting only the patients with
injury severity score higher than 15. Trauma mortality review
panels hardly find preventable trauma deaths in the developed
trauma systems. These facts force us to look for clinically more

vii
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relevant and improvable outcomes beyond the plummeting
mortality, such as resource utilisation (~quaternary prevention)
and quality of life among the survivors.

Volume 1 of the Trauma Surgery textbook addresses some of the
most important contributors of these outcomes (trauma systems,
critical care, head injury and musculoskeletal trauma). Trauma
system and head injury management remain the key determinants
of mortality; head injury is still the leading cause of death in most
geographic areas and organised trauma system/program has the
biggest impact on the reduction of trauma mortality.

Critical care including perioperative polytrauma management
(initial resuscitation, damage control surgery, postoperative
ongoing ICU care) is the most resource intensive component of
the hospital phase. Optimal management recommended in this
book is essential to prevent deadly and expensive complications
such as thromboembolic disease, infections, organ dysfunctions
and multiple organ failure.

Musculoskeletal injuries including spine and pelvis are the
most frequently operated on injuries; especially in blunt trauma,
their optimal timing and methods of stabilisation are still
commonly debated topics. It is concluded that these, not
necessarily always life threatening injuries, are the major
determinants of the functional outcome. This is relevant both to
the survivors of major trauma and to the isolated limb injury
patients. Suboptimal outcomes of these injuries result in long
term or permanent disability, which is a major psychosocial and
financial burden on the injured patient and on the entire society.

Hopefully this book will promote the knowledge necessary
to manage these complex patients through generations of
trauma surgeons and other clinicians committed to the
multidisciplinary management of the injured.

Zsolt J. Balogh

MD, PhD, FRACS(Ortho), FAOrthA, FACS

John Hunter Hospital and University of Newcastle
Newcastle, NSW, Australia



Preface

When in the summer of 2011 our small group of Acute Care
and Trauma Surgeons, founder members of World Society of
Emergency Surgery, had a joined meeting, we all together
felt there was a strong need for improving education in the
field of acute care and trauma surgery, especially for
younger surgeons, or any doctor or professional, approach-
ing for the first time this discipline and the complex manage-
ment of trauma patients. This need is even stronger in these
days, when the decreased surgical training opportunities,
combined with the changes in epidemiology and severity of
Trauma as well as the spreading use of Non-Operative man-
agement, all these have been factors contributing to make
the career of a Trauma Surgeon a field of “missed opportu-
nities”. This is more evident if compared to the role that
Trauma Sugery had in the past decades, when it has defi-
nitely had a unique and peerless educational value. In the
last decades, in fact, a “good performing” general surgeon
would have never missed during his training a valuable
experience in a trauma surgery service.

We have therefore had the idea of writing a book of
trauma surgery, aiming to offer a practical manual of pro-
cedures, techniques and operative strategies, rather than
pretending to be an excessively long, perhaps excruciating,
textbook of trauma surgery.
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Our book should have had the form of an handbook,
offering a fresh overview of operative techniques and man-
agement strategies in trauma for the general surgeon, for
the resident/trainee, for any surgeon who is not dealing
everyday with trauma case and for any professional (even
scrub nurses) involved in the care of traumatized patient
who wants to have a clear and practical idea of what should
be quickly and effectively done in the Operating Room in
case of a major trauma. A modern trauma surgeon should
know how to repair multiple traumatic injuries, which may
occur in different body regions, how to perfom the needed
procedures in the best sequence possible, both giving the
correct priority to every action and gaining the most conve-
nient access for the best anatomic exposure. Furthermore
he must be inspired to the concepts of damage control and
should be competent in controlling hemorrhage and con-
tamination quickly, and in discerning when to end surgery
and send the patient to ICU and/or angio-suite.

After more than a year of hard work, it is now with great
pleasure that we are announcing the completion of our
ambitious project of a trauma surgery manual, where most
of the renowned trauma surgeons from all over the world
have made an appreciable and highly valuable contribu-
tion, with the intent not to merely describe in academic
fashion the most recent surgical techniques, but rather to
suggest the best surgical strategies in terms of keeping
things simple but effective when in OR, and sharing their
expertise for achieving a wise clinical judgment and good
common sense. We hope this manual may represent a true
“vademecum” with the specific aim of giving a fresh view
and practical suggestions for the best management of
trauma and improving the skills of the treating surgeons.

Once again I would like to thankfully acknowledge the
excellent level of scientific quality and educational value of
the content that each chapter’s author have contributed.
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The material received was so extensive in terms of quantity
and quality that the contents have been apportioned
between two volumes. The first regarding Trauma
Management, Critical Care, Orthopedic Trauma and
Neuro-Trauma and the second including Thoracic and
Abdominal Trauma.

We are moreover very glad that this project, conducted
in cooperation with our World Society of Emergency
Surgery and its Journal, has truly joined together trauma
surgeons from all over the world sharing our experiences
in trauma. The multidisciplinary board of authors, editors
and foreword writers of this book is truly International
with contributors from the Americas (USA, Canada,
Brazil, Argentina), Europe (Italy, Germany, Finland,
Austria, France, UK, Turkey), Africa (South Africa),
Australasia (Australia and New Zealand), and Asia (Israel,
Turkey, India). This is a most heartening and promising
signal for the future of our discipline worldwide, demon-
strating that Trauma Surgery remains a vibrant surgical
discipline.

This is the first of further planned WSES Books, prom-
ising to be the starting cornerstone of the WSES
Educational Program for the next future years. This proj-
ect aims to link together WSES Courses, WSES Guidelines
and WSES Books to give complete educational tools to
the next generation of emergency and trauma surgeons.
We are aiming to proceed shortly with the WSES acute
care surgery book.

I would also like to acknowledge the invaluable fore-
word contributions from Dr. K. Mattox, Dr. F. Baldoni, Dr.
C. W. Schwab and Dr. K. Brohi, emanating from their
extensive experiences.

Finally, a special thanks and a debt of gratitude to the
Springer team who worked tirelessly over this period with
unwavering professionalism, in particular Alessandra Born
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and Donatella Rizza. Without them this publication would
not have been made possible, and it reinforces Springer’s
value and position as the leading publisher in medical
education.

We look forward to a successful and well received set of
publications and a worldwide ongoing cooperation within
our international family of enthusiastic trauma surgeons.

Bologna, Italy Dr. Salomone Di Saverio, MD

co-editors
Bologna, Italy Dr. Gregorio Tugnoli, MD
Bologna, Italy Dr. Fausto Catena, MD
Bologna, Italy Dr. Luca Ansaloni, MD

Johannesburg, South Africa Dr. Noel Naidoo, MD
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Chapter 1
Training, Education, and
Decision-Making in Trauma Surgery

Hee Soo Jung and Lena M. Napolitano

1.1 Introduction

Trauma is a heavy burden to healthcare worldwide. In 2011,
accidental injury accounted for over 120,000 deaths and was the
fifth largest cause of death in the United States (USA) [1]. There
were also over 54,000 deaths related to intentional self-harm
and assault [1]. In the European Union (EU), 15 % of deaths
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before age 60 are related to injuries [2]. Similarly worldwide, an
estimated five million deaths are attributed to injuries each year
with about 70 % related to unintentional injuries and 30 %
related to intentional injuries [3].

1.2 History of Trauma Surgery

While the treatment of injury has a long history in medicine, the
establishment of trauma systems and the organization of trauma
training are relatively new. In the USA, the first trauma centers
opened in the 1960s. Statewide and national regionalization of
trauma care occurred shortly thereafter [4]. In 1978, the
Advanced Trauma Life Support (ATLS) program was intro-
duced in Nebraska to offer consensus views on approaches to
early trauma management and to provide organized training for
physicians providers [5]. Modeled after the successful Advanced
Cardiac Life Support (ACLS) program, ATLS was the first in
standardized national trauma training and has recently pub-
lished its 9th edition (October 2012).

ATLS was adopted by the American College of Surgeons
(ACS) and developed into an international course that has
trained over one million participants in over 50 countries [5]. It
is the longest standing and most widely adopted trauma course
in the world. ATLS has become the foundation of care for
injured patients by teaching a common language and a common
approach to trauma care in the global community.

Optimal worldwide trauma care is the ultimate goal.
Defining the resources necessary to assure such care in all
regions is challenging. In 2004, the World Health Organization
(WHO) published Guidelines for Essential Trauma Care to set
achievable standards for trauma treatment services which could
realistically be made available to almost every injured person
worldwide [6].
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1.3 Fundamental Competencies
of a Trauma Surgeon

The areas that a trauma surgeon must master are expansive.
Injuries occur across all organ systems, and the knowledge
needed to treat each patient is both broad and detailed. Trauma
surgeons must often rapidly process evolving data about the
patient’s injury and condition. There are many diagnostic and
therapeutic skills that a trauma surgeon must be facile in. The
ability to quickly and independently interpret the physical exam,
laboratory studies, and imaging findings is crucial to rapid treat-
ment. Surgeons are expected to be able to rapidly obtain airway
control and intravenous access and perform lifesaving interventions
such as tube thoracostomies and resuscitative thoracotomies.

Trauma operative care is also complex. It can involve multi-
ple organs and body compartments in physiologically altered
patients. This difficulty is compounded because diagnosis is
often unknown while the planning phase must be by nature brief
but thorough. The trauma surgeon also concurrently provides
real-time critical care—treating shock and organ failure.

Furthermore, this work must all be performed within the
context of a difficult environment. Trauma care is time sensitive.
One must take quick action regarding the problem at hand while
taking into account the various hidden pitfalls that could be
lurking around the corner. Surgeons must be able to be detail
oriented while not losing situational awareness and efficiency.
They are often placed in leadership roles in large teams consist-
ing of many types of healthcare personnel and complex relation-
ships. They must be effective while coordinating care with many
consultants and across different hospital settings. Expertise in
healthcare systems and the ability to triage patients and manage
finite resources is required. Vulnerabilities and limitations
within the trauma system, the trauma care team, and the trauma
surgeon must be recognized and planned for.
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1.4 Current Status of Trauma Training

1.4.1 Graduate Medical Education

In the USA, trauma surgeons first complete a 5-year general
surgery residency after undergraduate medical education.
Trauma surgery is formally incorporated into general surgical
residency education. There is a minimum requirement of 10
operative trauma cases, 20 nonoperative trauma cases, and 25
surgical critical care cases. In 2012, graduating residents aver-
aged 29 operative trauma and 48 nonoperative trauma cases [7].
To obtain board certification in general surgery, certification
must also be obtained in ATLS and ACLS [8].

Most practicing trauma surgeons also obtain board certifica-
tion in surgical critical care through a 1-year ACGME-approved
fellowship. This is sometimes associated with an additional year
in trauma or acute care surgery. There is currently no separate
board certification for trauma surgery. The American Association
for the Surgery of Trauma (AAST) has begun to standardize and
approve Acute Care Surgery programs, providing a certification
of completion from the AAST. Fellowships in Acute Care
Surgery are 2 years in duration (1 year surgical critical care, 1
year acute care surgery, including training in emergency general
surgery and surgical subspecialties). Acute Care Surgery fellow-
ships are replacing many trauma fellowship positions in the
USA [9].

Data suggests that current US training pathways, especially
those that include a second trauma year, are sufficient in training
trauma surgeons [10]. However, there is also evidence to sug-
gest that several years of postgraduate experience in practice is
required for new trauma surgeons to obtain similar outcomes to
more experienced surgeons [11]. This is not surprising given the
unpredictable nature of the disease processes and need for quick
expert decisions.
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While European surgical training is more heterogeneous, the
European Board of Surgery has similar requirements for the
training of trauma surgeons. The minimum acceptable duration
of training for European Board of Surgery Qualification in
Trauma Surgery is 7 years [12]. This must include a minimum
of 5 years in specialist surgical units for common trunk training.
Candidates must have completed 2 years training in a Trauma
Unit and must provide documentation of a specific number of
surgical procedures in trauma, serving as principal surgeon or
first assistant.

1.4.2 Trauma Education and Training Programs

There are a number of trauma didactic programs available both
nationally and internationally for the education of trauma team
providers (Table 1.1).

Table 1.1 List of trauma educational resources

Trauma courses

Advanced Trauma Life Support (ATLS)
http://www.facs.org/trauma/atls/about.html

Trauma Evaluation and Management (TEAM) for medical students
http://www.facs.org/trauma/atls/team.html

Advanced Trauma Care for Nurses (ATCN) for registered nurses
http://www.traumanurses.org/atcn-courses.html

PreHospital Trauma Life Support (PHTLS) for prehospital care providers
http://www.naemt.org/education/PHTLS/phtls.aspx

Definitive Perioperative Nurses Trauma Care Course (DPNTC)
http://www.dstc.co.nz/

Trauma Nurse Core Course (TNCC)

http://www.ena.org/coursesandeducation/ENPC-TNCC/tncc/Pages/
aboutcourse.aspx

International Trauma Life Support (ITLS) for prehospital trauma care
http://www.itrauma.org/resources/[TLSeTrauma.asp



http://www.facs.org/trauma/atls/about.html
http://www.facs.org/trauma/atls/team.html
http://www.traumanurses.org/atcn-courses.html
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http://www.itrauma.org/resources/ITLSeTrauma.asp
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1.4.2.1 Advanced Trauma Life Support (ATLS)

ATLS is now in its 9th edition, published October 2012. It is now
an international course that has been adapted successfully in
many different settings, providing a common language for trauma
training that can save lives in critical situations. ATLS teaches a
systematic, concise approach to the early management of trauma
patients. It is available to physicians in the different fields that
provide trauma care. The focus is on standardized and systematic
approaches. The primary and secondary surveys are used as a
framework with cues to prioritize life-threatening issues as they
are recognized. The course includes didactics and practical ses-
sions. Testing includes a written exam and simulated scenarios.
The 9th edition of ATLS includes a number of new content
updates (Table 1.2). It now offers mobile content (MyATLS) as
a point-of-care reference. Clinicians can use the MyATLS app
on smartphones or tablets to access and use critical references
and resources regarding trauma care at the patient’s bedside or
in the field. Videos and animations review key trauma skills.
Algorithms, calculators, and formulas put lifesaving trauma
information at the fingertips of the primary trauma providers.

Table 1.2 Advanced Trauma Life Support (ATLS) 9th Edition—content
updates

Concept of balanced resuscitation

Emphasis on the pelvis as a source of blood loss

Use of more advanced airway techniques for the difficult airway
Optional DPL and pericardiocentesis

New FAST skill station

New multiple-choice questions for pretest and posttest
Optional expanded content on heat injury

New initial assessment scenarios

Many new images

New Instructor Course content

New skills videos

New ATLS App (MyATLS)
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1.4.2.2 Trauma Evaluation and Management (TEAM)

The TEAM course is offered at the undergraduate medical edu-
cation level and also serves as an educational resource for other
trauma team members. It is an abbreviated version of ATLS
designed to teach basic trauma assessment and management.
This serves as an introduction for further ATLS training.

1.4.2.3 Trauma Surgical SKkills Courses

To manage trauma competently, there is a need to master opera-
tive skills that cover the abdominal cavity (including the pelvis
and retroperitoneum), the thorax and mediastinum, and the
peripheral vascular system. In particular, the rapid exposure
required to control traumatic bleeding is a mandatory skill for
the trauma surgeon.

The acquisition of these definitive surgical trauma skills for
our general surgical residents is difficult in our current era of
increasing nonoperative management of blunt traumatic injuries
[13-16]. With the decline in operative cases in trauma surgery,
operative skills training courses have become important adjuncts
to trauma training. There are several courses that teach operative
management and surgical skills in trauma (Table 1.3). For gen-
eral surgery residency programs with challenges in providing
adequate clinical exposure to operative trauma management in
their institutions, it is recommended that program directors con-
sider specific operative skills training courses that can meet the
requirements of this specific training need and also provide an
objective competency assessment. These operative skills train-
ing courses should be considered for senior surgical residents at
the level of postgraduate year 4 or higher. The ACGME
endorses the concept of evaluation of (1) individual milestones
and (2) assessment of objective measures of operative skills in
the general surgery residency curriculum. These trauma surgical
skills courses can assist in achieving these objectives.
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Table 1.3 Trauma surgical skills courses

1. ATOM - Advanced Trauma Operative Management

(a) The ATOM course is an effective method of increasing surgical
competence in the operative management of penetrating injuries to
the chest and abdomen and is provided by the American College
of Surgeons Committee on Trauma

(b) Information: http://atomcourse.com/about.php

(c) Find a course: http://atomcourse.com/find.php

2. ASSET — Advanced Surgical Skills for Exposure in Trauma

(a) The ASSET course uses human cadavers to teach surgical
exposure of anatomic structures that when injured may pose a
threat to life or limb

(b) Information: http://www.facs.org/trauma/education/asset.html

(c) Find a course: http://www.facs.org/trauma/education/assetcourse.html

3. DSTS — Definitive Surgical Trauma Skills

(a) The DSTS course is a 2-day hands-on practical cadaveric
workshop course developed by the Royal College of Surgeons of
England with the Royal Defence Medical College and the
Uniformed Services University of the Health Sciences in the USA

(b) Information: http://www.rcseng.ac.uk/education/courses/
surgical_trauma.html

4. DSTC — Definitive Surgical Trauma Care

(a) The Definitive Surgical Trauma Care (DSTC) 2-day course
focuses on surgical decision-making and surgical operative
technique in critically ill trauma patients. It was developed by the
International Association for Trauma and Surgical Intensive Care
(IATSIC) of the International Surgical Society and is
recommended by the Royal Australian College of Surgeons for all
surgeons involved in the management of major trauma

(b) Information: http://www.dstc.co.nz/

5. Other institution-based trauma operative skills courses:

(a) Trauma Exposure Course (TEC) — 1-day 8-h structured skills
curriculum course using fresh cadavers which focuses on operative
exposure of human anatomic structures in the neck, chest,
abdomen, and extremities. Developed at University of Texas
Southwestern Medical Center, Dallas, TX. (See Gunst et al. [19])



http://atomcourse.com/about.php
http://atomcourse.com/find.php
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Advanced Trauma Operative Management (ATOM) is a
1-day course offered by ACS to provide training in the operative
management of penetrating injuries to the chest and abdomen
[17]. It utilizes standardized didactics, audiovisual aids, and
porcine model simulation to train surgeons in these techniques.
The ACS Advanced Surgical Skills for Exposure in Trauma
(ASSET) course, the Royal College of Surgeons of England
Definitive Surgical Trauma Skills course, and the University of
Texas Trauma Exposure Course (TEC) are examples of similar
hands-on workshop courses that teach operative trauma skills on
human cadaveric models [18-20].

As new surgical techniques are developed for use in trauma
care, new interactive and skills-based educational programs will
be established to supplement training. An example is training
for endovascular trauma interventions, including resuscitative
balloon occlusion of the aorta [21]. Currently, the Endovascular
Skills for Trauma and Resuscitative Surgery course [22], a joint
military-civilian educational effort, is in the process of refine-
ment and validation. This course targets practicing trauma sur-
geons who desire to gain knowledge and skills in endovascular
treatment of traumatic injuries.

1.4.3 Training in Underdeveloped
Trauma Systems

Different countries and regions have different situations,
resources, and needs that might not be served as well by trauma
training programs developed for mature trauma systems [6, 23].
The WHO Guidelines for Essential Trauma Care defines basic
physician/provider training requirements needed for establish-
ing trauma care systems worldwide [6].
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The International Association for Trauma and Surgical
Intensive Care (IATSIC) has developed two courses with the
specific circumstances of lower resource countries in mind [6].
The National Trauma Management Course (NMTC), developed
in India, is a 2-day course focused on early trauma management
similar to the ATLS program. The Definitive Surgical Trauma
Course (DSTC) is a program similar to the ATOM and ASSET
courses and also includes a cadaver or animal model compo-
nent. It is targeted for surgeons and teaches operative manage-
ment of difficult traumatic injuries.

1.5 Educational Methods and Resources

1.5.1 Books

The Surgical Council on Resident Education (SCORE) curricu-
lum has become the standard for general surgery residency train-
ing in the USA (https://portal.surgicalcore.org/). The SCORE
general surgery resident curriculum has established uniform
learning objectives, compiled text references and video resources,
and offers knowledge assessments for general surgery residents.
It contains an extensive section on trauma and is an important
resource especially for surgical residents in the USA.

Most standard textbooks of surgery contain a significant sec-
tion on trauma. There are also several excellent textbooks which
focus on the care of the trauma patient. Institutional trauma
handbooks play a similar but important role. They define the
local protocols that are crucial in the management of trauma
patients on a day-to-day basis.

There are also well-regarded reference works that deal more
specifically with decision-making processes in trauma surgery.
These include Top Knife [24], a book which delves into the
various nuances of operative trauma strategies, and a 2007
review on pitfalls in trauma management [25].
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1.5.2 Algorithms, Guidelines, and Protocols

Evidence-based protocols, guidelines, and algorithms are vital
components to trauma patient care and trauma education.
Recently, guideline compliance in trauma by the implementa-
tion of standard operating procedures has been documented in
two important prospective randomized studies to significantly
improve trauma outcomes [26-28].

Institutions providing trauma care must adapt national algo-
rithms and guidelines into protocols for use within their own
institutions. While not perfect in every situation, management
algorithms and guidelines are important tools that allow us to
quickly apply known scientific data to relevant patient care
problems. The Eastern Association for the Surgery of Trauma
provides practice management guidelines which systemati-
cally review the evidence and make recommendations for
optimal trauma management [29]. The Western Trauma
Association publishes algorithms which allows guideline
implementation by providing step-by-step processes for clini-
cal decision-making [30]. Other societies such as the Society
of Critical Care Medicine also provide guidelines related to
trauma care. While algorithms and protocols must be adapted
for individual patient circumstances, they provide a framework
from which effective evidence-based clinical action can be
taken (Table 1.4).

Table 1.4 Guidelines and algorithms in trauma care

Eastern Association for the Surgery of Trauma (EAST) Practice
Management Guidelines

http://www.east.org/resources/treatment-guidelines

Western Trauma Association (WTA) Algorithms

http://westerntrauma.org/algorithms/algorithms.html

Society of Critical Care Medicine (SCCM) Guidelines

http://www.learnicu.org/Pages/Guidelines.aspx
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1.6 Trauma Performance Improvement

As in all of medicine, critical appraisal of individual and system
performance is necessary to provide optimal trauma patient care.
There are several methods by which this can be undertaken.

1.6.1 Simulation Training and Video Review

Trauma situations are high-stake situations. While direct patient
care can add important teaching moments, additional learning envi-
ronments have been sought. High-fidelity human patient simulators
have been shown to be effective practice models for trauma sce-
narios. They have been shown to improve teamwork and commu-
nication, decision-making, efficiency, and self-confidence while
decreasing adverse outcomes [31-33]. These can be combined with
video review and debriefing which can efficiently detect perfor-
mance errors and further improve performance [34, 35].

1.6.2 Case Logs

Individual case logs allow surgeons to track the breadth and vol-
ume of their clinical experience. It also allows one to identify
complications and unexpected outcomes. It provides a framework
for later performance improvement and research efforts. Many
case log systems exist, including the ACS Case Log System.

1.6.3 Trauma Quality Improvement
Program (TQIP)

Quality improvement programs offer a practical means to achieve
improvements in trauma care and are the trauma system equivalent
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of individual case logs. These programs enable trauma providers
and healthcare institutions to better monitor their trauma care ser-
vices and outcomes, detect problems, and enact and evaluate cor-
rective measures. This is accomplished at the patient, institutional,
state, and national level. To give guidance in this area, the World
Health Organization released “Guidelines for Trauma Quality
Improvement Programmes” in June 2009. The guidelines review
the most common methods of quality improvement in trauma care
in a how-to-do fashion, covering a wide range of techniques
intended to be universally applicable to all countries [36].

An example of a mature national quality improvement pro-
gram is the ACS TQIP [37] which utilizes the infrastructure of
the National Trauma Data Bank [38]. Similar to the ACS
National Surgical Quality Improvement Program (NSQIP),
TQIP offers validated, risk-adjusted benchmarking for accurate
feedback to institutions regarding trauma care. It also identifies
institutional characteristics which are associated with improved
trauma outcomes. ACS TQIP currently has over 160 participat-
ing trauma centers in the USA. Regional and statewide trauma
quality improvement programs or collaboratives are also very
effective in improving trauma care regionally [39].

1.7 Conclusion

As complex and rewarding as the practice of trauma surgery is,
the preparation required to master it successfully is equally
multifaceted and extensive and requires appropriate training and
education. Trauma surgery education has advanced significantly
in the last decade, with the advent of didactic and operative skills
training courses, high-fidelity patient simulator and team training,
evidence-based algorithms, guidelines and protocols, and trauma
performance improvement programs. Optimal trauma surgery
education and training can prepare a surgeon to proficiently treat
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critically injured patients and provides trauma surgeons with the
knowledge and confidence to act swiftly and purposefully in
treating the patient with life-threatening injuries.
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Chapter 2
Management of the Polytrauma
Patient

David J.J. Muckart and Noel Naidoo

Traumatic brain injury (TBI) and hemorrhage account for the
vast majority of early trauma deaths [1], the latter contributing
to severe secondary brain injury. Primary TBI is irreversible,
whereas the effects of hemorrhage on both cerebral and other
body systems may be countered by aggressive and appropriate
resuscitation which is the first critical step when managing
polytrauma. The goal of resuscitation is to normalize oxygen
delivery (DO,) and oxygen consumption (VO,) and restore
aerobic metabolism. Thereafter, the management consists of
identifying injuries, prioritizing surgical management, and
preventing or supporting organ dysfunction.

The switch from anaerobic to aerobic metabolism is a crucial
goal and is underscored by a few simple biochemical facts.
Adenosine triphosphate (ATP) is virtually the sole energy
source for the myriad of life-sustaining human cellular reactions
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and is produced during oxidative phosphorylation within the
mitochondria by Krebs cycle. At any one time the body contains
only 100 g of ATP, yet the average daily requirements are
between 100 and 150 kg. This means that at least 200 mol of
ATP (each mole equals 0.5 kg) must be manufactured each day
which, in molecular terms, amounts to 12 x 10* molecules of
ATP. Each cell contains about one billion molecules of ATP
which are recycled every 20-30 s. During anaerobic metabo-
lism, ATP production falls by more than 90 % and from the
above simplified overview, it is patently obvious why such a
metabolic state is catastrophic.

The initial priority is to prevent early death from the physi-
ological mayhem of anaerobic metabolism by appropriate resus-
citation and surgical intervention, with the secondary goal of
preventing late deaths from multiple organ dysfunction (MOD).
Interventions undertaken within the first few hours impact heav-
ily on the incidence of MOD, and rapid decisions need to be
made, sometimes in the presence of limited information. At
every decision point the risk of a particular course of action
needs to be weighed against the benefits; acute benefit out-
weighs later risk. For example, although the use of intravenous
contrast during computerized scanning carries the risk of renal
damage, it is of enormous benefit in identifying injuries and
planning management.

2.1 Converting Anaerobic to Aerobic
Metabolism

Although the lethal triad of hypothermia, acidosis, and coagu-
lopathy is a well-accepted consequence of severe hemorrhage [2]
and inadequate DO,, this is a later phase and the forerunners of
this have been recognized as hypoxia, hypoperfusion, and
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hypothermia, the “triple H syndrome” [3]. All three parameters
induce a lactic acidosis, have an independent association with
mortality, and their correction must be the main aim of
resuscitation.

2.1.1 Hpypoxia

Hypoxia is not synonymous with an abnormal PaO, or SaO, on
blood gas analysis and encompasses the inevitable oxygen debt
and accumulation of lactic acid from anaerobic metabolism. The
aims of resuscitation are to prevent further accumulation of
oxygen debt and institute rapid repayment [4]. Of prime impor-
tance is the realization that despite normalizing DO,, an oxygen
debt must still be repaid as indicated by a persistently elevated
lactate or base deficit.

Despite an acceptable level of arterial oxygen saturation,
endotracheal intubation and mechanical ventilation should be
employed liberally in patients with a lactic acidosis. The lungs
are the main buffering mechanism by which humans compen-
sate for an acute metabolic acidosis, renal compensation being
slower and later, and removing the work of breathing may help
substantially. The drug for induction and intubation must be
carefully selected in order to avoid further cardiovascular insta-
bility, and ketamine and etomidate are the agents of choice
despite the reported association of adrenal insufficiency with the
latter [5]. This is a late and only potential risk, whereas the
effects of hypotension are definite and acute.

Recently the concept of protective lung ventilation (PLV) has
been advocated for the critically ill and injured [6], but this is
not universally applicable in major trauma, especially during the
acute phase. An adequate minute volume is required to buffer a
metabolic acidosis; to avoid rises in intracranial pressure fol-
lowing TBI, hypercarbia must be prevented and tidal volumes
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may need to be higher than those proposed for PLV; and in
patients with blunt thoracic trauma and a pulmonary contusion,
a substantial proportion of damaged lung may be recruited by
initially using higher tidal volumes between 8 and 10 ml/kg.
Once recruited the tidal volume may be reduced as necessary,
and lung volume maintained with positive end expiratory pres-
sure (PEEP).

2.1.2 Hypoperfusion

Major hemorrhage results in intravascular volume depletion and
a significant drop in cardiac output and DO,. Short periods of
hypotension although causing cellular apoptosis result in com-
plete recovery of ATP production, whereas protracted shock
episodes cause cell necrosis and irreversible organ damage [7].
The conventional approach has been to restore intravascular
volume with clear fluids, either crystalloid or colloid, and aug-
ment DO, later with blood transfusion. Although restoring
intravascular volume and perfusion, clear fluids do not carry
oxygen, and a proactive rather than reactive philosophy has
recently been adopted with the early use of blood and blood
products and limitation of clear resuscitation fluids. To this end
a massive transfusion protocol must be established [8] whereby
the necessary products are released urgently and as required
with the aim of achieving a set ratio of packed red blood cells
(PRBCs) to plasma and platelets. This has the desired effect of
rapidly optimizing DO, and counteracting the effect of the acute
coagulopathy of trauma. Experience from military conflicts sug-
gested initially that PRBCs, plasma, and platelets should be
administered in a 1:1:1 ratio [9], but evidence from the civilian
environment indicates that a less aggressive plasma volume is
superior with a PRBC to plasma ratio of 2:1 being preferred,
thereby minimizing complications without affecting survival [10].
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There is no role for supranormal DO,, and the use of permissive
hypotension is only applicable in the setting of uncontrolled
hemorrhage where theater is immediately available. Sustained
hypoperfusion results in irreversible organ ischemia and a
physiological point of no return.

Consideration should also be given to the early use of vaso-
pressors before full restoration of intravascular volume. This has
the effect of constricting nonessential vascular beds and aug-
menting perfusion to vital organs. Although lactate may rise
using this approach, it is not associated with a lactic acidosis but
reflects increased glucose metabolism and aerobic lactate
formation. Once intravascular volume has been optimized, the
vasopressor may be reduced or withdrawn.

The end points of resuscitation are a hemoglobin of 10 g/dl,
a platelet count of >50,000, and a near-normal clotting profile.
The current evidence recommending a hemoglobin level of
between 7 and 9 g/dl in the critically ill [11] pertains only to the
later phase of management and is not applicable as an end point
in the acute setting. With regard to assessment of coagulation,
thromboelastography is far superior to the standard laboratory
tests and this equipment should be available as point-of-care
testing in the resuscitation area [12]. Lactate and base deficit
should be monitored frequently to confirm the reversal of
anaerobic metabolism.

The majority of trauma patients respond to these interven-
tions, but on occasion there may be a transient or minimal effect
on cardiovascular dynamics. The assumption must be made that
hemorrhage is ongoing and the source must be identified; surgi-
cal control of hemorrhage is part and parcel of restoring perfu-
sion. The most likely source of concealed hemorrhage is the
abdomen or pelvis, and focused abdominal assessment by sonar
(FAST) is an essential component during this phase; transporting
a hemodynamically unstable patient for computerized scanning
must be avoided.
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2.1.3 Hypothermia

A reduction in core temperature following major injury is
classified as secondary hypothermia which must be distin-
guished from primary hypothermia where heat production is
normal but temperature falls as a result of a cold environment
[13]. In secondary hypothermia, heat production is reduced due
to a fall in VO, which is the main mechanism of heat genera-
tion. Following trauma a reduction in core temperature below
35 °C has an independent association with mortality and is
universally fatal below 32°. The major detrimental effects of a
reduction in core temperature are on coagulation and cardiac
function. At a temperature of 35°, clotting times are reduced by
more than 50 % and at 33° by more than 80 %. Platelet function
is also markedly deranged. Every attempt must be made to
avoid this sinister situation, and unlike primary hypothermia,
rewarming must be as rapid as possible in patients who are suf-
fering from secondary hypothermia. Foil blankets are com-
pletely ineffectual, and peripheral rewarming devices such as
convectional air blankets are inefficient for a number of rea-
sons. The inevitable vasoconstriction of hypovolemia prevents
heat from being taken up by the peripheral superficial vascula-
ture because skin perfusion may decrease by over 90 % of
normal, and according to the second law of thermodynamics,
until the peripheral temperature exceeds the core, no heat will
be transferred. Their use is mainly to prevent further heat loss.
Although all inhaled gases must be warmed and humidified,
this is more prophylactic than therapeutic. Core rewarming is
the sole effective method and all intravenous fluids must be
heated to 40 °C via a dedicated warming device. Placing fluids
or blood in buckets of warm water is not recommended. Lavage
of the pleural cavity, stomach, or urinary bladder may also be
considered although until any injury has been excluded this
may be problematic. Continuous arteriovenous rewarming is
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the most effective method but presents many practical problems
in the hemodynamically unstable patient.

2.2 Identification of Injuries and Organ
Protection

Once resuscitation is complete, if the physiological state of the
patient allows, all injuries need to be identified. For blunt poly-
trauma computerized scanning with angiography is the gold
standard [14], delineates skeletal, soft tissue, and vascular
trauma, and allows organ injury severity grading which is essen-
tial for planning surgical intervention.

Embarking on prolonged and unnecessary surgery may
worsen organ function substantially, and only life- or limb-
threatening injuries should be addressed acutely. Competing
surgical interests are common in the patient with multiple inju-
ries, the most frequent challenging triad being an intracranial
mass lesion, intra-abdominal or pelvic hemorrhage, and periph-
eral vascular trauma with a threatened limb. In the ideal world,
surgery may be undertaken simultaneously if enough personnel
are available, but if not, the philosophy must be life over limb.
In this scenario, even if repair of a vascular injury to a limb is
feasible, if it had occurred in isolation, prolonged surgery may
threaten survival and a decision needs to be taken for temporary
shunting or primary limb ablation.

Although definitive fracture fixation and the concept of early
total care have been reported to decrease organ dysfunction
[15], if undertaken too early, the incidence of MOD actually
increases [16]. An elevated lactate, even in the presence of
normal hemodynamic monitoring, indicates subclinical hypo-
perfusion and although DO, may be normal, an oxygen debt still
exists. Definitive fracture management performed at this time is
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detrimental and should be delayed until lactate has normalized.
When non-orthopedic acute surgery is deemed necessary, if
fractures coexist, external fixation is the method of choice.

Following any essential surgery, the next phase is to protect
body systems from further insult. This involves neuroprotective,
lung protective, and renal protective strategies, complemented
by global measures to maintain organ function which will be
considered in specific chapters. Although a complete appraisal
of all injuries is assumed to have been completed by the primary
and secondary surveys, a tertiary survey must always be
undertaken. Unidentified injuries incur major morbidity and
mortality [17], and failure to make the expected recovery or an
unexplained deterioration in organ function should raise the
suspicion of missed injuries.

The management of the patient with multiple injuries is
challenging, demanding, and requires a team approach with
input from many disciplines. A trauma surgeon with experience
in intensive care must lead the process of decision making, and
at each critical point the risk:benefit ratio of any proposed
intervention must be carefully assessed.

References

1. Stewart RM, Myers JG, Dent DL et al (2003) Seven hundred fifty-three
consecutive deaths in a level I trauma center: the argument for injury
prevention. J Trauma 54:66-70

2. Raymer JM, Flynn LM, Martin RF (2012) Massive transfusion of blood
in the surgical patient. Surg Clin North Am 92:221-234

3. Muckart DJJ, Bhagwanjee S, Gouws E (1997) Validation of an
outcome prediction model for critically ill trauma patients without head
injury. J Trauma 43:934-938

4. Barbee RW, Reynolds PS, Ward KR (2010) Assessing shock resuscita-
tion strategies by oxygen debt replacement. Shock 33:113-122



13.

14.

15.

16.

17.

Management of the Polytrauma Patient 25

. Cotton BA, Guillamondegui OD, Flemming SB et al (2008) Increased

risk of adrenal insufficiency following etomidate exposure in critically
injured patients. Arch Surg 143:62-67

. The acute respiratory distress syndrome network (2000) Ventilation

with lower tidal volumes as compared with traditional tidal volumes
for acute lung injury and the acute respiratory distress syndrome.
N Engl J Med 342(18):1301-1308

. Paxian M, Bauer I, Rensing H et al (2003) Recovery of hepatocellular

ATP and “pericentral apoptosis” after haemorrhage and resuscitation.
FASEB J 17:993-1002

. Riskin DJ, Tsai TC, Riskin L et al (2009) Massive transfusion

protocols: the role of aggressive resuscitation versus product ratio in
mortality reduction. J Am Coll Surg 209:198-205

. Borgman MA, Spinella PC, Perkins JG et al (2007) The ratio of blood

products transfused affects mortality in patients receiving massive
transfusions at a combat support hospital. J Trauma 63(4):805-813

. Kashuk JL, Moore EE, Johnson JL et al (2008) Postinjury life

threatening coagulopathy: is 1:1 fresh frozen plasma:packed red blood
cells the answer? J Trauma 65:261-271

. McIntyre L, Hebert PC, Wells G et al (2004) Is a restrictive transfusion

strategy safe for resuscitated and critically ill trauma patients?
J Trauma 57:563-568

. Kashuk JL, Moore EE (2009) The emerging role of rapid thromboelas-

tography in trauma care. J Trauma 67:417-418

Gentilello LM, Pierson DJ (2001) Trauma critical care. Am J Respir
Crit Care Med 163:604-607

Huber-Wagner S, Lefering R, Qvick LM et al (2009) Effect of whole-
body CT during trauma resuscitation on survival: a retrospective,
multicentre study. Lancet 373:1455-1461

Harwood PJ, Giannoudis PV, van Griensven M et al (2005) Alterations
in the systemic inflammatory response after early total care and
damage control procedures for femoral shaft fracture in severely
injured patients. J Trauma 58:446-452

Crowl AC, Young JS, Kahler DM et al (2000) Occult hypoperfusion is
associated with increased morbidity in patients undergoing early
fracture fixation. J Trauma 48:260-267

Muckart DJJ, Thomson SR (1991) Undetected injuries: a preventable
cause of increased morbidity and mortality. Am J Surg 162:457-460



Chapter 3
Damage Control Resuscitation

Juan Carlos Duchesne, Bruno Monteiro Pereira,
and Gustavo Pereira Fraga

3.1 Introduction

Despite the word “war” refer to a bad feeling, it is undeniable
that military conflicts have always driven innovation and
technical advances in medicine and surgery. Accepted concepts
of trauma resuscitation and surgery have been challenged in the
recent wars, and novel approaches have been developed to
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Fig. 3.1 The lethal triad flowchart

address the current complexity and severity of not only military
trauma but also civilian conflicts.

Damage control resuscitation (DCR) has become a topic of
increasing relevance and popularity over the past several years.
Hemorrhage secondary to trauma accounts for 40 % of trauma
fatalities and comprises the leading cause of preventable death
in trauma [1]. Research in military and civilian populations
regarding DCR has focused on ways to improve survival in
patients with severe hemorrhage. It should be mentioned that the
majority of trauma patients do not require DCR and that its
techniques should be reserved for those who are the most
severely injured [2]. For these patients the rapid and effective
use of techniques to control bleeding and correction of this
hemostatic derangement coined as acute coagulopathy of
trauma shock (ACoTS) is essential. The perpetuating combina-
tion of acute coagulopathy, hypothermia, and acidosis seen in
exsanguinating trauma patients is a well-recognized term known
as lethal triad (Fig. 3.1). In a practical standpoint, the vicious
cycle of acidosis/hypothermia/coagulopathy must be aimed as
potential lethal cycle and corrected immediately.
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DCR combines two seemingly diverse strategies—permis-
sive hypotension and hemostatic resuscitation—with damage
control surgery, integrating these three procedures in one
dynamic process. Therefore, DCR is designed to proceed hand
in hand with damage control surgery. The sequential strategy of
operation followed by resuscitation has been replaced by an
integrated approach so that resuscitation and surgery are under-
taken simultaneously, with close communication and coopera-
tion between surgeon and anesthetist [2-5].

3.2 Permissive Hypotension

The recognition that fluid resuscitation might interfere with
hemostatic mechanisms, ultimately exacerbating blood and
coagulation factors loss, led to a reevaluation of the former
accepted concept that normal circulatory function is restored by
aggressive crystalloids volume. The crystalloid fluid used in
initial resuscitative efforts does not contain any clotting factors
or erythrocytes. Its use may result in a dilution of clotting fac-
tors or role blood and therefore poorer control of bleeding and
impaired oxygen transport to tissues causing further ischemic
damage. Additionally, crystalloids have an acidic pH, and the
administration of large quantities of isotonic or slightly hyper-
tonic crystalloid solutions such as 0.9 % normal saline or lac-
tated Ringer’s could cause or aggravate metabolic acidosis,
another component of the “lethal triad” leading to a decrease in
myocardial function and cell apoptosis [6-9].

Permissive hypotension, also known as hypotensive resusci-
tation, is a strategy of restricting crystalloids administration
until the bleeding is controlled, while accepting a limited period
of suboptimum end-organ perfusion.
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3.2.1 Rationale

Following injury the otherwise healthy individual has a natural
ability to clot off bleeding. The higher the vessel pressure, the
harder it is for the bleeding to stop, since the fluid essentially
“pushes” the clot out and consequently the bleeding resumes. In
another words, it is reasonable to think that hypotension facili-
tates coagulation. Attempts to normalize blood pressure in case
of uncontrolled bleeding as in victims of penetrating trauma
may result in increased blood loss and worsen outcomes [10].
Another issue with aggressive fluid resuscitation is the potential
for hypothermia if fluids that are stored at room temperature are
used. If these fluids are not warmed prior to infusion, this can
result in a significant drop in core body temperature. As exposed
in Fig. 3.1, hypothermia is associated with many problems
including bleeding disorder, organ failure, and hypotension and
is one of the three components in the “lethal triad,” condition
that must be feared and soon corrected by all trauma specialists
[5-8].

It is important to remember that permissive hypotension is a
temporizing measure to improve outcomes until the source of
bleeding is controlled. There are consequences associated with
prolonged permissive hypotension (>90 min) that must be taken
into account. Prolonged permissive hypotension can lead to
aggravated post-injury coagulopathy, ischemic damage second-
ary to poor tissue perfusion including the brain, mitochondrial
dysfunction, and lactic acidosis. Permissive hypotension is cur-
rently contraindicated in the presence of traumatic brain injury
suspicion.

No published evidence exists to support the strategy of per-
missive or controlled hypotension, although its usefulness has
not been entirely ruled out either. Few would argue against
replacing lost intravascular volume in patients with controlled
or self-limiting hemorrhage. In patients with uncontrolled hem-
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orrhage, particularly in the context of penetrating torso trauma,
a strategy of permissive hypotension, together with expert resus-
citation and rapid control of hemorrhage, might be more appro-
priate. It is conceivable that permissive hypotension is more
applicable to the management of penetrating trauma, which is
often characterized by the presence of major vascular injuries,
than to blunt injuries.

Despite the lack of evidence, guideline recommendations for
clinical practice point towards judicious administration of intra-
venous fluids. In recognition of the unique challenges posed by
combat casualties, permissive hypotension has been incorpo-
rated into military medical doctrine and used widely during the
recent war conflicts [4].

3.3 Hemostatic Resuscitation

Hemostatic resuscitation has also recently become a popular
form of transfusion therapy. The concept of giving fractionated
blood in an attempt to closely approximate whole blood makes
a lot of sense. In this context, hemostatic resuscitation provides
transfusions with plasma and platelets in addition to red blood
cells in an immediate and sustained manner as part of the trans-
fusion protocol for massively bleeding patients. Rapid and pro-
active treatment of the coagulopathy associated with major
injury is now recognized as central to improve outcome.
Although early and effective reversal of coagulopathy is docu-
mented, the most effective means of preventing coagulopathy of
massive transfusion remains debated and randomized controlled
studies are lacking [11-14].

With all this said, became clear that the high prevalence and
profound impact of coagulopathy mandates timely treatment of
trauma patients. Strategies to proactive action in the emergency
room and operating room may include administration of packed
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red blood cells, fresh frozen plasma, and platelets; use of recom-
binant factor VIla, cryoprecipitate, and tranexamic acid; and
calcium replacement.

Commonly available diagnostic tests—such as prothrombin
time and activated partial thromboplastin time—are inappropriate
for guiding treatment in trauma patients owing to their poor
sensitivity and the delay in obtaining results, so the decision to
initiate clotting factor replacement is a clinical one.

3.3.1 Massive Transfusion Protocol

Massive bleeding patients demand a massive transfusion proto-
col (MTP). The traditional definition of massive transfusion is
20 units red blood cells (RBCs) in 24 h, which corresponds to
approximately 1 blood volume in a 70 kg patient. A commonly
used definition in the trauma literature is >10 units RBCs in
24 h. Both of these definitions are reasonable for publications,
but are not practical in an ongoing resuscitation. Other defini-
tions are loss of 0.5 blood volume within 3 h, use of 50 units of
blood components in 24 h, and use of 6 units RBCs in 12 h.
From a practical standpoint, requirement for >4 RBC units in
1 h with ongoing need for transfusion or blood loss >150 ml/
min with hemodynamic instability and need for transfusion are
reasonable definitions in the setting of a MTP situation.

Once MTP is initiated, the target is to achieve a close ratio
resuscitation with 1:1:1 of fresh frozen plasma (FFP), platelets
(Plts), and packed red blood cells (PRBCs). The rationale
behind early and sustained administration of FFP involves the
replacement of fibrinogen and clotting factors [15]. In mathe-
matical studies, Hirshberg et al. noted that resuscitation with
more than 5 units of PRBCs will lead to a dilutional coagulopa-
thy and that the ideal manner to correct for this coagulopathy
would be to add FFP to PRBC in a 2:3 FFP:PRBC ratio [16].
Another study by Ho et al. noted that once excessive deficiency
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of factors has developed, 1-1.5 units of FFP must be given for
every unit of PRBCs transfused [17].

It should be emphasized FFP replacement alone does not
address the coagulopathy seen in trauma patients with severe
hemorrhage. A quantitative and qualitative platelet dysfunction
has been shown to play a role as well in the mechanism of
coagulation [18]. Although not as extensively as FFP, platelet
replacement as a part of transfusion protocols has been studied
to determine the most effective ratio of platelets to PRBC.
Hirshberg et al. suggest a ratio of platelet:PRBC of 8:10 is effec-
tive in preventing dilution of platelets below the hemostatic
threshold [16]. It should be noted, however, that both studies
were theoretical models and did not take into account factors
such as hypothermia, acidosis, thrombocytopenia, or ACoTS.
These mathematical models for FFP and platelets set forth by
Hirschberg and Ho have helped modify ratios used for MTPs
throughout the world [13, 19].

Approximately 3-5 % of civilian adult trauma patients
receive massive transfusion. Early identification of patients
requiring MTP has been evaluated by assigning a value of 0 or
1 to the following four parameters: penetrating mechanism,
positive FAST for fluid (focused assessment sonography in
trauma), arrival blood pressure <90 mmHg, and arrival pulse
>120 bpm. A score of 2 or more is considered positive [20-23].
The score is 75 % sensitive and 85 % specific. FAST examina-
tion identifies whether there is free fluid within the peritoneum,
which could indicate organ rupture and internal bleeding.
Patients receiving uncross-matched red cells in the emergency
department are three times more likely to receive massive
transfusion.

3.3.2 Recombinant Factor VIla

Recombinant factor VIla use in trauma emerged because of the
additional necessity of correcting ACoTS. Researches sug-



34 J.C. Duchesne et al.

gested that a pharmacological adjunct would be useful to treat-
ment of ACoTS and this could play an important outcome role.

Recombinant activated factor VII (rFVIIa) is a hemostatic
agent originally developed to treat hemophilia, FVII deficiency,
and Glanzmann thrombasthenia patients refractory to platelet
transfusion. The activation of platelets at the site of injury is the
reason for a localized action of rFVIIa, as it causes clotting at
the site of bleeding. The dose ranges from 60 to 200 g/kg; how-
ever, prospective randomized controlled clinical trials using
different doses of rFVIla are needed to explore the potential
efficacy of lower doses in traumatic coagulopathy to reduce cost
and adverse effects, such as thromboembolic complications
[24]. The efficacy and safety of rFVIla as an adjunct therapy for
bleeding control in patients with severe blunt and penetrating
trauma were evaluated in a parallel randomized, placebo-
controlled, double-blind clinical trial [25]. The authors compared
three doses of rFVIIa (doses of 200, 100, and 100 pg/kg) with
three doses of placebo in addition to standard treatment in
patients who received 6 units of RBCs within a 4-h period. In
blunt trauma (143 patients), RBC transfusion was significantly
reduced with rFVIIa compared to placebo, and the need for
massive transfusion (defined as 20 units of RBCs) was reduced
(14 % vs. 33 %, respectively). In penetrating trauma (134
patients), there was no reduction in mortality and complications
or reduction of PRBCs transfused in patients receiving rFVIla.
Adpverse effects, including thromboembolic events (a total of 12,
six in each group), were distributed equally between the groups.
The authors concluded that rFVIIa is safe within the investi-
gated dose and may be a promising adjunct to existing therapy
in trauma [25]. The effects of liberally administering rFVIla in
hemorrhaging trauma patients are unknown because its proco-
agulant effect must be balanced against a real risk of thrombo-
embolic events. At present, the use of rFVIIa in correcting
coagulopathy from trauma is off-label and has not been
approved by the Food and Drug Administration [26].
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3.3.3 Fibrinogen and Cryoprecipitate

Fibrinogen deficiency develops earlier than deficiency of other
clotting factors. Fibrinogen is, therefore, an obvious target for
replacement with either cryoprecipitate—which contains
fibrinogen, factor VIII, factor XIII, and von Willebrand factor—
or fibrinogen concentrate. Updated guidelines recommend
giving either product if plasma fibrinogen levels fall below
1.0 g/1. Concerns about patient exposure to a large number of
donors and the associated risk of blood borne virus transmission
limit the use of cryoprecipitate to situations where conventional
treatment has failed [5, 27].

3.3.4 Tranexamic Acid

Clot breakdown (fibrinolysis) is a normal response to surgery
and trauma in order to maintain vascular patency and can
become exaggerated (hyperfibrinolysis) in some cases. The anti-
fibrinolytic drug tranexamic acid (TXA), a lysine analogue,
interferes with the binding of plasminogen to fibrin, which is
necessary for plasmin activation. Fibrinolysis consists of acti-
vated plamin cleaving fibrin. Antifibrinolytic drugs can prevent
clot breakdown and thus reduce blood loss in trauma [28, 29].
TXA has recently been shown to reduce deaths in a large popu-
lation of trauma patients. In 2011, the CRASH-2 investigators
published an exploratory analysis of the previous trial that spe-
cifically evaluated the effect of tranexamic acid on death due to
bleeding subdivided by time from treatment to injury. The
results showed that earlier treatment with tranexamic acid is
more effective in reducing the risk of death due to bleeding.
Patients that received tranexamic acid within 1 h of injury had a
death rate due to bleeding of 5.3 % versus 7.7 % for placebo (RR
0.79, CI 0.64-0.97; p<0.0001). Similarly, patients that received
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treatment between 1 and 3 h from injury also had a significantly
lower risk of death due to bleeding. However, patients receiving
tranexamic acid >3 h from injury had a significantly increased
risk of death compared to placebo, 4.4 % versus 3.1 %, respec-
tively (RR 1.44, CI 1.12-1.84; p=0.004) [28].

Current recommendations for the use of TXA are the
following [29]:

1. Tranexamic acid should be routinely used in trauma patients
with evidence of bleeding.
2. Tranexamic acid should be included in transfusion protocols
for trauma.
. Tranexamic acid should be given within 3 h of injury.
4. Administer 1 g of TXA intravenously (bolus over 10 min)
followed by the infusion of 1 g over 8 h.

W

3.3.5 Calcium Administration

Ionized hypocalcaemia is common in critically ill patients and
is associated with increased mortality. Calcium is an important
cofactor to many components of the coagulation cascade.
Citrate, used as an anticoagulant in many blood components,
chelates calcium and exacerbates hypocalcaemia. The dose—
response effect of hypocalcaemia on coagulation is difficult to
measure. A recent nonsystematic review, however, extrapolated
that ionized calcium concentrations of less than 0.6—-0.7 mmol/l
could lead to coagulation defects and recommended maintain-
ing a concentration of at least 0.9 mmol/l [5, 14].

3.3.6 Aged Packed Red Cells

The transfusion of red cells with a high storage age has been
associated with increased rates of infective complications and
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multiple organ failure. Although the shelf life of packed red cell
units is around 6 weeks, adverse effects of administration—
which are thought to be mediated by passenger leukocytes—
have been shown with units at a storage age of about 2 weeks.
When blood is stored, the level of antioxidants decreases,
resulting in oxidative damage that converts hemoglobin to
methemoglobin, which cannot bind to oxygen. If blood is stored
for more than 7 days, it loses 2,3-DPG. Without 2,3-DPG, the
hemoglobin-oxygen dissociation curve shifts to the left and less
oxygen moves into the tissues. Storage also promotes hemolysis
and acidosis. Researchers have found that transfused blood is an
independent predictor of multisystem organ failure and death
[14, 19].

A recent large retrospective cohort study of trauma patients
showed that transfusion of red cells stored for longer than 2
weeks was associated with significantly increased odds of
death. This finding was observed despite leukoreduction but
was apparent only among patients who received at least 6 units
of packed cells. Recently donated red cells are, therefore, pref-
erable for trauma patients requiring massive transfusion,
although such a practice has obvious logistical and resource
implications.

3.4 Damage Control Surgery

The concept of damage control surgery arose from the realiza-
tion that the massively traumatized patient lacked the physiolog-
ical reserve to survive the rigors of complex and prolonged
definitive or reconstructive surgery. It is now an accepted part of
the trauma surgeon’s armamentarium and viewed as a compo-
nent of damage control resuscitation. The aim of damage con-
trol surgery is to stop hemorrhage and minimize contamination.
Temporary clamping, packing, shunting, or ligation controls
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hemorrhage, and hollow viscus injuries are either closed or
resected without anastomosis. On completion of the procedure,
the abdomen is temporarily closed using an improvised or
commercially available topical negative pressure dressing,
which saves time, helps to minimize the risk of intra-abdominal
hypertension, and facilitates observation of the volume and
nature of drainage from the abdomen. Planned reoperation to
restore anatomy and achieve definitive repair is carried out on
return to normal physiology. Damage control surgery is associ-
ated with potential morbidity, should be employed judiciously,
and should not be practiced in isolation [2, 6, 30].

3.5 Evidence-Based Current
Recommendations

3.5.1 Level I Recommendations

An FFP to PRBC ratio of 1:1 is associated with less transfu-
sions. Sufficient evidence does exist for showing that transfu-
sion with FFP will decrease the number of transfusions needed.
It should be noted that there are no randomized, prospective,
class I trials. Conducting such trials in the future will be essen-
tial to continuing to understand the ideal manner to transfuse
during trauma.

Class I evidence supports use of antifibrinolytics in massive
transfusion. The recently completed CRASH-2 trials demon-
strate improved all-cause mortality as well as mortality due to
hemorrhage. Further class I, II, and III studies should be per-
formed to further support these findings.
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3.5.2 Level II Recommendations

A MTP will improve outcomes for trauma resuscitations. There
are many logistical challenges associated with this strategy.
Many civilian institutions, even level I trauma centers, have yet
to adopt a MTP. However, simple ratios such as 1:1 FFP:PRBC
have the benefit of ease of use, and the relatively higher plasma
doses appear to be associated with improved outcome. Such a
standard protocol can foster multicenter research on resuscita-
tion and hemorrhage control.

High FFP:PRBC is supported by class II and class III evi-
dence and should be considered in the treatment of massively
transfused coagulopathic trauma patients. Class II and class III
data demonstrates the potential for severe complications such as
ARDS/acute lung injury, increased hospital and ICU LOS, and
increased ventilator time; however, most studies demonstrate
improved mortality, suggesting an overall improvement in the
use of these therapies.

3.5.3 Level III Recommendations

Increased FFP to PRBC ratio leads to improved outcomes in
massive transfusion with the potential for severe complication.
MTP implementation and adherence yields improved results
with decreases in mortality and complication rates.

The use of high ratio platelets:PRBC is supported by some
class II studies and several class III studies. Increased
platelets:PRBC has become an integral part of DCR in recent
years.

Several class III studies demonstrate mortality improvement
with the use of fibrinogen concentrate. The use of fibrinogen in
trauma-induced coagulopathy and DCR should be studied fur-
ther in class I and class II trials.
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Increased FFP to PRBC ratio administered early leads to
improved outcomes in massive hemorrhage. This benefit is
believed to be extended to patients undergoing transfusion with
increased FFP:PRBC ratios due to lower transfusion require-
ments, less risk of complications secondary to the transfusions,
and better ability to compensate for the coagulopathy of trauma.
Although there is not yet a consensus regarding mortality
reduction from increased FFP:PRBC ratios, there does appear
to be a trend towards decreased mortality. Likely optimized
protocol guidelines will contribute to standardizing variations
among current practices.
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Chapter 4
Principles and Philosophy
of Damage Control Surgery

Fredric M. Pieracci and Ernest E. Moore

This technique of initial abortion of laparotomy, establishment of
intra-abdominal pack tamponade, and then completion of the
surgical procedure once coagulation has returned to an acceptable
level has proven to be lifesaving in previously non-salvageable
situations.

— Harlan Stone, 1983 [1]

The term “damage control” originated within the US Navy
and referred to doing the minimum amount necessary with
limited resources in the face of a catastrophe to keep a vessel
afloat until help arrived. This concept was then applied to
trauma surgery in response to advancements in the under-
standing of hemorrhagic shock. Specifically, the potentiating
effects of hypothermia, acidosis, and coagulopathy, referred
to as the bloody viscous cycle [2], are now understood to
eventuate in exsanguination that cannot be stopped by
mechanical surgical interventions. The high mortality associ-
ated with the development of the bloody viscous cycle led
surgeons to investigate alternatives to lengthy, complicated
initial operations in exsanguinating trauma patients. From
this experimentation arose the damage control approach,
which addresses the problem of nonsurgical coagulopathy by
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performing an abbreviated initial operation, centered upon
rapidly controlling immediately life-threatening injuries, fol-
lowed by goal-directed resuscitation in the controlled setting
of the intensive care unit (ICU), and after temporarily pack-
ing and closing body cavities to limit further blood, protein,
and heat loss. Only after restoration of metabolic and coagu-
lation integrity does the patient return to the operating room
for definitive repair of injuries. Originally described in the
setting of abdominal trauma, the damage control approach
has now been applied to a variety of body regions, including
thoracic, orthopedic, and neurosurgical; many of these spe-
cific areas are presented in further detail throughout this text.
Most recently, the damage control approach has been
extended beyond the realm of trauma into that of emergency
general surgery [3]. The success of the damage control
approach brought forth new challenges; the management of
open, edematous body cavities, particularly the open abdo-
men, has become a necessary topic of discussion as a direct
consequence of survival following damage control surgery.
This chapter will review the indications for, technique of, and
sequelae of damage control surgery.

4.1 What Is Damage Control Surgery?

Broadly defined, the damage control approach begins with an
abbreviated initial surgery in the face of profound hemorrhagic
shock, the goal of which is to preserve life. This philosophy is
contingent upon an understanding of the negative impact that
metabolic failure has on the ability of the trauma patient to
tolerate further surgical insults. Specifically, hemorrhage, in
conjunction with radiant heat loss from exposed body cavities,
and compounded by additional tissue trauma from further
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dissection, results in acidosis, hypothermia, and coagulopathy.
These three basic factors constitute a “bloody viscous cycle,”
positively feeding back upon one another and eventuating in
mortality from exsanguination. Any further operative maneu-
vers in this setting serve only to exacerbate the cycle, as
mechanical bleeding is not the primary source of the problem.
Accordingly, the damage control approach involves doing the
least amount of operating to save the patient’s life and temporar-
ily close body cavities. Surgical hemorrhage is stopped via
packing, ligation, or shunting, and gross contamination from the
gastrointestinal tract is addressed by rapid over sewing or sta-
pling. Anything more complicated than this, such as vascular
anastomosis or bypass grafting, intestinal resection, anastomo-
sis, or enteral feeding access, should not be undertaken during
the initial operation. The damage control approach is thus predi-
cated on the somewhat counterintuitive surgical principle of
“less is more.” Because the temptation in the face of bleeding
and shock is to keep operating, adoption of the damage control
approach requires both self-control, resisting the urge to expose
the unstable trauma patient to additional unhelpful operative
insults, and the perspective to address the overall clinical sce-
nario rather than individual injuries. Definitive repair of injuries
and fascial closure is forgone for hours to days until after a
period of resuscitation in the ICU.

4.2 What Is the History of Damage
Control Surgery?

The surgical approach that has recently been termed damage
control has existed for over 100 years. Both Pringle [4] and
Halstead [5] outlined the utility of packing for management
of hepatic trauma in the early twentieth century. However, as
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surgical techniques improved, packing for control of hepatic
hemorrhage fell out of favor and was almost universally aban-
doned following World War II. One major concern at the time
involved infection from retained packs, and surgeons such as
Madding emphatically asserted that abdominal packs were to be
removed prior to the end of the operation [6]. By the early
1970s, advances in transport of trauma patients increased the
number of patients presenting to major trauma centers who were
exsanguinating but salvageable. Accordingly, renewed interest
in temporary packing in highly select patients arose. Reports of
success began to surface in small groups of patients using
hepatic packing specifically. In 1976, Lucas and Ledgerwood
described a prospective 5-year evaluation of 637 patients treated
for severe liver injury [7]. Packs were inserted in only three
patients, all of whom survived. At the 1979 meeting of the
Southwestern Surgical Congress, our group reported that over
80 % of deaths from liver trauma were due to uncontrollable,
nonsurgical hemorrhage, strengthening the concept of post-
injury coagulopathy and the merits of abbreviated laparotomy
with packing [2]. Calne et al. [8] and Feliciano et al. [9] soon
followed with case series of nearly 100 % survival following
hepatic packing.

A landmark study in the evolution of the contemporary damage
control sequence was performed by Stone et al. in 1983 [1].
Trauma patients who developed a major coagulopathy during
laparotomy were managed either by completion of the procedure
in detail or by abortion of the procedure, intra-abdominal packing,
and return for definitive repair once coagulation status had normal-
ized. Eleven of 17 (64.7 %) patients managed with abbreviated
laparotomy survived, whereas only 1 of 14 (7.1 %) patients with
definitive repair during the initial procedure lived. From these
studies as well as their own experience, Rotondo and Schwab et al.
popularized the term “damage control” within the discipline of
trauma surgery [10]. Shortly after, Moore detailed the five classic
stages in our current damage control sequence [11].
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4.3 What Are the Stages of Damage
Control Surgery?

Once initiated, the damage control sequence follows specific
stages that begin and end at predetermined time points.
Transition through stages is triggered by the overall hemody-
namic and metabolic states of the patient.

Stage I, Patient Selection for Abbreviated Laparotomy: The
initial step in the damage control sequence involves rapid iden-
tification of patients who will benefit from this approach.
Although the decision to perform damage control surgery is
often made intraoperatively, certain risk factors are recognized
to increase the likelihood of damage control and thus may be
used to anticipate this decision in the preoperative setting and
prepare accordingly. These parameters are summarized in
Table 4.1. In general, hemodynamic instability with a presumed
thoracic, abdominal, pelvic, or extremity vascular injury should
initiate preparation for a damage control approach. Patients
who survive emergency department thoracotomy and are trans-
ported to the operative room are also included in this subset.
Patients who require multiple emergency procedures (e.g.,
craniotomy and laparotomy) should also be considered for
damage control.

Table 4.1 Cases in which damage control should be considered
preoperatively

High-energy blunt torso trauma

Multiple torso penetrations

Hemodynamic instability

Presenting coagulopathy and/or hypothermia

Major abdominal vascular injury with multiple visceral injuries
Multifocal or multi-cavity exsanguination with visceral injuries
Multiregional injury with competing priorities
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When the decision to pursue damage control surgery has
been made preoperatively, minimal additional evaluation in the
emergency department is necessary prior to transporting the
patient to the operating room. Time spent in the emergency
room should be limited to establishment of a definitive airway
and intravenous access and evaluation for both pneumothorax/
massive hemothorax (via physical exam with or without chest
radiography) and pericardial hemorrhage (via focused examina-
tion of the abdomen for trauma).

When made intraoperatively, the decision to perform dam-
age control surgery is based broadly upon the six variables
outlined in Table 4.2. After initial control of major bleeding
and gastrointestinal contamination, an overall assessment of
the patient’s metabolic and coagulation integrity is made by
querying the following parameters: (1) hemodynamic status,
(2) metabolic status, (3) temperature, (4) coagulation status,
and (5) clinical assessment of nonsurgical bleeding. Hypotension
from hemorrhagic shock is a clear indication to perform dam-
age control. However, more subtle indicators of shock, such as
increasing vasopressor requirements, hypocapnia, and meta-
bolic acidosis, should all be evaluated. This task requires fre-
quent and clear communication with the anesthesiology team.
Patient temperature and coagulation status should be monitored
frequently. Routine coagulation parameters, such as the acti-
vated partial thromboplastin time, prothrombin time, and inter-
national normalized ratio, are insensitive in detecting
coagulopathy because they measure only the earliest stages of
clot formation. Furthermore, results of these tests are typically
not available immediately. For these reasons, we prefer point-
of-care thromboelastography (TEG) [12]. Finally, the astute
clinician will recognize the development of nonsurgical bleed-
ing as evidenced by hemorrhage from raw surfaces, needle
holes, and intravenous catheter sites. These findings signify the
development of profound coagulopathy and mandate damage
control surgery.
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Table 4.2 Cases in which damage control should be considered
intraoperatively

Indication Example

Inability to achieve hemostasis Massive transfusion with
secondary to a recalcitrant disseminated intravascular
coagulopathy coagulation

Inaccessible major venous injury Retrohepatic vena caval disruption

Anticipated need for a time- Pancreaticoduodenectomy

consuming procedure
Demand for nonoperative control of Ruptured pelvic fracture

extra-abdominal life-threatening hematoma requiring selective

injuries arterial embolization
Inability to approximate the Protracted shock with massive

abdominal incision due to fluid administration

extensive splanchnic reperfusion-
induced visceral edema

Desire to reassess abdominal Extensive mesenteric venous
contents injury

Although the technical aspects of the abridged laparotomy are
dictated by the injury pattern, in general, the initial damage con-
trol operation is divided into three sequential steps: (1) control of
hemorrhage, (2) control of gastrointestinal contamination, and
(3) temporary closure. Hemorrhage may be controlled by a vari-
ety of maneuvers, including packing, ligation, and shunting. In
general, venous bleeding may be controlled by pressure pack
tamponade using laparotomy pads. The packs are then left in
place for transport to the ICU and removal at reoperation. By
contrast, arterial or portal venous bleeding requires control with
suture repair, ligation, or shunting. Under the extreme conditions
of damage control, ligation of almost any vessel is compatible
with life. If hemorrhage control can only be accomplished by
manual pressure (e.g., sponge stick tamponade of an inferior
vena cava injury prior to obtaining proximal and distal control),
the surgeon should do so in order to allow for crystalloid and
blood product resuscitation prior to exposing the patient to
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further hemorrhage. In extreme circumstances, control of hemor-
rhage may be possible only by cross-clamping of the abdominal
aorta. Patients may be transported to the ICU with the clamp in
place, provided that it is moved to an infrarenal location and that
the cross-clamp time is monitored carefully, with flow being
reestablished intermittently by transient release of the clamp.
Control of gastrointestinal perforation is accomplished by rapid
closure using either suture or staples. Although this phase of the
operation should proceed rapidly, it should not be haphazard.
Poorly placed sutures in tenuous areas such as the esophagus or
duodenum may lead to catastrophic consequences subsequently
provided that the patient survives, and the surgeon should take
the extra few seconds to ensure proper suture placement through
viable tissue and complete wound closure.

During the initial operation, efforts should be made to mini-
mize both hypothermia and coagulopathy. Techniques to both
prevent and reverse hypothermia include increasing the operat-
ing room temperature to >30 °C, infusing warmed fluids, cover-
ing body areas not in the operative field with warming devices,
and using warmed irrigation fluid. Restoration of clotting func-
tion should be goal-directed using serial TEG tracings. When
this method is not possible, blood component therapy should be
replaced with a ratio of RBC/FFP/plts/cryoprecipitate of
approximately 10:5:1:1 [13].

Stage 1I, Reassessment for Hemorrhage Control: An often
underemphasized issue in the damage control literature involves
the decision of when to transfer the patient from the operating
room to the ICU. Although prompt transfer is both rational and
cost-effective, premature departure with ongoing mechanical
bleeding may lead to an inexorable bloody viscous cycle in the
ICU. Finally, there are select cases in which packing may not be
necessary and fascial closure is possible once coagulation integ-
rity has been restored.

In cases of ongoing bleeding, a determination that the current
amount of hemorrhage is “acceptable” as being nonsurgical
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must be made. Although this decision may be guided by the
development of obvious nonsurgical bleeding (e.g., from intra-
venous sites), it is the authors’ contention that this decision is
often made too late and the operation continued unnecessarily.
One technique to aid in this determination is temporary (i.e.,
20-30 min) abdominal closure with towel clips (Fig. 4.1), fol-
lowed by reopening and assessment of the amount of residual
intra-abdominal hemorrhage. During this time, collective (i.e.,
surgery, anesthesia, blood bank) efforts are focused on normal-
izing temperature, acid-base status, and coagulopathy and criti-
cally reevaluating patient salvageability. One important
exception to this practice is an isolated pelvic fracture with
arterial hemorrhage, which warrants immediate angiographic
intervention.

Fig. 4.1 Towel-clipped abdomen



52 F.M. Pieracci and E.E. Moore

After the brief period of towel clamp closure, the abdomen is
examined for residual hemorrhage. Packs, except those success-
fully tamponading major hepatic venous injuries, are withdrawn
sequentially to determine both efficacy and necessity (there are
cases, although relatively infrequent, in which the packing can
be completely removed and the fascia closed without incident).
At this time, a search is undertaken for both residual mechanical
bleeding and missed gastrointestinal injuries. In general, if more
blood is present in the abdominal cavity than has been trans-
fused during the period of towel clamping, surgical bleeding
still exists and should be investigated. By contrast, bleeding
from coagulopathy will only worsen if the operation is contin-
ued, and in this case, the patient should be closed temporarily
and transported to the ICU, at which time damage control stage
III begins. Although it is often uncomfortable to stop operating
on a patient who is still bleeding, in the setting of profound
shock and coagulopathy, this decision is usually lifesaving.

The final step in damage control stage II involves temporary
wound closure. In the case of thoracic damage control via a lateral
thoracotomy incision, the most rapid and simple technique
involves stapled closure of skin only over tube thoracostomy
drainage. In the case of a sternotomy, application of an adhesive,
translucent dressing over the wound is sufficient. More options
exist for laparotomy wound closure, ranging from towel clipping
to achieve further tamponade to insertion of a translucent plastic
dressing over the abdominal contents, over which drains may be
placed and connected to a continuous suction to manage fluid
efflux and monitor ongoing hemorrhage (Fig. 4.2). Disadvantages
of the towel clip method include an increased likelihood of abdom-
inal compartment syndrome (ACS) and inability to visualize the
underlying bowel. Disadvantages of the latter method involve
promotion of ongoing hemorrhage from the closed suction drains.
None of these techniques has been proven superior to the others,
and the overarching principle of rapid, controlled closure should
not be overshadowed by the specifics of the dressing.
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Fig. 4.2 Temporary abdominal closure with green towel, Jackson Pratt
drains, and Betadine-impregnated adhesive dressing

Stage 111, Physiologic Restoration in the ICU: The patient for
whom a damage control approach has been selected usually
arrives to the ICU in shock. As such, damage control stage III is
centered on resuscitation. Hypothermia and coagulopathy are
reversed aggressively. We favor goal-directed restoration of both
enzymatic and platelet clotting function using serial TEG trac-
ings. Although the optimal hemoglobin concentration during
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resuscitation from hemorrhagic shock remains unknown, a con-
centration of 8-10 g/dL is reasonable, and the decision to
transfuse pRBCs should be based primarily upon clinical
parameters (e.g., hemodynamic instability) and estimated ongo-
ing blood loss from open wounds and drains. Many endpoints of
resuscitation, such as serum lactate concentration, base deficit,
and venous hemoglobin oxygen saturation, have been debated
and are likely equivalent in terms of monitoring progress.
Regardless of which marker is chosen, resuscitation should be
guided by serial determinations and stop when normalization
has occurred. Furthermore, utilization of multiple markers
should be employed, such that the overall clinical picture is
given preference over any one laboratory value. This strategy
minimizes the possibility of misinterpreting isolated values and
either terminating resuscitation prematurely or continuing with
unnecessary and potentially deleterious volume expansion. A
worsening base deficit in the otherwise resuscitated patient is
usually due to a metabolic acidosis from large volume infusion
of chloride-rich fluids (e.g., normal saline). Calculation of both
the anion gap and serum chloride concentration will aid in this
determination; a non-anion gap, hyperchloremic metabolic aci-
dosis is characteristic. A worsening or persistently elevated
lactate concentration in the otherwise resuscitated patient may
be due to impaired hepatic clearance. Determination of a lactate/
pyruvate ratio will elucidate this cause.

During damage control stage III, all organ systems should be
supported, and no attempts at either liberation from mechanical
ventilation or institution of enteral nutrition should be made
until the patient is fully resuscitated. However, once resusci-
tated, institution of enteral nutrition (provided that the gastroin-
testinal tract is in continuity) is associated with improved
subsequent fascial closure rates, morbidity, and mortality in
open abdomen patients without associated intestinal injury and
equivalent outcomes in those patients with associated intestinal
injury [14]. It is thus the authors’ practice to institute enteral
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nutrition in the resuscitated damage control patient with an open
abdomen.

Once the patient is warmed, and both enzymatic and platelet
coagulopathy and metabolic derangements have been corrected,
consideration is given to progression to damage control stage
IV. It is important to recognize that, in contrast to the initial
operation of damage control stage I, the reoperation of damage
control stage IV is non-emergent. As such, the operation should
occur after ensuring availability of blood products, personnel,
and equipment. Abundant data now exists documenting the
safety of maintaining intracorporeal laparotomy pads, indwell-
ing vascular shunts, and gastrointestinal discontinuity for hours
to days. Furthermore, time should be taken during damage con-
trol stage III to conduct a thorough evaluation for associated
injuries that may have been overlooked heretofore.

Two instances in which consideration should be given to
earlier return to the operation room warrant discussion. The first
involves concern for ongoing surgical bleeding. Although dif-
ferentiation from diffuse coagulopathy is often difficult, Morris
et al. proposed indications for emergent reoperation during
damage control phase III: for blunt trauma, normothermia with
a rate of hemorrhage of >2 units pRBC per hour and, for pene-
trating trauma, either hypothermia with a hemorrhage rate of
>15 units pRBC per hour or normothermia with a hemorrhage
rate of >2 units pRBC per hour [15]. The second instance in
which reoperation should be considered earlier is when the
viability of bowel is in question, as is the case following ligation
of a major mesenteric vein such as the portal or superior mesen-
teric. Furthermore, any patient who remains acidotic following
correction of temperature, anemia, and coagulation status
should be reexplored early with the specific concern of intesti-
nal necrosis.

Stage 1V, Return to the Operating Room for Definitive
Procedures: At planned reoperation, intra-abdominal packing is
removed, definitive vascular and intestinal tract repair is



56 F.M. Pieracci and E.E. Moore

accomplished, a thorough exploration for missed injuries is
undertaken, and fascial and skin closure may be performed pro-
vided that there is adequate laxity of the anterior abdominal wall
tissues, and risk factors for the development of ACS are absent
(discussed below). Packing should be removed carefully and
after wetting to prevent dislodgement of formed clot. Persistent
venous hemorrhage may necessitate repacking and a planned
third operation.

Both options and techniques for definitive repair of specific
injuries are discussed elsewhere in this text. Once definitive
repairs have been achieved, and additional missed injuries have
been excluded, a decision regarding fascial closure is made. In
certain instances abdominal wall and bowel wall edema is so
pronounced that fascial closure is obviously impossible. In the
remainder of cases, consideration is given to both the antici-
pated volume of postoperative fluid resuscitation and the
amount of physiologic derangement caused by fascial closure.
One useful test involves temporarily re-approximating the fascia
with towel clips and monitoring the patient’s airway pressure. A
steep rise in either peak or mean airway pressures signifies a
high likelihood of ACS following fascial closure.

Patients in whom definitive fascial closure is achieved fol-
lowing damage control phase IV must be monitored aggres-
sively for the development of ACS. Intra-abdominal hypertension
leading to ACS is a particularly devastating complication of
damage control surgery with a high associated morbidity and
mortality [16]. The pathophysiology of ACS involves a progres-
sive increase in abdominal pressure due to any combination of
diminished abdominal wall compliance, increased intraluminal
intestinal contents, increased intraperitoneal fluid, and increased
tissue edema. Increases in abdominal pressure eventually
become sufficient to impede venous return from both abdominal
viscera (resulting in intestinal ischemia) and the inferior vena
cava (causing decreased filling pressures and obstructive shock).
Both impedance of urinary drainage and respiratory
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embarrassment secondary to elevated airway pressures are also
characteristic. Several risk factors for ACS are recognized; fas-
cial closure during damage control stage IV has been identified
repeatedly as a risk factor for the development of ACS. Both
large volume fluid resuscitation and attempts to resuscitate to
supranormal physiology have also been implicated [17-19].

Physical exam findings, such as elevated airway pressures,
oliguria, and tube feeding intolerance, may aid in the diagnosis
of abdominal hypertension, but are in and of themselves insensi-
tive [20, 21], mandating measurement of intra-abdominal
pressure. Several techniques have been described, including
transduction of intragastric, intravesicular, and intraperitoneal
pressure. Measurement of the intravesicular pressure is the cur-
rent reference standard with several noteworthy technical con-
siderations. Measurement should occur at the midaxillary line,
at end expiration, in the absence of muscle contractions, and
after instilling no more than 25 mL of sterile saline into the
urinary bladder [16]. Pressure is expressed as mm Hg. Normal
intra-abdominal pressure is <7 mmHg, increases >12 mmHg
constitute abdominal hypertension, and a sustained pressure
>20 mmHg in the presence of organ failure is diagnostic of
ACS. Disease severity may also be expressed as the abdominal
perfusion pressure, defined as the mean arterial pressure minus
the intra-abdominal pressure. An abdominal perfusion pressure
<50-60 mmHg is associated with poor outcomes among
patients with intra-abdominal hypertension [22].

Medical therapy aimed at reducing abdominal pressure may
be attempted for the hemodynamically stable patient in the
absence of worsening organ failure. Paralysis, intestinal decom-
pression, and diuresis are all effective means to decrease abdomi-
nal pressure. However, sustained or worsening intra-abdominal
hypertension after a brief trial of nonoperative maneuvers man-
dates surgical decompression, as delay in definitive decompres-
sion worsens outcomes substantially [22]. Percutaneous catheter
decompression may be considered when elevated abdominal
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pressure is secondary to intraperitoneal fluid (e.g., ascites).
Small case series suggest that this technique may be particularly
useful among burn patients [23-25]. However, beyond this spe-
cific circumstance, surgical decompression via laparotomy
remains the definitive treatment for ACS. Failure of improve-
ment following surgical decompression should raise concern for
either inadequate decompression or misdiagnosis. When timely
and effective surgical decompression is achieved, the abdomen is
usually amenable to closure within 7 days.

Stage V, Abdominal Wall Reconstruction: When fascial clo-
sure is not possible at the time of damage control phase IV, a
variety of methods exist for temporary abdominal dressing,
ranging from intravenous solution bags to vacuum-assisted clo-
sure devices. General management principles for the open abdo-
men in the acute setting include wound care, fluid and
electrolyte balance, nutritional support, and attempts at sequen-
tial closure. Provided an adequate dressing is in place, patients
with an open abdomen may be awoken, extubated, and partici-
pate in their care and medical decision making. Although evis-
ceration around the abdominal dressing with abrupt increases in
intra-abdominal pressure is possible (e.g., coughing fits), this
risks is overshadowed by the potential complications of pro-
longed sedation, paralysis, and mechanical ventilation.

During the immediate postoperative days to weeks, our prac-
tice is to perform sequential washouts and partial primary clo-
sures approximately every 48 h with the goal of ultimate fascial
closure during the index hospitalization. This technique involves
sequential primary re-approximation of the midline fascia with
interrupted suture bites over a vacuum-assisted closure sponge
[26]. Because all damage control patients are markedly total
body volume overloaded, aggressive diuresis is helpful to maxi-
mize the likelihood of fascial closure, provided that renal and
cardiac function will tolerate it. As mentioned previously,
enteral nutrition is not contraindicated in the patient with an
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open abdomen and likely improves outcomes [14]. Using a stan-
dardized protocol that incorporates these principles, we are able
to achieve fascial closure in nearly all damage control patients
during the index hospitalization [26].

The incidence of complications associated with the acutely
open abdomen raises sharply after a period of 1-2 weeks [27].
The two most devastating complications are entero-atmospheric
fistulae and tertiary peritonitis. The term entero-atmospheric
fistula refers to a communication between a hollow viscus and
ambient air through the open abdominal incision (as opposed to
through the skin in the case of an entero-cutaneous fistula). The
risk of entero-atmospheric fistula increases linearly with time as
a consequence of multiple dressing changes and prolonged
exposure and manipulation of the vulnerable, edematous intes-
tinal contents. Entero-atmospheric fistulae are particularly dif-
ficult to manage due to the lack of surrounding skin to which
dressing appliances may be secured.

Tertiary peritonitis refers to persistent infection of the
abdominal cavity despite multiple attempts at source control
[28]. At the cellular level, tertiary peritonitis is character-
ized by failure of host peritoneal defense mechanisms, such
that infection is encountered at each reoperation despite prior
efforts to eradicate it. Although the peritoneal cavity is initially
continuous, adhesions that form over days to weeks partition
the space into multiple potential sites of abscess formation,
including sub-diaphragmatic, inter-loop, and pelvic. As time
elapses, these cavities become increasingly difficult to drain
effectively, and the benefit of drainage is rapidly outweighed
by the risk of bowel injury from repeated manipulation. As
opposed to secondary peritonitis, the microbiology of tertiary
peritonitis is characterized by a high prevalence of multidrug-
resistant organisms such as enterococci, Pseudomonas aerugi-
nosa, and Candida spp., making effective antimicrobial therapy
challenging.
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The best treatment of both entero-atmospheric fistulae and
tertiary peritonitis is prevention. Accordingly, if fascial closure
of the open abdomen is not possible after 1-2 weeks, we advo-
cate temporarily skin closure over the abdominal contents,
either with native skin (provided there is enough laxity) or
autologous, split-thickness skin grafting from another site.
Although this approach relegates the patient to a planned ventral
hernia, the aforementioned complications of the open abdomen
are minimized. Definitive fascial closure using more complex
techniques, such as component separation and myocutaneous
advancement flaps, should not be attempted in the acute setting,
especially in the setting of peritonitis. Rather, development of
the planes necessary for these operations should be reserved for
the elective setting, at which time the risk of recurrence is much
lower.

The time period following hospital discharge with a planned
ventral hernia represents the final period in the damage control
sequence [29]. Techniques for late closure are many and beyond
the scope of this chapter. In the majority of cases, a combination
of techniques, in conjunction with assistance from a plastic sur-
geon, can achieve definitive fascial closure with durable results
and minimal morbidity.

Damage Control Ground Zero: Several authors have
expanded the damage control concept to include the time
between initial insult and operation, termed damage control
ground zero. This phase highlights the importance of triage,
emergency medical services scene time, rewarming in the
trauma bay, early injury pattern recognition, and the early deci-
sion to initiate the damage control sequence. As mentioned
previously, once the decision to initiate damage control has been
made, minimal additional time should be spent in the emer-
gency department prior to operation.
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4.4 What Has Been the Impact of Damage
Control Surgery on Patient OQutcomes?

Since the initial description of the damage control technique,
many groups have published data detailing improved outcomes
using this approach. Although no randomized trials exist, sev-
eral carefully matched case control series have concluded that
mortality is decreased following adoption of damage control,
provided that both appropriate indications and triggers for pro-
gression through the sequence exist [30, 31]. These improved
outcomes are likely multifactorial in etiology, including
broadened threshold to initiate damage control, earlier decision
to terminate the initial operation, improved ICU resuscitation,
and advancements in the techniques for achieving definite
abdominal closure.

4.5 Summary

The damage control approach recognizes the notion that pro-
longed operation in the face of both shock and coagulopathy
increases mortality. It is thus predicated on an initial, abbrevi-
ated, lifesaving laparotomy, followed by a period of resuscita-
tion in the ICU, and finally by a planned reoperation at which
definitive repair is accomplished. Multiple factors contribute to
the decision to initiate the damage control sequence and can be
broadly grouped into the physiologic variables of hemodynam-
ics, temperature, metabolism of acid, and coagulopathy. A nec-
essary sequelae of the damage control approach is the open
abdomen. Although a variety of management options exist, of
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paramount importance is achieving coverage of intestinal con-
tents so as to minimize the development of fistulae and perito-
nitis. Adoption of the damage control approach has been
associated with markedly improved outcomes for the sickest
injured patients and should be part of the armamentarium of all
traumatologists.
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Chapter 5
Surgical Treatment of Pelvic
Fractures

Raffaele Pascarella, Luigi Rizzi, Claudio Castelli,
and Rocco Politano

5.1 Introduction

Fracture of the pelvis ring is a rare lesion, 1-3 % of the traumatic
skeletal lesion, that involves the three bones of the pelvis,
nerves, vessels, and its viscera.

Initial management in trauma patients with pelvic fracture is
aimed at saving life and identifying and treating life-threatening
injuries in order of priority according to the ATLS rules.
Mortality in pelvic fractures is reported to range between 9 and
20 % [1]. In hemodynamically unstable patients, mortality rate
is generally up to 50 % due to a massive bleeding [2].
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Definitive fixation of these lesions seeks to fix unstable
lesions and to restore pelvic anatomy in order to avoid deformi-
ties and pain due to chronic instability and nonunion [3].

Planning the treatment in both emergency and definitive fixa-
tion is essential to classify the lesion.

5.2 Classification

The pelvis is a ring structure made up of three bones: the sacrum
and the two innominates. The pelvic ring is formed by the con-
nection of the sacrum to the innominate bones at the sacroiliac
joints in the back and the symphysis pubis in the front. An
important ligamentous complex also gives these joints strength
and stability. Posteriorly interosseous, anterior and posterior
sacroiliac ligaments are included with sacrotuberous, sacrospi-
nous, and iliolumbar as connecting ligaments. Anteriorly, the
opposed bony surface of the pubis is covered by hyaline carti-
lage and fibrous tissue.

The most recent is the AO classification that modifies the
classification proposed by Tile in 1988 [4] and conforms with
the nomenclature proposed by Muller and colleagues adopted
by AO-ASIF groups [5]. Based on the integrity of the posterior
sacroiliac complex and force direction of the injury, in this clas-
sification fractures are grouped into three groups, types A, B, or
C, according to increased severity. Type A fractures are frac-
tures with stability of the posterior ring. Type B includes frac-
tures with partial posterior stability: these fractures are
rotationally unstable but vertically stable. Type C unstable
injury is a complete disruption of the posterior sacroiliac com-
plex, involving vertical shear. Based on the anatomical lesions,
many subgroups are also possible.

This classification is relevant not only for the management
of the bony lesions but also for management of the patient
particularly in emergency. All type A fractures have an intact
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stable pelvis, and treatment of bony injury does not affect the
general condition of the patient. On the contrary, type B and
type C fractures have partial and complete instability of the
pelvis, respectively. Specific treatment of bony lesions has a
major effect on the patient’s outcome.

5.3 Surgical Treatment in Emergency

The polytrauma patient with pelvic ring injury is a very com-
plex patient often hemodynamically unstable. In this condition,
it is most important to determine the stability of the pelvic
injury.

In a patient who is hemodynamically unstable with a stable
pelvic ring injury, the saving of the life of the patient is the first
priority. Because the pelvic ring injury is stable, it requires no
further concern until such time as the patient becomes hemody-
namically stable. The bleeding may be due to injury of the
thoracic-abdominal organs, fractures of the limbs, open frac-
tures, and vascular lesions of the pelvis. The control of bleeding
is always a priority.

In a patient who is hemodynamically unstable with an unsta-
ble pelvic ring injury, the treatment of the pelvic lesion may be
a part of the resuscitation procedure.

Intact pelvic ring encloses an anatomical space adapted to
receive a significant amount of blood. Dalal et al. in 1989 [6],
studying the behavior of the pressure/volume curve in the intact
and injured pelvic ring, demonstrated that infusion of 5 1 of
liquid into the retroperitoneum of the intact pelvis increases the
average pressure up to 30 mmHg and, in pelvic fracture infusion
of 20 1 of liquid, does not exceed the value of 35 mmHg. For this
reason, stopping the bleeding in the injured pelvis is mechani-
cally and dynamically impossible. Pelvic bleeding is caused by
retroperitoneal venous plexus injuries in 80-85 % of cases and
in the rest 15-20 % by arterial lesions [7].
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Fig. 5.1 Type C pelvic fracture to the left hemipelvis in a hemodynami-
cally unstable 29-year-old man. Standard x-ray of the pelvis in the emer-
gency room shows right sacral fracture, left sacroiliac joint dislocation, and
symphysis pubis disruption

Standard x-ray of the pelvis in the emergency room is
extremely useful in order to diagnose the pelvic fracture and to
plan the stabilization [8]. Not all authors agreed on this behavior
because it is argued that the quality and thus the diagnostic sen-
sitivity of such x-ray are low (68 %) but nowadays are recog-
nized as fundamental parts in the emergency diagnosis according
to the ATLS rules (Fig. 5.1).

In case of an opening pelvic ring disruption, a reduction of the
displaced hemipelvis should be performed immediately in the
emergency room. The pelvic binder as a T-Pod is very simple to
apply, is rapid, and stabilizes and reduces the pelvic volume. T-Pod
must be removed within 24 h to avoid pressure sores on the patient.
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Fig. 5.2 The pelvic C-clamp is applied in the emergency room to stabilize
the pelvis

Surgical treatment in the multiply injured patient in critical
condition is performed with external fixation. External fixation
of the pelvis has been demonstrated to temporarily stabilize an
unstable pelvic fracture and effectively restore pelvic volume,
thus improving survival. The application of external fixation has
become a resuscitative tool that should be applied as soon as
possible. Two main techniques are available to externally fix the
unstable pelvic ring: external fixator and C-clamp. The external
fixator is indicated in type B fractures, especially open-book
type injuries. Pins (at least two on each side of the pelvis) are
placed into the iliac crest behind the anterior-superior iliac
spine. This placement is safe and easy, and an image intensifier
is not necessary.
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Fig. 5.3 Standard x-ray of the pelvis after application of the clamp shows
the restoration of the pelvic ring and stabilization of the patient, who
survived after laparotomy

An absolute indication for external fixation is a severe open
pelvic fracture with abdominal lesion that requires colostomy in
order to prevent serious infection of the wound and promote
rapid healing.

In unstable type C injuries, the pelvic C-clamp (Fig. 5.2) is
recommended. The pelvic C-clamp, introduced by Reinhold
Ganz [9] 20 years ago, is a device with two pins applied poste-
riorly in the area of the pelvis lateral to the sacroiliac joints. The
pelvic C-clamp is applied quickly, about 15 min, and stabilizes
the pelvis, decreasing effectively its diameter (Fig. 5.3). Most
importantly, it does not interfere with the ability to perform
subsequent laparotomy or other surgical procedure. The pelvic
C-clamp may not be used in the presence of iliac wing fracture
[9]. Pelvic C-clamp must be removed within 72 h because it is
no longer useful and starts to mobilize.
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5.4 Definitive Surgical Treatment

When the patient’s general status permits type B and type C
fractures, open reduction and internal fixation (ORIF) of all
fractures and joint reconstruction have to be performed [3].
Nonoperative treatment of displaced and unstable pelvic frac-
tures results in a high percentage of bad outcomes with deformi-
ties and pain due to chronic instability and nonunion. The best
time for an ORIF of the pelvic fracture is soon as possible
depending of the patient’s general status. Most of these fractures
are treated at the end of the first week and during the second one
when hematoma is not yet organized and fracture reduction is
still easy.

According to the AO classification, type B fractures are
treated definitively with an anterior fixation, while type C frac-
tures need an anterior and/or posterior internal fixation depend-
ing on anatomical lesions.

For the symphysis disruption, we used open reduction and
plate fixation through the Pfannenstiel approach. In sacroiliac
dislocation and in sacral fracture, our preferred surgical option
is iliosacral screws that can be done with open or closed tech-
niques. Plate fixation is indicated in iliac wing fractures per-
formed usually through the ilioinguinal approach.

The benefits of ORIF are represented by the anatomical
reduction and biomechanically more stable fixation of the frac-
ture that allow early mobilization, shorter hospitalization, and
improved outcomes.

5.5 Conclusions

Surgical treatment of pelvic fracture is different when per-
formed in emergency or as a definitive treatment. Classification
is relevant for the management of these bony lesions that must
only be done by experienced surgeons who can operate safety in
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appropriate environment. Better clinical results are related to the
more stability of the fixation of the posterior pelvic ring.
Anatomical reduction of the pelvic ring and internal fixation of
the disruption of the pelvis is the gold standard in the treatment
of these lesions.
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Chapter 6
Surgery of the Cervical Spine
Trauma

Federico De Iure and Luca Amendola

6.1 General Consideration

6.1.1 Epidemiology

Injuries of the spinal column should be suspected in all cases of
high-energy trauma (20 % of all polytrauma cases [1]). Motor
vehicle accidents (MVA) are the most frequent cause of severe
spine trauma (49 %), followed by falls from a height (20 %).
About 50 % of all severe spine injuries are not diagnosed or
underestimated in the prehospital setting, especially in uncon-
scious patients.
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6.1.2 Preoperative Management

Polytraumatized/unconscious patients require in-line immobili-
zation of the cervical spine by stiff collar and of the thoracolum-
bar spine by spine board or vacuum mattress. There is no
scientific evidence of benefit by preoperative high-dose cortico-
steroid infusion; therefore, this practice should be abandoned.

6.1.3 Imaging

Multislice CT scan is the gold standard for spine clearance in
polytrauma patients. MRI is mandatory in spinal cord injuries
whenever the neurologic level is different from the level of the
injury detected by CT or if no bony injury is found. Spine inju-
ries not requiring surgery in emergency should anyway complete
imaging by MRI to evaluate the posterior ligament complex
integrity and/or disk disruption and/or epidural hematoma.

6.1.4 Surgical Timing

Provided life-threatening injuries have been excluded or treated,
spine stabilization should be performed as soon as possible. Spine
stabilization within 72 h, especially in polytrauma patients (ISS 18
or above), greatly decreases both the rate of general complications
and the length of stay in ICU [2]. In case of neurologic damage,
decompression and stabilization should be delivered immediately.

6.2 Upper Cervical Spine Injuries

Upper cervical spine morphology is peculiar compared to the
subaxial vertebral column. During the embryo development,
C0, C1, and C2 sclerotomes form the odontoid process of C2
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Fig. 6.1 Occipitocervical dislocation following car accident. Hyperintense
signal on T2-weighted MRI showing blood inside CO-C1 left (a) and right
(b) joints. Frontal plane CT scan (c¢) showing increased distance between
occipital condyles and C1 articular masses (white arrows). Occipitocervical
posterior fusion on post-op x-rays (d)

which, in adult life, will act as a fulcrum allowing nearly 50 %
of the rotation of the head above the trunk. This particular
anatomy explains the various patterns of UCS injuries that are
described below.

Occipital condyles fractures may follow head injuries, and
their morphology is described in Anderson and Montesano clas-
sification [3]. They are generally stable and can be treated by
either stiff collar or halo jacket. Type III fractures are likely to
be unstable and require an occipitocervical fusion if a residual
instability is detected after conservative treatment.

Occipitocervical dissociation is frequently fatal. The most
frequent pattern is the anterior translocation of the occipital
condyle relative to the atlantal lateral masses. In surviving
patients, occipitocervical fusion is mandatory as the injury is
critically unstable and both collar and halo jacket can only be
used as temporary stabilization devices (Fig. 6.1).

Atlas burst fracture (Jefferson’s fractures) with minimal dis-
placement of the lateral masses is considered stable and treated
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conservatively as above. If the displacement exceeds 10 mm,
then a transverse ligament and/or alar ligament disruption must
be suspected. In case of late instability, then a CO-C2 or C1-C2
fusion is required [4].

Odontoid fractures were classified in tree types by Anderson
and D’Alonzo according to its site (apex, mid-part, basis).
Anterior screwing is the treatment of choice in axis type 2 odon-
toid fracture in young patients [5]. It guarantees the highest rate
of healing, preserving C1-C2 motility. Nevertheless the rate of
healing may decrease rapidly in the elderly, so some authors
perform a C1-C2 posterior fusion as first surgery in these
patients. Type 1 and type 3 fractures can be treated conserva-
tively by halo jacket or stiff collar.

C2 traumatic spondylolysis (Hangman fracture) can be
treated conservatively in case of minimal displacement and
without signs of C2-C3 disk injury (types I and I1a) [6]. Anterior
discectomy and fusion is required in case of anterior dislocation
following disk disruption. Unilateral or bilateral facet disloca-
tion is rarely seen in these injuries and should be reduced and
fixed by posterior approach (type III).

C1-C2 rotatory dislocation was classified by Fielding and
Hawking [7] and may follow high-energy trauma in adult
patients. This situation is more frequently seen in children
because of their skeletal immaturity, even following low-
energy trauma, and should be treated immediately by closed
reduction (traction and counter rotation) and collar immobiliza-
tion for 3 weeks. In adults, or also in children if diagnosis is
delayed more than 2 weeks, reduction becomes difficult and
immobilization is delivered by halo jacket for a longer period.
In selected cases, when reduction by external maneuvers
becomes impossible, then posterior open reduction and fixation
is performed.

Atlas transverse ligament rupture is not frequent and is gen-
erally accompanied by head injuries. For this reason diagnosis
is frequently delayed and revealed by a C1-C2 late instability on
the sagittal plane. As spontaneous healing of purely ligamentous
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Fig. 6.2 C1-C2 sagittal instability due to transverse ligament injury. The
distance between odontoid and atlas anterior arch increases in flexion (b)
compared to extension (a). A C1-C2 posterior fusion is performed (c)

injury is unlikely to happen, then the treatment of choice is a
C1-C2 fusion (Fig. 6.2).

6.3 Lower Cervical Spine (LCS) Injuries (T1)

No worldwide accepted classification is found in the literature
for these injuries, and no classification suits all the possible
injuries a spine surgeon may encounter in his/her professional
life. Most of the following consideration are drawn by Claude
Argenson’s works [8, 9]. LCS injuries are divided in compres-
sion (type A), flexion-extension (type B), and rotation (type C)
according to the possible pathogenesis. It is easy to keep in
mind and can be easily related with radiologic evidence giving
an immediate indication for surgery (Table 6.1).

Simple anterior wedging (A1) of a LCS vertebral body can
be treated conservatively by halo jacket or stiff collar whenever
local kyphosis is less than 15°. Greater deformities may require
surgical correction and fusion.
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Table 6.1 Indications for lower cervical spine injuries treatment are
reported according to Argensons’ classification

Severity
Type 1 2 3
A (compression) CT ACF ACF
B (flexion-extension) CT ADF ADF+PF
C (rotation) CTor ADF  CTor ADF  ADF or PF+ ADF

CT conservative treatment, ACF anterior corpectomy and fusion, ADF
anterior discectomy and fusion, PF posterior reduction and fusion

Fig. 6.3 C6 “teardrop” fracture with posterior dislocation of the cervical
spine above the injury (a) due to a motorbike accident. The spinal canal is
narrowed and the posterior elements are also involved (white arrow).
Standard x-ray shows realignment of the spine after C6 corpectomy and
double approach fixation (b). The spinal canal is fully decompressed on
post-op CT scan (c¢)

“Teardrop” fractures (A3) and “burst” fractures (A2) involve
the anterior column, are frequently associated with neurologic
damage, and require anterior corpectomy and fusion by plate
and tricortical graft or titanium mesh. In case of massive disrup-
tion of the posterior ligament complex, a posterior short fixation
should be carried on in adjunct (Fig. 6.3).

Moderate sprain injuries (B1) due to flexion-extension
trauma do not require surgical treatment. If a disk rupture is
diagnosed in addition, then anterior discectomy and fusion is the
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treatment of choice even in case sagittal alignment is preserved
(B2). “Bilateral facets dislocation” and “traumatic spondylolis-
thesis” (B3) can be reduced and fixed by anterior approach fol-
lowing discectomy. In both cases, but especially in traumatic
spondylolisthesis, we suggest a posterior fixation in addition.

Rotation injuries are characterized by a disk injury associated
with a “unilateral facet fracture” (C1 type) or an “articular mass
fracture dislocation” (C2 type) or a “unilateral facet dislocation”
(C3 type). A moderate anterior dislocation of the CS above the
injured disk is the common pattern. Anterior discectomy and
fusion is the treatment of choice. Unilateral facet dislocation can
be irreducible by external maneuvers; thus, a posterior open
reduction before anterior fusion can be necessary. Conservative
treatment can be attempted (C1 and C2 type) in case sagittal
alignment is preserved, assuming no disk injury is associated,
but a close radiologic follow-up is then mandatory.

Fractures and dislocations of the LCS in ankylotic spine are
generally seen in the elderly. Additional injuries in the thoracic
or lumbar spine are frequently found. Therefore a preoperative
radiologic study of the whole spine is mandatory. Due to the
calcified disks, the cervical spine behaves as a fractured long
bone and the injury is very unstable. Neurologic damage is fre-
quently present (generally a central cord syndrome), and
decompression can be achieved indirectly by spine realignment
during surgery. Due to osteoporosis, we recommend posterior
oversized fixation (tree level above and below the injury at
least).
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Chapter 7
Surgery of the Thoracolumbar
Spine Trauma

Ralf H. Gahr and Matthias Spalteholz

Fifty percent of all relevant thoracic and lumbar spine injuries
are located within the thoracolumbar junction T12-L2, due to
the biomechanical transition from the stiff and rigid thoracic
kyphosis to the highly mobile adjacent lordosis of the lumbar
spine. In mid-thoracic spine the spinal canal is very narrow in
relation to the spinal cord. Already a compromise of the spinal
canal of less than 20 % may lead to higher degrees of spinal
cord injury. At the level of the thoracolumbar junction, the
reserve space around the spinal cord is relatively wide so that
even a spinal canal compromise of up to 40 % does not auto-
matically lead to neurological deficits. The indication for sur-
gery is dependent on neurological symptoms, mechanical
instability, and deformity. According to the 3-column model of
Denis, injuries of the anterior, middle and posterior column are
classified [1]. The anterior column ensures load bearing while
the posterior column acts as a dorsal tension band.
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7.1 Nonoperative Treatment

Functional treatment with pain-adapted mobilization and
muscle training is recommended for Al.1, Al.2, and A2.1,
A2.2 fractures with intact adjacent discs. In general, the limit-
ing factor is a kyphosis of less than 20° and a reduction of
height of less than 50 %.

Minimal invasive operative techniques have widened the
spectrum of surgical treatment. The indication for surgery is also
influenced by national specifics (legal issues, social security).

7.2 Surgical Treatment

Surgical treatment depends mainly on the type of fracture,
potential spinal cord involvement, and additional adverse effects
(polytrauma, morbidity, age, bone quality) (Figs. 7.1, 7.2, 7.3,
7.4,7.5,7.6, and 7.7).

7.2.1 Type A Fractures

7.2.1.1 Al.1, Al1.2 (>20° Kyphosis), A1.3

BAER (balloon-assisted end plate reduction, that is, kypho-
plasty plus short segment minimal invasive dorsal stabilization,
intravertebral cage system).

7.2.1.2 A23

Bisegmental anterior spinal fusion (partial vertebrectomy/cage plus
anterior plate or dual-rod system). High risk of intrusion of disc
material into vertebral body with resulting vertebral nonunion.
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Fig. 7.1 Fractured L2 (A3.1). Posterior bisegmental instrumentation and
L2 reduction by expandable cage

Fig. 7.2 Fractured L1 (A3.2). Cement-augmented posterior stabilization,
anterior subtotal corporectomy, and cage reconstruction
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Fig. 7.3 L1 fracture in osteoporotic bone (B2). Augmented posterior long-
segment stabilization and kyphoplasty

Fig. 7.4 L1 fracture (A3.1). Kyphoplasty (BAER) and augmented poste-
rior bisegmental stabilization
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Fig. 7.5 Fractured Th11l (A3.1). Posterior bisegmental instrumentation
and anterior monosegmental reconstruction with iliac chip

Fig. 7.6 Th 8 and Th 9 fracture (A3.1). Posterior stabilization and kypho-
plasty with resorbable bone substitute

7.2.1.3 A3.1,A3.2

Short segment minimal invasive dorsal stabilization (plus
BAER).
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Fig. 7.7 Osteoporotic L1 fracture (Al.3). Kyphoplasty (BAER) and
augmented posterior bisegmental stabilization

7.214 A33

In polytrauma, primary minimal invasive dorsal stabilization.
Canal compromise or spinal cord involvement requires immedi-
ate anterior decompression and reconstruction of the anterior
column (expendable cage).

Secondary reconstruction of the anterior column (BAER, if
sufficient, in older patients; intravertebral expandable cage sys-
tem including ruptured adjacent discs).

7.2.2 Type B Fractures

Posterior reduction and long-segment stabilization (dorsal con-
struct acts as tension band), additional ventral stabilization, and
reconstruction according to the needs of the ventral A
component.
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7.2.3 Type C Fractures

Highest degree of instability; usually require dorsoventral
reduction and stabilization.

Reference

1. Denis F (1983) The three column spine and is significance in the
classification of acute thoracolumbar spinal injuries. Spine
8:817-831



Chapter 8
Trauma Surgery of the Extremities

Ralf H. Gahr and Matthias Spalteholz

Isolated fractures of the extremities are rarely life threatening
[1]. However, stabilization of long bone injuries is obligatory
within the first 24 h. Open fractures, compartment syndromes,
and vascular and neural injuries require emergency treatment
within 6 h [2].

In polytraumatized patients extremity surgery is no longer
focussed on early total repair but on damage control.
ATLS criteria were transferred to trauma surgery algorithms
(“Treat first what kills first”).

Primary external fixation is the tool for the stabilization of
bone and joints in emergency situations; also when primary
internal fixation is contraindicated, e.g., higher-grade open and
closed fractures, external fixation is the treatment of choice
(short operative time, minimal intraoperative hemorrhage).
Definite internal osteosynthesis should be performed electively
after 4-5 days. Definitive treatment by external fixation is also

R.H. Gahr (<)) « M. Spalteholz

Traumazentrum “St. Georg” Leipzig,

Klinik fiir Unfallchirurgie und Orthopidie,

Delitzscherstr. 141, Leipzig 04129, Germany

e-mail: ralf.gahr@sanktgeorg.de; mathias.spalteholtz@sanktgeorg.de

S. Di Saverio et al. (eds.), Trauma Surgery, 89
DOI 10.1007/978-88-470-5403-5_8, © Springer-Verlag Italia 2014



90 R.H. Gahr and M. Spalteholz

feasible, but there is high risk of pin tract infection,
malalignment, and pseudarthrosis [3]. Even in emergency sur-
gery, the primary external construct should always anatomi-
cally correct and biomechanically stable.

Because of their potential long-term disabilities, the follow-
ing injuries should receive primary definite treatment even in
polytrauma, whenever possible: medial femoral neck fractures
in younger patients (<60), hip dislocations, dislocated talus
fractures, and irreducible dislocations [4].

8.1 Upper Extremity Injuries

8.1.1 Shoulder Dislocations

The most common dislocation/luxation (80-90 % are anterior,
about 5 % each posterior or inferior dislocations). Anterior dis-
locations usually result from forced external rotation and abduc-
tion. Posterior dislocations are frequently associated with
epileptic seizures and electrical accidents. People under 40
years typically show lesions of the capsular-ligamentous com-
plex. Rotator cuff lesions have high incidence in older patients
(>60 years) [5]. Bankart fractures and labral lesions must be
stabilized electively. Sometimes recurrent posttraumatic luxa-
tions are due to Hill-Sachs lesions. The impacted bone should
be elevated and the defect relined. Several reduction techniques
have been reported, e.g., by Hippocrates, Kocher, Arlt, and
Stimson.

8.1.2 Humeral Head Fractures

Proximal humeral fractures in low-energy accidents are typical
for elderly patients with osteoporosis. In younger people these
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fractures are usually caused by high-energy traumata like road
traffic accidents. Proximal humeral fractures are classified by
Neer [6]: four main parts, six fracture types. The therapy
depends on the fracture type and the extent of displacement.
Surgery is recommended when the head angulation is greater
than 25° and the displacement of the tubercula is greater than
5 mm. Major fragment displacement may result in concomitant
axillar nerve injury or secondary avascular necrosis of the
humeral head.

Isolated fractures of the tubercula may be fixed by cannu-
lated screws. 2- and 3-part fractures as well as 4-part fractures
in young patients are treated with open (or closed) reduction
and internal locking plate fixation. In elderly patients there is
a growing tendency for primary arthroplasty in 4-part
injuries.

8.1.3 Humeral Shaft Fractures

Humeral shaft fractures have been the domain of conservative
treatment (functional bracing) until the early 1990s. The last
two decades have seen a gradual change towards operative
treatment, due to the development of unreamed locking nails
and locking plate systems as well as a change in patient’s
demands.

Standard procedure is either orthograde (more distal diaphy-
seal fractures) or retrograde (more proximal diaphyseal frac-
tures, obese patients) intramedullary nailing. Plate osteosynthesis
is required in long-comminuted fractures or whenever open
reduction/radial nerve revision is necessary.

Depending on the fracture localization, the following
approaches are used: extended anterolateral approach for proxi-
mal fractures and triceps split (Henry) for distal fractures.

Secondary radial nerve paralysis is an indication for nerve
revision.
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8.1.4 Distal Humeral Fractures

Extraarticular, partial intraarticular, and intraarticular fractures
are distinguished. The risk of neurovascular damage rises with
the extent of the fracture displacement. Especially the develop-
ment of a compartment syndrome must be recognized
(Volkmann’s contracture in children). In case of critical soft
tissue conditions, open fractures, and compartment syndromes,
a joint spanning external fixator should be used for primary
stabilization. The operative procedure depends on the fracture
type. Compression screw fixation is indicated in A1, B1, and B2
fractures. Open reduction and internal small fragment screw
fixation are used in B3 fractures. In case of severe articular sur-
face destruction, primary total elbow replacement may be con-
sidered in older patients [7]. A2 and A3 fractures are fixed by
anatomically preformed plates (ORIF). Open reduction and
internal plate fixation is necessary in all C-type fractures: The
joint block is primarily reconstructed and stabilized by K-wires
or screws and then fixed to the proximal fragment by anatomi-
cally preformed (locking) plates. Maximal stability results from
positioning the plates rectangularly to each other [8]. A dorsal
approach without (triceps on) or with olecranon osteotomy pro-
vides sufficient joint exploration. The intraoperative identifica-
tion and protection of the ulnar nerve is obligatory. The goal of
surgery is the anatomical reconstruction of the articular planes,
early mobilization, and the prevention of secondary arthrofibro-
sis and functional disability. Indometacin is recommended for
14 days to avoid heterotopic ossification (Figs. 8.1 and 8.2).

8.1.5 Elbow Luxations

The forearm most frequently dislocates posteriorly (posterolat-
eral, posteromedial). Anterior dislocations are rare. The evalua-
tion of the neurovascular status is mandatory. After reduction in
analgo-sedation, the elbow should be immobilized (cast, >90°).
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Fig. 8.1 Type B 3 fracture and primary total elbow replacement

Fig. 8.2 Transcondylar humerus fracture (C2). Primary closed reduction
and external fixator stabilization. Secondary open reduction and internal
(anatomical) plate fixation after soft tissue consolidation

The following treatment depends on the dynamic and static elbow
stability. In case of biomechanical joint stability (coronoid intact),
the therapy is nonoperative. Dynamic instabilities and coronoid
fractures should be stabilized after soft tissue consolidation.

8.2 Proximal Forearm Fractures

8.2.1 Olecranon Fractures

Olecranon fractures are classified by Schatzker [9]. These frac-
tures are tensile-loaded fractures; therefore tension band wiring
is the standard procedure for simple fractures. For the stability
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it is very important to anchor the wires in the opposite corticalis.
Proximal transverse fractures may be fixed by cancellous com-
pression screws. Plate fixation is used for comminuted fractures
(LCDCP/LCP).

8.2.2 Radial Head Fractures

The treatment is based on the Mason classification. Type 1 frac-
tures are treated nonoperatively. Type 2 fractures are indication
for open reduction and internal mini-screw fixation. Closed
reduction and titanium elastic nail fixation may be performed in
displaced fractures of the radial neck (Metaizeau technique)
[10]. Open reduction and mini-plate fixation are used in type 3
fractures. Radial head resection is an option in comminuted
factures. The radial head replacement is necessary in case of
instability of the lateral column to prevent a proximal migration
of the radius and in case of laceration of the interosseous mem-
brane (Essex-Lopresti fracture).

8.2.3 Forearm Shaft Fractures

Ulna and radial parry fractures are distinguished from forearm
fractures. In general nonoperative therapy is possible. However,
surgery offers the opportunity of functional treatment. The clas-
sic forearm fracture is an absolutely indication for surgery. A2
and A3 fractures have to be fixed under compression with
LCDC plates to avoid pseudarthroses. Locking plate systems are
used to stabilize A1, B, and C fractures. The stabilization starts
with the ulna fracture by using a medial, intermuscular approach.
Thompson’s approach is the standard approach for radius shaft
fractures [11]. In case of very proximal radius fractures, the
Henry approach is recommended [12]. It is very important to
protect the profund branch of the radial nerve. Unimpeded pro-
and supination should be documented after plate fixation.
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Fig. 8.3 Monteggia-like lesion. Open reduction and plate fixation of the
ulna. Mini-screw fixation of the radial head

8.2.4 Monteggia Fractures

Fracture of the proximal third of the ulna with dislocation of the
radial head.

Bado describes four types, depending on the dislocation of
the radial head. The Monteggia-like lesion describes an addi-
tional radial head fracture. Usually, the anatomical reduction of
the ulna fracture leads to a spontaneous radial head reduction.
LC and LCDC plates are used for internal fixation. The humero-
radial joint should be explored in case of instability, and the
annular ligament should be reconstructed (Fig. 8.3).
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Fig. 8.4 Galeazzi fracture. Open reduction and internal radius plate fixa-
tion. K-wire transfixation of the DRUJ

8.2.5 Galeazzi fractures

Fracture of the radius shaft with dislocation of the ulnar head.
Open reduction and internal plate fixation (LCDCP) of the
radius lead to the reduction of the distal radioulnar joint
(DRUYJ). In case of DRUIJ instability, temporary transfixation
may be necessary (K-wires and long arm cast for 8§ weeks)
(Fig. 8.4).

8.2.6 Essex-Lopresti Fractures

The Essex-Lopresti lesion represents a complex distorsion
injury of the wrist, comparable to the mechanism of a
Maisonneuve fracture. The Essex-Lopresti fracture is a combi-
nation of DRUJ dislocation, laceration of the interosseous mem-
brane, and radial head fracture [13]. These unstable injuries
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need surgery: temporary transfixation of the distal radioulnar
joint, internal fixation of the radial head, and in case of
comminuted fractures a radial head replacement.

8.2.7 Distal Radial Fractures

Distal radius fractures are the most common fractures (25 %),
frequently seen in osteoporotic patients. Depending of the posi-
tion of the hand during a fall, different fracture types are distin-
guished. The aim of the treatment is to restore the 3 columns of
the wrist anatomically (reconstruction of the Bohler’s angle).
Palmar locking plate fixation is recommended for type A2, A3,
B2, B3, C1, and 2.3 fractures. Chauffeur fractures (B1) are fixed
by compression screws. The intrafocal (Kapandji) or extrafocal
(Willenegger) K-wire osteosynthesis may be used in A2 frac-
tures or in critical soft tissue conditions, when open reduction is
not possible. K-wires are also used in addition to plates or exter-
nal fixators in case of destruction of the articulating surface.
Bridging external fixators are useful in osteoporotic-comminuted
fractures, precarious soft tissue conditions, high-grade open
fractures, and polytraumatized patients. Additional injuries like
SL—dissociations, displaced fractures of the base of the ulna
styloid, and TFCC—and DRUI instabilities require additional
surgery.

8.3 Lower Limb Injuries

8.3.1 Femoral Head Fractures

Fractures of the femoral head (frequently combined with dorsal
hip dislocation or femoral neck fractures) are the result of a
high-energy trauma (e.g., dash board injury). The Pipkin
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classification describes 4 types [14]. The indication for open
reduction and internal screw fixation of type 1 fractures depends
on the extent of head destruction, fragment displacement, and
impingement. Surgery is indicated in all type 2—4 cases. The
main complications resulting from femoral head fractures are
AVN of the femoral head, heterotopic ossification, and second-
ary coxarthrosis.

8.3.2 Femoral Neck Fractures

In the times of conservative treatment, femoral neck fractures
had an extremely high mortality rate due to immobilization-
related complications (DVT, pulmonary embolism, pneumonia).

Even today femoral neck fractures of the elderly show 1-year
mortality of up to 25 %.

The Pauwels classification, defining the degree of instability
based on the angle between the fracture and the horizontal plane,
was used to identify stable fractures, which could be treated
conservatively, and unstable fractures, which needed surgery,
have become obsolete, as most fractures today are treated with
primary hip replacement. The Garden classification considers
the extent of the displacement and is used to estimate the prog-
nosis of the fracture regarding the risk of nonunion and AVN.

Because of the compromised blood supply of the femoral
head, only minimal displaced neck fractures in younger patients
stand a chance of unimpaired fracture healing. These fractures
should be reduced and fixed with cannulated screws preferably
within the first 6 h to ensure best results. Operative decompres-
sion of the hip joint is controversial.

Hip replacement is recommended within 24-36 h. Studies
did not show any significant differences between the use of
bipolar prostheses or total hip replacement [15].
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8.3.3 Trochanteric Fractures

According to the AO classification, trochanteric fractures are
classified into stable and unstable fractures. There are three
types of instabilities: mediolateral, craniocaudal, and rotational
instability. The posteromedial support (lesser trochanter defect)
and the involvement of the subtrochanteric region are crucial for
the stability. The mini-open reduction and extramedullary stabi-
lization (e.g., by DHS) may be used for stable trochanteric
fractures (31A1). Intramedullary nailing with cephalomedullary
nails has become the gold standard for all types of intertrochan-
teric and subtrochanteric fractures, as these nails are suitable for
both stable and unstable fractures.

Fixation of the lesser trochanter is not necessary. In displaced
fractures with involvement of the subtrochanteric region, open
reduction and additional internal cable wire fixation will
increase the stability (Fig. 8.5).

8.3.4 Femoral Shaft Fractures

Intramedullary nail systems (reamed and unreamed nails with
their individual pros and cons) are the treatment of choice for
femoral shaft fractures. Studies show that the incidence of pul-
monary complications is not primarily dependent on the type of
stabilization, but is mainly caused by the extent of lung injuries
[16]. Several prospective randomized studies comparing reamed
and unreamed nails do not show differences in the rate of
ARDS, pulmonary complications, and survival rate [17].
Primary intramedullary nailing is contraindicated in grade III
open fractures. External fixation is the best method of stabiliza-
tion in these cases [18] (Fig. 8.6).
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Fig. 8.5 Intertrochanteric femur fracture (A3.2). Closed reduction and
internal cephalomedullary nail fixation. A short nail is used because of
previous plate fixation of a distal femur fracture

Fig. 8.6 II° open fracture of the femur shaft (B2) in polytraumatized
19-year-old women. Primary closed reduction and external fixation.
Secondary nail fixation
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8.3.5 Distal Femoral Fractures

In hemodynamically unstable patients or higher degrees of soft
tissue injuries, a bridging external fixator is a suitable tool for
temporary primary stabilization.

Metaphyseal fractures (A2, 3) are the domain of intramedul-
lary nailing (orthograde, retrograde). For B-type fractures com-
pression screw osteosynthesis is recommended.

(Minimally invasive) fixation with locking plates (LISS) is
used for comminuted C-type injuries. These fractures are stabi-
lized as follows: stabilization of the joint block by K-wires and/
or screws, followed by fixation of the joint block to the shaft by
locking compression plates.

8.3.6 Proximal Tibial Fractures

Undisplaced extraarticular fractures without soft tissue prob-
lems and no risk of a compartment syndrome may be primarily
immobilized in a long leg cast.

However, operative treatment with early mobilization is the
gold standard.

Displaced avulsions of the intercondylar eminentia (41A1)
are fixed by transosseous cable wire or by compression
screws. Locking compression plates or plateau buttress plates
are used for internal fixation of metaphyseal A2 and A3 frac-
tures. Type B injuries are usually stabilized with compression
screws. Large fragments should be stabilized by plates to pre-
vent rotational instability. Articular surface have to be
realigned, depressions reduced, and the cancellous bone
defects should be filled with autologous bone or bone substi-
tutes. C-type fractures should be treated by plate systems (pos-
sibly if needed with additional compression screws). The
temporary stabilization by bridging external fixator may be
required in cases of critical soft tissue condition, open frac-
tures, vascular injuries, and compartment syndrome, with
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Fig. 8.7 Chain injury with femoral shaft, patella, and proximal tibial frac-
ture. Primary spanning fixator stabilization. Definitive femur care by rod-
ding. Tibial reduction with hybrid fixator (conversed)

secondary definite reconstruction (ORIF or hybrid frame)
(Fig. 8.7).

8.3.7 Tibial Shaft Fractures

Analogous to other long bones (femur, humerus) intramedul-
lary nailing is the treatment of choice. The question of reaming
or not reaming is answered controversially. The results of a
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Fig. 8.8 2-level fracture of the tibia. Closed reduction and intramedullary
nail fixation

meta-analysis indicate that unreamed intramedullary nails
reduce the risk of reoperation, nonunion, and superficial infec-
tion compared to external fixator [19]. Compared to unreamed
nails, the intramedullary rodding of closed tibial shaft frac-
tures by reamed nails shows a lower rate of pseudarthroses
[20]. In comminuted diaphyseal fractures, locking compres-
sion plate fixation is an alternative (minimally invasive tech-
nique). External fixation is used in critical soft tissue
conditions, open fractures, and compartment syndromes
(Fig. 8.8).

8.3.8 Distal Tibial Fractures

Intramedullary nailing is possible in distal metaphyseal
tibial fractures only if the joint block is large enough for
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double interlocking. Whenever initial soft tissue conditions
prohibit ORIF, temporary external fixator stabilization may be
performed. Primary external hybrid fixation is technically
demanding. The tibial plafond (pilon tibial) fracture is a com-
minuted fracture of the distal tibia involving the ankle joint.
An axial trauma leads to the epiphyseal and metaphyseal
destruction with massive soft tissue problems. In these cases
restoration of length and rotation of the lower leg is an option
by fixating the fibula (intramedullary wire, plating). An initial
joint-bridging external fixator may be necessary for soft tissue
protection (optional shortening of tibial length in order to
decompress soft tissue), followed by definite internal locking
plate fixation (MIPPO technique) after soft tissue recovery. In
case of minor soft tissue damage, the pilon can be recon-
structed by minimal invasive techniques (K-wire, screw) in the
same session.

8.3.9 Ankle Joint (Malleolar) Fractures

The descriptive Danis and Weber classification of the distal
fibula is based on the localization of the fracture line in relation
to the syndesmosis. The Lauge/Hansen classification considers
the position of the joint and the direction of the applied force at
the moment of the trauma and thus allows a precise assessment
of the stability of the ankle joint [21].

Initial external transfixation is indicated in polytraumatized
patients with an ISS>25 and/or a chest trauma of AIS>3 [22].

For definitive internal fixation one-third tubular plating may
be used for the fibula, with and without interfragmentary com-
pression screws.

If there is a rupture of the syndesmosis, the tibiofibular joint
must be reduced and temporarily (6 weeks) stabilized with a
syndesmotic screw. Open reduction and cancellous screw fixa-
tion may be used for the medial malleolus. Comminuted frac-
tures may be fixed by tension band wiring. Fractures of the
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Volkmann triangle with a minimum size of 1/5 of the joint
surface are stabilized with cannulated screws.

8.3.10 Talus Fractures

Fractures of the talus are caused by axial forces with additional
ankle dorsiflexion. Three-fifths of the talar surface is covered
with cartilage. Higher-degree fracture dislocations are strongly
linked with a compromised blood supply resulting in a high risk
of secondary AVN (talus necrosis) with secondary osteoarthri-
tis. Displaced fractures therefore represent an emergency. The
classification by Marti/Weber differentiates central and periph-
eral fractures. Neck fractures are classified according to Hawkins
[23]. The procedure of choice is the cannulated screw fixation
via the anteromedial approach. Medial ankle osteotomy is
required in case of talar fracture dislocation. Weight bearing
must be avoided for 10-12 weeks.

8.3.11 Calcaneal Fractures

The fate of this fracture decides itself in the moment of the acci-
dent. The classification is according to Essex-Lopresti.
Extraarticular fractures of the tuber calcanei (duckbill fracture)
can be fixed by minimally invasive cancellous cannulated
screws. Intraarticular fractures (joint depression, tongue type,
comminuted) require open anatomical reduction via a standard
lateral approach. For the anatomical reconstruction of the
Bohler angle and the subtalar plane, the Westhues maneuver is
helpful. Cancellous bone defects (subtalar voids after reduction
of the compressed cancellous bone) must be filled with autolo-
gous bone or bone substitutes. The locking compression plate is
the implant of choice. No weight bearing for 10-12 weeks.
Complications include wound healing disorders, infections, and
secondary subtalar arthosis/ankylosis.



106 R.H. Gahr and M. Spalteholz
References

1. Bardenheuer M, Obertacke U, Waydhas C, Nast-Kolb D et al (2000)
Epidemiologie des Schwerverletzten - Eine prospektive Erfassung der
préklinischen und klinischen Versorgung. Unfallchirurg 103:355-363

2. Harwood P, Giannoudis P, Van Griensven N et al (2005) Alterations in
the systemic inflammatory response after early total care and damage
control procedures for femoral shaft fractures in severely injured
patients. J Trauma 58:446-452

3. Sturm JA, Oestern HJ, Nerlich ML, Lobenhoffer P (1984) Die primire
Oberschenkelosteosynthese beim Polytrauma: Gefahr oder Gewinn fiir
den Patienten? Langenbecks Arch Chir 364:325-327

4. Wenzel MW (2010) Moderne Osteosynthesetechniken. Extremitéten-
verletzungen im Rahmen des Polytraumas. Trauma Berufskrankh
12(Suppl 2):160-167

5. Gumina S, Posacchini F (1997) Anterior dislocation of the shoulder in
elderly patients. J Bone Joint Surg 79B(4):540-543

6. Neer C (1970) Displaced proximal humerus fractures. Part I.
Classification and evaluation. J Bone Joint Surg 52-A:1077-1089

7. Gambirasio R, Riand N, Stern R et al (2001) Total elbow replacement
for complex fractures of the distal humerus. An option for the elderly
patient. J Bone Joint Surg Br 83(7):974-978

8. Korner J, Lill H, Muller LP (2003) The LCP-concept in the operative
treatment of distal humerus fractures — biological, biomechanical and
surgical aspects. Injury 34(suppl 02):B20-B30

9. Schatzker J (1987) Olecranon fractures. In: Schatzker J, Tile M (eds)
The rationale of operative fracture care. Springer, Berlin/Heidelberg/
New York, pp 80-87

10. Metaizeau JP, Lascombes P, Lemelle JL et al (1993) Reduction and
fixation of displaced radial neck fractures by closed intramedullary
pinning. J Pediatr Orthop 13:355-360

11. Thompson JE (1918) Anatomical methods of approach in operations on
the long bones of the Extremities. Ann Surg 68(3):309-329

12. Henry AK (1970) Extensile exposure, 2nd edn. Williams & Wilkins,
Baltimore, p 100

13. Essex-Lopresti P (1951) Fractures of the radial head with distal radio-
ulnar dislocation: report of two cases. J Bone Joint Surg 33:244-247

14. Pipkin G (1957) Treatment of grade IV fracture-dislocation of the hip.
J Bone Joint Surg Am 39:1027-1042



15.

16.

17.

18.

19.

20.

21.

22.

23.

Trauma Surgery of the Extremities 107

Calder SJ, Anderson GH, Jagger C (1996) Unipolar or bipolar
prosthesis for displaced intracapsular hip fracture in octogenarians: a
randomised prospective study. J Bone Joint Surg Br 78:391-394

Bone LB, Babikian G, Stegemann PM (1995) Femoral canal reaming
in the polytrauma patient with chest injury: a clinical perspective. Clin
Orthop 318:91-94

Bosse MJ, Machenzie EJ, Riemer BL, Brumback RJ, McCarthy ML,
Burgess AR (1997) Adult respiratory distress syndrome, pneumonia
and mortality following thoracic injury and femoral fracture treated
either with intramedullary nailing with reaming or with a plate. A com-
parative study. J Bone Joint Surg Am 79:799-809

Scalea TM, Boswell SA, Scott JD, Mitchell KA, Kramer ME,
Pollak AN (2000) External fixation as a bridge to intramedullary nail-
ing for patients with multiple injuries and with femur fractures: damage
control orthopedics. J Trauma 48:613-623

Bhandari M, Guyatt GH, Swiontkowski MF, Schemitsch EH (2001)
Treatment of open fractures of the shaft of the tibia. ] Bone Joint Surg
Br 83:62-68

Larsen LB, Madsen JE, Hoiness PR, Ovre S (2004) Should insertion of
intramedullary nails for tibial fractures be with or without reaming? A
prospective, randomized study with 3.8 years’ follow up. J Orthop
Trauma 18:144-149

Lauge-Hansen N (1950) Fractures of the ankle. II. Combined
experimental-surgical and experimental-roentgenologic investigations.
Arch Surg 60:947-985

Ankin N (1998) Surgical treatment of fractures of long bones in a
patient with multiple injuries. Klin Khir 7:41-44

Hawkins LG (1970) Fractures of the neck of the talus. J Bone Joint
Surg Am 52:991



Chapter 9

Minimally Invasive Approach
and Endovascular Techniques
for Vascular Trauma

Joseph J. DuBose, Megan Brenner, and Thomas M. Scalea

The recent emergence of endovascular technologies has
expanded the modalities available for use in the treatment of
vascular injury. Initially employed in the treatment of athero-
sclerotic vascular disease, endovascular modalities have increas-
ingly been utilized for specific vascular trauma indications. The
position of endovascular approaches in algorithms for vascular
injury treatment, however, continues to evolve. To date, these
tools have most commonly been employed at challenging vas-
cular injury locations or for those injuries traditionally associ-
ated with poor outcomes when approached via open modalities.
This chapter will outline the published results from these
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experiences. We will also discuss the potential for future appli-
cations of endovascular treatment as well as the present chal-
lenges to increased utilization of these technologies.

9.1 Endovascular Experience with Management
of Thoracic Aortic Injuries

Thoracic endovascular aortic repair (TEVAR) has, in recent
years, emerged as the standard of care for a significant portion
of traumatic aortic injuries that were traditionally treated by
open surgical means [1-5]. The largest examinations on the
topic were conducted by the Demetriades and colleagues of the
American Association for the Surgery of Trauma (AAST)
Thoracic Aortic Injury Study Group in a large prospective
observational trial of blunt thoracic aortic injuries [6, 7]. In the
first of these reports, the investigators noted that 65 % of the 193
patients with thoracic aortic injury (TAI) underwent endovascu-
lar stent graft repair (TEVAR), with the remaining patients
undergoing open repair. After risk adjustment for mortality, the
researchers noted that the TEVAR group required significantly
fewer blood transfusions and had a significantly lower mortality
than open surgical counterparts (adjusted odds ratio 8.42; 95 %
CI [2.76-25.69]; adjusted p value<0.001). They did, however,
note that 20 % of TEVAR patients developed some form of
device-related complications but that a lower rate of these com-
plications occurred in centers with higher volumes of TEVAR
utilization.

The same group of researchers also reported on the trends in
utilization of TEVAR between two phases of study separated by
a decade (AASTI, completed in 1997 and spanning 30 months
vs. AAST2, completed in 2007 and lasting 26 months). The group
noted a profound trend in the utilization of TEVAR when compar-
ing these two periods. During the period of AAST1, all TAI were
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repaired utilizing open means. In contrast, by the time of the 2007
study conclusion, only 35.2 % were managed with open surgical
intervention — the remaining undergoing TEVAR. The authors
also noted both a significant decrease in TAI-associated mortality
(22 % vs. 13 %, p=0.02) and incidence of procedure-related
paraplegia (8.7 % vs. 1.6 %, p=0.001) over time.

Despite the emergence of TEVAR, several key elements of
endovascular treatment of thoracic aortic injury require addi-
tional examination. Initially utilized devices were often impro-
vised or were designed for the treatment of abdominal
aneurysmal disease. Many subsequent complications in stent
deployment were, accordingly, related to issues in failure of the
device to adequately conform safely to the contour of the tho-
racic aorta. Additionally, the diagnosis and treatment of inadver-
tent or intentional coverage of the subclavian or other arch
vessels was poorly understood. Although the evolution in endo-
vascular technologies and improved management algorithms
has mitigated much of these risks, further research is required.
In particular, long-term follow-up of these devices is required.
Given the relative younger age of many trauma patients and
associated smaller diameter of the thoracic aorta, the potential
for stent malfunction, migration, or other complications over
time has not been well documented.

9.2 Endovascular Experience with Management
of Cerebrovascular Injuries

The treatment and outcome of cerebrovascular injuries is influ-
enced by many factors, including the mechanism, type of
injury, and associated neurologic function. These injuries may
be associated with considerable mortality and high rates of
neurologic impairment. Several types of injuries may result
from cerebrovascular trauma, regardless of mechanism. Those
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that do not commonly result in the operative indications of
hemorrhage or expanding hematoma include intimal flaps, dis-
sections, and pseudoaneurysms. The natural history and appro-
priate management of these injuries remain ill defined.
Anticoagulation following blunt carotid injury is known to be
associated with improved outcome following blunt trauma, but
some types of injuries are more likely to fail conservative
therapy. It has been reported that up to 40 % of patients in the
modern era may require endovascular intervention for these
injuries [9].

Borrowing on the expanding experience with the use of
endovascular stents for cerebrovascular disease, carotid stenting
has been utilized for high extracranial internal carotid lesions.
These types of interventions are ideally suited for this region,
where surgical approaches are most difficult, and are associated
with a high rate of local and cerebrovascular complications. An
endovascular approach may also prove particularly useful in the
treatment of select type of internal carotid injuries, as surgical
resection or repair of internal carotid pseudoaneurysms in par-
ticular is associated with a high mortality rate and high inci-
dence of cerebral complications.

In the largest review on this topic to date, DuBose and col-
leagues [10] identified experiences from 113 patients undergo-
ing carotid stenting that were reported in the literature from
1994 to 2008. The injury types treated by stenting included
pseudoaneurysm (60.2 %), arteriovenous fistula (16.8 %) dis-
section (14.2 %), partial transection (4.4 %), occlusion (2.7 %),
intimal flap (0.9 %), and aneurysm (0.9 %). Over radiographic
and clinical follow-up periods ranging from 2 weeks to 2 years,
a follow-up patency of 79.6 % was documented. New neuro-
logic deficits after stent placement occurred in only 3.5 % of
patients, improved over historical experiences with open repair
after trauma. Although these initial experiences are promising,
no large prospective study on this topic has yet been conducted,
and further research is warranted.
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9.3 Endovascular Experience with Management
of Axillo-subclavian Injuries

Injuries to the subclavian and axillary arteries continue to be
associated with high rates of morbidity and mortality. In one of
the landmark series on these injuries, Demetriades and col-
leagues at Los Angeles County+ University of Southern
California Hospital [8] examined penetrating subclavian and
axillary injuries, identifying 79 patients with these injuries over
approximately 4 years. The associated overall mortality was
34.2 %. Even after excluding those patients in extremis requir-
ing resuscitative thoracotomies, mortality remained consider-
able at 14.8 %. These experiences, combined with the confined
anatomical relationships of the thoracic inlet, contribute to the
complexity attributed to open surgical treatment of subclavian/
axillary trauma. These challenges have made injuries at this
location an attractive target for study of the utilization of endo-
vascular technologies.

In the largest review of this topic, conducted by DuBose
et al. [11], investigators identified 32 published reports of endo-
vascular treatment of subclavian or axillary artery injuries with
sufficient information for review. These reports described 160
patients (150 subclavian; 10 axillary), the majority of which
(56.3 %) were due to penetrating injuries. Lesions treated
included pseudoaneurysm, arteriovenous fistula, perforation,
occlusion, partial or complete transection, and dissection. Only
six procedure-related complications were reported. The only
reported periprocedural mortality reported was a death occur-
ring in the angiography suite after successful deployment of an
endovascular stent had been completed. Overall, radiographic
and clinical follow-up periods ranging from hospital discharge
to 70 months were reported, with no device-related infections,
migrations, or acute limb-threatening ischemic events reported
among the 160 reported cases. The authors documented an
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asymptomatic patency rate of 84.4 % for the duration of avail-
able follow-up. This group concluded that, despite uncertainties
in patient selection and optimal management algorithms, early
results of endovascular treatment for properly selected subcla-
vian and axillary injuries are promising.

9.4 Endovascular Experience with Management
of Vascular Injury at Other Locations

Endovascular management of vascular injury at other anatomical
locations has also been proposed [12, 13]. Treatment of visceral
[14], iliac [15], and even peripheral artery injuries [16, 17] has been
described. To date, however, there have been no large prospec-
tive studies in these settings, and availability of data is limited
to case reports or small case series. Defining the optimal utiliza-
tion of endovascular therapy for injuries at more anatomically
accessible sites will require additional study.

9.5 Endovascular Vascular Control as an
Adjunct to Open Surgical Intervention

As the exploration of endovascular application for trauma has
continued to evolve, so too has the potential application of this
technology. Many early studies have focused on direct compari-
sons of open versus endovascular interventions. Increasingly,
however, awareness that these two approaches may work in
compliment with one another has arisen. So-called hybrid
approaches may hold considerable promise in the treatment of
vascular injury. Endovascular balloons have been effectively
utilized for proximal occlusion, dilation, and stent deployment in
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the treatment of atherosclerotic disease. Increasingly, their use in
hybrid vascular trauma applications has also been examined.

The use of endovascular occlusion for trauma indications is
not an entirely new concept. Scalea and Sclafani from Kings
County Hospital of Brooklyn, New York, first described this
technique in 1991 [18]. In recent years, however, several groups of
investigators have subjected the utilization of this practice to
greater scrutiny using animal models [19-21]. Early results sug-
gest that the application of endovascular technologies may pro-
vide rapid control of proximal arterial hemorrhage, facilitating
a more controlled effort at exposure and operative repair. Future
study on these types of hybrid approaches is likely to demon-
strate the complementary nature of endovascular and open sur-
gical interventions for vascular trauma.

9.6 Potential Complications and Present
Limitations of Endovascular Management

Despite recent advances of endovascular trauma applications, it
is paramount that trauma providers understand the specific com-
plications unique to these technologies. These begin with the
skill sets required to adequately utilize these innovations. At
present the techniques and tools of endovascular intervention
largely belong to those specialists formally trained in interven-
tional radiology or vascular surgery. As hybrid approaches
become more common, however, these conditions may change.
Several studies, most notably the aforementioned AAST TEVAR
experience, have also demonstrated the relationship between
volume of procedures performed and subsequent outcomes.
These data suggest that endovascular trauma management is
best accomplished at high-volume trauma centers with experi-
enced providers.
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Endovascular approaches also have specific potential
complications that may require specialist support to manage
effectively. This may be particularly true for stent coverage of
vascular injuries. Endoleaks, stent migration, and prosthetic
failure are all potential management dilemmas that will require
capable subspecialty support to effectively treat.

Access site complications may also be common. Many of the
present devices utilized for trauma endovascular intervention
require fairly sizeable deployment systems for device introduc-
tion into peripheral arteries. Particularly for young trauma vic-
tims with smaller diameter arteries, these device sizes are
presently problematic. Continued evolution of endovascular
technologies may someday ameliorate this risk, but, at present,
endovascular device companies have been slower to embrace
these special concerns for trauma applications.

Perhaps the greatest present limitation of endovascular technol-
ogies for trauma is the lack of adequate follow-up data. As the ease
of utilization improves, so too must the ability of trauma providers
to determine the durability of endovascular intervention for injury.
The recently initiated PROspective Observational Vascular Injury
Trial (PROOVIT) study of the American Association for the
Surgery of Trauma (AAST) is one modality that holds promise in
this regard. This study is designed to capture initial endovascular
and open vascular injury treatments at a wide variety of anatomical
locations — as well as long-term follow-up data. It is the hope of the
study group that this information will help to define the optimal
utilization of endovascular technologies for trauma.

9.7 Conclusion

The role of endovascular management for vascular injury con-
tinues to evolve. These technologies, both in isolation and in
hybrid coordination with open surgical intervention, hold
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considerable promise for the future. Well established already for
specific indications, further study is needed to determine the
optimal role of endovascular techniques in vascular injury man-
agement algorithms.
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Chapter 10
Interventional Techniques for
Hemorrhage Control in Trauma

Robert Short, Alan Murdock, Phillip Orons,
and Andrew B. Peitzman

Interventional radiologic techniques have become a mainstay in
the management of trauma ranging from hemorrhage control
(i.e., endovascular balloon occlusion, stenting, and emboliza-
tion) to the management of complications (i.e., drainage of
abscesses and placement of inferior vena caval filters). This
chapter will provide a broad overview of the diagnostic assess-
ment, equipment, techniques, and their specific applications in
the care of the injured patient as it relates to solid organ injury,
pelvic bleeding, and resuscitation assisted by aortic balloon
occlusion. Endovascular techniques specifically applicable for
great vessel injury will be covered elsewhere in this
handbook.
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10.1 Diagnostic Radiologic Assessment

10.1.1 Computed Tomography

Computed tomography (CT) is the principal diagnostic test in
hemodynamically stable trauma patients due to its widespread
availability, speed, and unambiguous anatomic detail. With the
advent of multislice CT scanners, bleeding and vascular injuries
have become more readily identified. In addition, CT scanners
with 16 slices and above are able to provide rapid angiographic
evaluation of any vascular region. Computed tomography angi-
ography (CTA) is the primary assessment modality in trauma for
suspected vascular injury. Keys to success in performing CTA
include (1) contrast timing — bolus must be timed to achieve peak
arterial enhancement of the main regions of interest, (2) table
timing — table movement can move faster than contrast bolus;
therefore acquisition rate may need to be adjusted for some
patients, and (3) multiplanar reformatting, a technique which
assembles cross-sectional images into an image more consistent
with conventional angiography. Most CT scanners today have
preprogrammed reconstruction algorithms optimizing the imag-
ing quality of the various CTA scenarios. Typical CTA protocols
require IV administration of contrast of around 100 ml. While
CTA often can localize bleeding, intervention must be carried
out surgically or in the angiography suite (Fig. 10.1).

10.1.2 Angiography

The majority of angiography is currently performed using digi-
tal subtraction. Digital subtraction angiography (DSA) provides
visualization of blood vessels by subtracting out background
structures before contrast injection. DSA can be performed with
multi-station or stepping table (bolus chase) techniques. Multi-
station DSA is performed in sections, each with its own injec-
tion (e.g., upper arm, lower arm, hand). This usually gives the
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Fig. 10.1 A 3-D reconstruction from CT angiogram of the abdomen and
pelvis

best images particularly for peripheral angiography but increases
radiation dose and contrast administration. Stepping table DSA
is used only in peripheral angiography. The C-arm or table
moves in a series of overlapping steps with a single bolus of
contrast injection. This technique usually requires a more
experienced technician and is of limited utility except in bilat-
eral lower extremity pathology (Fig. 10.2).

10.2 Equipment

10.2.1 Fluoroscopy

Most modern angiography units use pulsed fluoroscopy where
radiation is produced in a pulsating fashion instead of a continu-
ous beam. The pulses typically range from 2 to 30 pulses per
second. The primary advantage of pulsed fluoroscopy is a
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Fig. 10.2 Digital subtraction angiography (DSA) of the abdomen and
pelvis (AP view)

significant reduction in radiation dose. The goal of fluoroscopy
is to hold the radiation exposure to both patient and operator to
a minimum while still providing the image detail necessary for
the given situation. In addition to the use of pulsed fluoroscopy,
this can be achieved by keeping the image intensifier or flat-
panel detector close to the patient, centering over the region of
interest, judicious use of collimation, moving the table before
screening when changing positions, and optimizing single
angiographic runs to sort out anatomy. Judicious application of
fluoroscopy and features such as “last image hold” where the
last image is displayed on the monitor also help reduce radiation
exposure to the patient, technologists, nurses, and physicians.
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10.2.2 Power Injectors

Power injectors deliver a controlled bolus of contrast. They have
significant advantages over hand injections by delivering con-
trast boluses with higher flow rates, consistent volumes, and
precise timing. Parameters settings include flow rate (ml/s),
total volume (ml), pressure rate rise, linear rise, maximum pres-
sure (psi), and injection delay. Flow rate is selected on the basis
of vessel diameter and blood flow. Volume depends on the
desired column length and size of area of interest. Pressure rate
rise is the time to peak pressure and typically set at 0.4 s.
Although most modern angiographic catheters have very high
pressure tolerance, catheter-specific maximum pressure is set to
avoid any chance of catheter rupture. The pressure generated by
a power contrast injection is dependent on contrast viscosity,
flow rate, catheter luminal diameter, and catheter material and
length. Linear rise is the time required to reach the maximum
flow rate. It is used to avoid catheter recoil and potential vessel
injury. Rise time depends on catheter size and position. For
example, a linear rise of 0.2 s is typical for multi-side hole
catheters but a longer time (0.4-0.8 s) may be required for an
end-hole catheter. Injection delay can be variable depending on
the distance of the area of interest from the catheter delivering
the contrast bolus.

10.2.3 Vascular Access Sheaths

When bleeding is suspected, vascular access must be gained by
an artery. Typically this is the femoral artery, although brachial
or even radial arterial access methods have been employed.
Vascular sheaths provide an atraumatic conduit for vascular
access and are particularly helpful when multiple catheter
exchanges are required. By convention, a sheath size is rated for
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size of the catheter it will accept in its lumen but has a larger
outside diameter. For example, a 5 Fr sheath will accept a 5 Fr
catheter (1 “French” equals approximately 0.33 mm) but pro-
duces a 6.5 Fr hole in the artery. The sheath has a hemostatic
valve where catheters are inserted and a sidearm for flushing to
which a “flush bag” can be attached to prevent thrombus forma-
tion at the tip of the sheath.

10.2.4 Guidewires

Guidewires serve to negotiate a pathway from entry access to
target area. Along with the choice of an appropriate catheter, the
guidewire used is the key element in the success of any selective
or superselective catheterization and ultimately the success or
failure of any diagnostic or interventional procedure. Guidewires
are divided into two major categories: non-steerable and steer-
able. Non-steerable guidewires provide a rail for catheters to be
advanced into crude position but not navigate into select branch
vessels. Typical examples of non-steerable guidewires include
the following: J guidewire (most common), Straight, Bentson,
Rosen, Amplatz, and Lunderquist. Steerable guidewires have
shaped or shapeable angled tips allowing them to be selectively
rotated and directed through tight stenoses or areas of tortuosity
into branch vessels.

Selection of guidewire application is further based on diam-
eter, length, material (e.g., stainless steel or nitinol), lubricity
(hydrophilic or not), wire tip shape, and overall stiffness. Most
guidewires are either microwires (0.010-0.018 in.) or standard
(0.025-0.038 in.). The majority of cases start with use of a stan-
dard 0.035 in. guidewire which will fit through 4 or 5 Fr cathe-
ter. Small caliber wires (typically 0.010-0.018 in.) are used with
microcatheters, usually coaxially through a 5 Fr base catheter.
Length of the guidewire is critical when considering catheter
exchanges to gain favorable position. A standard guidewire is
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145-180 cm, but longer wires may be required for working from
groin to upper limb or visceral circulation. Wire tips are floppy
and atraumatic at one end and rigid at the other end. The length
of the floppy tip can vary and application is based on optimizing
the transition zone (floppy to stiff portion) within the target ves-
sel. Wire stiffness is a key criterion in selection of non-steerable
wires. Stiffness choice is made based on task required. For
example, a 5 Fr diagnostic catheter can be advanced over a stan-
dard guidewire, but, depending on body habitus or vascular
tortuosity, a large sheath or guiding catheter used to deliver a
stent may require the use of a stiffer guidewire. Very flexible
microwires with shapeable tips are often required to select small
vessels, over which a microcatheter can be positioned for super-
selective embolization.

10.2.5 Catheters

Like guidewires, catheters are divided into two categories: non-
selective (diagnostic) and selective. Catheters are named for
their outer lumen size (e.g., 5 French). Nonselective catheters,
also known as flush catheters, are used to inject medium to
large-sized vessels and have multiple side holes to deliver large
boluses of contrast. A pigtail catheter is the most commonly
used nonselective catheter. Pigtail catheters are marketed in a
variety of iterations and have both end and side holes which
provide largest flow at the end with homogenous contrast bolus
from the side holes. Maximum flow rate of catheters depend on
luminal diameter, length, and number of side holes. The maxi-
mum injection rate and injection pressure is listed packaging
and catheter hub.

Selective catheters have a wide variety of shapes and are used
to selectively access branch vessels. Selective catheters may
have end hole only or end and side holes. End-hole catheters
should not be used indiscriminately with power injectors due to
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Table 10.1 Measurement standard nomenclature for angiography
catheters, wires, and sheaths

French sizes (circumference mm) Inches Centimeters
Angiographic catheter (outer) Wire diameter Wire length
Guide-catheter size (outer) Catheter lumen Catheter length
Sheath size (inner) Sheath length

the high flow jet created which may lead to possible vessel
injury or dissection. Catheters are further classified by their
material (e.g., hydrophilic) and their composition, braided or
non-braided. A braided catheter has a small amount of metallic
fiber woven into the walls which makes the catheter more steer-
able and improves trackability.

Common selective catheters include Cobra, Berenstein,
Sidewinder, and Headhunter. Each of these catheters is designed
for specific target regions such as head and neck, aortic arch,
visceral, and peripheral. Most cases start with a diagnostic cath-
eter (e.g., 5 Fr pigtail), and then selective catheters are chosen
based on the intended treatment vessel, but changes are often
made during a case based on the given anatomy. A microcathe-
ter is employed coaxially for more distal access into smaller
vessels where advancing larger catheters might be difficult or
impossible, might be occlusive, or cause vessel spasm or injury
(Table 10.1).

10.3 Interventional Technique

It must be noted that while techniques for access, vascular cath-
eterization, and endovascular treatment are described in this
chapter, these types of interventions should not be performed
without first having received direct training and guidance by an
experienced endovascular interventionalist.
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10.3.1 Vascular Access

Access puncture sites are fixed and compressible over bone for
hemostasis. The common femoral artery (CFA) is the most
widely used site because of the size of the vessel and lowest risk
of complications at the site. Brachial access is occasionally
employed but even small amount of hemorrhage at this site car-
ries potential adjacent nerve damage. The choice of ipsilateral
or contralateral, or antegrade or retrograde femoral access for
lower extremity arteriography or intervention depends on the
index of suspicion of injury, intended treatment plan, and age
and clinical status of the patient. For example, one might not
want to access the right common femoral artery in an individual
with a right acetabular fracture. The elderly often have markedly
tortuous iliac vasculature that might make contralateral catheter-
ization difficult, and marked obesity might make safe antegrade
femoral access difficult or impossible.

The CFA courses over the medial half of the femoral head.
Pulse is typically used as the landmark, but position of the femo-
ral head should be checked with fluoroscopy as the inguinal
crease is not a reliable landmark, particularly in obese patients.
Ultrasound-guided puncture can facilitate arterial access in dif-
ficult cases or may even be utilized on a routine basis.

It is recommended that puncture of the femoral artery should
be at the level of the midpoint of the femoral head. The skin
entry site and course of the needle should account for this such
that a more inferior skin entry will be required. Puncturing the
CFA too high (above the inguinal ligament) increases the risk
of bleeding due to inability to compress the artery after sheath
removal. Too low of a puncture carries similar risk but may lead
to occlusion of the superficial femoral artery. Access of the
CFA is typically performed either with a micropuncture set or
standard vascular access kit. The micropuncture set uses a
smaller gauge needle (21 G) and accepts a 0.018-in. wire with
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floppy tip. Once the vessel is accessed with the 21 G needle, the
0.018-in. wire is passed, over which a two-part dilator is intro-
duced. The 3 Fr inner component accepts and accommodates
the small 0.018 in., and the outer 4 Fr component has a 0.035-
in. diameter. Once the inner component is removed, a standard
0.035-in. guidewire can be passed and allow the placement of a
vascular sheath. The standard access kit uses an 18/19 G needle
that will accept a 0.035-in. guidewire. The micropuncture set
has the advantage of securing an optimal puncture with less risk
of trauma to the vessel.

10.3.2 Sheath Placement/Passage of Guidewire

Access of the artery with a micropuncture set as described
above is recommended. With the 21 G needle in place and pul-
satile blood return confirmed, the 0.018-in. wire should be
slowly advanced under fluoroscopic guidance. The needle
position over the femoral head can be confirmed with the wire
in place. If too high or too low, withdraw the needle and wire,
apply pressure for several minutes, and try again. When manip-
ulating the wire, the tip of the wire should be in view at all
times. If there is any resistance, withdraw a few centimeters, and
then advance again looking for deviation from the anticipated
path. If the 0.018-in. wire will not advance intraluminally, it is
likely the needle tip has been advanced too far into the vessel
wall. Withdraw the wire, check for pulsatile flow, and reposition
the needle if necessary. If the wire is intraluminal and will not
advance, ensure that the wire is taking the anticipated path and
not in a branch vessel. If redirection is not successful, a 4 Fr
dilator can be inserted to secure the access. Make certain that
the dilator can be aspirated. Gently inject contrast to confirm
intraluminal position then hand-inject an angiogram to identify
the problem. Once access is established with the 4 Fr micro-
puncture set, the inner portion and 0.018-in. wire are removed
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and a 0.035-in. guidewire is advanced through the lumen.
A J-wire with a very floppy tip (e.g., LLT or Benson) is the most
commonly used starter guidewire. Once this wire is in place,
typically a 5 Fr 10-cm sheath is placed over the wire. Use of
steerable hydrophilic wires or shaped catheters may be neces-
sary to navigate diseased or tortuous vessels. Always ensure a
suitable length of the guidewire in the vessel before introducing
a sheath/dilator or exchanging a catheter.

10.3.3 Introduction of Catheter

Catheter selection is dependent on the procedure. The catheter
should be move easily over a guidewire which must be fixed and
under tension (i.e., the system must be kept straightened).
Always insert an ample amount of guidewire under fluoroscopic
visualization into the vessels before passing the catheter. The
wire leads the catheter into a large vessel. The wire is then
advanced to the target followed by the catheter placement into
the branch vessel for angiography or intervention. Catheter
shape, in addition to steerable guidewires, will be the main
determinant of the ability to successfully catheterize the intended
target vessel. Most microcatheters have radiopaque tips to allow
easy identification of the catheter tip. A small hand injection of
contrast under fluoroscopy should always be performed to
gauge catheter position and blood flow before DSA is
performed.

10.3.4 Performing an Angiogram

Three keys elements are involved in performing a high-quality
diagnostic angiogram: (1) appropriate placement of the catheter
tip, (2) appropriate contrast rate injection and image acquisition
rate, and (3) imaging angle. For example, performing an
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Table 10.2 Angiography typical standards for aortogram

Contrast Total

Aortogram  Position (ccls) (cc) Frames/s View

Arch 1 cm distal AV~ 20 40 4-6 LAO 40°

Abdominal TI12or L1 15 30 4 LAO 10-15°

Pelvis 1-2 cm prox 10 20 24 AP, LAO 25°,
bifurcation RAO 25°

LAO left anterior oblique, AP anterior posterior, RAO right anterior oblique

aortogram can be accomplished at three major levels: arch,
abdominal, and pelvis. The catheter for arch aortogram should
be in the proximal ascending arch typically by “bouncing” the
catheter tip off the aortic value and pulling back 1 cm. Contrast
(100 % strength) is then injected at approximately 20 cc for 2 s
for a total of 40 cc. Image acquisition is set at 4—6 frames/s with
steep left anterior oblique view to evaluate the origins and avoid
superimposition of the great vessels. Orthogonal or varying
projections are often necessary for complete vascular evalua-
tion. Table 10.2 provides standard injection and acquisition rates
for various anatomic locations. Note that these volumes and
rates may vary higher or lower depending on patient age, vascu-
lar diameter, cardiac output, and blood pressure.

10.4 Trauma Vascular Interventions

Trauma comprises a wide range of injuries from both blunt
and penetrating mechanisms. A high index of suspicion, early
recognition, and timely intervention are critical in alleviating
the deadly triad of coagulopathy, hypothermia, and acidosis.
The patient’s clinical condition is the most important consid-
eration in deciding between open surgical versus endovascular
intervention. It is difficult to perform angiography and
resuscitate a multi-injured patient, but imaging-guided
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endovascular intervention has a key role in addressing a single
life-threatening focal bleeding source. Once the decision has
been made to proceed with angiography, establish the objec-
tives of the study, and focus on the major targets first.

10.4.1 Diagnosis

Rapid diagnosis of potential trauma hemorrhage via plain radio-
graphs (chest and pelvis radiographs) as well as ultrasound
(FAST - focused abdominal sonogram for trauma) is critical in
the assessment of hemodynamically unstable patients. However,
CT has become the standard in the assessment of the hemody-
namically stable patient and most useful in screening for solid
organ, mesenteric, pelvic, and retroperitoneal bleeding.
Indication for angiography in thoracic and abdominal trauma is
now mainly based on active contrast extravasation on CT
angiography.

In penetrating trauma, injury is usually identified by contrast
extravasation or the presence of pseudoaneurysms. Occasionally,
there may be significant adventitial and medial tears without
intimal injury leading to an almost normal angiogram. It is
important to evaluate for spasm and vascular deviation second-
ary to hematoma.

The main mechanisms for blunt arterial injury are stretch and
compression which may cause shearing of the vessel. All three
arterial layers can be injured and lead to the intramural throm-
bosis. Minor injury may cause arterial spasm, whereas severe
injuries often present as dissections of varying degrees which
may ultimately result in rupture or occlusion. Evaluation of
distal runoff in extremities is essential for surgical planning.

Thoracic aortic injury is a life-threatening injury with most
patients dying prior to arrival to a hospital. Aortic injury is
caused by a combination of factors. Direct compression of the
thorax causes a sudden increase in cardiac output while there is
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concomitant compression of the descending aorta at the
diaphragm creating a water-hammer effect. This increase in
intra-aortic pressure, along with shearing forces on the upper
torso where the descending aorta changes from a mobile to a
fixed position along the spine, results in the vast majority of
aortic injuries being located at the level of the aortic isthmus.
Multi-slice CT with multireconstruction will rarely miss an
aortic injury. Angiography has a significant role in the manage-
ment of aortic injury with the endovascular placement of stent
graft as the primary choice of repair.

Splenic and hepatic injuries are diagnosed on CT and inter-
vention may be required for evidence of active hepatic bleeding
or splenic pseudoaneurysms. Angiography is usually started
with a nonselective abdominal aortic angiogram to identify
anatomy and potential sites of bleeding followed by selective
arteriograms of celiac axis including the liver and spleen, as
well as injection of the superior mesenteric artery (SMA) for
portal venous studies. Embolization is the treatment of choice if
an arterial bleeding source if identified. Multiple views are
required before a traumatic arterial injury can be reliable ruled
out; in trauma one view equals no views.

Severe pelvic injuries are associated with major blood loss
which is usually venous in nature. However, 6 % of pelvic bleed-
ing is arterial. If active extravasation is identified on CT, pelvic
embolization should be considered prior to operative fixation.
The most common pelvic artery injuries include the superior
gluteal, iliolumbar, lateral sacral (associated with sacral fracture
and sacroiliac joint disruption), internal pudendal, and obturator
arteries (associated with pubic rami and acetabular fractures).

10.4.2 Embolization

Embolization is the deliberate blockage of target vessel or terri-
tory to stop hemorrhage with minimal nontarget embolization.
A thorough knowledge of anatomy and its variants are essential
before proceeding. Anatomic anastamoses between vascular
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territories are particularly important because inflow and outflow
will need to be blocked to control bleeding in certain situations
and blockage in others will impact adjacent arterial supply with
potential disastrous results. The level of embolization also needs
to be determined at the onset of the procedure (i.e., treating only
the feeding bleeding vessel or the entire vascular bed).
Embolic agents consist of two broad types: temporary or
permanent. They are further subdivided into mechanical occlu-
sion (coils, detachable plugs), particulate agents (Gelfoam,
polymers), and liquid agents (sclerosants and adhesives). Coils
and plugs are permanent agents and are used to occlude specific
vessels or pack aneurysms. They work by damage to the intima
and provide a large thrombogenic surface and mechanical
obstruction of the lumen. Coils are available in a wide array of
shapes, diameters, and materials and typically are impregnated
with filamentous material to enhance thrombus formation. They
may be simply pushed out of the catheter by a guidewire or may
be deliverable by specific mechanisms built into the coil allow-
ing certain coils to be removed prior to detachment if placement
is determined to be suboptimal. The most important consider-
ations for the operator are whether the coil is compatible with
the catheter in place and sized appropriately for the target ves-
sel. Coil thickness is equivalent to guidewire diameter and typi-
cally varies from 0.014 to 0.038 in.. Size of the coil (the loops
in the coil) and length should be matched to the vessel and task.
A coil that is too large in loop diameter will not coil properly
and will be straightened in the vessel possibly resulting in cath-
eter displacement. A coil that is too small in loop diameter will
migrate distally, potentially to vital nontarget areas (necessitat-
ing retrieval). Before delivering the coil, ensure that the catheter
is properly position in the target vessel. Standard coils are held
straight in a short cartridge which is discarded after the coil is
introduced in the catheter. The coil can then be advance into
position by a guidewire or dedicated coil pusher. Success is
achieved with tight packing of the coils which requires stable
catheter position and correctly sized coils. After a few coils are
place, perform an angiogram to access flow. If flow is slow, wait
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a few minutes to see if the vessel thromboses; otherwise
continue to carefully pack until flow completely stopped. Once
target is coil embolized, distal access through the embolized
vessel is no longer possible. Collateral supply to the area of
injury must be considered. For this reason, distal access to a
pseudoaneurysm, for example, must first be coil embolized
(“distal control”) before coiling proximally. Post-embolization
angiogram should be performed to confirm hemostasis.

Particulate embolic agents are best used when multiple ves-
sels require blockade and target organ tolerance to ischemia is
high. These agents are mixed with contrast and injected under
direct visualization until flow in the vessel ceases or is markedly
diminished. Care must be taken to inject with the right amount
of force to avoid reflux. A “6-beat rule” is sometimes used to
establish stasis, meaning lack of significant motion of the con-
trast column for 6 heartbeats is equivalent to appropriate stasis
in the vessel. Gelfoam provides temporary occlusion, whereas
polymeric particles such as polyvinyl alcohol (PVA) and tris-
acryl gel particles (Embospheres®) provide permanent blockage.
Gelfoam is available in a powder (40—60 pm) but is most com-
monly comes in sheets which can be cut into small pledgets and
mixed with contrast to form a Gelfoam slurry. Gelfoam is often
used in trauma as it can provide nonpermanent hemostasis
quickly to a larger vascular bed where a specific bleeding vessel
may not be identified. Note that the vascular blockade produced
by Gelfoam powder is quite profound and may cause severe
injury; the use of Gelfoam powder should be avoided unless the
operator is extensively experienced with embolization
techniques.

Polymer particle sizes range from 150 to 1,200 pm with par-
ticles being provided in bottles with narrower ranges (e.g.,
100-300 pm, 300-500 pm). Embospheres™ are compressible
spherical particles, approved for use in fibroid embolization.
Small particles penetrate the arteriole bed more deeply than
larger particles and are more appropriate for tumors. Polymeric
particles such as PVA or Embospheres™ are rarely employed in
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trauma since their small size results in permanent end-arteriole
embolization. Reflux from the catheter of these permanent
agents can result in disastrous nontarget embolization.

Liquid agents are divided into sclerosants, glues, and throm-
bin. They are the most difficult to control and least forgiving.
Their use should be restricted to the most experienced interven-
tionalists and are beyond the scope of this chapter.

10.5 Clinical Application

10.5.1 Spleen

Embolization for splenic injuries is indicated by the presence of
active extravasation and/or pseudoaneurysms. Unlike the liver,
the spleen is an end organ and embolization, particularly par-
ticulate embolization, could lead to infarct. Proximal versus
distal embolization of the spleen remains a somewhat controver-
sial issue. Selective coil embolization is the procedure of choice
in controlling small areas of focal intrasplenic bleeding or pseu-
doaneurysm formation. Due to preserved collaterals from the
gastroduodenal, pancreatic, and gastric branches, proximal coil-
ing embolization (of the main splenic artery) is associated with
low risk of splenic infarct and is very effective for global, dif-
fuse, or multiple areas of splenic injury. Detachable emboliza-
tion plugs (e.g., AMPLATZER™ plugs) sized 30-50 % greater
than the main vessel diameter or coils can be employed for
proximal embolization. Distal coil embolization carries a higher
risk of splenic infarct and requires more time to perform.
However, selective embolization should be performed for
extrasplenic hemorrhage due to the degree of hemodynamic
instability and risk of continued bleeding. Both proximal and
distal embolization are 90-95 % technically successful; how-
ever the observed clinically success rate is closer to 86 %
(Figs. 10.3 and 10.4).
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Fig. 10.3 (a, b) Axial CTA image (a) shows grade 4 splenic laceration
with surrounding fluid (blood). DSA image (b) shows angiogram for sizing
of coil size selection. Note there is no active site of bleeding identified.
Patient was hemodynamically unstable and therefore proximal emboliza-
tion was sought

Fig. 10.4 (a—d) Axial CTA image shows fluid surrounding the spleen (a).
DSA image (b) with catheter in the splenic artery shows area of active con-
trast extravasation in the superior portion of the spleen. Selective arteriogram
with microcatheter (c¢) confirms branch for target embolization. Post-
embolization arteriogram (d) shows successful occlusion of the bleeding site
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10.5.2 Liver

Blunt hepatic injury is more commonly venous rather than
arterial. However, arterial bleeding is usually focal involving
small or medium branches and suitable for embolization.
Hepatic arteries are not end arteries and there are multiple col-
laterals. When possible, it is best to start placing coils distal to
the injury and working proximal to control bleeding. If unable
to get a catheter to the site of injury and the bleed appears is
low flow, more proximal embolization with Gelfoam slurry
typically will achieve effective hemostasis. Initial embolization
with Gelfoam followed by coil embolization is an acceptable
alternative. Particle embolization should be distal to the cystic
artery when possible as this is the one area within the hepatic
circulation that lacks the dual supply typical of the liver.
Because of dual supply from the hepatic artery and portal vein,
large areas of hepatic embolization are generally well tolerated.
However, complications such as high-grade liver injury with
abscess formation, hepatic necrosis, or biliary injury (including
gallbladder infarction) may occur although these complications
can also often be managed by interventional techniques. Focal
arterial injuries near the arterial origin can be embolized but
covered stents are an attractive alternative when possible
(Fig. 10.5).

10.5.3 Kidney

Injuries in the kidney may be to the parenchyma or the vascular
pedicle. Arteriovenous fistulas (AVF), pseudoaneurysms, or
bleed can occur in either. Embolization in the kidney differs
from the spleen and liver as there is no collateral supply in the
kidney. Thus, embolization in the kidney will result in infarct
and kidney function may be impacted by volume embolized. For
this reason, it is desirable to be as selective as possible when
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Fig. 10.5 (a—c) Axial CTA image (a) showing active bleed in the liver.
DSA image (b) through the 5 Fr catheter shows multiple areas of active
extravasation from multiple vessels. Selective embolization through a
microcatheter was performed. (¢) Post-embolization DSA image shows
occlusion of multiple bleeding vessels with coils

attempting to embolize renal arteries. Main artery injury can be
treated with a covered stent in some cases. Selective coil embo-
lization is preferred for intraparenchymal injury when a focal
bleeding artery can be identified. Gelfoam or particles can be
used for more distal injury (Fig. 10.6).



10 Interventional Techniques for Hemorrhage Control in Trauma 141

Fig. 10.6 (a—d) Axial CTA (a) shows perfusion defect in the right kidney.
DSA image (b) demonstrates a notched appearance in the inferior renal artery.
Image from the “road map” function (¢) where the operator sees an overlay
of the vessel was used to position a stent across the dissection. (d) Post-
stenting angiogram shows successful restoration of flow in the artery

10.5.4 Pelvis

Bleeding from major pelvic trauma is typically venous and often
will subside with placement of a pelvic binder. However, arterial
bleeding will not usually respond to this intervention. The arte-
rial bleeding almost invariably lies over the fracture site. Even
minor fractures particularly in the elderly can be associated with
major arterial hemorrhage and should be taken into consider-
ation in their traumatic evaluation. Overall, pelvic embolization
is successful in treating hemorrhage in 85-90 % of cases.
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Fig. 10.7 (a—d) Axial CTA image (a) shows contrast extravasation in the
left hemipelvis between the sacrum and the ilium. DSA (b) shows corre-
sponding bleed from the internal iliac artery. Coil embolization ensued (c)
with successful hemostasis (d)

Selective arteriograms of the internal iliac artery should be
performed for pelvic trauma. Superselective embolization with
coils (preferred), Gelfoam, or rarely particles can be performed.
If there are multiple areas of extravasation, nonselective
embolization of the anterior or posterior division or even the
internal iliac artery itself can be performed with Gelfoam as an
extreme measure. Risks of pelvic embolization are increased
however with this maneuver including uterine/prostate/bladder
necrosis, paresis, impotence, and buttock ischemia (Fig. 10.7).
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10.5.5 Extremity

Extremity arterial trauma most often accompanies orthopedic
injuries. Fractures and dislocations may result in injury,
including after reduction. Revascularization with surgical
bypass is the mainstay, but occasionally a stent graft can bridge
a dissection. More typically an occlusion balloon can stop
hemorrhage until surgical repair. Embolization can be carried
out safely in the muscular branches of the arm or leg due to
collateral supply. This collateral supply is more effective
proximal to the knee and elbow compared to the distal extremi-
ties. Provided the palmar arch is intact, injuries to one of the
interosseous, radial, or ulnar arteries can be performed with
coils. Particles are contraindicated due to distal embolization
risk in the hand. For the lower extremities, the popliteal artery
is most often injured and repair is surgical. The common femo-
ral and superficial femoral arteries cannot be embolized (nor
can their supply, the common/external iliac arteries). The pro-
funda femoris branches can be safely embolized due to collat-
eral supply. Because of this collateral supply, proximal and
distal control at the site of injury should be sought. Isolated
injuries to one of the runoff vessels can be coil embolized pro-
vided the plantar arch is patent. Because of this collateral
pathway, again proximal and distal control is warranted
(Fig. 10.8).

10.5.6 Large Vessel (Aorta)

Aortic dissections and transections can be successfully man-
aged with endovascular techniques. Endovascular manage-
ment of with covered stents/grafts is covered elsewhere in this
text.
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Fig. 10.8 Axial CTA images show bleeds in the region of the superficial
femoral artery (a) and profunda femoral artery (b). DSA image (c) after
coiling the profunda branch bleed shows persistent extravasation which was
identified to be arising from an SFA. Because this was not amenable to
coiling, a covered stent was positioned (d) to exclude the bleed. Post-
embolization DSA (e) shows resolution of the bleed
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10.5.7 Advancing Technology

Endovascular techniques have gained wide acceptance in the
management of peripheral vascular disease, aortic aneurysms,
and aortic dissections. However, there is increasing evidence
that these same techniques have a role in the management of
trauma vascular injury and hemorrhagic shock. Endovascular
balloon occlusion, temporary hemorrhage control, and stent-
ing of traumatic injured great and proximal peripheral vessels
have been published in case reports and small series.
Additionally, aortic balloon occlusion has been shown to have
a clear benefit in the management of rupture abdominal aortic
aneurysm.

Resuscitative endovascular balloon occlusion of the aorta
(REBOA) is being evaluated as an alternate to the resuscitative
thoracotomy for traumatic arrest or impending trauma arrest
from hemorrhagic shock. Endovascular balloon occlusion has a
significant advantage over resuscitative thoracotomy by limiting
the secondary insult to a patient already in extremis. The tech-
nique could be applied in the trauma bay with or without fluo-
roscopy. Access is obtained via the femoral artery with a
puncture needle, and a 0.035 in guidewire is advanced into the
femoral and iliac artery. An initial 5-8 Fr sheath is passed over
the wire. Balloon used for aortic occlusion must be compliant
and large enough to occlude significant antegrade flow.
Examples of balloons would be the Coda® 14 Fr (Cook
Medical), Reliant® 12 Fr (Medtronic, Inc.), and Berenstein™ 6
Fr (Boston Scientific). The balloon sheaths need to be placed
over a much stiffer and longer wire (180 cm). The placement of
this stiffer wire requires fluoroscopy due to the increased risk of
vascular injury. Once the stiffer wire is placed, the initial sheath
can be removed and a larger sheath which can accommodate the
balloon is advanced over the wire into the aortic position. The
balloon is loaded on the wire and advanced to the end of the
larger sheath. Inflation of the balloon should be accomplished
under fluoroscopy. A 30-60 cc syringe filled with 50/50 saline/
contrast is used to inflate the balloon. The balloon is inflated
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until the outer edges change from convex to parallel. Once
inflated, the balloon, sheath, and wire must be secured to the
patient. Once the device is no longer required, the balloon and
wire can be removed. The large sheath is best removed by surgi-
cal exploration with closure of the arteriotomy.

10.6 Summary

e Diagnostic angiography for trauma is rare in the setting of
modern CTA. Most angiography is undertaken with the intent
for intervention; however, diagnostic angiography still begins
all procedures.

e Multiple agents exist for transcatheter embolization of arterial
hemorrhage. Choice of the appropriate embolic agent (e.g.,
coils, gelfoam, particles) depends on the clinical scenario and
the expertise and experience of the interventionalist.

e Because arterial bleeding can lead to coagulopathy,
embolization is best performed early as agents such as coils
and particles are designed to be thombogenic.

e Stent grafts are a mainstay for aortic injury and smaller grafts
can sometimes be used to for smaller vessels.

e Multidisciplinary teams with established protocols for trauma
are fundamental for deciding which patients are appropriate
for embolization versus surgical intervention.
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11.1 Introduction

Penetrating injuries of the neck were always considered difficult to
manage, mostly because of a dense concentration of vital struc-
tures contained in a very small body area. Many of these structures
are difficult to examine and technically challenging to expose.

The controversy between initial surgical management and a
selective conservative approach still exists. This chapter dis-
cusses the initial evaluation of penetrating neck injuries and its
historical evolution, aiming to offer guidelines in the manage-
ment of specific complex injuries.

11.2 Historical Perspective

The first documented case of the treatment of a cervical vascular
injury is attributed to the French military surgeon Ambroise Paré,
who ligated the lacerated carotid artery and jugular vein of a
wounded French soldier [1]. In 1803, Fleming [2] ligated the lacer-
ated common carotid artery of a sailor, with a successful outcome,
and in 1811, Abernathy [3] ligated the lacerated left common and
internal carotid arteries in a patient who sustained an injury by a bull.

The military setting during wartime has always provided the
surgeon with an opportunity to advance the science of trauma
surgery. In armed conflicts, mortality rates ranged from 7 %
during World War II to 15 % in the Vietnam conflict, while in
the civilian arena is reported to range from 0 to 11 % [4-8].

In 1944, Bailey [9] proposed early exploration of all cervical
hematomas, and in 1956, Fry and Fry [10] showed a 6 % mortal-
ity rate in patients undergoing early neck explorations versus a
35 % mortality rate in those patients not immediately managed
surgically or undergoing exploration on a delayed basis. They
also demonstrated an increase in the mortality rate in those
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patients explored after 6 h, and based on that, they advocated
early exploration of every neck injury violating the platysma.

As time elapsed, the rates of negative neck explorations
range from 40 to 63 %. Thus the concept of selective manage-
ment seeks to identify through various diagnostic criteria those
patients who would benefit from early surgical intervention.

The contrast became evident. On the one hand, the conse-
quences of missed injury with the very low morbidity of neck
exploration and, on the other hand, the selective exploration
demonstrate a decrease in the rate of negative neck exploration
with equally good outcomes [11].

11.3 Anatomy

The neck represents the narrowest section of the axial body,
designed to protect and allow for the vital structures to connect the
head to the trunk. The cervical region is limited above by the man-
dible, mastoid processes, and superior nuchal line and below by
the sternum, clavicles, and cervical seventh’ spinous processes.

Deep into the skin lies the subcutaneous tissue and superfi-
cial layer of the cervical fascia that splits to surround the sterno-
cleidomastoid and trapezius muscles. The pretracheal layer
contains some hyoid muscles, and the prevertebral fascia
includes the homonymous muscles.

The midsection of the neck hosts the aerodigestive compo-
nents, and it descends into the thorax along with the neck nerves
and vessels that run along each side. This section includes the
carotid arteries (CA) and internal jugular vein (IJV). These
structures lie superficially immediately under the skin, protected
only by the vertebrae posteriorly. This makes them vulnerable to
any penetrating injuries, as opposed to the skull and chest that
encase their vital organs. It is very important to remember that
the vertebral arteries go through the transverse foramen along
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the cervical column on their way into the skull and they are
positioned lateral to the major anterior vessels.

The classic categorization of the neck’s anatomical sections in
terms of the variable consequences of penetrating trauma divides
the region in three anatomical zones with both sternocleidomas-
toid muscles as lateral limits [12]. Zone I ranges from the level of
the clavicles and sternal notch inferiorly to the cricoid cartilage
above. The proximal CA, IJV, and subclavian vessels are the most
important vascular structures of this zone, which also include
lungs (apical segments), esophagus, trachea, and thoracic duct.
Zone II extends from the cricoid cartilage to the angle of the man-
dible; included here are the longer portions of the neck vessels
(CA and 1JVs), as well as the larynx and hypopharynx. Injuries in
the zone III are limited to the area between the angle of mandible
and base of the skull. The superior segment of cervical vessels can
be damaged fast turning into a challenge for the surgeon in charge.

Zone 11 is the largest and therefore the most affected one. On
the other hand it is more accessible and easier to evaluate, thus
suitable for simple and fast surgical exposure. This is not the
case for zones I and III, as they require the use of complemen-
tary studies in order to decide upon the best approach and cor-
rect treatment. They are both difficult to approach and result
much more challenging for the surgeon.

Thorough evaluation and knowledge of the neck anatomy is
crucial for the trauma surgeon, who needs to assess promptly
the correct initial evaluation and management of the patient,
having considered the location of the lesion and the proximity
of those vital elements surrounding it.

11.4 Evaluation and Diagnosis

Clinical manifestations depend on the neck structure(s) involved
in the injury; they can be very heterogeneous, ranging from
totally asymptomatic to polysymptomatic patients. Hence, a neck
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evaluation should be performed in any trauma victim in order to
discard vascular or cervical spinal lesions.

Initial evaluation must attend to the presence of “hard signs”
of neck injury that are mostly related with vessel injuries and
demand urgent surgical intervention. These are, for example, the
presence of an expanding and/or pulsatile hematoma or brisk
bleeding from the wound, bruit, or thrill. The hard signs are usu-
ally associated to pulse deficit and cerebral ischemia with neu-
rological signs or symptoms [13].

Recognition of other findings in the absence of “hard signs” is
included in the group of “soft signs.” The most common ones are
hemoptysis/hematemesis, oropharyngeal blood, nonexpanding
hematoma, dysphonia/dysphagia, subcutaneous or mediastinal
emphysema, and focal neurologic deficits. A more selective
approach is mandatory for these patients (arteriography or Doppler
ultrasonography, esophagoscopy, laryngoscopy, or tracheoscopy).

Potential injuries must be evaluated by careful assessment of
pulses, bruits, size and expansion of hematomas, and any neurologi-
cal findings suggesting vascular injury related to ischemia. Penetrating
injuries can never be assessed by examination of the local extension
of the wound in the emergency room. Exploration should be per-
formed in the operating room by a formal neck surgical exploration.

The proper diagnosis of the unstable patients sustaining pen-
etrating injuries should be performed intraoperatively by means
of a formal exploration. Hemorrhagic shock, stroke, unstable
airway, and expanding hematoma are also indications of surgi-
cal exploration. In stable patients with penetrating neck injuries,
the physical examination and x-rays are the usual initial tests.

Emphysema is often the most common indicator of an aerodi-
gestive injury and is evident on neck x-ray studies. The lowest
structures as the larynx may present with cervicofacial emphysema
when disrupted, whereas when the trachea is the one affected, mas-
sive mediastinal and deep cervical emphysema may be observed.

The multidetector computed tomography (MDCT) is a
method that accurately identifies the extrapulmonary air and
locates the affected structure. In rare cases indirect signs of
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tracheal wall disruptions can be noted and diagnosed (i.e., tra-
cheal tube balloon herniation).

In the second stage of a selective approach, we can use the
flexible laryngoscopy, esophagoscopy, and bronchoscopy that
are intended to diagnose aerodigestive injuries. An early diag-
nosis of esophageal injury is usually very difficult. Despite a
negative CT, if there is a high suspicion of esophageal injury,
flexible esophagoscopy with or without esophagography should
be performed to rule it out and prevent fulminant mediastinitis,
which is associated to high mortality.

In asymptomatic and stable patients with penetrating injuries
located in zones I and III, the arteriography remains the gold stan-
dard for the evaluation of the cervical vessels. Similar sensitivity
and specificity is achieved by angio-CT with MDCT and a correct
intravenous bolus of contrast. Although stable, any patient with
zone II neck injury that presents with persistent hemorrhage or
neurological deficits compatible with adjacent vascular damage
(i.e., Horner’s syndrome) should be evaluated by angiography.

It is important to know that patients with negative arteriogra-
phy results and positive physical examination still need surgical
exploration. Color flow Doppler ultrasonography is noninvasive
and convenient, but the sensitivity for vascular injury is highly
operator dependent. When performed by experienced techni-
cians, the sensitivity has been reported to be 90-95 % for inju-
ries requiring surgical intervention [14].

11.5 Management Principles

The advanced trauma life support (ATLS®) should be the initial
guideline for the management of penetrating neck injuries.
These guidelines establish priorities in diagnostics and treat-
ment of life-threatening injuries.

Up to 10 % of penetrating neck injuries involve the airway
[15]. This compromise may be due to direct trauma, large hema-
toma compressing the airway, or airway edema. A pathognomonic
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sign of airway injury is air bubbling through a neck injury.
Manual compression increases oxygenation by reducing the air
leak. It is important that the management of the airway must be
done by a trained physician since the key point of this situation
is to rapidly determine the need of endotracheal intubation or an
emergent surgical airway.

Endotracheal intubation should be the initial approach of airway
injuries, and this procedure must be done by an operator trained in
advanced management of airway. Emergent surgical airway is
reserved for cases in which the endotracheal intubation seems to be
difficult due to anatomic or injury considerations. The use of fiber-
optic intubation could be helpful, but it requires training and it has a
failure rate of 20 % as described in the literature [15].
Cricothyroidotomy is the gold standard procedure for surgical man-
agement of the airway. It can be easily and rapidly performed, but its
difficulty increases during the presence of large neck hematomas.

Control of hemorrhage is the second major topic that has to
be mention. In most cases external bleeding can easily be con-
trolled by direct pressure. However, in certain anatomical loca-
tions like below the base of the skull, the vertebral artery
topography, and behind the clavicle, this control by direct pres-
sure is difficult to achieve. In this situation, the use of a finger
or a balloon catheter to control hemorrhage may be helpful.
Blind clamping is rarely effective and should be avoided
because of the potential damage to other structures.

11.6 Specific Injuries

11.6.1 Carotid Artery Injuries

Carotid artery injuries are the most difficult and certainly
the most immediate life-threatening injuries found in pene-
trating neck trauma. Their potential for causing fatal neuro-
logical outcomes, their propensity to bleed actively, and
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Fig. 11.1 Left intrathoracic carotid artery secondary to gunshot wound

their potential to occlude the airway demand a rapid
response by the trauma team.

Carotid artery injuries are estimated to be present in 6—13 %
of all penetrating injuries to the neck [11]. Asensio has reported
an incidence of 11-13 % carotid artery injuries for all penetrat-
ing neck injuries [11]. Penetrating is the most frequent mecha-
nism of injury (Fig. 11.1).

The majority of carotid artery injuries are confined to the
common carotid artery. According to the literature, the carotid
artery segment that most frequently is involved is the common
carotid (73 %), followed by the internal carotid (22 %), and
finally the external carotid (5 %) [16].

For the operative management of carotid artery injury, the
patient should be placed in supine position on the operating
table with the head facing the contralateral side of the injury.
The face, neck, supraclavicular area, and thoracic area must be



11 Management of Penetrating Neck Injuries 157

¥ EXTENSION INTO ORIGIN
MASTOID PROCESS—————" ~#~"OF STERNOCLEIDOMASTOID M.
: f~———— STANDARD NECK INCISION

Mo |
X\ EXTENSION AS A
STERNOCLEIDOMASTOID——— 2o
MUSCLE T\ / { SUPRACLAVICULAR
! M) f/_ |__-=#====.__INCISION
LAVICLE e A

EXTENSION AS A

STERNUM— ,{ -

MEDIAN STERNOTOMY

Fig. 11.2 Incisions [11]

included in the operating field. The contralateral groin should be
also prepared in case a saphenous vein graft is needed to repair
the carotid injury. The neck should be explored by a standard
incision in the anterior border of the sternocleidomastoid (SCM)
muscle, from the angle of the mandible up to the sternoclavicu-
lar junction (Fig. 11.2). Below the SCM muscle the internal
jugular vein can be found. Medially deeper to it, the carotid
artery can be found. The facial vein is usually transected in
order to expose the common carotid bifurcation. Once exposed
it is essential to obtain proximal and distal control of the com-
mon, internal, and external sections of the carotid artery.

If the injury is possible for primary repair, lateral arteriorrha-
phy should be attempted. However, in injuries that produced
extensive destruction of the carotid artery, resection of the
involved segment should be done followed by reconstruction of
the artery. End-to-end primary anastomosis can be done (Fig. 11.3)
if there is no sign of tension. If this occurs, the interposition of a
saphenous vein graft should be performed (Fig. 11.4). As an
option, instead of a saphenous vein graft, a PTFE graft can be
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Fig. 11.4 Carotid repair with autogenous saphenous vein



11 Management of Penetrating Neck Injuries 159

Fig. 11.5 Pulse checked by a handheld Doppler probe

used in order to restore blood flow. Doppler signal analysis
should be performed after the repair is complete (Fig. 11.5). The
use of 5,000 units of heparin systematically is recommended in
this type of injuries [16].

11.6.2 Vertebral Artery Injuries

Vertebral artery injuries are uncommon and usually they are not
life-threatening. The incidence of these injuries varies from 1 %
up to 7.4 % [17]. The most common mechanisms of injuries are
gunshot wounds, followed by stab wounds. These injuries are
often associated to other injuries such as aerodigestive injuries,
cervical spine, nerve injuries, and other vascular injuries.
According to Rowe et al., associated vascular injuries occur in a
range from 13 to 19 % [17].
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The vast majority of vertebral artery injuries does not require
any treatment or are treated with angiography. The operative
management of these injuries is reserved for patients with active
bleeding or those that angiographic treatment had failed.
Proximal vascular control of the vertebral artery can be achieved
at the base of the neck where it comes off the subclavian artery.
This approach requires a supraclavicular incision followed by
transection of the SCM muscle off the clavicle. By retracting the
subclavian vein caudally and the anterior scalene muscle later-
ally, the vertebral artery can be found in the superior and poste-
rior aspect of the ascending subclavian artery. The interosseous
portion of the vertebral artery is achieved by a standard cervical
incision like in carotid artery injuries. The longus colli muscle
is found deep in the neck and should be removed from the bony
structures. The anterior rim of the vertebral foramen must be
removed in order to expose the vertebral artery. The vertebral
artery can be safely ligated without major complications.
Special care must be taken in order to avoid injury to the nerves.
It is important to remark that the preferred approach of these
injuries is angiographically.

11.6.3 Laryngotracheal Injuries

Laryngotracheal injuries are uncommon injuries. They are pres-
ent in 1/30,000 emergency room visits. In penetrating neck
injuries the incidence of laryngotracheal injury varies between 2
and 4 % [17]. The management of these injuries varies from
nonoperative management up to operative management, but
most of these injuries are beneficiated with early operative inter-
vention. Besides hemodynamic support, oxygenation and venti-
lation of these patients are important.

Airway injuries are challenging even for experienced sur-
geons. These injuries can be approach by a transverse incision
that can be extended caudal or cephalad along the midline
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according to the extension of the injury. When the injury
involves the distal trachea or the carina, median sternotomy is
needed. Small laryngotracheal injuries can be primarily repair
with absorbable sutures. More extensive injuries require
debridement and end-to-end anastomosis. The key point is to
perform a tension-free anastomosis. Mobilization of the air-
way must be done in the anterior and posterior aspects since
vascular supply runs sideways of the trachea. When both tra-
cheal ends are less than three centimeters away, primary anas-
tomosis can be achieved. If the defect is greater, mobilization
of the larynx and flexion of the neck are required. After the
repair, the neck should be maintained in flexion for at least 1
week by suturing the chin to the chest. In patients with insta-
bility, tracheostomy alone is utilized, postponing the definite
repair of the airway.

11.6.4 Pharyngoesophageal Injuries

Digestive tract injuries are rare. Since these injuries are not
immediate life-threatening, associated injuries are high prior-
ity. Signs and symptoms of pharyngoesophageal injuries, such
as odynophagia, subcutaneous emphysema, or hematemesis,
are found in less than 25 % of patients, and less than 20 % of
patients presenting these symptoms have a digestive tract
injury [18].

Prompt repair of these injuries during the first 24 h decreases
the incidence of septic complications. The exposure of the phar-
ynx and esophagus is achieved by a standard cervicotomy. The
vascular component of the neck are retracted laterally and the
airway medially. Injuries by gunshot wound require debride-
ment. The repair can be performed in one layer of absorbable
suture or two layers with absorbable sutures in the first layer and
nonabsorbable sutures in the second layer. External diversion is
reserved for injuries associated with abscess and infection.
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11.7 Conclusions

The greatest advances in injury management are always made dur-
ing wars. During the Civil War, observation was the mainstay of
treatment, which carried 15 % mortality. During World War 1,
observation still a valid approach at that time, with sporadic explo-
ration and ligation, and the mortality ranged from 11 to 18 %. But
during World War II, things started to change to mandatory explo-
ration and attempts to vascular repairs, with a subsequent drop in
mortality rates to 7 %. During the Korean and Vietnam conflicts,
mandatory exploration and vascular repair were common practice,
but the mortality increased to 15 %, mainly due to the use of a
more sophisticated weapons. In the civilian arena, mandatory
exploration has been replaced by selective management, with mor-
tality rates ranging from O to 11 % [19].

We can conclude that a selective approach is safe in the
asymptomatic and hemodynamically stable patient, provided
that accurate diagnostic means are immediately available to
exclude injuries needing immediate surgical management. Also,
the mandatory approach is a safe, reliable, and time-tested
method of dealing with these injuries.

On the basis of the current review of the literature, we cannot
recommend one approach as superior to the other. Once diag-
nosed, the patient’s clinical condition guides treatment. The
surgeon has to tailor the approach on the basis of personal as
well as institutional experience and the demographics of the
patient population served.
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Acute Traumatic Brain Injuries
and Their Management
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Traumatic brain injuries (TBIs) represent the leading cause of
death and morbidity in western countries. Since motor vehicle
accidents are the leading cause of significant trauma, TBIs
affect mostly young adults with increasing incidence and are
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responsible for a major social and economic burden. For
decades, the mainstay of neurotrauma management has been
represented by control of posttraumatic edema and raised
intracranial pressure (ICP). With the emergence of a better
understanding of the underlying cellular mechanisms responsi-
ble for the generation of secondary brain damage, the hope for
the “magic bullet” has prompted the development of novel
drugs. Encouraged by the promising results of basic research
studies, clinical trials were initiated in an increasing number up
to the mid-1990s. However, the high expectations raised by
convincing laboratory data were not met by deceiving results
that made pharmaceutical industry reluctant to support high-
cost adventurous research that have repeatedly failed to signifi-
cantly improve outcome of head-injured patients [1].
Accordingly, the management of neurotrauma has focused back
on optimization of neurointensive care and surgical treatment.

12.1 Epidemiology

Although the exact incidence of TBI is difficult to determine as
it depends on several criteria such as definition of TBI and the
need for hospitalization, a rough estimate is that 1.7 million
sustain some form of TBI every year in the USA; of these
approximately 1.4 million were treated and released from emer-
gency departments, and 275,000 were hospitalized and dis-
charged alive [2]. Although 75 % of TBIs are concussion or
another form of mild brain injury, they are nevertheless respon-
sible for more than 50,000 yearly deaths and one-third of all
injury-related death in the USA. TBIs are three times more com-
mon in men than in women and occur with the highest incidence
in young adults mostly as the result of motor vehicle accidents
in western countries and in the elderly as the result of fall [2].
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12.2 Biomechanics and Mechanisms
of Brain Injuries

Two different types of biomechanical forces can be distin-
guished: static and dynamic load. These forces, either applied
separately or, more commonly, in association, are responsible
for contact and inertial types of brain injuries: focal, diffuse,
blast, and penetrating.

Contact injuries are created by forces applied to the skull
without any associated movement of the head. Since most
instances of contact loading to the head will eventually result in
some motion, pure form of contact injuries is rare and is charac-
terized by slowly applied forces resulting in focal injuries, either
at the impact site or remote from it. According to the energy
delivered at the point of impact, the site of the injury in respect
to the skull, the size and shape of the stroking object, the direc-
tion and magnitude of the stroking force, the extent of the trau-
matic lesions in terms of severity, and involved structures will
vary considerably.

Inertial injuries on the opposite represent the consequence of
a dynamic load to the head, either applied without any direct
impact to the head (impulsive load) or, more commonly, as a
consequence of a fast blow to the head (impact load). In both
instances, the head is set in motion, generating acceleration and
deceleration forces responsible for strain applied to the brain
parenchyma and related vessels, causing functional or structural
damage according to the intensity and direction of the applied
forces. In this situation, brain damage represents the conse-
quence of differential movements of the brain within the skull
on one hand and between different brain structures on the other.
Differential movements of the brain within the skull are due to
the presence of a physiological subarachnoid compartment
around the brain allowing some movement causing surface
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lesions to neural tissue and cerebral vessels at points of particu-
lar susceptibility such as the frontal and temporal regions, either
at the point of impact (coup) or on the opposite side (contre-
coup). Strain within the brain parenchyma, on the other hand,
generates shearing forces responsible for widespread tissue
damage involving mostly axons particularly vulnerable to strain
and tensile forces [3].

12.3 Pathophysiology of Traumatic Brain
Injury

12.3.1 Brain Swelling and Cerebral Edema

Swelling of the brain is a frequent adverse of TBI and represents
a leading cause of morbidity and mortality in severely head-
injured patients [4]. Swelling most often represents the macro-
scopic correlate for cerebral edema although may uncommonly
develop as a consequence of cerebral hyperemia.

Cerebral edema is defined by an increased water content of
the brain, which may be affect the extracellular space, vasogenic
edema, or be the consequence of alterations of cellular homeo-
stasis leading to cytotoxic edema. Vasogenic edema, often con-
sidered as the most common form of posttraumatic edema,
represents the consequence of structural and functional altera-
tions of the blood-brain barrier leading to a shift of fluid from
cerebral vessels into the extracellular space. Cytotoxic edema
develops shortly after the injury as the consequence of mem-
brane depolarization leading to a generalized release of gluta-
mate causing the activation of N-methyl-D-aspartate and
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid recep-
tor receptors and the subsequent influx of calcium, sodium, and
water within the cells [5]. Intracellular calcium accumulation,
along with associated noxious signals such as ischemia and
oxidative stress, results in progressive mitochondrial damage
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and energy crisis. As intracellular ATP availability is compro-
mised, energy-dependent ionic pumps fail, and water and accu-
mulating ions cannot be expelled back in the extracellular space.

Cerebral hyperemia is an uncommon situation characterized
by impairment of cerebral autoregulation with sudden onset of
cerebral blood flow increased mediated by vasodilation leading
to cerebral congestion. This condition may be responsible for a
fast increase in ICP and occurs mostly in children and young
adults. Accurate diagnosis of this relatively rare condition is
essential for it requires specific therapeutic measures that may
be even detrimental in the presence of cerebral edema.

12.3.2 Cerebral Blood Flow

Impairment of cerebral blood flow (CBF) following severe TBI
has been repeatedly reported [6, 7], particularly in the early
posttraumatic period. Oligemia due to increased intracranial
pressure and impaired autoregulation has been shown to be
associated with unfavorable functional outcome, and signs of
ischemia can be found in most instances of lethal TBI. Patients
with subdural hematoma and diffuse cerebral swelling are
more likely to suffer from cerebral ischemia. Furthermore,
CBF may be further compromised throughout the course of
illness as the consequence of developing brain swelling and
cerebral vasospasm mediated by traumatic subarachnoid hem-
orrhage [8].

12.3.3 Cerebral Metabolism

Depressed cerebral metabolism has been identified as an impor-
tant physiologic hallmark of TBI, and oxidative metabolism
rates as low as half the value found under normal conditions
have been reported in several studies [9]. Energy crisis has been
commonly attributed to compromised oxygen delivery induced
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by cerebral ischemia, although spreading cortical depression in
comatose and sedated patients is another advocated hypothesis.
Recent studies, however, have emphasized the pivotal role
played by mitochondrial damage mediated by a vast array of
noxious stimuli integrated and amplified within the mitochon-
drion, in failure of ATP production [10]. Furthermore, recent
clinical studies have shown that the level of metabolic depres-
sion correlated with the level of consciousness, whereas animal
studies showed that mitochondrial protection was associated
with both improved metabolism and ICP relief [11].

12.4 Critical Care Management

12.4.1 Intracranial Pressure Monitoring
and Control

Elevated ICP has been reported to be an independent predictor
of increased mortality and is associated with poor functional
outcome. Although ICP levels as low as 15 mmHg may be suf-
ficient to prompt cerebral herniation at particular location, a
threshold of 20-25 mmHg is currently considered to justify
implementation of therapeutic measures [12]. Accordingly, ICP
monitoring should be performed in all severe TBI patients.
Absence or delay of ICP monitoring has been recently shown to
be associated with increased mortality and worse outcome [13].

12.4.2 Mechanical Ventilation, Analgesics,
and Sedations

Mechanical ventilation is commonly initiated at prehospital
stage or on admission to the emergency room for airway control
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in patients with severe TBI. Further, mechanical ventilation is
often necessary in patients with impaired consciousness in order
to prevent superimposed hypoxemic insults and ICP elevation
caused by hypercarbia. Hyperventilation should not be used
unless CBF measurements can be obtained and the effect of
hypocarbia on cerebral perfusion assessed, especially during the
first 24 h of injury and in the presence of cerebral contusions
[14, 15]. In severe TBI patients, mechanical ventilation as well
as general ICU and nursing procedures may be occasionally
painful and generate transient and harmful ICP elevations. For
this reason, sedation and analgesics should be liberally imple-
mented in patients’ general care, using drugs that can be easily
titrated and characterized by rapid onset and offset. Propofol is
currently the sedative of choice as its effect can be reversed
within a short time whenever indicated and is anticonvulsant as
well. Propofol is also an efficient drug for ICP control.
Midazolam may be used alternatively, providing a potent anti-
convulsive effect with lesser cardiovascular depression. Muscle
relaxants should not be used on a routine basis though may be
recommended in the presence of refractory intracranial hyper-
tension [16].

12.4.3 Hyperosmolar Therapy

Mannitol is the most commonly used hypo-osmotic agent for
reduction of ICP. Its effect is produced by osmotic reduction of
the cerebral water content and presumably by a beneficial rheo-
logic effect due to hematocrit reduction and plasma volume
increase. The use of mannitol is recommended only in the pres-
ence of elevated ICP. Prophylactic use of mannitol is not recom-
mended unless clinical signs of cerebral herniation develop
prior initiation of ICP monitoring. Mannitol is contraindicated
in the presence of arterial hypertension, serum osmolarity
>320m)sm/l, sepsis, and signs of renal failure.
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Hypertonic saline represents an alternative to mannitol that
has gained recently increasing acceptance. Accumulating evi-
dence has suggested that HS may be more effective than man-
nitol, even at iso-osmolar doses [17, 18], presumably because of
a stronger osmotic power and some additional properties such as
significant CBF augmentation and anti-inflammatory proper-
ties. In a recent randomized control study, however, HS failed to
prove to be more effective than mannitol for ICP control though
its cerebral hemodynamic impact did prove to be significantly
stronger which may be of importance in the presence of cerebral
ischemia [19].

12.4.4 Cerebral Perfusion Pressure
Management

Although elevation of cerebral perfusion pressure (CPP) does
not necessarily result in a proportionate CBF increase, systemic
hypotension and low CPP between 50 mmHg may worsen pre-
existing ischemia especially in focal forms of TBI leading to
poorer outcome and should be therefore avoided. Several stud-
ies have suggested a beneficial effect of CPP elevation above
70 mmHg although the effect of CPP elevation depends on
preservation of autoregulation [20]. Under physiological condi-
tions, improvement of cerebral perfusion mediated by CPP ele-
vation results in pH increase in subsequent vasoconstriction and
decrease in cerebral blood volume. On the contrary, in the pres-
ence of impaired autoregulation, CPP elevation may be respon-
sible for cerebral congestion and even worsen preexisting
intracranial hypertension. Furthermore, CPP-targeted therapy
aiming at the maintenance of CPP above 70 mmHg was found
to be associated with increased risk of ARDS [21], justifying the
lowering of the previously recommended CPP threshold down
to 60 mmHg.
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Thresholds goals should be ideally achieved by vigorous
fluid resuscitation, based on isotonic crystalloids and blood
products when indicated under monitoring of central venous
pressure. Excessive fluid administration should be avoided
because of the risk of lung complications and increased rebleed-
ing from peripheral injured blood vessels in uncontrolled hem-
orrhagic shock [22]. Failure to raise CPP despite appropriate
resuscitation should prompt the use of vasopressors.
Norepinephrine is the vasopressor of choice in TBI although
phenylephrine is a pure alpha-agonist can be conveniently used
in TBI patients with tachycardia.

12.4.5 Hypothermia

Despite of solid experimental evidence showing the beneficial
effect of hypothermia in TBI, clinical evidence supporting the
routine use of prophylactic hypothermia is lacking and its role
on neurological outcome is debated. Analysis of published
RCTs, however, suggests that maintenance of temperature at
32-33 for 48 h is associated with better odds of good neurologi-
cal outcome [23]. On the opposite, uncontrolled hyperpyrexia
should be avoided and fever aggressively treated in severe TBI
patients.

12.4.6 Steroids

In the view of a wealthy bulk of evidence provided by a vast
number of experimental studies, the use of steroids in TBI
patients seems a logical step forward. However, the CRASH
multicenter international trial has shown that the effect of
steroids was counterintuitively detrimental in TBI [24] so
that steroids are not recommended and that high-dose
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methylprednisolone is currently contraindicated in this
indication of neural injury.

12.5 Acute Head Injuries and Their Surgical
Management

12.5.1 Skull Fractures

Linear skull fractures represent the consequent of an impact to
the skull with energy applied to a broad area preventing penetra-
tion. Linear fractures have little consequences by themselves
and do not require any particular treatment though are indicative
of significant head injury and may be associated with meningeal
vessels injury leading to epidural hematoma.

Depressed fractures are caused by high energy impact or
contact load delivered by small hard objects creating a penetrat-
ing force through the skull, displacing bone fragments intracra-
nially. Depressed fractures may be simple or complex and
comminuted according to the impact characteristics and the site
of injury. Depressed fractures are commonly associated with
scalp wounds that should be carefully investigated for the pres-
ence of lacerated brain tissue and cerebrospinal fluid (CSF)
leak. Computerized tomography will allow a thorough evalua-
tion of the fracture, disclosing associated brain lesions such as
cerebral contusion and hematomas, intracranial air bubbles
often indicative of a dural tear, and involvement of venous
sinuses at risk of secondary thrombosis.

Basilar fractures may be the consequence of a direct blow to
prominent regions of the head adjacent to the cranial base such
as the occiput, the mastoid, and the orbital rim. They may also
occur as an extension of fracture lines to the cranial base, origi-
nating from either the cranial vault or facial bones. Basilar
fractures are often associated with dural tear leading to CSF leak
and less often with injuries to cranial nerves and basal cerebral
vessels.
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12.5.2 Epidural Hematoma

Epidural hematomas (EDHs) usually represent a complication
of striping of the dura initiated by skull deformation and are
therefore associated with skull fractures in most instances.
EDHs are reported in 2-4 % of all TBIs [25]. Their relatively
low mortality, less than 10 %, testifies the absence of significant
underlying brain pathology in most instances although associ-
ated intracranial hemorrhage has been reported with an inci-
dence as high as 30-50 %. Epidural bleeding is commonly
caused by injury to dural arteries or veins by the edges of the
fracture bone though may arise from injured dural sinuses or
veins of the diploe, especially in children. EDHs most often
develop in the temporal regions as the consequence of injury to
the middle meningeal artery and may expand rapidly causing
early neurological deterioration and tentorial herniation if not
promptly evacuated.

In most instances, EDHs should be treated surgically, leading
to mortality as low as 5-10 %. However, small supratentorial
hematomas (volume less than 300 cc, less than 10 mm thick
with less than 5 mm midline shift) can be conservatively man-
aged in patients without focal neurological deficit. Even small
infratentorial hematomas should be more carefully considered
for conservative management as herniation may develop with-
out signs of mass effect. Eventually, up to 50 % of conservatively
managed EDHs will show some degree of enlargement leading
to neurological deterioration prompting emergency craniotomy
in some patients.

12.5.3 Acute Subdural Hematoma

Two different mechanisms may be responsible for acute subdu-
ral hematoma (ASDH), leading to two distinct pathological situ-
ations. In the first instance, ASDH appears as a complication of
brain laceration or contusion caused by impact load. In such
situation, a significant brain injury is usually associated with
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subdural bleeding, accounting for a persistent loss of
consciousness and high mortality rates. In the second instance,
ASDH develops as the consequence of rupture of bridging veins
stretched by acceleration-deceleration injury. In that situation,
there is no significant focal injury, and patients may initially
present with minimal neurological signs before the rapid onset
on secondary deterioration [25].

CT scan equally discloses a crescentic, extra-axial hyper-
dense mass, typically responsible for a midline shift in excess of
hematoma thickness indicative of associated underlying brain
edema. Any mass thicker than 10 mm with a midline shift
higher than 5 mmHg or causing neurological deterioration and/
or ICP increase should prompt rapid evacuation of the subdural
clot. A large craniotomy is preferred for this purpose, especially
if decompressive craniectomy is contemplated in the view of the
lesions depicted by preoperative CT scan.

Prognosis of ASDH is grim with mortality rates as high as
50-70 %. Although mortality has been closely related to the
time elapsed until surgery with a cutoff time of 4 h, several other
important factors have shown to affect outcome such as age >65
associated with 82 % mortality and the neurological status at the
time of surgery [25].

12.5.4 Cerebral Contusions and Intracerebral
Hematoma

Cerebral contusions represent one of the most common trau-
matic findings, present in up to 31 % of initial imaging studies
[26]. Cerebral contusions may develop at the point of impact
(coup contusions) or oppositely as a result of acceleration-
deceleration, setting the brain in motion within the skull (con-
trecoup contusions). Such relative and fast motion of the brain
is responsible for surface lesions generated at critical protrud-
ing aspects of the skull such as the orbital roof, the sphenoid
ridge, and the pole of the middle fossa. Accordingly, most of
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cerebral contusions are located in the temporal and frontal
lobes as a consequence of the brain impacting against the
skull. Parietal and occipital lobe hematomas are much less
common and are usually due to direct impact. Structurally,
cerebral contusions are characterized by an area of hemor-
rhagic necrosis surrounded by perilesional edema. One of the
most distinctive features of cerebral contusions is their capac-
ity to enlarge and become significant space-occupying intra-
cranial lesions, leading to increased intracranial pressure and
neurological deterioration. Studies based on serial imaging
related this deterioration to evolving edema in the area sur-
rounding the contusion and enlargement of the hemorrhagic
component of the lesions [27]. In a series of 729 TBI patients
surveyed by the European Brain Injury Consortium, cerebral
contusions alone (44 %) or in association with subdural hema-
toma (29 %) represented the most frequent indication for
delayed surgical intervention [28].

As such, cerebral contusions represent a major therapeutic
challenge by including a potentially growing mass mixed with
presumably viable tissue, which may be of critical functional
importance whenever surgical removal of the lesion is contem-
plated in neurologically eloquent areas. This inhomogeneity is
often reflected on the initial computerized tomography (CT) by
a salt-and-pepper appearance. Although there is little debate that
hyperdense regions represent hemorrhagic areas that can be
safely evacuated, the significance of surrounding hypodense
regions is a matter of controversies. Even though the decision
for removing a hematoma in the absence of neurological wors-
ening or ICP elevation is somehow controversial.

As a rule of the thumb, patients with intracerebral hematoma
with signs of progressive neurological deterioration or uncon-
trolled intracranial hypertension should be managed surgically.
Radiological criteria for surgery should include hematomas
larger than 50 cc or temporal lesions larger than 20 cc and the
presence of mass effect represented by either midline shift
larger than 5 mm or compression of basal cisterns [25].
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12.5.5 Brain Swelling and Decompressive
Craniectomy

Emerging from simple physical principles, the concept of
decompressive craniectomy (DC) has been advocated since
1894 for control and relief of ICP. Although intuitively appeal-
ing and usually effective for ICP control, it is not clear whether
or not DC improves neurological outcome. In spite of a broad
implementation in the presence of refractory intracranial hyper-
tension, DC proved to positively affect outcome only in pediat-
ric TBI, whereas solid evidence of any beneficial effect of DC
in adults is lacking [29]. Several studies, mostly retrospective in
nature, have shown that DC resulted in significant ICP decrease.
In a recent multicenter randomized trial, however, improved ICP
control proved to be associated with an increased proportion of
patients with poor functional outcome [30].

Nevertheless, DC remains a sound mean of rescue ICP relief
for patients admitted with GCS score higher than 6 and present-
ing with neurological worsening and at risk of cerebral
herniation. Whenever indicated, DC may be performed by either
a large hemispheric craniectomy or bifrontal decompression,
according to the distribution of TBI lesions and the presence of
a midline shift. There is no evidence, however, whether the DC
should be performed prophylactically early in the course of the
illness or in response to ICP elevation.
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Chapter 13
Establishing a Trauma Service

David J.J. Muckart and Noel Naidoo

Trauma has rightly been referred to as an epidemic [1, 2], the
definition of which is “a condition affecting many people in any
one region at the same time.” On a global scale injury is the
commonest cause of death under the age of 45 years and
accounts for more years of life lost than any other disease pro-
cess. The fiscal burden goes far beyond the outlay required to
manage trauma, for those most affected are the young produc-
tive members of society on whom much has been spent in edu-
cation and training for ultimately no return on investment. Any
other disease process which culls the youth to such an extent
would result in a national outcry, but for inexplicable reasons
governments have been slow to react despite the evidence. For
that reason political will is the first essential step when estab-
lishing a trauma service for it is an expensive business to run,
and the financial benefits will not be evident for at least a
decade. Does it justify the capital outlay? All countries which
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have invested in dedicated trauma services have shown marked
improvements in resuscitation, timing of surgical intervention,
survival, and reductions in preventable deaths [3-5].

A trauma service should be viewed as a continuum of care
beginning with the prehospital care providers and ending with
rehabilitation and a return to productivity. In the midst are vari-
ous levels of trauma care with specific designations depending
on verification status [6]. To establish an efficient service, each
and every aspect must be addressed. It is an exercise in futility
establishing a sophisticated prehospital service which has no
appropriate destination or constructing Trauma Units to the
highest architectural and equipment standards which have no
delivery service or cannot be staffed with experienced
personnel.

13.1 Prehospital Care [7]

All levels of prehospital care, whether at basic, intermediate, or
advanced levels of support, are integral to an effective trauma
system. Prompt care by well-trained personnel reduces the inci-
dence of early and delayed deaths. Although advanced life sup-
port is undoubtedly effective and attractive, the benefit applies
to the least number of trauma patients, and appropriate number
of crews trained in intermediate life support would have a
greater overall effect on improved survival. The triage adage of
saving the maximum number of lives applies.

There are certain key elements to a successful prehospital
service. There must be support at the highest government level
to ensure finance and legislation governing the authority to run
a prehospital service, training, scope of practice, licensure, and
accreditation. At both national and regional levels, whether the
service is governmental or private, leadership is essential for
implementation and ensuring adherence to national legislation
and standards. A Medical Director with experience or
accreditation in Accident and Emergency Medicine or an allied
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discipline must be appointed to facilitate recruitment and
training, supervise continuing education, develop standard oper-
ating procedures, and ensure adherence to national legislation.

In addition to ground transfer vehicles, aeromedical capabil-
ity, both helicopter and fixed wing need to be considered. The
type and number will be dictated by demand, terrain, time, and
distance to definitive care. Although air transfer is rapid, the
costs of maintaining such a service are substantial, and the need
must be justified and strict criteria in place to ensure
optimal use.

The decision to transport patients to a Level I center based on
observations in the field can be difficult. Criteria for Level I
referral are based on four parameters, namely, extremes of age,
physiological instability, mechanism of injury, and existing
comorbidities. The Revised Trauma Score [8] which provides
an objective estimate of severity based on the Glasgow Coma
Scale, systolic blood pressure, and respiratory rate is the most
commonly used method, and an overtriage rate of 10-15 % is
the accepted norm.

13.2 Hospital Designation [6]

In the middle of the trauma service is the lead hospital or major
trauma center, the Level I tertiary facility capable of providing
all necessary surgery and the highest level of ICU support. Such
a center will be affiliated to a university and must be involved in
trauma prevention, education, research, and system planning
and be the lead hospital for a regional trauma service. Level II
or regional centers should be capable of providing advanced
life support and any necessary life-saving surgery but may
not possess all the necessary surgical disciplines or ICU
capabilities. A Level III or district center must be capable of
initial advanced life support if necessary, but thereafter transfer
will be required for definitive care. Level IV facilities are pri-
mary health-care facilities which may vary in capability but
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should be integrated into a trauma network. All patients who
require the resources of a Level I center should have access to it
regardless of the level of initial care facility, and any level of
initial care must be capable of direct referral to the highest level
without progression through intermediate health institutions.

The required number of the specific levels of care will be
dictated by population density and need based on trauma epide-
miology. There is little benefit to be gained from establishing
Level I centers in areas with a low trauma prevalence. This not
only is cost ineffective but dilutes exposure and experience, and
the need would be better served by regional institutions without
having a major effect on outcome as long as an efficient prehos-
pital service is in place for rapid transportation to a Level I
facility. Conversely, there may be a need for more than one
Level I center in high-density urban developments.

13.3 Hospital Accreditation
for a Level I Center [6]

13.3.1 Patient Profile

Major trauma centers should manage an average of 1,200
patients per year of which at least 20 % should have an Injury
Severity Score (ISS) of 15 or greater or there should be 35
patients per surgeon with an ISS>15.

13.3.2 Staffing

Essential to a Level I service is the 24-h in-house availability of
a general surgeon, orthopedic surgeon, and anesthetist.
Supervising these must be a general surgeon accredited in



13 Establishing a Trauma Service 187

trauma and with experience in critical care, whose responsibility
is to coordinate all aspects of care from initial resuscitation to
discharge. Although not necessarily in-house for a 24-h period,
the senior surgeon’s attendance at all admissions, resuscitations,
and emergency operative procedures is mandatory. Immediately
available must be the subspecialties of neurosurgery, plastic
surgery, cardiothoracic surgery, and pediatric surgery although
in certain countries the senior trauma surgeon may have enough
operative expertise in some of these disciplines. Allied health-
care personnel such as psychologists, physiotherapists, occupa-
tional therapists, critical care technologists, and nursing staff
trained in emergency medicine and critical care are equally
essential.

13.3.3 Unit Architecture

The location of the major trauma center within the hospital
should allow rapid, direct, and unobstructed access for both road
and air transfer. As far as possible the unit should be self-
sufficient, incorporating a mass casualty receiving area for
disaster management with each bay being serviced by enough
piped oxygen, medical air, vacuum, and electrical points to pro-
vide care equivalent to basic ICU standards. Ceiling-mounted
supply pods are preferred in this area and any individual resus-
citation rooms as they permit unobstructed access to the patient,
whereas floor-mounted service pods are acceptable within the
ICU where interventions are rather more controlled. Dedicated
resuscitation rooms should be equipped to ICU standards and
contain moveable overhead lights as within the operating the-
ater. One resuscitation room should be dedicated to pediatrics
and equipped as such.

There must be a dedicated trauma theater within the unit [9],
the operating table allowing radiological imaging for fracture
management. To prevent the need for changing operating tables,
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ideally two theaters should be commissioned, one for major
fracture management and the other for general procedures. In
view of the potential urgency for operative intervention, it is
unacceptable for trauma patients to share operative facilities
with other disciplines.

A point of care laboratory must contain a blood gas analyzer
with electrolyte and lactate analysis and thromboelastography.
Standard electrolyte, liver function, and coagulation testing will
be undertaken by a central laboratory. The hospital must contain
a blood bank and the unit a fridge for storing at least two units
of O negative blood.

A dedicated ultrasound machine within the resuscitation
room is essential for FAST scanning. Designed in South Africa,
low-density x-ray screening (LODOX) has become popular and
proved exceptionally accurate for initial screening [10], although
CT angiography is required for multiply injured patients. Due to
expense it may be impractical to house a dedicated scanner
within the unit, but access must be immediate to a common
scanner and the radiology department located in close proximity
on the same floor.

13.3.4 Intensive Care

Paradoxically the nomenclature for ICU classification is the
converse of Trauma Units with a Level III ICU providing all
interventions necessary for support of organ system failure and
Level I offering high dependency only. In between lies a Level
IT unit which may provide initial invasive mechanical ventila-
tion and hemodynamic support but cannot undertake renal
replacement therapy (RRT) or more specialized interventions
for organ dysfunction. The major trauma center must contain a
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Level III ICU, regional trauma hospitals (Level II) should be
capable of providing basic intensive care, but Level III trauma
facilities will not be required or able to offer any support above
high dependency, and even then, such patients would be better
managed in a higher facility. The Level I Trauma Unit should
encompass a dedicated Level III intensive care unit which func-
tions on a closed basis. All management decisions should be the
responsibility of the senior trauma surgeon and colleagues and
not deferred to subspecialists in other disciplines. Mortality and
morbidity rates are higher in ICUs which function on an open
basis [11]. The needs of the critically injured are not the same
as non-trauma patients, and housing trauma patients in a surgi-
cal or mixed medical-surgical intensive care unit is best
avoided.

13.3.5 Protocols and Audit

Although each patient must be managed on an individual basis,
protocols must be in place as general guidelines for admission
and discharge, resuscitation, the need for damage control, seda-
tion and analgesia, enteral and parenteral feeding, venous
thrombosis prophylaxis, glycemic control, stress ulcer prophy-
laxis, infection control, and antimicrobial use.

Audit and an assessment of morbidity and mortality are
essential to compare outcomes with national and international
norms and identify areas for improvement, research publica-
tions, and system planning. Prevention is far cheaper and more
effective than cure, and a trauma system should include public
education and awareness programs and recommendations to
legislative bodies concerning the need for any changes in the
law which may reduce the prevalence of injury.
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Chapter 14
Multiple Organ Failure in Trauma
Patients
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14.1 Introduction

Progress in resuscitation, damage control, and critical care tech-
niques in the last 50 years have decreased mortality of trauma
patients, enabling severely ill patient to survive the early phase
of injury but resulting in subsequent dysfunction or failure of
several organs function called multiple organ failure (MOF)
syndrome. Postinjury MOF is in general secondary to massive
systemic inflammatory syndrome that occurs after the traumatic
event, and if traditionally was defined as the occurrence of two or
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more organ failures, over the years from the original all-or-none
concept, it moved into a dynamic definition of this syndrome as
a continuous process of varying levels of organ dysfunction.

Over the last 50 years, mortality associated with this syn-
drome is decreased but still remains the most significant cause
(51-61 %) of late trauma death [1, 2].

14.2 Definitions

The trauma, causing blood loss, hypotension, hypoperfusion
and major tissue damage, generates immune and inflammatory
body responses, both local and systemic, provoked by releasing
of proinflammatory cytokines, phospholipids, activation of leu-
kocytes, complements, and all the factors involved in the com-
plex network of the defence host response.

Hyperinflammation — SIRS (systemic inflammatory response
syndrome) consists of inflammation that involves all the districts
of the organism.

SIRS is defined, from 1992 [3], as the presence of two or
more of the following criteria:

e Temperature <36° or >38°

* Heart rate >90 bpm/min

* Respiratory rate >20/min or PCO, <32 mmHg
*  WBC <4,000/ml or >12,000/ml

Hypoinflammation: CARS (Compensatory Anti-inflammatory
Response Syndrome) — Over the same period, or only after a few
hours, during which begins the SIRS, the human organism
enacts a kind of compensatory response to systemic inflamma-
tion, increasing the levels of anti-inflammatory cytokines in the
blood, such as IL-10, trying to avoid tissue damage, and conse-
quently minimizing the effects of SIRS. This may explain in
part the depletion phase of WBC and lymphocytes that follows



14 Multiple Organ Failure in Trauma Patients 193

trauma. All that is, on the other hand, a double-edged sword
because reducing the activity of the immune system is to create
a window, a weakness, a perfect gateway for infection and sep-
sis which increased the risk of MOF [4].

MARS — Mixed antagonistic response syndrome [5] is a
hypothetical fight between SIRS and CARS. The human body
tries to find a fine balance between tissue damage resulting
from inflammation and the risk of infections and susceptibility
of the entire system resulting from the reduction of the immune
system.

MOF, Multiple Organ Failure — As we previously said this
syndrome is defined by the simultaneous presence of physio-
logic dysfunction and/or failure of two or more organs.

Even now there is no consensus on the diagnostic criteria for
this syndrome, and in attempting to define it, multiple scoring
systems have been used like Denver Postinjury Multiple Organ
Failure score, Knaus MOF score, SOFA score, or Marshall
score (Tables 14.1 and 14.2).

We can identify two types of MOF depending on the time of
onset:

e Early MOF which is a multiple organ failure present at day 3
postinjury.

e Late MOF (60 % of all MOF) [6, 7], a new onset of MOF
present after day 3 [4]. The real MOF is a different entity to
multiple organ dysfunction syndrome (MODS) that is very
common during resuscitation.

14.3 Epidemiology

The mortality of MOF in traumatic patients continues to decline
in the course of the years, thanks to the progress made by treat-
ment strategy and new approaches in intensive care unit. In the
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early 1980s the mortality rate was about 60-100 % [8]; today
patients who get postinjury MOF have a mortality rate of
27-100 % depending on the number of organs involved [4].

The incidence of the syndrome instead shows an increase,
from the first studies of the 1980s to those of the 1990s, from
about 7 to 15 % and remains the same even today [6, 8—10].

Probably this is due to the better understanding of the syn-
drome and consequently greater ability to recognize and differ-
entiate it.

The most important determinants of MOF’s incidence and
mortality are factors such as the type and gravity of trauma; dif-
ferent sex, age, and comorbidities; and number of patients who
required massive blood transfusion.

The incidence and mortality of single organ failures are also
decreased significantly over the years from 22 to 7 % and from
30 to 11 %, respectively [6, 8—10]. The organs affected, how-
ever, remain the same, even with the same frequency of interest:
lung failure, which usually precedes the cardiac dysfunction of
0.6 days, followed by the liver (4.8 days) and finally by the
kidney (5.5 days) [11].

The MOF syndrome is difficult to handle even by the most
experienced and remains a major cause of ICU resource use and
late mortality after injury.

14.4 Etiology

As previously mentioned, the etiology of the MOF is varied and
complex and depends on both the factors related to the patient —
age, sex, BMI, comorbidities, and genetic predisposition — and
the characteristics of different types of trauma: severity, ISS,
contamination of wounds, and time from injury to treatment.
According to the “second-hit theory,” the concept that under-
lies the onset of the MOF syndrome is the existence of an event
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Second hit:
e Transfusion
¢ Infections
e Surgery etc.

,—{ SIRS-CARS M EARLY MOF LATE MOF

TRAUMA 72H

Fig. 14.1 Timing of impending MOF

that acts as first injury, the “first hit,” determinating a proinflam-
matory reaction. It depends on:

¢ The local damage to tissues and systemic inflammation

¢ The systemic hypoperfusion following hypotension and oxy-
genation impairment

e The reperfusion injury which follows the initial successful
management

Subsequently an event, such as lung infections, prolonged
shock, excessive volume of crystalloid infusions, units of red
blood cells, surgery, mechanical ventilation, fat embolism, com-
partment syndrome, and sepsis, acts as a “second hit,” resulting
in an uncontrolled inflammation, usually starting during the
“vulnerable window” (neutrophilia that occurs early after the
traumatic event) [4, 12] and developing the early SIRS in organ
failure (Fig. 14.1).

14.5 Pathophysiology

After the trauma, many proinflammatory cytokines, such as
IL-1b, IL-6, TNFa, IL-8, IL-12, IL-18, G-CSF, GM-CSF, are
immediately released into the circulation that will activate
PMNs but also a variety of anti-inflammatory cytokines, for
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example, IL-1Ra, IL-4, IL-10, IL-11 and IL-13. Usually in
homeostasis conditions both sides are balanced and the result is
equilibrium. The predominance of the proinflammatory phase
leads to SIRS, while the prevalence or lack of control of the
inflammatory phase leads to immunosuppression. As mentioned
before, a second hit during the CARS or the “vulnerable win-
dow,” such as an infection, a massive blood transfusion, surgery,
respiratory distress with hypoxia, repeated cardiovascular insta-
bility, acidosis, and missed injuries, triggers the MOF [13-15].

Some recent studies [16, 17] have shown that in polytrauma
patient there are elevated levels of cytokines as TNFs and IL-6
proportionally to the severity of the trauma, confirming the role
of this interleukin as a marker of the severity of trauma and as a
useful parameter to try to predict the onset of MOF.

TNF-alpha is a cytokine involved in inflammation and stimu-
lates the acute phase reaction; its primary role is in the regula-
tion of immune response. It stimulates the production of NO and
activates the cyclooxygenase, promoting the production of
thromboxane, prostaglandins, and PAF, unbalancing the endo-
thelial system on behalf the procoagulant factors. TNF-alpha
also increases capillary permeability, promoting the migration
of neutrophils into the tissue.

The IL-6 is another important cytokine in the genesis of
SIRS in trauma; it regulates inflammation; generates C-reactive
protein, procalcitonin and fibrinogen; and activates lympho-
cytes and NK cells. In the genesis of MOF in injured patients,
the IL-6 confirms its dual role as both proinflammatory and
anti-inflammatory.

The IL-10 is one of most important anti-inflammatory cyto-
kine; its role is exactly the opposite that of the abovementioned
cytokines, for example, inhibits the production of monocytes/
macrophages and reduces the proinflammatory mediators.

The complement system plays a key role in the genesis of
inflammation after trauma. Sharma et al., Hecke et al., and Kapur
et al. have shown that the plasma levels of proinflammatory
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peptides C3 and C3a increase immediately after trauma [18-20].
The complement cascade causes the formation of pores in cell
membranes, resulting in lysis and the production of oxygen free
radicals and arachidonic acid metabolites.

In the pathogenesis of MOF are also involved the ischemia/
reperfusion injury pathway and the “gut’s role.”

Ischemia reduces the reserves of ATP, increasing the levels of
hypoxanthine and raising intracellular levels of Na* and altering
those of Ca*. During the secondary reperfusion, the oxygen
reacts with hypoxanthine, producing H,O, and the hydroxyl
radical °OH~; these reactive oxygen species (ROS, oxygen radi-
cals) contribute to the cell membrane peroxidation, causing
diffuse tissue damage.

The splanchnic circulation is the last to be restored after
resuscitation [21, 22]. Ischemia and reperfusion may determinate
intestinal mucosal barrier dysfunction and bacterial overgrowth,
increasing permeability to endotoxins with reduction in immune
defense capabilities. This phenomena called bacteria transloca-
tion may allow gut-derived toxins and inflammatory mediators to
pass the intestinal lymphatic barrier and to reach the systemic
circulation, leading to SIRS, ARDS, and MOF [20, 22].

14.6 Clinical Presentation

The clinical entity of MOF presentation depends on the number
and severity of the many risk factors responsible of the pro-
cesses of hypoperfusion, ischemia, and reperfusion which char-
acterize this syndrome [1, 4, 23] (Table 14.3).

Some studies show that males have higher levels of circulat-
ing IL-6 after trauma and estrogens may even have a protective
role in the development of MOF [4, 24, 25].

The first organ that usually shows signs of malfunction
(ARDS, infection) is the lung, followed by heart, liver, and
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Table 14.3 Risk Severity of injury (NISS, ISS>25)

factor for developing Units of RBC transfusion greater than 6 within
of MOF 12h

Age greater than 55 years

Base deficit greater than 8 mEq at10-12 h
Lactate levels greater than 2.5 at 12-24 h
Age of transfused blood

Obesity

Abdominal compartment syndrome

Male gender

Dewar D. et al [4]

lastly kidneys [11]. Lungs are considered the pacemaker of
MOF, considering that half of the circulation is constantly “fil-
tered” by these organs. The signs and symptoms are those of
acute respiratory failure (ALI, ARDS), with impairment in oxy-
genation and CO, removal and need of mechanical ventilation.
Pulmonary function may be further worsened by direct compli-
cation as evolving lung contusion, infection, and fat embolism
due to multiple long bone fracture association.

Circulatory failure is associated with the need of vasopressor
for maintaining adequate organ perfusion pressure despite ade-
quate volemia.

Liver failure can be manifested by elevations in liver
enzymes and bilirubin, coagulation defects, and inability to
excrete toxins such as ammonia, which can aggravate
encephalopathy.

Coagulopathy in MOF is caused by deficiencies in coagulation
system proteins, including protein C, antithrombin III, and tissue
factor inhibitors. It should not be confused with the “early” trau-
matic coagulopathy [26] that is an endogenous impairment of all
components of hemostasis that develops rapidly after injury,
which is correlated to and contributes to MOF development.

Kidney failure is manifested by oliguria and increase of
serum creatinine and BUN, often due to acute tubular necrosis.
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Abdominal compartment syndrome should be monitored
with bladder pressure and pronto managed in patient at risk
(abdominopelvic trauma, massive fluid resuscitated).

Clinical scores (Denver, SOFA, Tables 14.1 and 14.2) are
useful diagnostic tools for early detection, prognostication, and
monitoring the effect of therapy on management of this sequen-
tial organ failure. The early MOF is much more lethal than the
late one. The late MOF needs a second hit to start, usually 72 h
after trauma [4].

14.7 Treatment

The treatment of multiple organ failure is generally a support
therapy.

Current management principles employed in addressing
these goals include the following:

. Early recognition

. Early organ function support

. Early hemodynamic resuscitation

. Early source control and adequate antibiotic therapy in case
of infection or sepsis

. Continued hemodynamic support

6. Metabolic support

AW N =

W

The high incidence of early lung failure may require endotra-
cheal intubation and protective mechanical ventilation (low tidal
volume as in patient with ARDS) and monitoring of CO, levels,
including tracheobronchial aspiration of secretions. Control of
pulmonary infections is a very key point, and some cultures of
tracheobronchial secretions has to be done, to perform the
appropriate antibiotic therapy.

The first step for hemodynamic resuscitation is to control any
source of bleeding with a good hemostasis starting from damage
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control intervention (packing, angiography) up to total care when
sign of SIRS and MOF attenuate. The second step for hemostatic
resuscitation is to detect and control early trauma-induced coagu-
lopathy (TIC), with high ratio (1:1, 1:2) of fresh-frozen plasma
(FFP) to packed red blood cells (PRBC) and platelet. TIC is not
primarily a consumptive coagulopathy; it is characterized by dys-
fibrinogenemia, systemic anticoagulation, impaired platelet func-
tion, and hyperfibrinolysis. To guide the early goal management
of this coagulopathy, instead of traditional laboratory-based
clotting screens (PT, aPTT, fibrinogen), viscoelastic coagulation
tests [e.g., ROTEM (TEM Innovations GmbH) and TEG
(Medicell Ltd)] should be used [26].

Subsequent assessment of the patient’s volume and cardio-
vascular status will guide the amount of fluid resuscitation. In
MOF patient clinical assessment of the response to volume infu-
sion may be difficult, and when proper fluid resuscitation fails
to restore hemodynamic stability and tissue perfusion, vasopres-
sor therapy has to be started. Under fluid resuscitation as well
fluid overload has to be avoided, so these patients require differ-
ent grade of invasive hemodynamic monitoring from the static
one (CVP, arterial lines, pulmonary artery catheters) to func-
tional hemodynamic monitoring which enables to assess, for
instance, preload responsiveness of the patient (volume-based
monitoring system, echocardiography) [27].

Renal dysfunction, oliguria, and increase in serum creatinine
and BUN should prompt attention to adequacy of circulating
blood volume, cardiac output, and blood pressure. Not revers-
ible acute kidney injury is an indication to continuous renal
replacement therapy (RRT).

Metabolic and nutritional support has an important role in
MOF management. Serum glucose should be kept in normal
range with insulin infusion to avoid the detrimental effects of
hyperglycemia [28].

MOF and critically ill patients are usually hypercatabolic.
Early nutritional support via the enteral route is preferred unless
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the patient has an ileus or other abnormality; gastroparesis is
observed commonly and can be treated with motility agents or
placement of a small bowel feeding tube.

References

10.

12.

13.

. Ciesla DJ, Moore EE, Johnson JL et al (2005) A 12-year prospective

study of postinjury multiple organ failure: has anything changed? Arch
Surg 140(5):432-438

. Sauaia A, Moore FA, Moore EE et al (1995) Epidemiology of trauma

deaths: a reassessment. J Trauma 38(2):185-193

. Bone RC, Balk RA, Cerra FB et al (1992) Definitions for sepsis and

organ failure and guidelines for the use of innovative therapies in sep-
sis. The ACCP/SCCM Consensus Conference Committee. American
College of Chest Physicians/Society of Critical Care Medicine. Chest
101(6):1644-1655

. Dewar D et al (2009) Postinjury multiple organ failure. Injury

40(9):912-918

. Bone RC (1996) Sir Isaac Newton, sepsis, SIRS, and CARS. Crit Care

Med 24:1125-1128

. Moore FA, Sauaia A, Moore EE et al (1996) Postinjury multiple organ

failure: a bimodal phenomenon. J Trauma 40(4):501-502

. Sauaia A, Moore FA, Moore EE et al (1998) Multiple organ failure can

be predicted as early as 12 h after injury. J Trauma 45(2):291-301

. Fry DE, Pearlstein L, Fulton RL, Polk HC (1980) Multiple system organ

failure: the role of uncontrolled infection. Arch Surg 115(2):136-140

. Faist E, Baue AE, Dittmer H, Heberer G (1983) Multiple organ failure

in polytrauma patients. J Trauma 23(9):775-787
Knaus WA, Draper EA, Wagner DP, Zimmerman JE (1985) Prognosis
in acute organ-system failure. Ann Surg 202(6):685-693

. Ciesla DJ, Moore EE, Johnson JL et al (2005) The role of the lung in

postinjury multiple organ failure. Surgery 138(4):749-757

Moore EE, Moore FA, Harken AH et al (2005) The two-event construct
of postinjury multiple organ failure. Shock 24(Suppl 1):71-74

Rose S, Marzi I (1996) Pathophysiology of polytrauma. Zentralbl Chir
121:896-913

. Rotstein OD (2003) Modeling the two-hit hypothesis for evaluating

strategies to prevent organ injury after shock/resuscitation. J Trauma
54(Suppl 5):203-206



204

15.

16.

17.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

F. Del Corso et al.

Keel M et al (2005) Pathophysiology of polytrauma. Injury
36:691-709

Biffl WL, Moore EE, Moore FA, Peterson VM (1996) Interleukin-6 in
the injured patient. Marker of injury or mediator of inflammation? Ann
Surg 224:647-664

Pape HC, Tsukamoto T, Kobbe P et al (2007) Assessment of the clini-
cal course with inflammatory parameters. Injury 38:1358-1364

. Sharma DK, Sarda AK, Bhalla SA et al (2004) The effect of recent

trauma on serum complement activation and serum C3 levels correlated
with the injury severity score. Indian J] Med Microbiol 22:147-152

. Hecke F, Schmidt U, Kola A et al (1997) Circulating complement pro-

teins in multiple trauma patients—correlation with injury severity,
development of sepsis, and outcome. Crit Care Med 25:2015-2024
Kapur MM, Jain P, Gidh M (1986) The effect of trauma on serum C3
activation and its correlation with injury severity score in man.
J Trauma 26:464-466

Offner PJ, Moore EE (2000) Risk factors for MOF and pattern of organ
failure following severe trauma. In: Baue AE, Faist E, Fry DE (eds)
Multiple organ failure. Springer, New York, pp 30—43

Tsukamoto T et al (2010) Current theories on the pathophysiology of
multiple organ failure after trauma. Injury 41:21-26

Sauaia A, Moore FA, Moore EE et al (1994) Early predictors of postin-
jury multiple organ failure. Arch Surg 129(1):39-45

Sperry JL, Friese RS, Frankel HL et al (2007) Male gender is associ-
ated with excessivelL-6 expression following severe injury. J Trauma
63(3):487-493

Frink M, Pape HC, van Griensven M et al (2007) Influence of sex and
age on mods and cytokines after multiple injuries. Shock
27(2):151-156

Frith D, Davenport R, Brohi K (2012) Acute traumatic coagulopathy.
Curr Opin Anaesthesiol 25(2):229-234

Pinsky M, Payen D (2005) Functional hemodynamic monitoring. Crit
Care 9:566-572. doi:10.1186/cc3927

Dellinger RP, Levy MM, Carlet JM et al (2008) Surviving Sepsis
Campaign: international guidelines for management of severe sepsis
and septic shock: 2008. Intensive Care Med 34(1):17-60

Sauaia A, Moore EE, Johnson JL, Ciesla DJ, Biffl WL, Banerjee A
(2009) Validation of postinjury multiple organ failure scores. Shock
31(5):438-447

Ferreira FL, Bota DP, Bross A, Mélot C, Vincent JL (2001) Serial
evaluation of the SOFA score to predict outcome in critically ill
patients. JAMA 286(14):1754-1758


http://dx.doi.org/10.1186/cc3927

Chapter 15
Infections in Trauma Patients

Massimo Sartelli and Cristian Trana

15.1 Introduction

Trauma patients with hospital-acquired infections (HAISs) are at
increased risk for mortality, have longer length of stay, and incur
higher inpatient costs [1].

Given the magnitude of the clinical and economic burden of
HAIs, implementing interventions aiming to decrease the inci-
dence of HAIs may have a potentially very large impact [2].

15.2 Risk Factors

It is well known that patients with traumatic injuries are at
increased risk for infection.

The interruption of tissue integrity, hemorrhage and tissue
hypoperfusion, frequency of invasive procedures, and impaired
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host defense mechanisms all have a major impact on subsequent
infection [3].

Several factors are implicated in the increased susceptibility
of trauma patients to infection, especially in intensive care units
(ICU), but identifying independent risk factors for infection in
trauma patients is a very difficult task. High ISS scores [4],
morbid obesity [5], early hyperglycemia (glucose >200 mg/dL)
[6], the presence of shock or hypoperfusion [7], older age, male
gender [8, 9], type of trauma (blunt or penetrating), the number
of affected organs, unconsciousness, prolonged mechanical ven-
tilation, spinal cord injury, the requirement for mechanical ven-
tilation, the use of central catheters, multiple transfusions, and
several surgical procedures have been reported to be substantial
risk factors for infection in trauma patients.

15.3 Pneumonias

Pneumonia is one of the most common hospital-acquired infec-
tions in trauma patients.

Injuries to the thorax, head, and abdomen are associated with
a significantly increased risk of pneumonia because of changes
in respiratory mechanics [10].

However, the main risk factors for hospital-acquired pneu-
monias (HAPs) in trauma patients are the use of prolonged
mechanical ventilation and positive end-expiratory pressure
[11].

Ventilator-associated pneumonias (VAPs) are defined as
hospital-acquired pneumonias occurring more than 48 h after
patients have been intubated and received mechanical ventila-
tion. VAPs are independently associated with death in less
severely injured trauma patients [12].

Early pneumonias within the first few days of hospitalization
can also result from aspiration at the time of injury.



15 Infections in Trauma Patients 207

HAPs are caused by a wide variety of bacteria that originate
from the patient flora or the health-care environment. The most
commonly isolated organisms are Staphylococcus aureus,
Pseudomonas aeruginosa, Klebsiella species, Escherichia coli,
Acinetobacter species, and Enterobacter species [13].

Early and appropriate antimicrobial therapy is an essential
determinant of clinical outcome. Choosing the appropriate
agent, however, remains challenging since in most cases no data
on the identity and susceptibility of the pathogen is available at
the time of treatment initiation. Because inadequate therapy has
been associated with excess hospital mortality from HAPs, the
prompt administration of empirical broad-spectrum antimicro-
bial therapy is essential [14].

15.4 Empyemas

Empyemas after trauma can develop after hemothorax, penetrat-
ing trauma to the chest, perforation of the diaphragm, contigu-
ous infection, and prolonged chest tube placement.

Empyema is a rare complication. Gram-positive bacteria are
the most likely cause after hemothorax.

Prophylactic antibiotics may be administered at the time of
chest tube insertion, though this practice is not routinely
recommended.

15.5 Urinary Tract Infections

The development of urinary tract infections (UTIs) is mainly
related to indwelling urinary catheter use.

These infections are associated with a greater mortality in
trauma patients [15].
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Escherichia coli is the most frequent species isolated,
although it comprises fewer than one-third of isolates. Other
Enterobacteriaceae, such as Klebsiella species, Serratia species,
Citrobacter species, and Enterobacter species; nonfermenters
such as P. aeruginosa; and gram-positive cocci, including
coagulase-negative staphylococci and Enterococcus species, are
also isolated.

Use of the urinary catheter should always be discontinued as
soon as appropriate. A 7-14-day regimen is recommended for
most patients with UTI, regardless whether the patient remains
catheterized or not.

Data on local antimicrobial resistance, when available,
should be used to help guide empirical treatment. Shorter dura-
tions of treatment are preferred in appropriate patients to limit
development of resistance. Regimens should be adjusted as
appropriate depending on the culture and susceptibility results
and the clinical course [16].

15.6 Bloodstream Infections

Resuscitation intravenous lines are a critical part of the care of
the trauma patient.

Unfortunately, they are a major source of bloodstream
infections.

Central line-associated bloodstream infections (CLABSIs) in
critically ill trauma patients are potentially fatal infections and
are associated with a substantial increase in long hospital stay
and total hospital cost.

Strict adherence to sterile technique can reduce central line-
associated bloodstream infections (CLBSIs) and has become a
quality improvement measure.

Trauma patients are at higher risk for bloodstream infections
than routine surgical patients [17].
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Presence of a chest tube, use of immunosuppressive agents,
presence of microbial resistance, length of stay, presence of
preexisting infection, percentage change of serum albumin lev-
els, patient disposition, transfusion of 10 or more units of blood,
and number of central venous catheters (CVCs) were identified
as independent predictors of nosocomial BSI [18].

The most commonly isolated pathogens from blood culture
are coagulase-negative staphylococcus, Staphylococcus aureus,
Enterococcus, Candida spp., Klebsiella pneumoniae, and
Pseudomonas aeruginosa.

Early adequate antimicrobial therapy is an essential determi-
nant of outcome.

Appropriate empirical antibiotic treatment is associated with a
significant reduction in fatality in patients with bloodstream infec-
tions. After appropriate cultures of blood and catheter samples are
done, empirical broad-spectrum i.v. antimicrobial therapy should
be initiated as soon as possible. In cases of non-tunneled CVC-
related bacteremia and fungemia, the CVC should be removed.

15.7 Intra-abdominal Infections

Hollow viscus injuries (HVIs) are related to significant morbid-
ity and mortality. HVIs are due to both penetrating injury and
blunt trauma. They are uncommon in patients with blunt trauma.
In these patients a timely diagnosis can be often difficult.

Several mechanisms have been described for bowel injuries
occurring after blunt abdominal trauma. Crushing of the bowel
segment between the seat belt and vertebra or pelvis posteriorly
is the most common mechanism. It results in local lacerations of
the bowel wall, mural and mesenteric hematomas, transection of
the bowel, localized devascularization, and full-thickness contu-
sions. Devitalization of the areas of contusion may subsequently
result in late perforation.
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An important determinant of morbidity in patients with HVIs
seems to be the time to surgery. Only an expeditious evaluation
and diagnosis and prompt surgical intervention can improve the
prognosis of these patients [19].

Age, Abdominal Abbreviated Injury Score, the presence of a
significant extra-abdominal injury, and a delay of more than 5 h
between admission and laparotomy were identified as risk fac-
tors for mortality [20].

Generally, the choice of the procedure depends on the ana-
tomical source of infection, on the degree of peritoneal inflam-
mation, on the generalized septic response, and on the patient’s
general conditions [21].

Also antimicrobial therapy plays an integral role in the man-
agement of posttraumatic intra-abdominal infections, especially
in critically ill patients. In these patients empirical antimicrobial
therapy should be initiated as early as possible.

The major pathogens involved in community-acquired intra-
abdominal infection are Enterobacteriaceae, Streptococcus spp.,
and anaerobes (especially B. fragilis).

15.8 Surgical Site Infections

Surgical site infections (SSIs) are defined as infections occur-
ring up to 30 days after surgery (or up to 1 year after surgery in
patients receiving implants) and affecting either the incision or
deep tissue at the operation site. Surgical site infection is the
most frequently reported complication in surgical patients,
accounting for 14—16 % of all nosocomial infections. In patients
undergoing trauma surgery, the incidence of SSIs is higher.

In multivariate analyses, type of trauma (blunt or penetrat-
ing), the presence of shock, the number of affected organs, high
ISS scores, wound classification, use of prophylactic antibiotics,
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multiple transfusions, and several surgical procedures have been
reported to be risk factors for SSIs in trauma patients [19].

It was found a clear association between contamination of
the abdominal cavity (understood as any type of contamination
owing to hollow viscus injuries) and SSIs [22].

Undergoing a surgical procedure in the first 24 h after
admission offers a protective benefit against the development
of SSIs [23].

The causative pathogens of SSIs depend on the type of sur-
gery; the most commonly isolated organisms are Staphylococcus
aureus, coagulase-negative staphylococci, Enterococcus spp.,
and Escherichia coli. Numerous patient-related and procedure-
related factors influence the risk of SSI in surgical patients, and
hence, prevention requires a “bundle” approach, with systematic
attention to multiple risk factors, in order to reduce the risk of
bacterial contamination and improve the patient’s defenses.
Good patient preparation, aseptic practice, attention to surgical
technique, and antimicrobial prophylaxis are all essential for the
prevention of SSIs [24].
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