3T “i

IntechOpen

Trauma and Emergency

Surgery
The Role of Damage Control Surgery

Edited by Georgios Tsoulfas
and Mohammad Meshkini







Trauma and Emergency
Surgery - The Role of

Damage Control Surgery

Edited by Georgios Tsoulfas
and Mohammad Meshkini

Published in London, United Kingdom




C
o
Q.
@)
L
&)
o
)
£




Supporting open minds since 2005




Trauma and Emergency Surgery - The Role of Damage Control Surgery
http:/dx.doi.org/10.5772/intechopen. 87629
Edited by Georgios Tsoulfas and Mohammad Meshkini

Contributors

Alfredo Alvarado, Yueh-Bih Tang, Shihheng Chen, Henrique A. Wiederkehr, Lucas M. Sarquis, Oona T.
Daronch, Julio Cesar Wiederkehr, Barbara A. Wiederkehr, Lucas Scopel, Luca Ponchietti, Nestor Bueno
Vidales, Andrea Casamassima, Fernando Gallego Estrada, Alessandro Garcea, Ioannis Gerogiannis,
Alberto Lafita Lopez, Diego Mariani, Olga Marin Casajus, Matteo Marconi, Nuno Filipe Muralha Antunes,
Jorge Vera Bella, Carlos Yanez Benitez, Pradal Jarne Laura Maria Pradal Jarne, Daniela Vrinceanu,
Bogdan Banica, Mihai Dumitru, Georgios Tsoulfas, Ioannis Ziogas, Ioannis Katsaros, Marina Boushra,
Thomas J. Fitzgerald, James Shen, Linda Ding, Kevin O’Connor, Ameer L. Elaimy, Carla Bradford,
Fenghong Liu, Abdulnasser Khalifeh, Suhong Yu, Harry Bushe, Jonathan Saleeby, Kenneth Ulin, I-Lin
Kuo, Yankhua Fan, Maryann Bishop-Jodoin, Paul Rava, Jodo V. Zeni, Hung-Chi Chen

© The Editor(s) and the Author(s) 2021

The rights of the editor(s) and the author(s) have been asserted in accordance with the Copyright,
Designs and Patents Act 1988. All rights to the book as a whole are reserved by INTECHOPEN LIMITED.
The book as a whole (compilation) cannot be reproduced, distributed or used for commercial or
non-commercial purposes without INTECHOPEN LIMITED’s written permission. Enquiries concerning
the use of the book should be directed to INTECHOPEN LIMITED rights and permissions department
(permissions@intechopen.com).

Violations are liable to prosecution under the governing Copyright Law.

@) |

Individual chapters of this publication are distributed under the terms of the Creative Commons
Attribution 3.0 Unported License which permits commercial use, distribution and reproduction of
the individual chapters, provided the original author(s) and source publication are appropriately
acknowledged. If so indicated, certain images may not be included under the Creative Commons
license. In such cases users will need to obtain permission from the license holder to reproduce
the material. More details and guidelines concerning content reuse and adaptation can be found at
http: /www.intechopen.com/copyright-policy. html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not
necessarily those of the editors or publisher. No responsibility is accepted for the accuracy of
information contained in the published chapters. The publisher assumes no responsibility for any
damage or injury to persons or property arising out of the use of any materials, instructions, methods
or ideas contained in the book.

First published in London, United Kingdom, 2021 by IntechOpen

IntechOpen is the global imprint of INTECHOPEN LIMITED, registered in England and Wales,
registration number: 11086078, 5 Princes Gate Court, London, SW7 2QJ, United Kingdom
Printed in Croatia

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Additional hard and PDF copies can be obtained from orders@intechopen.com

Trauma and Emergency Surgery - The Role of Damage Control Surgery
Edited by Georgios Tsoulfas and Mohammad Meshkini

p.cm.

Print ISBN 978-1-83968-164-6

Online ISBN 978-1-83968-165-3

eBook (PDF) ISBN 978-1-83968-166-0



We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

53®®+ 131,000+ 155M+

ailable International authors and editor: Downloads

Our authors are among the

156 Top 1% 12. 2%

Countries deliv most cited s Contributors from top 500 universities

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y






Meet the editors

Dr. Georgios Tsoulfas received his medical degree from Brown
University School of Medicine, Rhode Island, and completed his
general surgery residency at the University of Iowa Hospitals and
Clinics, as well as a transplant research fellowship at the Starzl
Transplant Institute at the University of Pittsburgh. He then
completed a two-year transplantation surgery fellowship at the
Massachusetts General Hospital, Harvard Medical School, and
then joined the Division of Solid Organ Transplantation and Hepatobiliary Surgery
at the University of Rochester Medical Center as an Assistant Professor of Sur-

gery. He has currently moved back to Greece, where he is an Associate Professor of
Transplantation Surgery at the Aristotle University School of Medicine and Chief of
the Transplantation Surgery Department in Thessaloniki, Greece. He has published
more than 120 papers in peer-reviewed journals and in PubMed, as well as seven-
teen book chapters. He is a reviewer for more than forty international journals and
on the editorial board of several others. He is currently Chair of the International
Relations Committee of the American College of Surgeons and World President of
the International College of Surgeons.

Mohammad Meshkini, MD, is an MPH candidate in his last year
of aresidency in Emergency Medicine at Iran University of Med-
ical Sciences. He is an instructor candidate for courses in Basic
Life Support (BLS) and Advanced Cardiovascular Life Support
(ACLS) courses from the American Heart Association (AHA),
as well as the Advanced Trauma Life Support (ATLS) course
from the American College of Surgeons (ACS) and the Ultra-
sound Trauma Life Support (UTLS) course from the All India Institute of Medical
Sciences (AIIMS). He has collaborated with the Iran Emergency Medical Services
headquarters in Tehran, Iran. His fields of interest are traumatic patients and di-
saster management. Before choosing a career in emergency medicine, Dr. Meshkini
pursued a Ph.D. in Disaster Healthcare Management.







Contents

Preface

Section 1
General Concepts of Damage Control Surgery

Chapter1

Radiation Injury and Emergency Medicine

by James Shen, Linda Ding, Kevin O’Connov, Ameer Elaimy,

Carla Bradford, Fenhong Liu, Abdulnasser Khalifeh, Suhong Yu,

Harry Bushe, Jonathan Saleeby, Kenneth Ulin, I-Lin Kuo, Yankhua Fan,
Maryann Bishop-Jodoin, Paul Rava and Thomas ]. FitzGerald

Chapter2

Evaluation and Treatment of Elevated Temperature in the Emergency
Department

by Mavrina Boushra

Section 2
Damage Control Surgery and Liver Trauma

Chapter 3
Damage Control Surgery for Liver Trauma
by lIoannis A. Ziogas, loannis Katsaros and Georgios Tsoulfas

Chapter 4

Liver Trauma Management

by Henrique A. Wiederkehy, Julio Wiederkehy, Barbara A. Wiederkehy,
Lucas M. Sarquis, Oona T. Daronch, Lucas Scopel and Jodo V. Zeni

Section 3
Damage Control Surgery in Different Surgical Specialties

Chapter5

Damage Control in Hinchey IIT and IV Acute Diverticulitis

by Luca Ponchietti, Néstor Bueno Vidales, Andrea A. Casamassima,
Fernando Gallego Estrada, Alessandro Garcea, loannis Gerogiannis,

Alberto Lafita Lopez, Diego Mariani, Olga Mavin Casajis, Matteo Marconi,
Nuno Filipe Muralha Antunes, Laura Maria Pradal Jarne, Jorge Vera Bella
and Carlos Yinez Benitez

XI

19

35

37

53

69

71



Chapter 6 85
Diagnosis and Treatment of Midface Trauma in the Context of Polytrauma:
Characteristics during COVID-19 Pandemic Conditions

by Daniela Vvinceanu, Bogdan Banica and Mihai Dumitru

Chapter?7 103
Designing Flaps for Closure of a Vsariety of Skin Defects

by Alfredo Alvarado

Chapter 8 117

Finesse in Damage Control Reconstruction for Trauma in Plastic Surgery
by Shihheng Chen, Hung-Chi Chen and Yueh-Bih Tang

XII



Preface

One of the most interesting and challenging fields of medicine and surgery is trauma
and emergency surgery. Itisa continuously evolving field, as it incorporates the
knowledge and skills of trauma surgery, emergency general surgery, and intensive
care. The goal is to be able to approach these patients, who are in a life-and-death
situation, in a more well-rounded manner.

A basic concept in trauma and emergency surgery is that of damage control surgery,
as it provides surgeons with a strategy that allows them to prioritize the threats to
the patient and manage them in a manner that shows appreciation of the physiology
of the disease process, and not as simply a surgical exercise.

This book contains contributions from an excellent group of world authorities in the
field of trauma and emergency surgery. In addition to the knowledge shared, the
authors provide their personal clinical experience, making this book an extremely
useful tool for every scientist and physician practicing in the field of trauma and
emergency surgery. The book is divided into 3 sections with chapters showing the
application of damage control surgery in different surgical specialties.

Overall, this book represents a true tour de force of a variety of topics having to do
with trauma and emergency surgery. It should be stressed that the intended audi-
ence is scientists and physicians and surgeons of different specialties that all have
in common an interest in trauma and emergency surgery and improving the lives of
these patients.

Georgios Tsoulfas

Associate Professor of Transplantation Surgery,
Department of Transplantation Surgery,
Aristotle University School of Medicine,
Thessaloniki, Greece

Mohammad Meshkini
Tabriz University of Medical Sciences,
Tabriz, Iran
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Chapter1

Radiation Injury and Emergency
Medicine

James Shen, Linda Ding, Kevin O’Connov, Ameer Elaimy,
Carla Bradford, Fenhong Liu, Abdulnasser Khalifeh,

Suhong Yu, Harry Bushe, Jonathan Saleeby, Kenneth Ulin,
I-Lin Kuo, Yankhua Fan, Maryann Bishop-Jodoin, Paul Rava
and Thomas ]. FitzGerald

Abstract

The discovery of radiation has led to many advances. Guidelines have been
created to minimize radiation exposure and treatment management following
both unintentional and intentional exposure. The effects of radiation exposure on
specific tissues varies. Tragic consequences can result, ranging from severe, acute
injury to long- lasting effects that present years after the initial exposure. In this
chapter we provide observations that demonstrate the importance of understanding
guidelines to minimize radioactive exposure and the expectations and treatment
management following exposure. For the safety and well-being of patients, health
care professionals need to remain well-informed to minimize the risks of this tool.

Keywords: radiation injury, emergency care and treatment

1. Introduction

Our understanding of toxicity associated with exposure to radiation has
increased since the discovery of X-rays in 1895. X-rays were used to treat a variety
of malignant and non-malignant diseases. The effects of radioactive exposure on
specific tissues can vary. Radioactive particles destroy or impair tissue by generating
free radicals that damage important molecular structures, such as DNA. Radiation
exposure can lead to catastrophic consequences, ranging from severe, acute injury
to long-lasting effects that manifest years after the initial exposure. This chapter
provides observations that demonstrate the importance of understanding guide-
lines to minimize radioactive exposure, and the expectations and treatment man-
agement following exposure [1-3].

Exposure to radioactive particles is divided into intentional or unintentional
causes. Notable intentional causes include the atomic weapons activated on Hiroshima
and Nagasaki in Japan during World War II. The immediate injuries and fatalities
were from the heat and mechanical force generated by the trauma and physical
destruction. However, it became apparent that there were longer lasting conse-
quences. Survivors in the surrounding area were exposed to high levels of radiation
and suffered from acute toxicity injuries and organ failure. Many of those who did not
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succumb to the effects of acute toxicity were known to suffer lifelong chronic condi-
tions, such as developmental problems in newborns and increased cancer risk [4-6].

Unintentional causes are usually the result of radiation exposure without intent
to injure. These unintentional causes are typically related to the effects of radioac-
tive materials utilized for energy or medical treatment. The first radiograph was
taken in 1895 and early pioneers in the field were unaware of the consequences of
exposure. Initial procedures were often associated with unintentional exposure
and were fraught with numerous complications such as skin blistering, hair loss and
systemic toxicity that we now know were due to radiation toxicity. These signs and
symptoms were similar to those present in exposed workers in the first nuclear
development programs, many of whom would later develop injuries and cancers as
a consequence of their profession [7, 8].

Despite these risks, nuclear power continues to be used for its benefits.
Fortunately, we now know much more about how to avoid and minimize radioac-
tive exposure. Rigorous standards enforcing safe practices with radioactive material
and the formation of numerous regulatory agencies such as the Nuclear Regulatory
Commission are a testament to how far we have come [9]. However, accidents
involving radioactive material do occur. In this chapter, we describe a brief history
of well-known incidents involving unintended radioactive exposure, as well as the
clinical consequences and care of the patient following exposure.

2. Unintended causes: nuclear accidents

One of the most significant nuclear accidents in history was Chernobyl. On
that day, a series of missteps during a routine safety check resulted in a massive
explosion that sent a plume of radioactive material into the air for an entire week.
The range of this explosion extended well beyond the immediate vicinity, exposing
other parts of Europe to radioactive gas in the process. In addition to exposing civil-
ians to the radioactive material, first responders also received significant radiation
levels and thermal injury, many of which were lethal. More recently, the nuclear
reactor in Fukushima, Japan experienced a meltdown following the 2011 tsunami in
Japan. While there were no immediate casualties, there was lasting environmental
damage and the long-term health consequences are yet to be fully understood
[8]. These examples demonstrate the importance of proper safety measures and
providing an effective response to nuclear accidents.

3. Acute toxicity

Toxicity from radiation exposure can be divided into three types: acute, sub-
acute and chronic/late. Acute radiation toxicity is defined as signs and symptoms
<90 days following exposure. In a medical setting, treatment of acute exposure
is quite common. During radiation therapy, radiation is targeted and delivered
to tumors and management of side effects from the radiation exposure remains a
mainstay of modern oncology.

The radioactive dose from these procedures is typically far less than the dose
following unintended exposures outside of the clinical setting. The radiation treat-
ment dose is usually fractionated, meaning the dose is given in intervals to reduce
the short-term toxicity of the radioactive treatment. The clinical manifestations
of acute toxicity following a radioactive accident may be much more severe than
those typically encountered by most physicians and may warrant treatment in an
emergency setting [4, 5].
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Acute radiation toxicity involves many organ systems, including but not limited
to the central nervous, gastrointestinal, and cardiovascular systems. Cells with
self-renewal potential may be able to recover better from radiation damage com-
pared to those without such protective mechanisms. Self-renewal processes are
often accelerated as a response to injury where slowly proliferative tissues cannot.
However, if the exposure is given in a single fraction of high enough dose, this
ability for self-renewal potential will be overwhelmed. For example, a single total
body dose >10 Gy will result in death within days from numerous possible causes.
Damage to the central nervous system will result in cerebrovascular syndrome, with
uncontrollable swelling in neuromuscular tissue. Despite best supportive care there
are no medical interventions to prevent death at this level of exposure. Damage to
the gastrointestinal system results in severe diarrhea and associated fluid loss. The
mechanism involves depletion of most stem cells within the gastrointestinal crypts.
Since these stem cells are required to replace the mucosal surface, these mucosal
surfaces will disappear a few days after exposure and there will be no barrier to
prevent fluid loss or bacterial entrance into the bloodstream. As a result, patients
will typically present with fever, nausea, vomiting, fatigue, anorexia, and severe
hypotension. Doses of 4-5 Gy are enough to cause death from depleted stem cells in
the hematopoietic system without support. Those that survive the initial depletion
typically succumb to infection a month later due to depleted lymphocytes and other
immune elements. These manifestations can occur minutes after exposure, with
severity being proportional to dose and a sharp decrease in lymphocytes within two
days of exposure [1, 4, 5].

Should the patient be exposed to doses below 4 Gy, symptomatic and best
supportive treatment is recommended. Nausea and vomiting are the typical initial
symptoms and should be treated with hydration. If the exposure dose is unknown,
noting the time of onset of vomiting is important as exposure dose is inversely
proportional to time to emesis. It is not uncommon for patients at low exposure
doses to feel fine for a few weeks before the gastrointestinal and hematopoietic
symptoms drive a patient to seek medical care. Upon initiation of care, isolation
and contact inhibition is vital since infection is a major contributor towards death
in these patients as depletion of the hematopoietic system occurs. Blood transfusion
and antibiotics can be delivered to alleviate these issues. A patient will often also
present with skin injury burns at the site of radiation exposure as epidermal and
dermal injury associated with stem cell depletion can mimic and appear similar to a
thermal injury. These injuries should be treated promptly, as they are easy routes for
infection to occur, which can be devastating to a patient with a compromised hema-
topoietic system. In patients with high exposure doses, end of life care is a possible
consideration. At an exposure of 5 Gy, only about half of patients will survive after
30 days. An exposure of 10 Gy is considered lethal regardless of medical interven-
tions [1, 5, 6]. Treating patients following radiation exposure is not only challenging
in terms of clinical aspects, but emotionally as well.

Compounds that have been developed to reduce and even prevent the clinical
manifestations following radiation exposure are called mitigators. These com-
pounds work by altering the molecular response following radiation exposure.

As such, a mitigator could inhibit lymphocyte recruitment at sites of radiation
damage, increase proliferation of stem cells that would normally be inhibited by
radiation exposure, or inhibit fibrosis. An example of a mitigator is Palifermin,

a growth factor that stimulates cell growth in response to radiation exposure to
reduce recovery time. Radioprotectors, on the other hand, are given before or
immediately after radiation exposure to protect against the effects of radiation
toxicity [10, 11]. Amifostone is one such radioprotector that has been approved by
the FDA for reducing side effects from radiation therapy [12]. More mitigators and



Trauma and Emergency Surgery - The Role of Damage Control Surgery

radioprotectors are expected to be approved as the need to protect against radiation
toxicity increases. Although many compounds have been and are in development,
no others to date are actively used in clinical practice and the role of both hemato-
poietic and mesenchymal transplant remains under investigation.

4. Subacute and late toxicity

The subacute and/or late effects of radiation toxicity, by nature, are less visible
and harder to identify for most emergency and primary care physicians. Often,
these effects take many years to develop and are often mistaken as sequelae from
another disease. However, they are nevertheless important to identify and address.
A common misconception is that the degree to which a patient suffers from acute
symptoms is proportional to severity of the long-term response. Unfortunately,
patients who experience little to no acute sequela can experience serious long-term
sequela, and vice versa. While both children and adults can experience the effects of
late radiation toxicity, children are susceptible as they have a much longer period for
these clinical manifestations to develop [13]. Unlike acute toxicity effects, anticipat-
ing long term effects is much more difficult. This technique relies heavily not only
on a physician’s knowledge of potential long-term effects, but also their willingness
to investigate a potential long-term effect.

5. Organ specific injury

A common theme in radiation injury is the ability of the tissue or organ to
respond to cell death and self-regenerate. These aspects vary among organs and
thus the clinical presentation and treatment is different depending on the organ
involved. Injuries and treatment protocols for specific organs are as follows:

5.1 Hematopoietic system

As previously discussed, damage to the hematopoietic system typically results
from injury to progenitor cells, which can lead to hematopoietic crisis and infection.
Fortunately, with the exception of whole-body exposure, the hematopoietic system
is generally able to recover from radiation damage due to migration of stem cells
from outside the site of exposure. Patients who are also receiving chemotherapy or
taking medications that may result in immunosuppressed states should be carefully
assessed. In the case of total body irradiation, an immediate decrease in circulat-
ing lymphocytes can be expected with subsequent defects in immune response.
Symptomatic treatment, including blood infusions and antibiotics as needed, with
isolation are crucial in these situations [13, 14]. Use of bone marrow transplants to
replenish depleted progenitor cells has a theoretical survival benefit opportunity in
total body irradiation patients, but to date has not been embraced as standard prac-
tice and often only applied to those most severely affected. The risk of graft-vs-host
disease makes this approach controversial, especially in the setting of an emergency
unrelated allogeneic transplant [6].

5.2 Skin

The skin is often the most direct site of radiation injury, as the epidermis covers
all other organs and is susceptible to radiation damage. The dermal stem cells are
the most susceptible component of the skin, as these are the actively dividing cells
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that replace other cells in the rest of the organ. Early symptoms of exposure typi-
cally involve erythema and swelling as vasodilation and the recruitment of inflam-
matory components localize to the area. These symptoms typically resolve within a
month. Late term effects include decreased wound healing capacity with increased
fibrosis and ulceration. Interestingly, the skin will appear to be more vascular-

ized with more prominent vasculature. However, this is due to thinning of the
epidermis, which causes veins to appear more prominent. Proper wound care is the
standard treatment for these manifestations, with surgical debridement as needed.
Particular concern must be paid for patients with medical conditions that are prone
to fibrosis, such as those with dermatitis, lupus, and scleroderma. Skin infections,
such as cellulitis, are particularly dangerous given the immunosuppressive effects of
radiation therapy. Lastly, an interesting phenomenon occurs in some patients where
previously irradiated skin can become erythemic and fibrotic several years later in
response to certain medications like antibiotics and chemotherapy. The mechanism
behind this phenomenon is unknown [15].

In the past, skin involvement from radiation therapy that could not be treated
with topical ointments was relatively rare. However, with the increasing use of
hypofractionation (radiation therapy with greater amounts of dose per treatment),
these findings are becoming more common [16]. Thus, radiation damage to the
skin is likely to become more prominent in the future as therapy becomes more
compressed with higher doses delivered in a shorter period of time. Patients with
a history of radiation therapy and significant skin sequalae should be carefully
observed for more serious developments as injuries in treated tissues heal less well
and contain less local immunity.

5.3 Gastrointestinal system

Like the skin, the gastrointestinal system is composed of mucosal cells with
multiple layers underneath that are constantly replaced over time. Unfortunately, the
rate at which some of these cells are replaced is higher than that of the skin, leading to
more immediate and sometimes more severe clinical manifestations. Cells of the gas-
tric and small bowel tend to have the highest rate of replacement, leading to very early
nausea if these regions were exposed. Exposure to mucosal cells in the upper gastro-
intestinal system (mouth, esophagus, salivary glands) tend to present with clinical
symptoms around two weeks after exposure due to a longer replacement rate. Damage
to these cells tends to present with more localized pain and swelling. Exposure to the
salivary glands can result not only with localized pain, but also xerostomia (dryness of
mouth) and ageusia (loss of taste). Saliva can become more acidic which can further
injure normal tissue and alter the environment of the oral cavity. Regardless of these
manifestations, patients should be advised to maintain adequate nutrition and dental
hygiene, as this practice helps mitigate the complications of an immunocompromised
state. Symptomatic treatment of localized pain is also advised and considered stan-
dard of care as bone exposure can be a serious consequence of mucosal denudation
[14]. Figure 1 represents modern head/neck radiation therapy treatment plan through
the oral cavity demonstrating sparing of the parotid tissue with intensity modulation.

Farther along the digestive tract, the expected symptoms can be predicted based
on the location of the tumor. Radiation exposure to the gastric mucosa during treat-
ment of gastric tumors can result in near immediate nausea given the daily replace-
ment the gastric mucosa. Treatment of esophageal tumors, which are now more
commonly in the lower third of the esophagus, present with a timeline of symptoms
similar to head and neck tumors (approximately two weeks after exposure).
Tumors in this region typically cause dysphagia and anorexia. Treatment initially
tends to relieve patient symptoms, but later patients may return thinking the tumor
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Figure 1.
Pavotid sparing. Image courtesy of the Department of Radiation Oncology, University of Massachusetts
Medical School.

has returned when in reality these symptoms are due to swelling from the therapy.
Like head and neck tumors, patients should be advised to continue maintaining
adequate hydration and nutrition [13, 14].

Symptoms from radiation exposure in the small and large bowel are more
complex and require more in-depth patient history and laboratory tests. The small
bowel absorbs much of the nutrients from food. Damaging the microvilli of the
mucosal surface, which are vital for nutrient absorption, can result in severe malab-
sorption regardless of a patient’s appetite. These findings can be confirmed by stool
tests. Patients will often present to the emergency room with diarrhea, steatorrhea,
bloating and general abdominal pain a few days after radiation exposure. The large
bowel plays an important role in absorption of water, and exposure of large portions
of this organ may compromise this function. Patients may complain of increased
defecation frequency, which can lead to dehydration and electrolyte abnormalities
that can be confirmed through electrolyte panels. To make matters more difficult,
abdominal organs are prone to forming adhesions after surgical interventions,
which disrupts blood flow to portions of the bowel that are exacerbated after
concurrent radiation therapy. Anticipation of these issues through a careful patient
history are vital to preventing severe complications from occurring [13, 14, 17].

Late effects of radiation also depend on location of the exposure. The mucosal
cells of the oral cavity should theoretically recover like that of typical skin cells, but
the combination of a tight space and harsh oral environment prone to infection and
necrosis makes healing difficult. Thus, fibrosis and ulceration over a long period
of time are possible. Acute effects of radiation typically damage mucosa of the
gums and affect the pH of the saliva, facilitating microbial growth. These changes
can lead to long-term problems with dental hygiene and patients should modify
their dental habits accordingly through increased tooth brushing and fluoride
mouthwash [13, 14]. Motility issues are also becoming more common, especially
since patients who receive radiation therapy are now living longer. Dysphagia
appears to be due to edema surrounding constrictor muscles, and physical therapy
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to encourage lymph drainage offers symptomatic treatment [18]. Gastric emptying
issues due fibrosis at the gastric antrum and regions in the bowel where surgery was
performed are also possible years after treatment. Atrophy of the pancreas many
years after radiation exposure is also known to happen, although the clinical rel-
evance of this is unknown [13, 14]. Symptoms can mimic malabsorption syndrome.

5.4 Lung

The main mechanism of radiation injury in the lungs is the generation of free
oxygen and nitrogen radicals which damage the lung parenchyma with irregu-
lar repair of type I and II pneumocytes along the delicate reticulin network of
pulmonary parenchyma. This oxidative damage causes disorganized repair and
replacement of these cells associated with late fibrosis, impairs the ability for the
lungs to oxygenate the blood. Pneumocyte damage also leads to recruitment of pro-
inflammatory modulators that recruit immune cells to the region, leading to fibrosis
and further depleting oxygenation capacity [19]. Furthermore, the radiation-driven
production of nitric oxide has been suggested as a possible cause of damage to lung
parenchyma outside of the field of radiation [20].

Complicating this situation is that many chemotherapeutic agents given with
radiation therapy, such as bleomycin, also causes pulmonary fibrosis. The results
of these sequelae are the development of pneumonitis up to two to six months after
exposure. If asymptomatic, careful observation is standard of care. If symptomatic,
the patient usually presents with occasional bouts of cough and dyspnea. Treatment
with corticosteroids, supplementary oxygen, and prophylactic antibiotics are
recommended in this situation. Once the pneumonitis resolves, fibrosis typically
marks the site of radiation injury and can result in limited ventilation requiring long
term use of supplemental oxygen. Given these findings, it is important to note that
these patients tend to be at higher risk of developing chronic pulmonary disease
compared to those who were unexposed [13, 21-24]. Pulmonary rehabilitation is an
important aspect to survivorship care and optimizing respiratory health is impor-
tant to each patient as the rehabilitate from therapy. Figure 2 represents changes in
lung parenchyma associated with immunotherapy and low dose radiation therapy
with improvement seen after withdrawal of the immunotherapy.

5.5 Liver

Radiation injury to the liver, also known as radiation-induced liver disease
(RILD), is unique in that it is often during the healing process that tissue function
undergoes disorganized repair, including injury to the reticulum network, and lim-
its the vascular relationship to the hepatocyte. While acute damage to hepatocytes
affects liver function, as the cells divide during repair they tend to become disor-
ganized, particularly if the structural reticulum of the liver is damaged. Increased
distance between the hepatocytes and the blood supply leads to decreased liver
function. This phenomenon explains why the state of the liver before exposure to
radiation also plays an important role in this process. For example, a cirrhotic liver
due to heavy alcoholic use or hepatitis will likely have pre-existing disorganized
architecture, making this liver more susceptible to radiation damage. This includes
veno-occlusive disease which also separates vascular anatomy from the hepatocyte.
For these reasons, imaging studies such as magnetic resonance imaging before the
delivery of radiation are obtained for evaluation of anatomy and function [25].
Disorganized repair can lead to migration of infusional therapies including radiola-
beled therapy as the vascular anatomy can be disrupted and limit efficacy in spite of
placement of therapy in close approximation to disease.
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Figure 2.

(A) and (C) Therapy driven pneumonitis outlining the vadiation thevapy field while on immune check point
inhibition. (B) and (D) Improvement after immunotherapy withdrawal. Courtesy of the Department of
Radiation Oncology, University of Massachusetts Medical School.

Patients with RILD typically experience symptoms that mimic cirrhosis, which
include abdominal pain, elevated liver enzymes, jaundice, and ascites within four
months of radiation exposure. Livers with pre-existing damage typically have
earlier onset, with more severe symptoms. Treatment is symptomatic with keen
observation of potential veno-occlusive and metabolic disease secondary to a
congested liver with decreased function. Careful consideration must be given for
medications that are metabolized in the liver, especially chemotherapeutic agents
that are also hepatotoxic [25, 26].

5.6 Renal

All components of the kidney, including structures crucial for filtration, such
as cells of the glomerulus, are susceptible to radiation damage. The signs of acute
radiation damage are usually seen within 3-18 months, typically mimicking signs
of renal failure. These signs include decreased glomerular filtration rate (GFR),
increased serum $2-microglobulin, albuminuria, and other markers of poor renal
function. Later signs of kidney radiation damage, which include hypertension
and eventual renal failure, are often hard to distinguish from other pathological
causes. For treatment of these sequelae, the use of hypertension medications such
as angiotensin-converting-enzyme inhibitors (ACE) inhibitors are theoretically
beneficial. Monitoring of renal function, both short and long term, also remains
crucial in the standard of care for these patients [27-29]. In aging patients who are
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not candidates for surgery, radiation therapy with stereotactic techniques is being
used more frequently to treat sub-total renal volumes for renal malignancies in an
effort to spare as much renal function as possible.

5.7 Cardiovascular system

The mechanism of radiation damage to the heart and blood vessels involves
immediate cellular damage followed by fibrotic and disorganized repair, leading to
reduced function in all cardiac segments including electrical conduction, myocar-
dium, valves, and vascular anatomy. The time period is variable due to differences
in size and functional architecture. However, what is clear is that unintended radia-
tion exposure to the heart and blood vessels has a strong association with cardio-
vascular disease and complications [30-33]. The lack of mitigation and therapeutic
strategies in response to radiation of cardiovascular tissues explains why radiation
oncologists spend such a large amount of effort to minimize cardiovascular
exposure [34].

Generous radiation exposure to the heart can result in acute pericarditis. This
diagnosis should always be in the differential in a patient with history of radiation
exposure who presents with sharp, radiating chest pain that is relieved when sitting
up. Anti-inflammatory medications like aspirin, colchicine and prednisone can
offer symptomatic relief, with pericardiocentesis being an option in severe cases.
Long term, patients who receive radiation exposure to the heart have a higher
risk of heart disease and use of echocardiograms and nuclear stress tests in these
patients is reccommended if symptoms warrant use. Large blood vessels like the
aortic, carotid, and femoral arteries can experience hyperplasia and atherosclerotic
change from radiation doses. These changes can result in rupture and fistula forma-
tion, necessitating immediate treatment. This usually requires very high doses and
prolonged exposure usually not seen in modern radiation therapy [30-33]. With
improvements in survival, patients can receive therapy with intentional overlap to
previously treated volumes for second malignancies. These patients are vulnerable
to vascular injury, including larger arteries and survivorship plans need to include
periodic surveillance of vessels to optimize follow up care. Figure 3 demonstrates
cardiac sparing for left-sided breast cancer treatment with breath-hold treatment
techniques and optical tracking.

Tiensversal - L BREAST FB

Figure 3.
Cardiac sparing with deep inspiration breath-hold (DIBH), (left-free-breathing (FB); right-DIBH). Image
courtesy of the Department of Radiation Oncology, University of Massachusetts Medical School.

11



Trauma and Emergency Surgery - The Role of Damage Control Surgery

5.8 Nervous system

Since most cells of the nervous system do not typically have a high turnover rate,
it would seem reasonable to assume that the nervous system is more resistant to
radiation damage than other organs. However, this assumption does not account for
the immediate molecular effects of radiation. Regardless of the rate of cell division,
all cells will receive damage to membranes, organelles, and other structures within
the cell. Cells that do not divide very frequently will have to endure these injuries
for long periods of time, leading to eventual clinical manifestations. Damage to
nearby vasculature also limits growth and healing of these structures, leading to
pronounced long term effects. There are clear reports of radiation damage to the
central nervous system sometimes long after the initial radiation exposure [35-38].

Patients who received radiosurgery or hypofractionation techniques are at risk of
developing necrosis within six months of receiving therapy. Clinically, these develop-
ments can result in focal changes and change in behavior depending on the site of
necrosis. Demyelinating syndromes, although rare, are also possible in the peripheral
nerves and spinal cord. Often, neurotoxic symptoms are enhanced by chemothera-
peutic agents, such as vinblastine, vincristine and cisplatin. Gathering a detailed
physical exam, medical history and possible neurological referral may be required for
definitive identification of these outcomes. Patients who received radiation therapy
for pituitary adenomas or at sites near the optic structures are at risk for visual changes
[36, 37]. This is because some structures, such as the lens and optic chasm, are sensi-
tive to radiation exposure due to limited blood supply [15, 39, 40]. Patients treated
for breast and head and neck cancers may rarely present with brachial plexopathy.
Peripheral lymph nodes for these regions are often within the same field of treatment
as the brachial plexus, resulting in unintended exposure to this region [41].

5.9 Endocrine

The effect of radiation therapy on the endocrine glands varies depending on the
gland affected. The timeline for the development of clinical sequelae varies, with
some cases even being reported many years after the radiation exposure. The pitu-
itary gland is relatively radiation sensitive and results in panhypopituitary syndrome,
requiring supplementation of depleted hormones. Secondary malignancies from
un-intentional radiation exposure, while rare, have been reported [42]. Patients who
received previous head and neck radiation therapy who now present with headache,
vision loss and/or hormonal abnormalities should be carefully examined for the
development of pituitary adenomas. The thyroid gland is also sensitive to radiation
therapy, resulting in hypothyroid syndromes. Patients who receive radiation therapy
to the head and neck often receive surgery that involves dissection of the thyroid
gland, exasperating thyroid function loss. The thyroid also has a relatively higher
incidence of developing secondary malignancies. This finding has been identified
not only in patients receiving radiation therapy, but also victims of the Chernobyl
incident [5]. The same care must be given to the parathyroid glands, given the prox-
imity to the thyroid gland, which can present with signs and symptoms of hypopara-
thyroidism. Radiation exposure to the endocrine pancreas and adrenal glands are less
characterized and are thought to be more radiation resistant. However, there are a
few cases of injury to these organs associated with radiation exposure [42].

5.10 Reproductive

The reproductive organs are highly sensitive to radiation damage, with early
exposure in pediatric patients leading to severe detriments like sterility and
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secondary malignancies (see Pediatrics). Since much of the reproductive system
depends on hormonal homeostasis, radioactive effects on the endocrine system

(see Endocrine) and the subsequent effect on hormone production, such as that on
testosterone and estrogen, can drastically affect reproductive function and develop-
ment depending on the effected hormone and gland. When investigating radiation
injury to the reproductive system, it is always important to consider the location of
exposure and any endocrine glands involved. Germ cells, such as spermatogonia,
are particularly sensitive to radiation damage as they can experience inter-mitotic
death. Even mild radiation exposure can lead to a heavy drop in sperm numbers.
Mature sperm that receive radiation damage can harbor serious mutations or
chromosomal abnormalities, leading to severe birth defects in progeny. Exposure to
female reproductive organs can even lead to miscarriage and early menopause. As a
result, it usually recommended for patients who receive gonadal exposure practice
birth control methods for up to six months after the exposure. Because the ovaries
rely on a regular, cyclical production of hormones from the follicles, radiation
injury can lead to more pronounced effects on fertility. Mucosal atrophy and drying
of female genitalia can cause great discomfort for the patient as well. Thus, fertility
treatment and consultation should be considered for patients who received heavy or
repeated radiation exposure to the gonads [13, 14, 42].

6. Pediatrics

Pediatric patients are unique in that many organs and tissues are still develop-
ing. As aresult, the cells involved are particularly sensitive to radiation damage as
the fully developed adult organ can become abnormal or dysfunctional. Pediatric
patients who receive radiation therapy are known to have a higher risk of develop-
ing growth abnormalities, chronic diseases, secondary malignancies and premature
death compared to sibling controls [43]. Children who were treated with radio-
therapy in the pelvis for tumors such as rhabdomyosarcoma or germ cell tumors are
at high risk for gonadal abnormalities. Given the rapid growth in the musculoskel-
etal system during puberty, exposure to the spine at an early age can cause drastic
changes to the respiratory and cardiovascular system. Radiation exposure to any
cartilage or bone not only presents the risk of bone necrosis, but also may affect
the fully developed form of such tissue, sometimes resulting in stunted extremity
length and increased frequency of fractures. Children treated for Wilms tumors are
at high risk of renal abnormalities later in their lifetime to the remaining kidney,
therefore attention to detail for renal health as these patients become adults is an
important aspect of a survivorship plan. Exposure to the bowel and hepatic struc-
tures are known to adversely affect the growth and development of intraabdominal
organs. These effects can affect nutritional intake, indirectly causing developmental
issues as the child matures [14, 43, 44]. As these patients mature into adulthood,
detailed review of a patient’s radiation exposure history will play a pivotal role in
survivorship plans.

7. Miitigation strategies in planning

As many of the side effects of radiation therapy are difficult to anticipate and
manage, a great deal of effort has been put into reducing the amount of non-tumor
tissue exposed to radiation. In the early days of radiation, this was difficult simply
due to the lack of technology. Now, most radiation oncologists have access to various
new tools, such as 4-dimensional conformal avoidance techniques to minimize

13



Trauma and Emergency Surgery - The Role of Damage Control Surgery

off-target exposure [34]. Compact structures that were traditionally difficult to
irradiate without significant off-target, such as the axilla and chest, can now be
treated much more accurately with minimal exposure to non-tumor tissue [41].
Modern imaging techniques can be utilized to assess organ performance even before
the administration of radiation to determine the risk of post-radiation symptoms.
Indocyanine retention assays used in conjunction with MRI have determined the
pre-exposure function of liver to assess if the patient is a good candidate for radia-
tion therapy [25]. New guidelines are constantly being updated to ensure that the
risks of radiation therapy are minimized. Novel pharmacological agents, such as
the development of immunotherapy, are being implemented to supplement the
efficiency of radiation therapy. As medicine becomes more collaborative and data
is more available, physicians outside of radiation oncology will be able to better
understand the radiation therapy treatment plans and define survivorship care
plans accordingly.

8. Conclusions

The discovery of nuclear power and the utilization to benefit humanity has been
one of the defining moments of the modern era. While this discovery certainly
has benefits, there are also unintended and intended consequences which we must
continue to mitigate. In the field of medicine, what is clear is that radiation remains
a crucial tool to diagnose and treat diseases. Understanding and minimizing the
risks of using this tool remains a priority for the safety and well-being of patients,
especially given the broad impact it has on organs throughout the body and the
long-term effects. It falls upon health care professionals to remain vigilant and well-
informed to ensure that nuclear energy and radiation therapy remains a blessing
and not a curse.
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Chapter2

Evaluation and Treatment of
Elevated Temperature in the
Emergency Department

Marina Boushra

Abstract

Elevated patient temperature is a common vital sign abnormality in the
emergency department that can be caused either by fever or hyperthermia. Fever is
a frequent presentation, most commonly caused by infections of the respiratory or
urinary tracts. Other occult sources include musculoskeletal, cardiac, neurological,
and intra-abdominal infections. These infections can become complicated by sepsis
and septic shock, conditions with high mortality. Treatment of the febrile acutely-ill
patient should begin with fluids, antimicrobials, and source control. However, if
this is ineffective or if the presentation is inconsistent with infection, consideration
should be given to hyperthermia, rather than fever, being the cause of the patient’s
elevated temperature. Several life-threatening and reversible conditions can mimic
sepsis and present with elevated temperature. These mimics include toxicity from
medications and illicit substances, neuroleptic malignant syndrome, malignant
hyperthermia, and thyroid storm. Identification of these mimics as the source of
elevated temperature can lead to earlier diagnosis and improved outcomes in these
patients.

Keywords: fever, hyperthermia, sepsis, overdose, infection

1. Introduction: fever vs. hyperthermia

Elevated core body temperature is a common vital sign abnormality in the
emergency department (ED) that can be caused by fever or hyperthermia. While
both fever and hyperthermia describe a state of elevated core temperature, they
are pathophysiologically distinct clinical entities with different underlying
pathologies and treatments. Fever is defined as an elevated body temperature that
occurs secondary to a normal thermoregulatory system functioning at a higher
set point in response to a stimulus, most commonly infection or inflammation
[1]. In contrast, hyperthermia causes elevated body temperature through primary
dysfunction of the hypothalamic thermoregulatory system itself [1]. Fever
accounts for the vast majority of cases of elevated core temperature presentations
in the ED, while hyperthermia is much more rare [1, 2]. Distinguishing between
fever and hyperthermia may be difficult on initial patient presentation to the
ED but the distinction has important implications for patient treatment and
outcomes.
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2. Fever

Fever results from a pyrogen-mediated alteration in the set point of the
thermoregulatory system in the anterior hypothalamus [1]. The interaction of
endogenous and exogenous pyrogens with the hypothalamus results in increased
production of prostaglandins, which act on temperature-sensitive neurons and
lead to increased core temperature [1] Infection is the most common cause of
fever, accounting for 74% of fevers in hospitalized patients [3]. Other processes
that produce endogenous pyrogens, such as malignancy and ischemia, account
for the majority of the remaining sources of fever in hospitalized medical
patients [4].

2.1 Sepsis
2.1.1 Definition of sepsis and septic shock

Despite significant emphasis by the Centers of Medicare and Medicaid
Services (CMS) on the rapid identification and treatment of sepsis, there is no
gold standard definition for the spectrum of sepsis syndromes. In actuality, sepsis
is a complex and poorly understood process despite two centuries of research into
its mechanisms. Sepsis is thought to result from a dysregulated and overexagger-
ated immune response to infection [5]. However, the complexity of sepsis and the
variability in its presentation has thus far defied the creation of a gold standard
definition, despite nearly three decades of attempts. The first definition of sepsis
spectrum disorders was published in 1992 as a joint consensus statement between
the American College of Chest Physicians (ACCP) and the Society of Critical
Care Medicine (SCCM) [6]. This first consensus definition defined the presence
sepsis spectrum disorders on elements of the patient’s systemic inflammatory
response syndrome (SIRS) (Table 1) [6]. This definition had poor sensitivity
and specificity for sepsis spectrum disorders, and multiple guidelines have since
attempted to revise these initial definitions, with variable success in increasing
the sensitivity and specificity. The most recent consensus definition, Sepsis-3,
was published in 2016 by SSCM and the European Society of Intensive Care
Medicine (ESCIM) and defined the sepsis spectrum disorders by the presence
of infection and two or more elements of the quick Sequential Organ Failure
Assessment (qSOFA) [7]. The Sepsis-3 consensus definitions are outlined in
Table 2 below [7].

SIRS Two or more of the following:
Temperature > 38°C or < 36°C
Heart rate > 90 beats per minute
Respiratory rate > 20 breaths per minute or PaCO2 < 32 mmHg
White blood cell count >12,000 cu/mm, <4000 cu/mm, >10% bands

Sepsis Two SIRS criteria in the setting of known or suspected infection.
Severe Sepsis and end-organ dysfunction
sepsis
Septic Sepsis with a systolic blood pressure < 90 mmHg or > 40 mmHg decrease in baseline systolic
shock blood pressure
Table 1.

Defining sepsis based on systemic inflammatory response syndrome (SIRS): Adapted from the 1992 ACCP/
SCCM consensus statement [6].
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qSOFA Altered mental status
Systolic blood pressure < 90 mmHg
Respiratory rate > 22 breaths per minute

Table 2.
Quick sequential ovgan failure assessment criteria (qSOFA) [7]: sepsis-3 defines sepsis as infection with two or
more of the components listed below.

2.1.2 Guidelines for the management of sepsis spectrum disorders

The Surviving Sepsis Campaign (SSC) guidelines offer recommendations
for the resuscitation of patients with suspected sepsis spectrum disorders [8].
However, while these guidelines can provide an overview for the care of these
patients, treatment should always be primarily guided by repeated clinical assess-
ment and reassessment of these patients. Current guidelines recommend the
continuous administration of crystalloid fluids as long as hemodynamic factors
continue to improve [8] If 30 ml/kg ideal body weight (IBW) balanced crystalloid
fluids does not achieve a MAP >65 mm Hg, a vasoactive agent should be started
[8]. Norepinephrine is currently the vasopressor of choice patients with septic
shock [8]. The cornerstone of management of sepsis spectrum disorders is prompt
source control through administration of antimicrobials or, if necessary, surgical
intervention [8]. Cultures should be collected before the first dose of antimicrobial
medications; culture collection should not delay source control interventions [8].
In the emergency department, early broad-spectrum antimicrobial therapy should
be initiated based on the pathogen profile of the suspected site of infection, the
patient’s prior culture results and susceptibilities, and local pathogen prevalence
and resistance patterns. The spectrum of the antimicrobial agents can be narrowed
as culture results become available or the patient presentation changes. Input from
clinical pharmacists in the ED can assist in optimizing the initial antimicrobial
choice and has been shown to decrease time to antibiotic administration, improve
antibiotic stewardship, and improve patient outcomes [9-12].

2.2 Common sources: respiratory and urinary tract

Infections of the lower respiratory and urinary tracts comprise the majority of
sepsis presentations to the ED. Community-acquired pneumonia (CAP) can be
caused by a variety of bacterial and viral pathogens, with Strepotococcus pneumoniae
being the most common bacterial etiology in those requiring hospitalization [13].
Other commonly implicated organisms include Haemophilus influenzae, Mycoplasma
pneumoniae, and respiratory viruses. In patients requiring admission to a critical
care unit, S. pneumoniae is still the most common etiologic organism but Legionella
pneumophila, Staphylococcus aureus, gram-negative bacilli and influenza virus
are more common [14]. Risk factors for drug resistance in CAP include age > 65,
alcoholism, medical comorbidities, immunocompromise, immunosuppressive
medication use, and use of beta-lactam, macrolide, or fluorquinolone antibiotics
in the last 3-6 months [15]. Patients with hospitalization within three months have
increased risk for hospital-acquired pneumonia with nosocomial organisms and
their antibiotic regimens should include adequate coverage for Staphylococcus aureus
and Psuedomonas auerginosa, which are more common in this population [15].

Infections of the urinary tract account for 40% of cases of nosocomial sepsis and
the risk of infection is greatest in patients with structural or functional genitourinary
abnormalities [16]. Sepsis from urinary source is more common in females [17].
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Uncomplicated cystitis and pyelonephritis in women is typically caused by Escherichia
coli, though Proteus mirabilis, Klebsiella pneumoniae, and Streptococcus saprophyticus
are also relatively common [18]. As such, empiric treatment for uncomplicated
urinary tract infections is best tailored to the regional E. coli sensitivities [18]. A
complicated urinary tract infection is one which is associated with a condition that
increases the risk for therapeutic failure [19]. These risk factors include diabetes,
pregnancy, ureterolithiasis, renal failure, >7 days of symptoms, or an indwelling
urinary device [19]. The microbial spectrum of complicated UTI is more varied and
includes not only the typical organisms associated with uncomplicated UTI but also
Pseudomonas, Staphylococcus, and Serratia species as well as fungi [19]. Complicated
lower urinary tract infections may be managed as an outpatient; indications for
hospitalization include inability to tolerate oral therapy or suspected infection with
an organism resistant to oral therapies, such as extended-spectrum beta-lactamase
producing organisms (ESBLs) [19].

2.3 Musculoskeletal

A comprehensive physical examination is of utmost importance in patients with
a potential musculoskeletal infection as laboratory evaluation in these patients
is generally non-diagnostic. Poor circulation and neuropathy are important risk
factors for the development of musculoskeletal infections, and, as such, patients
may not be able localize the source of their infection. Examination should include
turning the patient to examine the back, palpation of the large joints, and exami-
nation of the feet and genitourinary regions for skin changes, which are often
the only clue to the presence of a musculoskeletal infection [20, 21]. Comparison
with the contralateral side can help to provide a baseline with which to compare
for abnormalities. Practitioners should also evaluate for the presence of decubitus
ulcers, which can become a nidus for osteomyelitis or bacteremia. Crepitus or pain
out of proportion to examination should prompt concern for necrotizing soft tissue
infection. Erythema, swelling, or pain with passive motion in a joint are concerning
for a septic joint, with the knee and hip being the most common sources [22]. Risk
factors for musculoskeletal infections include vasculopathy, diabetes, surgery, and
immunocompromise [20]. Staphylococcus aureus or Streptococcus pyogenes-associated
cellulitis is the most common cause of sepsis secondary to musculoskeletal infection
[20]. While magnetic resonance imaging (MRI), surgical pathology, or culture is
often necessary for the definitive diagnosis of most musculoskeletal infections, this
should not delay early and aggressive source control in the ED.

2.4 Cardiac

Infectious pericarditis, myocarditis, and endocarditis as causes of sepsis can
be easily missed in the emergency department due to their often subtle and vari-
able presentations. Acute infectious pericarditis describes infection of the fibrous
tissue encasing the heart and the base of the aorta and vena cava. Echoviruses and
coxsackie A and B viruses account for nearly 90% of cases of infective pericarditis,
with bacterial, parasitic, and fungal organisms accounting for the minority of cases
[23]. The most common bacterial pathogens implicated in infective pericarditis
are Streptococcus pneumoniae and Staphylococcus auresus [23]. The diagnosis of
acute pericarditis is based on the presence of characteristic chest pain and elec-
trocardiographic abnormalities [23]. Auscultation of a friction rub is helpful but
is poorly sensitive for the diagnosis [24]. Infective myocarditis describes infection
of the myocardial tissue, with coxsackie B being the most common cause. Other
common causes include influenza virus, adenovirus, hepatitis C virus, parvovirus
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B-19, and cytomegalovirus [23]. Infectious myocarditis should be considered in
patients presenting with chest pain and signs of heart failure, especially when there
is concurrent fever. Finally, the presence of a new murmur in an acutely ill patient
should raise suspicion for infective endocarditis (IE), infection of endocardial lin-
ing of the heart valves. Important risk factors for endocarditis include intravenous
drug use, prosthetic valves, indwelling intravascular devices, and immunocompro-
mise [25]. IE presents remarkably variably and symptoms depend on the stage of
disease. Fever is the most common symptom of IE; other findings concerning for
endocarditis include stigmata of peripheral thromboembolism such as Osler nodes,
Janeway lesions, Roth spots, or splinter hemorrhages [25]. Patients with IE may also
present initially with complications of endocarditis, which include cerebrovascular
ischemia or hemorrhage, septic emboli, and metastatic infection.

2.5 Meningitis and encephalitis

Meningitis is an infection of the meningeal lining of the central nervous system
by bacteria, viruses, or fungi, with bacterial causes accounting the highest global
burden [26]. Encephalitis describes infection of the cerebral parenchyma with a
pathogen. Streptococcus pneumonia, group B streptococci, and Neisseria meningitidis
are the most common causes of bacterial meningitis, with Listeria monocytogenes
also being common in children, immunocompromised individuals, and adults
greater than 50 years of age [26, 27]. Common viral causes of meningitis and
encephalitis include herpesviruses, enteroviruses, and cytomegalovirus [28]. Fever,
altered mental status, and nuchal rigidity are the classically described triad of
meningitis, but the majority of patients in clinical practice only manifest one or two
of these symptoms [26]. Lumbar puncture with cerebrospinal fluid (CSF) analysis
is the diagnostic test of choice for meningitis. CT imaging should precede lumbar
puncture in patients whose symptoms may be secondary to mass effect, such as
those with immunocompromise, new seizure, papilledema, focal neurologic deficit,
or altered mental status [26, 28, 29] Importantly, diagnostic studies should not
delay the administration of antimicrobials in patients with suspected meningitis or
encephalitis. Administration of antimicrobials prior to lumbar puncture has been
shown to have minimal effect on chemistry and cytology findings studies of CSF
but may lead to a falsely negative Gram stain or culture [30-32]. This should not
affect the decision to start empiric antibiotics early in these patients.

2.6 Spinal column infections

Infections of the spinal column are an important diagnostic consideration in all
patients presenting to the ED with back pain. Potential sources of infection in the
spinal column include vertebral osteomyelitis, discitis, and epidural abscess. These
infections are commonly missed, as there is remarkable variability in patient pre-
sentation and fever is seen in only half of these patients [33-35] Neurologic deficits
likewise may or may not be present [33-35]. Risk factors for infections of the spinal
column include immunocompromise, recent instrumentation, spinal implants, and
use of intravenous drugs [35]. Magnetic resonance imaging (MRI) is the preferred
imaging study in patients with suspected spinal column infection [35]. If MRI is
unavailable, CT myelography can also be used [35].

2.7 Intraabdominal infections

Causes of intraabdominal sepsis include abdominal and pelvic abscesses,
pelvic inflammatory disease, spontaneous bacterial peritonitis, cholecystitis or
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cholangitis, ruptured hollow viscus, or infection of the gastrointestinal tract. While
abdominal sources for sepsis are common in the ED, the diagnosis may be hampered
by examination difficulties secondary to the patient’s mental status or body habitus.
Altered consciousness can impede a patient’s ability to localize their discomfort, and
many abdominal pathologies have no manifestations on external visual examina-
tion. As such, a thorough abdominal examination is of vital importance in altered
patients. Although these patients may be unable to verbalize discomfort, absent
bowel sounds, abdominal distention, or abdominal rigidity on examination can be
clues to the presence of intraabdominal pathology [36-38]. Additionally, grimac-
ing, guarding, or reflex tachycardia can be useful indicators of pain in patients are
altered or obtunded [36-38]. Pelvic examination should be done if a pelvic source

is suspected or if there is concern for toxic shock syndrome secondary to a retained
vaginal foreign body [38].

2.8 Indwelling devices

Indwelling devices such as urinary catheters, ports, pacers, and long-term intra-
venous access are associated with an increased risk of infection. Examination of
these devices is an important part of the physical examination of the septic patient.
Erythema or purulence at the exit site is specific for infection but these signs of
not sensitive for the presence of device-associated infection. In fact, less than 5%
of dialysis line-associated bacteremia was found to have associated purulent exit
site drainage [39]. Because physical examination findings are often absent, it is
important to keep device-associated infection in the differential in septic patients.
If infection is suspected, the device should be removed as soon as clinically possible
and cultured [39-41].

3. Hyperthermia

While a reflexive diagnosis of sepsis is tempting for the ill-appearing patient
with an elevated temperature, it is important to consider conditions that mimic
sepsis which are often both life-threatening and reversible. Unlike the fever associ-
ated with sepsis, the majority of these sepsis mimics have elevated temperature as
aresult of hyperthermia, which occurs secondary to dysfunction of the hypotha-
lamic thermoregulatory system [1]. If an infectious source cannot be found in a
seemingly septic patient or the patient is not improving with antibiotics and fluids,
it is important to broaden the differential to conditions that cause hyperthermia
(Table 3).

3.1 Neuroleptic malignant syndrome (NMS)

NMS is a life-threatening syndrome of altered mental status, autonomic insta-
bility, hyperthermia, and muscle rigidity associated with the use of dopaminergic
antagonists. “Lead pipe” rigidity is the hallmark physical examination finding in
NMS and can be severe enough to precipitate rhabdomyolysis. Most commonly,

NMS occurs with the use of dopaminergic antagonists used in the treatment of
psychiatric disorders and nausea, but NMS can also be precipitated by may be caused
withdrawal from dopaminergic medications, such as those used in the treatment of
Parkinson’s disease [42, 43]. First generation antipsychotic medications are the most
commonly implicated in NMS, with haloperidol and fluphenazine having the highest
risk [42]. Risk factors for the development of NMS include higher medication doses,
recent or rapid dose escalation, and parenteral medication administration [42].
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Condition Presentation Management
Neuroleptic malignant Delirium, hyperthermia, tachycardia, Supportive, dantrolene
syndrome rigidity sodium, bromocriptine

Serotonin syndrome

Delirium, hyperthermia, tachycardia,
hyperreflexia/clonus.

Supportive, consider
cyproheptadine

Malignant hyperthermia

Hyperthermia, tachycardia,

Dantrolene sodium, cooling

hypercarbia, muscle rigidity in measures, treatment of

the setting of volatile anesthetic or hyperkalemia
depolarizing muscle relaxants

Salicylate toxicity Delirium, hyperthermia, tachycardia, Sodium bicarbonate
hyperpnea, gastrointestinal irritation,
tinnitus, triple acid-base disturbance

Anticholinergic toxicity Delirium, tachycardia, dilated Supportive

nonreactive pupils, urinary retention,
anhidrotic hyperthermia

Sympathomimetic toxicity or
withdrawal from sympathetic
antagonists

Delirium, tachycardia, hyperthermia,
hypertension, dilated reactive pupils

Benzodiazepines

Beta-blocker, thionamide,
steroids

Thyroid storm Tachycardia, hyperthermia, agitation,

lid-lag, ophthalmopathy, hand tremor.

Non-exertional heat stroke Fever, tachycardia, neurologic

manifestations

Evaporative and convective
cooling

Table 3.
Hyperthermic sepsis mimics, their presentation, and their management.

The highest risk of NMS is within two weeks of medication initiation but this
syndrome develop at any time during the treatment timeline [44]. A review of the
patient’s medications is typically needed to make the diagnosis. The cornerstone of
management of NMS is supportive, with discontinuation of the suspected offend-
ing agent, support of the cardiopulmonary system, maintenance of normothermia
and euvolemia, and prevention of complications including deep venous thrombosis,
acute renal failure, and cardiac dysrhythmias [42-44]. In cases of severe muscle
rigidity not responding to supportive treatment, intravenous dantrolene sodium or
oral bromocriptine mesylate should be considered [44].

3.2 Serotonin syndrome (SS)

SS is a syndrome of altered mentation, neuromuscular abnormalities, and auto-
nomic hyperactivity caused by excess serotonin levels [45]. The most commonly
implicated medications in SS include linezolid, fentanyl, and selective serotonin
reuptake inhibitor (SSRIs) [46]. The neuromuscular abnormalities associated with
SS can include hyperreflexia, clonus, or muscle rigidity, and, as with NMS, these
may be severe enough to which may lead to rhabdomyolysis [45, 46]. SS is a clinical
diagnosis based on patient presentation, and there is no laboratory test or imaging
study to confirm the diagnosis [45]. The Hunter criteria for serotonin syndrome
is one outline the clinical criteria needed to make the diagnosis [47]. Like NMS,
management of SS is primarily supportive. If this is insufficient or ineffective,
use of cyproheptadine can be used under the consultation of a toxicologist [45].

If neuromuscular paralysis is need to control neuromuscular rigidity or facilitate
intubation, only nondepolarizing agents should be used, as depolarizing agents
may exacerbate the hyperkalemia precipitated by the neuromuscular abnormalities
of SS [45, 46].
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Spontaneous clonus

Inducible clonus AND agitation OR diaphoresis

Ocular clonus AND agitation OR diaphoresis

Tremor AND hyperreflexia

Hypertonia, temperature > 38°C AND ocular OR inducible clonus

Table 4.
Hunter criteria for serotonin syndrome [47].

Suspect serotonin syndrome if the patient has taken a serotonergic agent and has
one of the symptom complexes outlined below (Table 4).

3.3 Malignant hyperthermia (MH)

MH is a genetic disorder which results in a hypermetabolic response to volatile
anesthetics and depolarizing muscle relaxants [48]. This pathologic response to
these medications results from caused the release of excessive calcium from the sar-
coplasmic reticulum, which leads to uncoupling of oxidative phosphorylation, the
release of heat, and a rise in metabolic rate [49]. MH presents with hyperthermia,
tachycardia, hypercarbia, increased oxygen consumption, and muscle rigidity fol-
lowing the administration of a volatile anesthetic or depolarizing muscle relaxants.
In the ED, MH is most likely to present following an intubation using succinylcho-
line and MH should be a diagnostic consideration in a patients with acute decom-
pensation following intubation. MH is treated with intravenous dantrolene loaded
at a dose of 2.5 mg/kg followed by boluses of 1 mg/kg until symptoms resolution
[48]. Aggressive cardiopulmonary support, maintenance of normothermia and
euvolemia, and treatment of electrolyte derangements is likewise important.

3.4 Salicylate toxicity

Aspirin ingestion is the most common cause of salicylate toxicity, but other
common sources include Oil of Wintergreen, some wart removers, and keratolytics
[50]. Salicylate toxicity is an important sepsis mimic, as patients with salicylate
toxicity will have tachycardia, tachypnea, elevated temperature, and lactic aci-
dosis. These symptoms occur secondary to salicylate interference with aerobic
metabolism [50]. The classically described triad of salicylate toxicity is hyperpnea,
tinnitus, and gastrointestinal irritation [51]. Gastrointestinal symptoms vary and
can include abdominal pain, nausea, vomiting, and diarrhea. Tinnitus associated
with salicylate toxicity may be described as hearing loss rather than “ringing in the
ears” by patients and may be a difficult symptom to elicit if the patient is altered or
obtunded [51]. Laboratory testing in salicylate toxicity will show a classic “triple
acid-base disorder.” This includes a respiratory alkalosis from hyperventilation, a
compensatory non-gap metabolic acidosis, and an anion-gap metabolic acidosis
from secondary to lactic acid accumulation [51]. Management is through systemic
alkalinization with sodium bicarbonate [52].

3.5 Anticholinergic toxicity
Anticholinergic substances are ubiquitous in both pharmaceutical compounds
and nature. Commonly encountered causes of anticholinergic toxicity include

ingestion of antihistamine medications, tricyclic antidepressants, jimson weed, and
tainted recreational drugs. Anticholinergic toxicity can easily be mistake for sepsis,
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as these patients present with high temperature, delirium, and tachycardia [53].

A distinguishing feature of anticholinergic toxicity is the presence of anhidrotic
hyperthermia, in contrast to septic patients who are febrile and diaphoretic [53].
This is a result of anticholinergic blockade of sweat glands, preventing homeostatic
hydrosis in response to elevated core temperature [53, 54]. Other clinical findings
in anticholinergic toxicity include dry mucus membranes, dilated, non-reactive
pupils and urinary retention [53]. The management of anticholinergic toxicity is
primarily supportive. Benzodiazepines should be used for agitation or seizures
[54]. Physostigmine, an anticholinesterase inhibitor, can be used as an antidote for
anticholinergic toxicity under the consultation of a toxicologist [54].

3.6 Sympathomimetic toxicity or withdrawal from sympathetic antagonists

Overstimulation of the sympathetic nervous system can occur through direct
agonism of the sympathetic receptors or withdrawal from substances that act as
sympathetic antagonists [55]. Common sympathomimetic compounds encountered
in the ED include cocaine, phencyclidine, and amphetamines. Withdrawal from
alcohol or benzodiazepines can also result in sympathetic overstimulation [56].
Symptoms of sympathomimetic toxicity hyperthermia, tachycardia delirium, and
reactive mydriasis [55]. Hyperthermia in sympathetic overstimulation results from
direct agonism of alpha receptors as well as heat released by associated psychomotor
agitation [55]. Benzodiazepines are mainstay of management of both sympathomi-
metic toxicity and withdrawal from antisympathetic agents [55].

3.7 Thyroid storm

Thyroid storm is the most severe manifestation of thyrotoxicosis and can be
caused by overdose of therapeutic thyroid hormone or may present in patients
with underlying thyrotoxicosis, seemingly unprovoked or may be precipitated by
trauma, infection, childbirth, or other acute events [57]. Symptoms of thyroid
storm include delirium, hyperthermia, diarrhea, and tachydysrhythmias, which can
be severe enough to cause cardiovascular collapse and hemodynamic compromise
[57, 58]. Liver failure may also occur [57]. The diagnostic laboratory abnormality in
thyroid storm a severely low or undetectable thyroid stimulating hormone (TSH).
Physical examination findings concerning for thyroid storm are those classically
seen in hyperthyroidism and include ophthalmopathy, lid lag, thyromegaly, hand
tremor, and global hyperreflexia [57, 58]. ED management of includes immediate
treatment with a beta blocker, a thionamide, and glucocorticoids [59]. An iodine
preparation should be given an hour after the administration of the thionamide,
to prevent the iodine being used as substrate for the synthesis of more thyroid
hormone [59]. If an infection is suspected as the cause of thyroid storm, broad-
spectrum empiric antibiotics should be administered.

3.8 Heat stroke

Heat stroke is condition of elevated core body temperature with associated
central nervous system dysfunction, commonly encephalopathy [60]. Heat stroke
can be broadly divided into non-exertional and exertional. Non-exertional heat
stroke classically affects older individuals with comorbidities that result in impaired
thermoregulation, prevent access to adequate hydration, or inhibit removal from a
hot environment [60]. In contrast, exertional heat stroke is more likely to occur in
young, healthy individuals in the setting of exertion that overwhelms homeostatic
thermoregulatory mechanisms. Heat stroke is a clinical diagnosis of exclusion made
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based on elevated body temperature (generally >40°C), central nervous system
dysfunction (classically encephalopathy), and a history of exposure to severe
environmental heat or excessive exertion [60]. Evaporative and convective cooling
are the treatments of choice and should be initiated as soon as the diagnosis is made
to improve morbidity and mortality [61, 62]. Common cooling methods used in
the ED include ice water immersion, cooled fluid lavage, and evaporative cooling
[61, 62]. In cases of refractory hyperthermia, dantrolene can be used as salvage
therapy but its efficacy in this clinical context is uncertain [63, 64].

4, Conclusion

Elevated core temperature can be the result of either fever or hyperthermia.
Fever is mor common and is typically caused by infections of the respiratory
or urinary tracts. Other potential sources of infection include musculoskeletal,
cardiac, neurological, and intra-abdominal as well as infection from indwelling
medical devices. Treatment of patients with elevated core temperature should begin
with fluids, empiric antimicrobials, and source control. If treatment of infection
is ineffective or if the presentation is inconsistent with the presence of infection,
the differential diagnosis should be expanded to consider conditions that cause
hyperthermia as the cause of elevated core temperature. Such sepsis mimics include
toxicity from medications and illicit substances, neuroleptic malignant syndrome,
serotonin syndrome, malignant hyperthermia, thyroid storm, and heat stroke.
Identification of these mimics as the source of elevated temperature leads to earlier
diagnosis and improved prognosis in these patients.
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Damage Control Surgery for Liver
Trauma
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Abstract

The liver is one of the most commonly injured organs of the abdomen after
major trauma and may lead to the extravasation of major amounts of blood.
Damage control surgery (DCS) as a concept exists for over one hundred years
but has been more widely optimized and implemented over the past few decades.
Minimizing the time from the trauma scene to the hospital and recognizing the
patterns of injury and the “lethal triad” (acidosis, hypothermia, coagulopathy)
is vital to understand which patients will benefit the most from DCS. Immediate
patient resuscitation, massive blood transfusion, and taking the patient to the
operating room as soon as possible are the critical initial steps that have been asso-
ciated with improved outcomes. Bleeding and contamination control should be the
priority in this first exploratory laparotomy, while the patient should be transferred
to the intensive care unit postoperatively with only temporary abdominal wall
closure. Once the patient is stabilized, a second operation should be performed
where an anatomic liver resection or other more major procedures may take place,
along with permanent closure of the abdominal wall.

Keywords: liver trauma, hypothermia, acidosis, coagulopathy, perihepatic packing

1. Introduction

Despite its well-protected position, the liver is the most frequently affected
abdominal organ by blunt or penetrating trauma [1, 2]. Over the past decades,
the improvements in the assessment and management of hepatic injury have
evolved significantly, thus resulting in better outcomes for affected patients [3].
The majority of such injuries develop following high-energy traffic accidents or
violent behaviors [4]. Industrial and farming accidents also consist of a significant
percentage of liver trauma. Blunt injuries are the majority of cases in Europe,
Australia, and Asia, whereas penetrating injuries (stab and gunshot wounds) are
most frequently encountered in North America and South Africa [5, 6].

Blunt trauma, as a result of traffic accident or fall from a height, may lead to
deceleration injury due to the inertia of the liver [4]. The affected sites usually
involve the attachments to the diaphragm and abdominal wall. These types of injury
typically involve the right lobe, especially the posterior segments, and the caudate
lobe, while a vascular injury may also be present with the respective hepatic arteries,
portal and hepatic veins being affected [4, 7, 8]. The site of connection between
inferior vena cava and hepatic veins is vulnerable to blunt traumas and may lead to
serious venous injuries and a significant blood loss. Penetrating injuries are more
frequently associated with significant vascular injuries at the liver site inflicted [4].

37 IntechOpen



Trauma and Emergency Surgery - The Role of Damage Control Surgery

In this chapter, we aimed to describe the classification and appropriate investiga-
tions of liver injuries and elaborate on the use of damage control surgery (DCS) in
this setting.

2. Liver anatomy

The liver is a wedge-shaped abdominal organ and is located in the right hypo-
chondrium and epigastrium and may extend into the left hypochondrium [9, 10]. It
is covered by fibrous Glisson’s capsule and is attached to the surrounding structures
and the abdominal wall by several ligaments (falciform, coronary, triangular,
hepatoduodenal and hepatogastric ligaments). It is divided into two lobes (right
and left) by the falciform ligament, while two “accessory” lobes, the caudate and
quadrate lobe, arise from the right lobe. The liver has unique double blood supply
from the proper hepatic artery (25%) and portal vein (75%). Venous drainage is
achieved through hepatic veins (right, middle, left) to the inferior vena cava.

3. Liver functional anatomy — Couinaud classification system

The Couinaud classification is the most widely used classification for functional
liver anatomy [11]. It divides the liver into eight functionally independent segments,
which have their own individual vascular supply and biliary drainage (Figure 1)
[12]. A branch of the portal vein, hepatic artery, and bile duct are centrally located
in each segment, while the vascular outflow to hepatic veins is located peripherally.
Due to their functional independence, each segment can be safely resected without
damaging the remaining liver parenchyma [13]. Nevertheless, the Couinaud clas-
sification system does not take into account the influence of vascular variations and
does not provide liver surface landmarks for segment separation [14].

Inferior vena cava

Ve

Hepatic veins

T

Portal vein

Figure 1.
Liver functional anatomy — Couinaud classification system.
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The liver segments are divided by portal vein branches and hepatic veins and
are numbered clockwise [12]. The portal vein bifurcates at hepatic hilum into the
left and right branches, which separate the liver into upper and lower segments.

The right and left lobes are divided by middle hepatic vein, which runs along the
Cantlie’s line from the inferior vena cava to the gallbladder fossa [15] Furthermore,
the right hepatic vein divides the right lobe into anterior and posterior segments and
left hepatic vein divides the left lobe into medial and lateral parts.

The Caudate lobe (segment 1) is located posteriorly and often drains directly to
inferior vena cava, while it can be supplied by both the right and the left portal vein
branches, while segments II (superiorly) and III (inferiorly) are located medial to
the left hepatic vein [16]. Segment IV (quadrate lobe) is located between the left and
middle hepatic veins and is further divided by Bismuth into IVa (superiorly) and
IVb (inferiorly) [17]. The anterior segments of the right hemiliver, V (inferiorly)
and VIII (superiorly) lie between the middle and right hepatic veins, while the
posterior right hemiliver segments, VI (inferiorly) and VII (superiorly), are located
lateral to the right hepatic vein.

4, Liver trauma classification

The American Association for the Surgery of Trauma (AAST) grading scale
is widely utilized for the classification of liver injury severity (Table 1) [18, 19].
However, it does not take into consideration the hemodynamic status of patients
and the associated injuries. Thus, the World Society of Emergency Surgery (WSES)
proposed a novel classification for the proper management of hepatic injuries
involving AAST grade (1994 revision), hemodynamic stability, and mechanism of
injury (Table 2) [2, 20].

Minor (WSES grade I) and moderate (WSES grade II) liver injuries concern
hemodynamically stable patients after either blunt or penetrating trauma with
AAST grade I-1I or III lesions, respectively. Severe hepatic injuries include

AAST grade Injury description

I Subcapsular hematoma <10% of surface

Parenchymal laceration or capsular tear <1 cm depth

I Subcapsular hematoma 10-50% of surface area; intraparenchymal hematoma, <10 cm
diameter

Parenchymal laceration 1-3 cm in depth or < 10 cm in length

111 Subcapsular hematoma >50% of surface area or expanding; ruptured subcapsular or
parenchymal hematoma; intraparenchymal hematoma >10 cm in diameter

Parenchymal laceration >3 cm in depth

Any liver vascular injury or active bleeding contained within liver parenchyma

v Parenchymal disruption 25-75% of hepatic lobe

Active bleeding extending beyond the liver parenchyma into the peritoneum

\4 Parenchymal disruption >75% of hepatic lobe

Juxtahepatic venous injury including retroheaptic vena cava and major hepatic veins

Grade is based on highest grade assessment made during imaging, intraoperatively or pathologic specimen.
Advance one grade for multiple injuries up to grade II1.

Table 1.
The American Association for the Surgery of Trauma (AAST) liver injury scale (2018 vevision).
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hemodynamically stable, AAST grade IV-VI lesions following penetrating or blunt
trauma (WSES grade III) (Figure 2) or any hemodynamically unstable lesion
(WSES grade IV).

The importance of the WSES classification and management approach is
highlighted by the fact that patients suffering from high-grade AAST lesions,
which are hemodynamically stable, can be successfully treated non-operatively
[21]. On the contrary, “minor” AAST injuries combined with hemodynamic
instability must be treated operatively in order to control the intrabdominal
bleeding [20].

5. Initial assessment and investigation

A liver injury should always be suspected in all patients suffering from a blunt
or penetrating thoracoabdominal trauma, especially at the right site. Initial man-
agement of these patients should be based on the Advanced Trauma Life Support
(ATLS) guidelines with fluid resuscitation and close monitoring being the first
priorities [22]. Depending on the underlying injury mechanism, other concurrent
injuries should also be evaluated and treated accordingly. The management of
multi-trauma patients should take into consideration all the affected organs, and
a multidisciplinary team is essential for the optimal treatment approach of these
patients.

As far as hepatic trauma is concerned, in hemodynamically unstable patients,
despite adequate fluid resuscitation, an immediate operation for bleeding control
is indicated, whereas in stable patients, an appropriate workup protocol using
ultrasonography or computerized tomography scanning (CT) can be followed.
Hemodynamic instability is characterized by the following: heart rate > 120 bpm,
systolic blood pressure < 90 mmHg, low urine output, increased respiratory
rate (>30 respirations/minute), signs of skin vasoconstriction and altered level
of consciousness [22]. Non-operative management necessitates medical centers
capable of an accurate injury severity diagnosis, intensive management of patients,
and prompt access to diagnostic modalities, interventional radiology, operation
theater, and blood-blood products [20, 23].

Figure 2.
Computed tomography scan demonstrating a severe liver injury.
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Ultrasound plays a significant role in the proper investigation of abdominal
injuries. Focused Assessment with Sonography for Trauma (FAST) can be performed
immediately at the emergency department and can help assess the pericardium,
hepatorenal space (Morison’s pouch), perisplenic space and Douglas pouch to
identify the presence of free fluid [22]. More detailed ultrasonography by an experi-
enced radiologist is necessary for a more accurate investigation of liver parenchyma.
Ultrasonography has widely replaced diagnostic peritoneal lavage (DPL) and hasa
high specificity of 95-100% [24]. Nevertheless, ultrasound examination is highly
operator-depended and should be performed by experienced clinicians.

Computerized tomography (CT) scan is a valuable tool for the evaluation of
stable patients with an abdominal injury [25]. A contrast-enhanced, multi-slice
CT scan is reported to have a sensitivity and specificity of over 95% for detecting
liver injuries [26, 27]. Subscapular and intraparenchymal hematomas, lacerations,
and vascular injuries can be recognized. Furthermore, an active hemorrhage can be
visualized as an extravasation of contrast medium. A CT scan can also successfully
elucidate other abdominal injuries involving the spleen, kidneys, and bowel [26].
Finally, a follow-up CT scan can be utilized for the detection of delayed liver injury
complications, including delayed hemorrhage, bile leak, biloma, arteriovenous
malformations, and liver abscesses [4, 28].

6. Damage control surgery - general

Damage control surgery refers to the immediate steps taken in order to reduce
blood loss, the risk of sepsis, morbidity, and mortality instead of a thorough
patient workup in the intensive care unit (ICU) [29]. DCS has significantly
improved the outcomes of patients presenting at the hospital with severe organ
injuries, including liver injuries, and hemodynamic instability due to maneuvers
to control the bleeding [1]. Uncontrolled bleeding can lead to coagulopathy
secondary to the dilution and depletion of the coagulation factors, hypothermia,
and acidosis, the so-called “lethal triad” or “medical bleeding” [21]. The onset
of this series of events may necessitate the need for DCS, including temporary
(perihepatic) packing of the bleeding sites, where physiological recovery is
prioritized over anatomical repair [30].

7. Damage control surgery — history

The earliest report on perihepatic packing to prevent uncontrolled bleeding
from injuries to the liver dates back to 1908 by James Pringle [31], while later in
1913, Halstead described the use of a rubber sheet between the injured liver and the
gauze packs [32]. Despite the improvements in outcomes, perihepatic packing was
sparsely described in the literature [33] until Stone et al. [34] reported a survival
rate of 76% in patients managed with “truncated laparotomy” compared to 7% in
patients managed with definitive surgical repair. Rotondo et al. [35] introduced
the term “damage control laparotomy” and demonstrated that this approach could
improve survival in hemorrhaging trauma patients (requiring transfusion of
>10 units of packed red blood cells) with multiple visceral penetrating injuries and
major vessel injuries. The authors described the three steps of their approach, and
the same research group later modified it by introducing a fourth pre-operative
phase (Table 3) [36]. Since then, DCS has been successfully implemented for the
management of major liver injury with optimal outcomes. The use of angioem-
bolization in more recent series has been proposed as the logical augmentation
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Damage control Description
(DC) Phase
DCO ¢ Truncated scene times

* Recognition of injury pattern
* Immediate blood component replacement
¢ Rewarming maneuvers

DCI * Once in the operating room
¢ Immediate exploratory laparotomy
* Rapid bleeding and contamination control
* Abdominal packing
¢ Temporary wound closure

DCII * Once in the intensive care unit
* Physiological and biochemical stabilization
* Thorough tertiary examination to identify all injuries

DCIII * Once physiology is normalized
¢ Re-exploration in operating room
* Definitive repair of all injuries
* May require multiple visits to the operating room if multiple systems are
injured

Table 3.
The four Phases of damage control for exsanguinating penetrating abdominal injury by Johnson et al.

of damage control approaches to control bleeding, but particularly in the case of
high-grade injuries, it may lead to major hepatic necrosis [37].

8. Damage control surgery — indications

As mentioned earlier, DCS can play a vital role in the setting of the “lethal triad”
and thus metabolic acidosis (pH <7.2), hypothermia (<34°C), and coagulopathy
(prolonged activated partial thromboplastin time and prothrombin time > two
times normal) constitute absolute indications for DCS. Uncontrolled major intra-
abdominal bleeding, association with extra-abdominal injury, >10 units of blood
transfusion, and hemodynamic instability (low blood pressure and tachycardia) are
relative indications for DCS [29].

9. Damage control surgery — phases
9.1 Damage control phase 0 (DCO)

DCO constitutes the first phase of the DCS process and takes place in the pre-
hospital setting and in the emergency room. The most crucial aspects of this phase
are injury pattern recognition in order to determine which patients will most likely
benefit from DCS according to the absolute and relative indications, and the “scoop
and run” concept to truncate scene times. The administration of blood products
and tranexamic acid in the pre-hospital setting has been increasingly used [38, 39].
Given the significant improvements in trauma resuscitation strategies aiming at
rapid bleeding control, management of coagulopathy, and diversion away from the
over-resuscitation with crystalloids, the use of DCS may be required to a lesser extent
in the future [40-42]. There is a growing body of evidence that the use of a high
plasma to packed red blood cell ratio can lead to a decrease in hemorrhage-related
mortality [43]. French lyophilized plasma — manufactured by the French Military
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Blood Institute — is a universal therapeutic viro-inactivated plasma that can be
reconstituted in <6 min at the point-of-care and is compatible with any blood type
[44]. Data suggest that French lyophilized plasma can be used more rapidly correct
for the trauma-induced coagulopathy compared to fresh frozen plasma, particularly
in the military setting [45]. Its role against normal saline in the management of
post-traumatic coagulopathy prevention and correction in the pre-hospital civilian
setting is currently under investigation (PREHO-PLYO study) [46], and it is awaited
to revolutionize the current state of practice for the management of severe trauma,
including liver injury.

Once the patients reach the emergency room, immediate assessment by the
trauma team and damage control resuscitation is vital. The surgical and critical
care teams should strive towards obtaining vascular access with two large-bore
catheters, inserting nasogastric tube and urinary catheter (unless there is blood at
the urethral meatus, high riding prostate or prevalent perineal hematoma), rapid
induction of anesthesia, drainage of the chest (if needed), intravenous broad-
spectrum antibiotics and tetanus prophylaxis (if indicated), rapid rewarming and
prevention of further hypothermia, and expedited transport to the operating room
for DCS [30].

9.2 Damage control phase I (DCI)

DCI starts with the exploratory laparotomy, which aims to control bleeding and
limit contamination, and ends with the temporary closure of the abdominal wall.
After the patient is positioned in a “cruciform” lie, the patient is prepped from chin
to mid-thighs and a vertical midline incision from the xiphoid process to the pubic
symphysis is made [30]. If the suspicion for a severe fracture of the pelvis is high, the
incision should be limited just below the umbilicus to facilitate continuous tampon-
ade of the suspected pelvic hematoma. If the patient is unstable, the incision should
not be delayed if arterial or venous lines are not in place; these can be inserted
during the operation.

If the observed intra-abdominal bleeding is not considered to be major, com-
pression on its own or the use of topical hemostatic agents, bipolar devices or
electrocautery, argon beam coagulation, omental patching or even simple suturing
of the liver parenchyma may be adequate to control the hemorrhage [2, 20, 47-49].
In the case of massive intra-abdominal hemorrhage, more aggressive maneuvers
should be adopted, including perihepatic packing and manual compression, or even
hepatic vascular isolation (i.e., intrahepatic balloon tamponade) [50, 51]. Injuries to
the portal vein should be primarily repaired, while ligation of the portal vein should
be considered only as an alternative — provided that the proper hepatic artery is
intact — due to the increased risk of hepatic necrosis or massive intestinal edema
[47]. Data suggest preferring liver packing or resection over portal vein ligation if
only lobar or segmental branches of the portal vein are injured [2, 47, 52]. However,
portal vein ligation is safer than arterial ligation regarding biliary complications or
hepatic necrosis, and may even prepare the liver for staged extended liver resec-
tion [53]. If the surgeon comes across a proper hepatic artery injury, they should
shoot for a primary repair; otherwise, selective hepatic artery ligation should be
preferred, and if the common or right hepatic artery is to be ligated, cholecystec-
tomy should follow to prevent gallbladder necrosis [1, 52]. When arterial control or
the Pringle maneuver is inadequate to control the hemorrhage, the surgeon should
suspect that there might be an aberrant hepatic artery [47]. If the bleeding arises
from the area behind the liver, the injury is most likely to be found on the hepatic
or retro-hepatic caval vein [2, 47, 54]. Inserting vascular shunts (i.e., atrio-caval
shunt) might also be useful to control hemorrhage [29, 47]. In case of persistent
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bleeding and hemodynamic instability, resuscitative endovascular balloon occlusion
of the aorta in the zone I and of the vena cava at the level of the retro-hepatic vena
cava can serve as a bridge to more definitive procedures [47]. Liver resection should
be avoided at this phase, but if absolutely necessary, non-anatomic resections should
be preferred [2, 47, 48, 52], while resection of a hemorrhaging spleen or kidney

can be performed, if needed in order to stop the bleeding [29]. Angioembolization
should be advocated for either stable patients after the initial surgical hemostatic
attempt or adjunctively in case of suspected uncontrolled bleeding despite the
surgical hemostatic attempt [2, 47, 55]; data also suggest that its routine implemen-
tation immediately after DCS can significantly improve survival in grade IV or V
liver injury [56]. Regarding contamination control, intrahepatic abscesses can be
managed with percutaneous drainage, and bilomas may either resolve spontane-
ously or should also be managed with percutaneous drainage potentially with
adjunct therapeutic endoscopic retrograde cholangiopancreatography and stent
placement [47]. Abdominal wall closure is the final step before transitioning to
DCII (transfer to the ICU) and should be only temporary without fascial closure to
avoid abdominal compartment syndrome [30].

9.3 Damage control phase II (DCII)

DCII involves taking the patient to the ICU postoperatively, where the goal
is to restore the biochemical and physiological derangements. Managing fluid
administration to bring the patient back to hemodynamic stability is often achieved
through invasive monitoring (i.e., transthoracic echocardiography, transesophageal
Doppler, pulmonary artery catheterization, etc.) [30]. Securing adequate oxygen-
ation and aggressive rewarming of the patient are also necessary. The management
of coagulopathy is crucial for survival, and the use of rotational thromboelas-
tometry and other tests to assess how the coagulation cascade works along with
massive blood transfusion practices have led to an improvement in outcomes and a
decrease in blood transfusion requirements [30, 57]. Prevention of potentially fatal
complications commonly seen in the ICU, including infection, adult respiratory
distress syndrome, and deep vein thrombosis, is also important for patient survival
[29]. This is the perfect opportunity for treating physicians to perform a complete
reassessment of the patient and a “tertiary survey”, including imaging studies that
may help identify previously unknown injuries.

9.4 Damage control phase III (DCIII)

DCIII involves definite repair of the injuries once the patient is stabilized and
has returned to his “physiologic normality” and commonly takes place within
24-72 hours after admission to the ICU. The patient is taken back to the operating
room for re-exploration and packing removal (preferably after 48 hours) [21]. That is
also the stage when an anatomic liver resection may be performed (Figure 3), along
with the removal of devitalized tissue or vascular shunts, anastomosis of vessels or
bowel, or even a feeding jejunostomy. The phase ends with the permanent closure
of the abdominal wall. This should be performed with the approximation of the
fascial edges if gentle adduction permits; if this is not possible due to retroperitoneal
or bowel wall edema, then the abdominal wall should be again only temporarily
closed with the fascia left open. In that scenario, the patient is taken back to the ICU
and provided the patient is hemodynamically stable, administration of diuretics to
decrease the bowel edema should be considered [30]. This situation should then be
managed with washouts and re-inspection of the abdomen regularly, while primary
closure should be completed within seven days, particularly in the absence of signs
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Figure 3.
Surgical management of severe liver injury with active bleeding.

of infection. Other abdominal closure alternatives should be considered if this is not
possible. This will lead to a large ventral hernia that will require repair at some future
time point [30].

10. Conclusion

Immediate resuscitation and DCS play a critical role in the outcomes of trauma
patients in general, and particularly in those with severe liver injuries where the
exsanguination of large amounts of blood is common. The decrease in the time from
the scene to hospital and taking, the implementation of massive transfusion protocols,
and the improvements in the approaches to control bleeding and contamination
intraoperatively by leaving major resections for a later phase have revolutionized the
outcomes after liver trauma over the past decades. The advents of pre-hospital care are
awaited to change the need for DCS in the future.
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Abstract

Liver trauma is responsible for the majority of penetrating abdominal trauma
and is the third most common injury caused by firearms. Presenting a 20% mortality
rate, it is an organ with wide and complex vascularization, receiving blood from the
hepatic veins and portal vein, as well as from the hepatic arteries. The diagnosis is
not always simple in polytrauma patients and contains a wide range of exams such
as computerized tomography and diagnostic peritoneal lavage. Treatment depends
mostly on a few factors such as the patient’s hemodynamic stability, the degree of
injury according to the AAST classification, the resources available, and the surgeon’s
expertise. Considering these factors, minor lesions can be treated mostly with a
conservative approach in hemodynamically stable patients. Embolization by arteri-
ography has shown good results in major lesions in clinically stable patients as well.
On the other hand, more complex lesions associated with hemodynamically unstable
patients may indicate damage control surgery applying techniques such as temporary
liver packing and clamping the pedicle to restore the hemodynamic status. This
chapter aims to describe those techniques and their indications in liver trauma.

Keywords: liver trauma, damage control surgery, hepatic trauma, hepatic surgery,
trauma surgery

1. Introduction
1.1 Liver trauma

Trauma is the leading cause of death in people aged 1-44 years, with hemor-
rhage being the primary cause of preventable death, accounting for 30-40% of
fatalities [1]. The liver is the main organ affected in penetrating abdominal trauma
in 35-45% of cases, mainly due to its susceptible and relatively superficial location
in the right hypochondrium [2], and is the most commonly injured organ in patients
suffering blunt abdominal trauma as well [3].

2. Incidence
Data from the National Trauma Data Bank (NTDB) showed that liver injury
occurs in almost 40% of victims of blunt abdominal trauma with an overall mortal-

ity of 14.9% [4]. Liver trauma can range from minor lacerations or capsular hemato-
mas with minimal morbidity and mortality to hepatic avulsions with high mortality.
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Most hepatic injuries are minor and can be graded using the American Association
for the Surgery of Trauma Hepatic Injury Scale as described under the “classifica-
tion” topic ahead [5].

The right lobe of the liver, being the largest portion of the liver parenchyma,
constitutes the region most affected during abdominal injury. It is known that it
occurs more frequently in males and in young individuals, in the first four decades
of life, in the majority of cases. Associated factors include risky behavior, such as
alcohol and drug consumption, and more exposure to accidents. The mortality of
patients with liver trauma ranges from 14.9-20%. When associated with shotgun

lesions, the severity of the injury tends to be higher; therefore, the mortality could
be up to 20% [6].

3. Classification

The severity of liver injuries is classified according to the American Association
for the Surgery of Trauma (AAST) grading scale. This scale is based on parenchy-
mal level of injury and number of liver segments affected.

To understand the classification of liver trauma, it is essential to master the
anatomy of the liver. The division of the liver by the Couinaud segments occurs
through the branching of the portal triad, composed of the branch of the portal
vein, the hepatic artery, and the bile duct. The ramifications of these vessels cause
the portal blood to be mixed with the blood in the hepatic artery in the portal
spaces, which drains into the centrilobular vein, subsequently into the sublobular
veins, and through the two hepatic veins, which end in the inferior vena cava.
Table 1 shows the classification of liver trauma according to the AAST.

The degree of liver injury and hemodynamic instability are important determi-
nants in the mortality rates of patients with liver trauma as well as to determine the
type of treatment to be instituted [2]. The concomitance of intra-abdominal injuries
with liver trauma is common in penetrating trauma, and it is also a relevant factor

Grade of liver Type of Description of injury
injury injury

1 Haematoma Subcapsular, <10 % surface area
Laceration  Capsular tear, <1 ¢m parenchymal depth
I Haematoma Subcapsular, 10-50 % surface area
Intraparenchymal, <10 cm in diameter
Laceration  1-3 cm parenchymal depth, <10 cm length

i Haematoma Subcapsular, =50 % surface area or expanding. Ruptured subcapsular or
parenchymal haematoma

Intraparenchymal haematoma =10 em or expanding
Laceration >3 cm parenchymal depth

v Laceration  Parenchymal disruption involving 25-75 % hepatic lobe or 1-3 Couinaud’s
segments in a single lobe

v Laceration  Parenchymal disruption involving >75 % of hepatic lobe or >3 Couinaud’s
segments within a single lobe

Vascular Juxtahepatic venous injuries, i.e., retrohepatic vena cava/central major

hepatic veins

Vi Vascular Hepatic avulsion

Table 1.

Classification of hepatic trauma (AAST).
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in the management. [6] However, in many cases, there is no correlation between the
AAST degree and the patient’s physiological state [7].

Most patients have grade I injuries, and the incidence gradually decreases as
the degree of injury increases, as shown by a study conducted with 300 patients
between 2003 and 2013 at the Department of Surgery and Emergency, in Kartal [2].
It was found that the prognostic factors [2] related to the worst outcome were high
levels of AST, ALT, LDH, INR, and creatinine and low levels of platelets and fibrino-
gen at admission, which were also associated with liver injuries of grades IV and V.

4. Diagnosis

Currently, the most useful complementary exams in the diagnosis of liver
trauma are abdominal ultrasound and computed tomography (CT) with intrave-
nous contrast. Abdominal ultrasound is the initial image exam, with a sensitivity of
82-88% and specificity of 99%, to detect intra-abdominal injuries, although it must
be taken into account that the accuracy depends on the examiner’s experience [8].
Computed tomography is the most sensitive and specific technique for determining
the extent and severity of liver trauma and is the imaging test that provides us with
more information on polytrauma patients, since it offers an excellent view of the
skull, chest, abdomen and pelvis, bone structures, viscera, and soft tissues. The
arrival of helical technology has improved the resolution, reduced the duration of
the exam, and allowed the three-dimensional reconstruction of the images, which is
very useful if there is vascular involvement.

Diagnosis by peritoneal lavage (LPD), with the advent of new imaging
techniques, has fewer indications. Although it has an accuracy of 98% to detect
intraperitoneal blood, it lacks specificity of the injured organ, which causes many
unnecessary laparotomies [8].

In patients with hemodynamic instability, the Focused Assessment with
Sonography for Trauma (FAST) is the exam of choice due to its sensibility to detect
free fluid in the abdomen, and it can be done faster than CT as an initial exam.
Figures1, 2, and 3 show some possible changes in abdominal CT in patients with
liver trauma.

Some more recent studies have shown the role of two-dimensional and three-
dimensional [15] ultrasonography (US) in the trauma of massive viscera, such
as the liver. There is evidence that the regular US is not capable of having high

Figure 1.
Hemorrhagic hepatic lacevations (A) in the right hepatic lobe and (B) close to the hilum. Hypodense areas of
linear morphology that come into contact with the capsule (arrows). They associate free liquid (asterisks).
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Figure 2.
Extension to the inferior vena cava. There is a large hepatic termination with extension to the inferior vena
cava (arrow), which appears to be free of perihepatic primary fluid and active for bleeding (asterisk).

Figure 3.
Active bleeding. Active contrast leakage (arrow) is observed in a patient with severe hepatic trauma. Associated
perihepatic fluid (hemoperitoneum). Splenic infarction (*).

sensitivity to detect active bleeding in a solid abdominal organ. In recent years, US
using contrast agents could greatly improve the detection of bleeding. Recently,
contrast US has mainly depended on two-dimensional ultrasound (2DUS). With the
development of imaging technology, three-dimensional static ultrasound (3DSUS)
and real-time three-dimensional ultrasound (RT3DUS) can provide more accurate
images and additional information in some assessments of abdominal disease. Thus,
there are new technologies and possibilities for measuring the degree of hepatic
impairment, but these are not always available, and sometimes just the physical
examination is possible as a diagnostic tool [8].

5. Treatment

The treatment for liver trauma has been modified over the years, since
the beginning of the twentieth century, when aggressive surgical treatment
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predominated, which gradually changed over the decades to more conservative
treatment, especially after the Second World War.

6. Indications

“Miss nothing and fix everything” has long been the dogma for emergency man-
agement of visceral trauma, which imposed obligatory emergency laparotomy for any
hemoperitoneum. For blunt hepatic trauma, that attitude has been gradually trans-
formed since the 1970s, moving toward avoidance of emergency laparotomy when-
ever possible [9-11]. Introduction nonoperative management of blunt liver injury has
been proven to be an effective treatment option since the late 1990s, regardless of the
degree of injury as long as the patient’s condition remains stable [12-14].

Currently, nonoperative management is undertaken in 60-80% of blunt trau-
matic liver injuries, and [15, 16] the success rate is 82-100% [8, 15, 17]. The overall
mortality and morbidity of those cases is 5-8 and 14-18%, respectively [15-17].

The overall mortality in surgically managed patients is 9-18%, but in high-grade
injuries (grades III-V) the mortality is around 40%, and the overall morbidity in
operated patients is 30-40% [15, 17]. Coimbra et al. [18] have reported that non-
operative management reduces the overall mortality of grade IIT and IV blunt liver
injuries [19].

This approach has been supported by not only the contribution of contrast-
enhanced CT [9-11] but the endoscopic and radiological adjunctive interventional
procedures as well, which have expanded its scope and helped managing postopera-
tive complications [15].

A review of the literature about the indications and effectiveness of liver angio-
embolization in the context of trauma showed that the main indications for this
procedure are the presence of contrast blush on CT scan (the most common) and
failure in nonoperative management and control of continued bleeding after dam-
age control surgery. The authors included 11 articles related to the topic, with the
rate of effectiveness of hepatic angioembolization being 93%, and the main com-
plications highlighted were the presence of liver necrosis (15%), abscess formation
(7.5%), and biliary leakage [20].

7. Surgical treatment

Despite the trend of nonoperative treatment and continued advances in the
areas of trauma and critical care, uncontrolled bleeding from major liver injury
is still the leading cause of death and continues to frustrate trauma surgeons [12].
Therefore, it is crucial for the surgeon to know when surgery is needed. The two
most important criteria for indicating immediate operative treatment to a patient
with a hepatic injury are the presence of hemodynamic instability and the exis-
tence of peritoneal irritation, regardless of the grade of injury or the volume of
hemoperitoneum.

There are several surgical techniques that could be applied depending upon the
complexity of the lesion including simple manual compression, Pringle’s maneuver
(clamping of the hepatoduodenal ligament), hepatorrhaphy, hepatectomy, hepatic
artery ligation, and liver resection. Finally, in the direst of circumstances and under
specific indications, even a liver transplant can be considered [6]. Regarding the
incidence of the surgical techniques employed, hepatorrhaphy is generally the most
used procedure in most cases, and the least used are epiplonplasty and left hepatec-
tomy, according to a recently published study, as shown in Table 2 [6].
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Technique* Patients %

Hepatorrhaphy 86 80.37
Segmentectomy 2 1.87
Left hepatectomy 1 0.93
Electrocauterization 4 3.74
Topical hemostatic agents 2 1.87
Epiploplasty 1 0.93
Damage Control 7 €.54
No action (liver damage with no active bleeding) 12 11.21
Nontherapeutic laparotomy 4 3.74

Table 2.
Surgical techniques used to treat liver injuries in patients with liver trauma.

8. Damage control surgery
8.1 Background

Besides all advances portrayed, the prognosis of hemodynamically unstable
patients with complex (AAST Organ Injury Scale 4 IV-V) liver injury is still poor,
as their treatment and decision-making process are extremely challenging for
the trauma team [21]. It is known that approximately 10% of the patients in this
scenario will present life-threatening injuries and hemodynamic shock and that the
primary and ultimate repair of severe traumatic injuries in patients with unstable
physiology is detrimental to outcome [1, 22, 23]. A staged management approach
known as “damage control surgery” (DCS) has been demonstrated to improve the
survival in these cases [1, 22]. The principles of DCS involve abbreviated surgery to
control blood loss and contamination in the abdomen with simultaneous resuscita-
tion of physiology. Once the hemodynamic state is restored, the definitive surgical
repair is performed [22, 24].

Although the term “damage control surgery” was first described for trauma
management by Rotondo et al. [22], the idea of the procedure was already existent
for a long time before. The proposal to use this surgery in trauma and emergencies
has succeed during the Second World War, in the mid-1940s, when the structure
for hospital care was insufficient and the number of victims exceeded the capacity
to give support to the injured [25]. There are older reports of the application of
this technique with similar purposes in Edwin Smith’s Surgical Papyrus, more than
8000 years ago, a conduct used by the absence of other options at the time the idea
was conceived [26].

According to a review by Benz and Balogh about damage control surgery, its
modern model emerged in the late 1970s from clinical experience with major
hepatic trauma [27]. Perihepatic packing consists in manually approximating the
liver parenchyma followed by the consecutive placing of dry abdominal packs
around the liver and straight over the injury. This technique was firstly incorporated
by Pringle [28] in enthusiasm for staged laparotomy. Since then, numerous clinical
reviews were conducted in order to study this technique.

Elerding et al. [29] observed that 82% of deaths following liver trauma were
due to uncontrolled hemorrhage and progressive coagulopathy, even after primary
vascular injuries had been addressed. The whole lethal coagulopathic state appar-
ently was impaired by hypothermia and acidosis, the observation upon which the
“lethal triad” term was suggested [23]. In 1981, Feliciano et al. [30] reported on the
observed merit of temporary laparotomy pad tamponade for postinjury coagulopa-
thy. Nine out of 10 patients with persistent hepatic parenchymal ooze, despite all
attempts at surgical control, survived with intra-abdominal packing and delayed
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removal. This finding led the authors to advocate the technique as a lifesaving
maneuver in select trauma patients with persistent coagulopathy. Two years later,
Svoboda et al. [31] reaffirmed the survival benefit of intra-abdominal packing.
Despite being initially organized as an emergency strategy in patients who have
suffered severe trauma, the principles of damage control have also been approached
in nontraumatic abdominal emergencies, in order to reduce mortality compared to
definitive primary surgery [32]. According to the 10th edition of ATLS [33], damage
control surgery is an important component of crisis management care, given that
in many disasters, hospitals are destroyed and transportation to medical facilities
may not be feasible or the environment may be contaminated, so this context is an
option for using this technique.

8.2 Intra-abdominal packing

Damage control surgery by intra-abdominal packing has shown to be effec-
tive and able to significantly decrease morbidity and mortality, both in trauma
and nontraumatic massive intra-abdominal hemorrhage [34]. In the last decades,
consensus has been reached about considering the accomplishment of an effective
perihepatic packing [35] to be the most effective and quickest way in order to obtain
hemorrhage control [21].

This procedure consists in the placement, after fast and complete mobilization
of the right liver lobe, of a total number of eight lap pads all around the posterior
paracaval surface (avoiding vena cava compression), the lateral right side, the
anterior surface, and posteroinferior visceral surface of the liver (avoiding any
intrahepatic packing) [36, 45]. The diaphragmatic surface must remain free in order
to avoid any respiratory compromise. Reoperation after appropriate resuscitation
allows packing removal and definitive repair of liver injuries.

8.3 Indications for damage control surgery

Regarding the indications for damage control surgery, it is known that there is
awide range of conditions in which it can be used, and the decisive moment for
the use of these techniques is not preoperative adequacy, but the intraoperative
becomes essential for the evaluation [37].

Overall, in the context of severe trauma with hemodynamic instability, the
rationale of performing a “shortened laparotomy” is usually based upon the concept
of the lethal triad [25], composed of hypothermia (due to inadequate environmen-
tal conditions, deficient thermal protection, blood loss, and infusion of unheated
liquids), metabolic acidosis (inadequate tissue perfusion, caused by hemorrhage
and shock, which predisposes to anaerobic metabolism and metabolic acidosis),
and coagulopathy (metabolic acidosis with interference on coagulation factors and
volume replacement).

In a practical manner, there are some absolute indications for the procedure,
such as estimated blood loss greater than 4 L and the administration of more than
10 red blood cell concentrates [37]. Although there are classic indications for per-
forming damage control surgery, new studies have questioned these indications and
proposed other observations to better elucidate the cases eligible for the procedure
[37]. Among them, those who presented moderate accuracy were systolic blood
pressure (BP) < 90 mmHg or central body temperature < 34°C, and five indications
produced major and conclusive changes in the pretest probability of performing
damage control surgery during emerging laparotomy: discovery of pancreas, duo-
denum, or pancreatic-duodenal complex devascularized or completely ruptured;
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a. Large abdominal vascular lesions with multiple visceral lesions

b. Diffuse bleeding of a nonmechanical nature

c. Multiple trunk penetrations

d. Blunt trunk trauma, resulting from high-energy impact

e. Operating and resuscitation time greater than 90 minutes

f. Bulky transfusion (>10 red blood cell concentrates)

g. Severe liver damage

h. Ruptured pelvic hematomas

i. Lesions of the retrohepatic vena cava

j. Pancreatic lesions that require resection

k. Significant hemodynamic instability

Table 3.
Traditional indications of damage control surgery.

estimated intraoperative blood loss >4 L; administration of >10 U of concentrate
and red blood cells; and systolic BP persistently <90 mmHg or arterial pH persis-
tently <7.2 during the operation [37]. The traditional indications [38] to perform
this surgery are explained in Table 3. The factors related to almost 100% of mortal-
ity [25] are temperature (value <32°C), advanced age (70 years), and drop in pH.

Damage control surgery can be performed in three basic and sequential steps
[25], which consist of the following:

a. Performing lifesaving procedures, such as stopping bleeding, controlling
evisceration, and avoiding resections and reconstructions.

b.Resuscitation in an intensive care unit (ICU).

c. New surgical approach intended to review the lesions and to attempt definitive
treatment.

Although it is often the only option in severe trauma, surgery to control dam-
age should be considered, since it is related to serious complications [39], such as
enteric fistulas, readmissions, multiple surgical interventions, and reduced quality
of life.

In a study carried out in a trauma center in the city of Sao Paulo, Brazil, from a
total of 392 patients, 207 had liver damage, and in cases it was necessary to perform
the DCS (6.54%), which showed 100% survival, reaffirming the role of damage
control surgery in severely traumatized patients with the lethal triad [6].

9. Liver transplantation in hepatic trauma

Considering that the causes of death following severe hepatic trauma are uncon-
trollable bleeding due to vascular and liver laceration injury and acute liver failure,
it is possible to cogitate liver transplantation as an option, since the procedure could
treat both conditions; however, indications are still very restricted [40-42].

The indications for liver transplantation in this scenario described in the lit-
erature are uncontrollable continuous bleeding after damage control operation;
extensive complex liver lacerations not amenable to surgical correction; extensive
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lesions of the portal vein, hepatic vein, or bile duct that cannot be repaired by
surgery; progressive liver failure due to trauma; and hepatic necrosis [40-42].

Itis important to keep in mind that this procedure should only be considered
once all other therapies were attempted, making it imperative to adopt damage
control measures in order to promote temporary hemostasis until an organ becomes
available for transplantation [38-41]. Also, not all patients are candidates for trans-
plant and that the choice should be conducted carefully and individually. Situations
such as severe sepsis, multiple organ failure, and other associated serious injuries
may contraindicate the transplant [40-43].

There are two types of procedures described in the literature: transplantation
in one step and staged transplantation. The first consists in the immediate removal
of the native liver with subsequent implantation of a new organ, whereas the latter
consists in creating a temporary vascular portocaval shunt to allow the patient to
wait for the organ and avoid congestion in mesenteric splanchnic system [40, 42].

It is important to keep in mind that this is the last alternative to serious hepatic
lesions. Even when indicated, this treatment presents a low success rate not being a
viable alternative to the majority of liver traumas.

10. Complications

Trauma patients, especially those requiring a staged surgical approach, are
subjected to multiple operations and prolonged ICU stays and are at high risk of
developing complications such as abdominal compartment syndrome (ACS), acute
respiratory distress syndrome, and multiple organ failure.

Generally, the incidence of complications is related to the degree of the hepatic
trauma and the type of treatment used in the process, being directly proportional to
the severity of the trauma presented by the patient, ranging from small changes in
the liver parenchyma to vascular and biliary system injuries.

Since the majority of the liver injuries are managed nonoperatively, it is impor-
tant to bear in mind that approximately a quarter of the patients with blunt hepatic
injury managed nonoperatively will manifest complications that impose interven-
tion, infrequently operative [3].

There is evidence that conservative treatment for extensive liver injuries results
in a higher incidence of biliovascular complications [44]. In a recent article carried
out in Italy with 56 young patients with liver injury AAST III or greater, mostly due
to blunt trauma, 17 patients had 21 liver complications: 4 biliary, 12 vascular, and
1 combined biliary and vascular. Liver complications increased with the highest
degree of liver trauma, with 3.5% in grade III, 52% in grade IV, and 70% in grade
V. One patient with active arterio-portal fistula required urgent angioemboliza-
tion, while other arterial pseudoaneurysms 7.23 + 5.14 days after the trauma were
detected. Angioembolization was successful in 83% of patients. The work high-
lighted that the main predictors of biliovascular complications were the require-
ment for blood transfusion and the degree of injury. Portal vein laceration was a
predictor of biliary and nonvascular complications [44].

When considering radiological intervention, as portrayed previously, the main
complication of hepatic angioembolization is the presence of massive hepatic necro-
sis (MHN). In a study carried out with 538 patients who had high-grade traumatic
liver injuries [6], 16 patients (22.5%) had grade III injuries, 44 (62%) grade IV inju-
ries, and 11 (15.5%) grade V injuries, with 71 (13%) having undergone therapeutic
liver angioembolization, with 8 patients (11.3%) from the latter group dying as a
result of liver damage. Complication rates were 18.8%, 65.9%, and 100% in patients
with grade III, IV, and V injuries, respectively, for an overall complication rate of
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60.6%. Thirty patients (42.2%) developed MHN [45]. Patients who developed
MHN were compared with those who did not. It was observed that patients with
MHN had higher-grade lesions, significantly needed more transfusions, and had a
significantly longer hospital stay (all p < 0.001). Patients who developed MHN were
more likely to undergo surgical intervention (96.7% vs. 41.5%, p < 0.001), with
87% undergoing damage control laparotomy [45].

As for the surgical treatment, many complications can occur depending on the
type of procedure. The most frequent postoperative complication is related to infec-
tion such as pneumonia, peritonitis, and intra-abdominal abscess, and it represents
almost three quarters of all immediate complications. The survival rate in patients
with blunt liver trauma (60%) may be lower than the ones with penetrating trauma
(87.5%), possibly due to the higher rate of head injuries associated with blunt
trauma, as a consequence of severe traumatic brain injury [6].

In a recent study [6] carried out in a university hospital, in Sao Paulo, from 392
trauma patients who underwent laparotomy, 107 had liver injuries, 78.5% with
penetrating trauma, in severe firearm injuries. The incidence of postoperative com-
plications was 29.9%, and the most frequent were infections, including pneumonia,
peritonitis, and intra-abdominal abscess. The survival rate of patients with blunt
trauma was 60% and of penetrating trauma, 87.5% (p < 0.05). Another retro-
spective work carried out at the Department of Hepatobiliary Surgery and Liver
Transplantation Unit of A.O.R.N.A. Cardarelli from Naples, Italy, considered 50
patients with liver trauma and assessed the main complications related to the type
of trauma and treatment employed [46]. A wide range of complications is observed
and is associated with five pathophysiological findings: acute bleeding after packing
the cavity with compresses, liver hematoma, arteriovenous fistula, sepsis, biliary
fistula, and coleperitoneum [46].

With the implementation of DCS, patients previously considered as beyond
help turned capable of surviving their initial injuries, and as they were transferred
to ICUs for physiological stabilization prior to surgical reconstruction, they were
submitted through a supranormal resuscitation [1]. Later it was observed that this
practice resulted in many of these patients receiving excessive volumes of crystal-
loid and experiencing subsequent problematic tissue edema of the lungs and gut
during attempts at physiological restoration [47]. The combination of shock, large
volume resuscitation, intestinal edema, and a tightly packed and closed abdomen
led to increased intra-abdominal pressures and the development of virtual epidem-
ics of abdominal compartment syndrome [47]. With an initial reported prevalence
of more than 30% and mortality rate greater than 60% [48] in the major trauma
population, many patients died not from their initial injuries but from lethal respi-
ratory, renal, and cardiac failure due to increased abdominal pressure. Prospective
observational studies soon identified the association between abdominal compart-
ment syndrome and traumatic shock resuscitation [1, 49].

The aggravated physiologic derangement caused by intra-abdominal hyperten-
sion (IAH) can rapidly result in multiorgan failure in a vicious circle unless inter-
rupted by abdominal decompression [50-52] such as open abdomen management
(OA). OA consists of intentionally leaving the abdominal fascial edges of the paired
rectus abdominis muscles unapproximated (laparostomy) in order to abbreviate
operation, prevent IAH, and facilitate reexploration without damaging the abdomi-
nal fascia. Temporary abdominal closure (TAC) refers to the method for providing
protection to the abdominal viscera during the time the fascia remains open [50, 52]
Patients undergoing OA management are at risk of developing entero-atmospheric
fistula (EAF) and a “frozen abdomen,” intra-abdominal abscesses, and lower rates
of definitive fascial closure [53, 54]. The risk-benefit ratio must be kept in mind,
and measures to mitigate complications are necessary. In all patients with an OA,
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every effort should be exerted to achieve primary fascial closure (i.e., fascia-to-
fascia closure of the abdominal wall within the index hospitalization) as soon as the
patient can physiologically tolerate it [50].

Through the liberal use of open abdomen surgery and systematic evidence-
based modifications to traumatic shock resuscitation techniques, the concept of
damage control resuscitation was created. Damage control resuscitation differs
from previous resuscitation approaches by attempting an earlier and more aggres-
sive correction of coagulopathy as well as metabolic derangements. It embraces
several key concepts, including permissive hypotension, the restriction of isotonic
fluid for plasma volume expansion, and the early and rapid administration of
component transfusion therapy to support correction of postinjury coagulopathy
[1, 55]. Damage control resuscitation restores physiological reserve facilitating more
definitive surgical treatment resulting in decreased perioperative complications and
improved outcomes [1].

Liver injury management has been changed in recent years with the advance-
ment of technology, newer diagnosis, and therapeutic tools. The indications of
nonoperative treatment are increasing with improvement of survival and lower
morbidity rates.

11. Conclusion

The liver is the second most common affected organ in abdominal trauma
and therefore has a prominent role in all the abdominal traumas. During the past
decade, the management presented a significant evolution especially with the
growth of interventional radiology. Procedures such as arteriography and arte-
rial embolization helped to manage once difficult lesions with poor prognosis.
Nevertheless, when it is possible, the nonoperative management should be pre-
ferred since it presents less morbidity.

Hepatic lesions classified as grade IV are a cause for anguish and anxiety for the
surgeons, since they present a higher morbidity and mortality. The first concern in
severe liver trauma should be the patient stabilization, which can be done through
damage control surgery, which consists of executing the crucial and strategically
ordered steps (shortened surgery, correction of physiological measurements in
intensive care and proposed reoperation) to reduce operational time, correct a loss
of death (medicated by acidosis, hypothermia, and coagulopathy), and improve the
patient’s long-term prognosis.

In the context of trauma, control damage surgery appears as an alternative for
severely injured patients, who have multiple injuries to the abdominal viscera.

After clinical stabilization in an intensive care unit, the patient will be reoper-
ated, and less severe injuries will be corrected, with the patient’s gradual recovery
after correcting the lethal triad.

In the same perspective, this chapter reviewed liver trauma centered on damage
control surgery, providing the main content related to the topic, from its causes,
trauma mechanism, classification, bibliographic review, therapeutic options,
and current statistics to prognosis and the role of damage control surgery in this
context. Thus, it is expected that at the end of the chapter, the reader will be able to
organize the main topics related to liver trauma and consider making difficult deci-
sions in practice in trauma hospital, always seeking the best prognosis for patients.
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Abstract

Acute diverticulitis is one of the most common surgical causes of admission
to Emergency Departments in Western Countries. Although most of the cases
can be managed conservatively or electively, a number of them will require an
emergency surgical treatment. Among these patients, an even smaller number of
them will present with a full-blown catastrophic septic shock. These minorities of
cases have accounted for a significant part of the overall mortality and morbidity
of complicated acute diverticulitis itself. The implementation of Damage Control
strategies has shown to be useful also in these septic catastrophes, where a profound
derangement of physiology makes unsafe a classic approach. Damage Control, as
we intend it, is not a surgical “technique.” A close collaboration between different
specialties brought forth a strategy of treatment. The Surgeon, the Anesthetist, and
the Intensivist are the three most involved specialists in the treatment of these cases.
It is paramount for them to learn how to work side by side and in harmony, since the
patients will benefit from each-one’s input in their care.

Keywords: acute diverticulitis, damage control, peritonitis, laparostomy, Sepsis

1. Introduction

Diverticular disease is a common and increasing cause of emergency consulta-
tion in Western countries with 3-5 cases per 100,000 habitants. Although in most
cases it remains asymptomatic, roughly 20% may require emergency treatment.
The advances both in image quality of new multi-slice CT scans and laparoscopic
procedures have influenced changes in the way we treat these complicated patients.
Complications of sigmoid diverticulitis due to acute inflammation and colonic wall
perforation may manifest as pericolic (Hinchey I) or extra-mesocolic (Hinchey II)
abscesses, and purulent (Hinchey III) or fecal peritonitis (Hinchey IV). Although
the first two are managed conservatively, treatment for stages III/IV is not that
straightforward. We will refer to Hinchey III/IV acute diverticulitis as complicated
acute diverticulitis (CAD) [1-3].
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The clinical and surgical approach to CAD differs basically on the physiological
status of the presenting patient [4].

Fortunately enough, even if CAD is, by definition, severe sepsis, a good propor-
tion of the patients are not in septic shock at presentation. This means that they are
still in a physiological state to tolerate a definitive “classical” procedure. Standard
surgical therapy for CAD has been to perform either an open or laparoscopic resec-
tion, followed by a primary anastomosis or a protected anastomosis or a terminal
colostomy. The latter is still the most common procedure. In recent years, a less
invasive approach has been used to fit patients with Hinchey III peritonitis. In these
cases, a laparoscopic lavage and drainage (LLD) seem to be, according to a growing
number of surgeons, a safe option [1-6].

In this chapter, we will not linger any longer on these previous strategies.

We will focus only on the smaller group of patients with CAD who present with
such an advanced derangement of their physiology that needs to be treated in a
Damage Control Modality.

Damage Control, in our view, is not merely a surgical technique. It is in fact,

a strategy of treatment brought forward by a close collaboration between differ-
ent specialties, among which surgery, intensive care (ICU) and anesthesia play a
significant role. Thus, we will present the input on each of these specialties on the
therapeutic strategy.

2. Assessing the patient

We can think, out-of-the-book, abdominal emergencies as a devilish blend of
dangerous ingredients. Diagnosing an acute abdomen is sorting out the different
components from the mix to finally draw conclusions on its danger.

Ideally, we should be able to do it quickly, pragmatically, and in a cost-
effective manner.

We appreciate that there is a significant disparity in what can be used in differ-
ent health systems. What is readily available in high-income countries, it is not (or is
inexistent) in low-income countries. The authors’ bias is to work in some of the best
health systems in the world, at least according to the World Health Organization,
where almost everything is available 24/7/365.

We all know the signs and symptoms of a patient with acute diverticulitis.

They usually have persistent moderate to severe abdominal pain with guard-
ing and rebound tenderness located in the left lower quadrant or hypogastrium
(Hinchey I-1I), which turns to be diffused to all the abdominal cavity as the infec-
tion is no longer localized (Hinchey III-IV).

Nausea, vomiting, fever, and in some cases, dysuria can also be present in many
patients.

In modern and mature health care systems, patients with diffuse peritonitis and
septic shock should be diagnosed straightforwardly with a CT abdomen-pelvis with
intravenous contrast. We never stress enough to our trainees, and during our M&M,
how a speedy diagnosis contributes to saving lives. Also, we are very adamant that
a CT without IV contrast is a suboptimal examination in almost all the emergency
clinical situations. Acute kidney injury (AKI) or chronic renal failure (CRF) are not,
and should not be a contraindication to obtain a good quality CT scan. The quantity
of literature on the safety of modern IV contrasts is vast and easily searchable
in PubMed.

CT scan gives us all the information we need; such as free fluid vs. localized col-
lection, the distribution of free air, and direct signs of diverticulitis. Not infrequently,
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it informs us of other unknown conditions that could change the overall attitude
such as multiple liver metastases, primary neoplasms of the large bowel or other
organs, etc.

We agree that diagnosis is paramount, but treatment is our real goal. And treat-
ment should start before diagnosis.

An acute abdomen is a diagnosis based on clinical examination. Sepsis should
be considered as the primary cause of an acute abdomen until proven otherwise.
Sepsis can be identified within minutes by recognizing hypotension, tachycardia,
tachypnea, and oliguria. Blood tests (White Blood Cells and C-Reactive Protein)
together with venous or arterial blood gases (lactates) can add crucial information
towards the final diagnosis of sepsis. Are they septic? Are they in septic shock?
Usually, in acute diffuse peritonitis, from diverticulitis or other causes as well, the
answer is many times, yes, they are already in septic shock. Some Health Systems,
like the United Kingdom’s National Health System (NHS), introduced the “Sepsis-
Six” The Sepsis-Six consists of three diagnostic and three therapeutic steps—all to
be delivered within 1 h of the initial diagnosis of sepsis [7]:

1. Titrate oxygen to a saturation target of 94%.
2.Take blood cultures and consider source control.
3. Administer empiric intravenous antibiotics.

4. Measure serial serum lactates.

5.Start intravenous fluid resuscitation.

6. Commence accurate urine output measurement.

Someone could argue that extremely sick patients, who are the ones who will
require damage-control procedures, can be diagnosed on the spot by merely looking
at them. They could also argue that a lot of scoring is useless and done only for scoring
sake. We do not agree with them. It is imperative in our practice to assess the response
to our treatment, and this can be done only if we have determined our starting
point. We still use, as many other colleagues do, the concept and definitions of the
“Surviving Sepsis Campaign: International Guidelines for the Management of Severe
Sepsis and Septic Shock: 2012 We stress to our trainee the importance of assessing
the patient and following their response to the treatment. Diagnosis at a glance also
does not correlate with morbi-mortality, and it is not a common language used when
dealing with other specialties, who would look upon your surgeon as a caveman.

We use the Sepsis definition, and the p-POSSUM score as a minimum to assess
patient severity and surgical risk. We appreciate that P-POSSUM has been criti-
cized, and possibly is not the best scoring tool available. Let us say that p-POSSUM
is as bad as all the others available [7-9].

Septic patients are treated according to the Surviving Sepsis Campaign Bundle.
Upon arrival, once the acute abdomen has been identified (again, it is a clinical
diagnosis!), blood cultures are taken, and broad-spectrum antibiotics are started
along with intravenous fluid replacement. For each hour of delay of antibiotic
administration, there is a cumulative increase in mortality of 4%.

Which antibiotic should be administered is up to your hospital policies.
Piperacillin/Tazobactam is the first choice in no-penicillin allergic patients in many
hospitals.
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Antibiotics, fluid, and oxygen are all you can do to start optimization and treat-
ment. At the same time, you are now ready to pass the patient through the CT scan.

If you have done things correctly, you have lost no more than 30 min from
arrival, and you should have been able to assess the problem (acute peritonitis), rule
out other mimicking conditions (ruptured AAA clinically and laboratoristically
is quite different) and evaluate the severity while starting the treatment. Ideally,

a simple Chest X-ray should be performed during the initial assessment in the
Accident & Emergency Department, to exclude free gas under the diaphragm (hol-
low viscous perforation). Furthermore, an abdominal ultrasound scan can exclude a
AAA and give a piece of valuable information on possible free intraperitoneal fluid.
Early involvement of a senior surgeon is crucial for the decision making and for
coordinating with the other specialties.

An essential skill of the Emergency Surgeon should be interpreting CT scans.
The Surgeon should be able to see the CT scan in real-time and seek advice from the
Radiologist. Reviewing the scans together with the Radiologist, can give valuable
information to the Surgeon and help him significantly to plan the strategy of the
operation if needed. Since we are focusing on damage-control procedures, let us
exclude all Hinchey I-II acute diverticulitis, and concentrate only on Hinchey III-1V,
cases that are acute peritonitis. Usually, diagnosis of acute diffuse peritonitis is quite
straightforward on a CT scan, even for a surgeon: free fluid, pneumoperitoneum,
and fat stranding, alone or combined, are the key features. We see the CT scan, and
we know that they will go to the OR for the source control.

Re-evaluation of the critically ill surgical patient is critical and essential. In
many cases, the initial resuscitation has been adequate. The patient, hopefully, now
has a good (or better) urinary output of at least 0.5 mL/Kg/h, is better perfused
and does not require inotropic drugs. However, the patient still needs an emergency
operation. In that case, the management options include a primary anastomosis
with or without a prophylactic ileostomy or a Hartmann’s procedure. That means
that, most likely, a damage-control procedure is not needed.

Unfortunately, there are cases when the patient is not able to respond to resusci-
tation. The patient remains hypoperfused, oliguric/anuric, acidotic, coagulopathic,
and often hypothermic. This sub-group of critically ill surgical patients is among
the most challenging scenarios in emergency surgery. They are very often of old
age, with multiple comorbidities and low reserves. They, unwillingly, form the vast
majority of the mortality rate.

Yet, if you and the other members of the multidisciplinary team you are work-
ing with decide that invasive treatments are not futile, it is time to hurry up and do
things properly.

In the real world, you have already spent at least 90 min: the patient has already
been resuscitated all that it is advisable, and ideally, nothing can be added if source
control is not obtained.

Just a couple of notes before entering the OR.

Remember the lethal triad in trauma: hypothermia, acidosis, and coagulopathy.
We aim to fight those. Do not forget to actively warm your patients since they arrive
to your observation. That means a warm environment and warm fluids. Also, if
coagulation if deranged for the sepsis or in case they are on antiplatelet drugs or
anticoagulants, you should involve the hematologist on-call as soon as possible, or
use pre-existing protocols if available. It is not wise, although it is not infrequent,
to find out an INR more than 2 just when you are ready to transfer them to OR. It
is not a mortal sin, but it means more time to wait before source control, which,
yes, increases mortality. Ways to correct the INR urgently in order to proceed with
damage-control surgery include administering intravenous vitamin K, and transfu-
sion of coagulation factor concentrates.
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3. Operating room (OR)

Now the patients need a general anesthesia. Anesthetists know very well that the
anesthetic management of these patients requires always a rapid sequence induction
due to the high risk of bronchoaspiration.

This consists of giving the patient supplementary O, close to 100% for 30 s,
asking to take three deep breaths as long as they are still conscious and collaborative.
Subsequently, the hypnotic drug will be administered while another person assists
by performing cricoid pressure. The cricoid pressure is maintained from the moment
of induction until the intubation is completed. Applying pressure on the cricoid
collapses the esophagus and prevents the passage of gastric contents to the larynx
and respiratory tract. A fast-acting myorelaxant such as succinylcholine at a dose of
1 mg/kg iv or rocuronium at a dose of 1.2 mg/kg iv, will be administered just after the
hypnotic drug. It will achieve a rapid opening of the vocal cords after approximately
15-20 s, allowing to pass the tracheal tube.

Basic intraoperative monitoring will be achieved by ECG, non-invasive TA,

O, saturation by pulse oximetry, bispectral index (BIS), neuromuscular, core
temperature, and hourly diuresis. Arterial canalization for invasive blood pressure
monitoring and canalization is advised as well as obtaining a central venous route to
administer large amounts of fluid therapy, vasopressors, blood products, or paren-
teral nutrition if required in the postoperative period [7, 10].

The primary anesthetic aim in these patients is to maintain or restore an
adequate blood flow to guarantee an optimal O, delivery to the tissues. Objective-
directed IV fluid therapy will be administered using dynamic hemodynamic
variables (stroke volume variation—SVV, pulse pressure variation—PPV) to
predict the response to fluid loading, guided by hemodynamic monitoring devices
(CardioQ, PiCCo, and LiDCo) [11, 12]. If these devices were not available, static
hemodynamic variables will be used with the following goals: maintaining central
venous pressure >8 cm H,O; mean arterial pressure (MAP) >65-70 mmHg; diuresis
>0.5 ml/kg/h; a venous saturation central (ScvO,) >70% or a mixed venous satura-
tion of O, (Sv0,) >65 mmHg and normalization of lactate.

Unfortunately, static (HR, BP, and CVP) are not sensitive enough to predict
a response to a fluid reposition and therefore are poor indicators of intravascular
volume status.

Initial resuscitation with fluid therapy should be done with crystalloids. The
administration of hydroxyethyl starch 130/0.4 should be avoided, as it appears to
increase morbidity and mortality in these patients [13]. If the SSV or PPV are less
than 10-15% with a PAM <65-70 mmHg despite the fluid challenge, or we do not
have hemodynamic monitoring devices, but we have hypotension that does not
respond to fluid therapy, vasopressors will be administered. Norepinephrine is the
vasopressor of choice. Other options are adrenaline or vasopressin to reduce the
dose of norepinephrine. Dobutamine will be administered in the presence of myo-
cardial dysfunction or low cardiac output, or when signs of hypoperfusion persist
despite adequate intravascular volume or MAP.

It is also necessary to maintain an adequate hydroelectrolytic and hemostatic
balance, administering bicarbonate when essential and different hemostatic
components to restore or maintain the coagulation. Coagulation can be assessed by
standard tests, or by viscoelastic tests (VETs). The latter allow a treatment oriented
assessment of coagulation, and if available should be used as first choice.

As for the transfusion of blood products, it is recommended to maintain
hemoglobin levels between 7 and 9 g/dl, and glycemic levels should be kept below
180 mg/dl [14].

Now the ball is back in our court, the surgeons.
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Your patient is in a pretty bad clinical situation, and they will have a high
mortality/morbidity rate whatever you are going to do. Your challenge is to make
all the right decisions and quickly. Some of them are not straightforward, and will
be surely discussed in the following M&M. Some are extremely easy though, and if
you make mistakes here, you will be surely crucified in the M&M. So, for both the
patient’s sake and yours: do a laparotomy. If you are really convinced that laparos-
copy is a good indication in a crashing patient in septic shock, you can as well stop
reading this chapter, since you will not find anything useful for you.

We have too many hours of both elective laparoscopic colorectal surgery and
emergency surgery to stand by what we are saying. Laparoscopy has no place in this
scenario. So, prepare your OR for a formal laparotomy, with all the instruments you
are going to need. We usually want advanced cautery devices in this case, as well as
staplers, to minimize the OR time.

As we have already said, delaying the surgical procedure can lead to a progres-
sive deterioration of the patient status, and it may contribute to a more unfortunate
outcome.

The surgical team should be ready and prepared to operate even at night hours,
because any delay is increasing the already high chances of losing the patient.
Excellent communication and coordination between the attending team members
should be emphasized; the team leader, generally, the surgeon should coordinate all
the resources needed in order to complete the task swiftly. Well-organized teams
formed by anesthetists, intensivists, and nursing staff will work faster and will
obtain better results when a real team attitude is practiced.

Now that you are already scrubbed and about to start, keep in mind two easy
concepts: size matters (big incision); time matters (be quick).

The key for a quick resection is good exposure: bone-to-bone midline lapa-
rotomy is just a few centimeters too long in this situation. Small incisions that
compromise surgical exposure should be avoided. Proper retraction is also indis-
pensable, self-retracting devices can be quite helpful, especially in obese patients.
The abdominal wall should be protected with wall protectors that, in many cases,
can be used both as protecting devices that reduce surgical site infection and also as
an additional retracting tool.

Once the abdomen is opened, a quick general evaluation of the abdominal
cavity should be routinely performed, and samples taken for aerobic and anaerobic
cultures. The origin of the colonic wall perforation should be controlled temporar-
ily by whatever means you fancy (clamps, sutures, staplers, etc.), and a first lavage
should be carried out to remove gross contamination. Once this has been done, you
will have to achieve a definitive source control, which can be done only by colonic
resection (formal sigmoidectomy vs. segmental colectomy).

As a general rule, you will find extremely inflamed tissues, which, especially
in obese patients, will make the dissection difficult. This is not a cancer operation,
though. There is no need for you to go down in the mesentery to find the root of the
inferior mesenteric artery (IMA) or the inferior mesenteric vein (IMV). You should
be comfortable with the anatomy and the surgical technique and use judgment. This
means that you should tailor the operation not only to the patient’s needs, but also to
your abilities. A proper retraction makes a lot of difference in difficult open surgery.
If your assistant is more inexperienced than you and a more senior help is available,
call them in: it is easy to operate when assisted by someone who knows how to.

The use of energy devices like the LigaSure Atlas of 10 mm-20 cm
(Medtronic®) can be beneficial both for blunt dissection and also for hemostatic
control of the thickened mesocolon, always taken care to identify the ureter in cases
of sigmoid resection. The colonic segment should be excised using GIA reloadable
stapling devices. After the resection is performed and the specimen extracted, a
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thorough washout of the abdominal cavity should be done with a warm saline solu-
tion with particular attention to the pouch of Douglas, left and right gutters, and
both subphrenic areas.

The decision to whether performing a definitive procedure vs. a damage control
should have already been taken before entering the OR since it should have been
based on physiological assessment. It is improbable that after surgical aggression,
the patient will be hemodynamically and physiologically better. In some rare
circumstances though, you will find out that there are exceptions to what was stated
before: the patient unexpectedly has significantly improved, maybe inotropes are
being tapered down, urine output has normalized. In these circumstances, you
can reconsider your previous decisions and go for a definitive procedure, namely
primary anastomosis or terminal colostomy.

If we can give good-samaritan advice, twink twice, and then think once again.
If you have access to modern systems for the open abdomen, you should not change
your pre-op decision. We have all done it, and the results have not always been
favorable. Be pragmatic and stick to doing damage-control, surgery.

In any case, the rule of the thumb is that you have been so quick (not kidding)
that the anesthetists are still putting IV lines, and the patient is still unstable and on
vasopressors. The surgical part of damage control is completed. We strongly advise
to leave the stumps inside, perform a meticulous washout and leave a temporary
abdominal closure for a second procedure in the following days, once the patient’s
conditions are more favorable for an anastomosis. Performing a stoma at this stage
is time consuming, and really does not offer any advantage. Performing a primary
anastomosis now, even if has been advocated by other colleagues, seems to us an
unnecessary act. Our philosophy is to minimize the surgical aggression and the
operative time.

If you have decided for a temporary closure of abdomen, you should already
know that currently, there are several temporary abdominal closure devices avail-
able, and the use of one or another will depend on availability and the surgical team
preference. One of the most used devices, and the one that we have more experience
with, is the ABThera Sensa T.R.A.C ® (KCI) [1].

This is a temporary negative pressure abdominal closure therapy composed of
four components. A visceral protective layer (VPL), a perforated foam, the plastic
adherent drape, and tubing, connected a negative pressure source. These devices
can help to protect the abdominal content and create a temporary functional
abdominal closure avoiding a sustained or repeated pathologic elevation in abdomi-
nal pressure above 12 mmHg. Another benefit of the negative pressure therapy is
that it actively removes fluid from the abdominal cavity and draws the wound edges
together, avoiding fascial retraction. Both the initial application and subsequent
dressing changes should be performed under aseptic conditions, either in the OR
or in the ICU, between 24 and 72 h, depending on the level of contamination and
infection of the abdominal cavity. With each dressing change, the surgical team
should perform a thorough re-evaluation of the abdominal cavity and whether the
abdomen can be finally closed, but the correct timing and the definitive closure
should be individually tailored depending on the patient’s general status and
response to therapy.

These types of commercial devices have the advantage of delivering a con-
trolled negative pressure throughout the abdominal cavity, especially in the
paracolic gutters and pouch of Douglas, but they are expensive and not always
available. In cases where there is no availability of these devices, then, an Barker
closure of the abdomen can be done. It is similar to the one we use in trauma
damage-control surgery. These improvised systems consist of using a layer that
can cover the sensitive abdominal organs, and at the same time, keep them warm.
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The layer can be made by two layers of surgical drape made with a robust, con-
formable, and breathable polyester incise film coated with medical-grade acrylate
adhesive containing molecular iodine as the active antimicrobial agent. Between
the layers, we use large swabs. After making the layer, we shape it and cut accord-
ing to the gap we would like to cover. Because of the surgical drape that covers
both sides, this layer can be inserted inside the abdomen and be in touch with the
bowel without problems. Then, the whole abdomen (all four quadrants) is covered
with an extra surgical drape offering adequate sealing. We need to highlight the
need for insertion of two large abdominal drains (usually 30Fr) to drain potential
intra-abdominal fluid and, most importantly, to prevent abdominal compartment
syndrome.

4. Intensive care unit (ICU)

We surgeons have done what we could and had to do. The patients need now
an Intensivist and an ICU. Your colleagues are expecting them to arrive at any
time, the anesthetist has already called them, and everything is ready. Intensivists
are well aware of what is at stake. They know that grade III and IV diverticulitis
implies the presence of intestinal macro-perforations responsible for the appear-
ance of purulent or fecaloid peritonitis, which is associated with a high percentage
of complications such as peritoneal abscesses, pyogenic liver abscesses due to the
dissemination of the process through the portal circulation, small intestine obstruc-
tions, fistulas, etc.

The most common germs are gram-negative bacilli such as enterobacteria,
anaerobes, and less frequently Enterococci and Pseudomonas aeruginosa. In
post-surgical patients, there is an increase in cases of Staphylococcus aureus infec-
tion resistant to methicillin and Candida sp. if they have received the previous
antibiotherapy.

Secondary peritonitis can trigger a dysregulated response by our organism that
can lead to sepsis or septic shock and multiorgan failure depending on the severity,
which implies significant morbidity and mortality.

The recognition of a septic patient is based on the alteration of clinical and
analytical parameters such as mean blood pressure (MAP) <70 mmHg or systolic
pressure (SBP) <100 mmHg, renal failure with the presence of oliguria/anuria and
increased creatinine levels >1.2 mg/dl, at the respiratory level may lead to respira-
tory distress syndrome that occurs with severe hypoxemia and need for respira-
tory support with high flow oxygen systems or invasive mechanical ventilation.
Neurologically, obnubilation, or low level of consciousness may be seen. In terms of
analytical parameters in the blood, metabolic acidosis, hyperlactacidemia, con-
sumptive coagulopathy, and plaquetopenia stand out.

If the patient needs vasoactive substances after adequate volume replacement to
maintain MAP >60 mmH and serum lactate is >2 mmol/l, it is called septic shock.

For treatment, from the first hours of admission, an attempt will be made to
maintain adequate hemodynamic stability thanks to the administration of fluid
therapy (30 ml/kg in the first 3 h) with intravenous crystalloids. The therapeutic
and hemodynamic response will be re-evaluated frequently, to maintain Average
Arterial Pension (MAP) >65 mmHg, Heart Rate (HR) >60, Oxygen Saturation
(SO;) >90%, Central Venous Pressure (CVP) 12-8 mmHg, Temperature <37°C,
and Diuresis greater than 0.5 ml/kg/h. We will try to optimize different analytical
parameters such as ions, renal function, liver function, lactate levels, presence of
acidotic, alkaline or mixed pattern, platelet count, and hemoglobin, indicating the
transfusion of red blood cells with hemoglobin levels <7 g/dL [15].
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The lactic acid evaluated in a venous or arterial gasometry is a marker of ade-
quate tissue irrigation, keeping our objectives in values lower than 2 mg/dL [15].

If, after initial resuscitation, the situation of instability persists, the initiation
of vasopressors without delay is indicated, with Noradrenaline being the first-line
agent in septic shock. In refractory cases, the start of other vasopressors such as
vasopressin, inotropic agents such as dobutamine, and glucocorticoids may be
indicated.

In the most severe cases, it will be necessary to implement different support
measures such as renal replacement therapy, indicated in renal failure with oliguria
or anuria and severe alteration of analytical values, invasive mechanical ventilation
(IMV) in those who develop respiratory distress syndrome.

In these patients measurement of intra-abdominal pressure (IAP) is mandatory.
If it exceeds 12 mmHg, we would speak of intra-abdominal hypertension and if
it exceeds 20 mmHg of abdominal compartment syndromes with the need to use
specific techniques such as placement of NGS, force negative balance. Since they
already have a laparostomy it is unlikely, but not impossible, that they may need a
further surgical decompression.

5.Back to OR

The operation has been done and the patient has been left in the experienced
hands of ICU.

We do not fool ourselves: some (maybe many) of them will die in the next
12-24 h. The toll to pay is simply too much, especially in the case of elderly patients,
or in the ones with many comorbidities. Usually the sicker, and more unstable, they
were in theater, the sooner are expected to pass. We cannot give any percentage,
because we do not have it, and also because it would be not pertinent to our story.
Suffice to say that the reality is just a little better than what the P-POSSUM score
told you, but not so much better as you would like.

For those who actually improve, they will eventually need a second operation, a
so-called “second look.”

The planning and decision making for a second look ideally were made by the
operating surgeon while performing the initial damage-control surgical procedure.
The second-look laparotomy is based on the fact that the surgeon should explore
the patient’s abdomen within 24 or 48 h, depending on the patient’s hemodynamic
stability. That means that a second-look laparotomy is a scheduled procedure and
should ideally be performed in a patient that is stable with as less inotropic support
as possible.

In any case, negative pressure abdominal dressings should be changed after
72 hmost.

One of the most important parameters to have is the intra-abdominal pressure,
or IAP. IAP should have been measured in ICU and you should prepare to measure it
when attempting the closure.

Anesthetic-wise, usually the second-look poses no big challenges.

Intraoperatively, we have to assess if there is still contamination, the viability
of the colonic stumps and whether or not there are any other issues that need to be
dealt with (i.e., iatrogenic damages from the first surgery). Also, this is the time to
finish the preparation of the proximal colon for the terminal colostomy.

In very selected cases, those who have improved very well in ICU and without
comorbidities, we can opt for a primary anastomosis. Unfortunately, collectively,
we have encountered very few of them. But we know that other colleagues have
been more lucky.
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Just a word about the rectal stump. It is quite uncommon to detect any problem
at this level now, but not uncommon to have a dehiscence of the stump later on. We
always leave a pelvic drain, only to drain the stump should it leak.

Usually, the “bowel” part of the second-look causes no big problem: whatever
you do, it is more or less easy.

The challenge of the second-look is often the abdominal closure. Sometimes,
it can be difficult to approximate the abdominal wound edges, mainly because of
the edema of the intra-abdominal organs that can result in a high intra-abdominal
pressure and difficulty to approximate the midline laparotomy edges successfully.
The extent to which you can close the abdomen under tension is difficult to judge.
We rely much on IAP, and feel safe to close if IAA is <12 mmHg. But also the quality
of the tissue is crucial, and this is something that you cannot judge objectively.

Asarule, we do primary closure of the fascia is IAP <12 mmHg and accept the
need of following surgeries for incisional hernia. We do not routinely do advanced
abdominal wall reconstruction surgery at this stage, and prefer to do them, if
indicated, during a former repair of an incisional hernia.

In the few cases, where you cannot close the abdomen due to elevated IAP, we
use a mesh-mediated vacuum-assisted wound closure as proposed by Petersson
et al., which in our hands is what works best [1].

An in-depth discussion of abdominal wall reconstruction is beyond the topic of
this chapter.

Usually, after the second look, the patient will go back to the ICU. If the evolu-
tion is favorable in the following days, we can minimize the necessary support
measures. In patients who have presented septic shock and multiorgan failure, we
will progressively withdraw invasive mechanical ventilation, renal replacement
therapies, and vasoactive drugs, depending on the recovery of these organs.

It is essential after overcoming the initial shock situation, at 24-48 h, to initiate
adequate nutritional therapy since patients in septic shock suffer a hypercatabolic
phase mediated by increased cytokines and lipid mediators with a peak between 3
and 4 days but which can be maintained for 7-10 days.

6. Conclusions

Whether you are an experienced (old) surgeon, an enthusiastic (not quite old)
fellow, or a young trainee, you will be facing, again and again, patients with acute
diverticulitis. When called upon to assess them, you will know beforehand that
most of them will be Hinchey I-II, and commonly only a small number of them
will have diffuse peritonitis, purulent, or fecal. As an experienced clinician, you
should be assessing the patient’s physiologic status even before considering whether
your patient has acute diverticulitis or other conditions. Early in your evaluation,
you should determine whether you are dealing with septic but contained infection
or a patient with septic shock. Patients with sepsis should be treated promptly and
appropriately to avoid fatal outcomes.

Currently, the application of the Sepsis-Six protocol is indicated, and it should
be applied as soon as possible. This approach implies being very aggressive in man-
agement. It is advisable to start resuscitation even before having made a diagnosis
of the cause. Once you have started your resuscitation and treatment based on your
clinical experience, you can confirm your findings with blood-test results and imag-
ing studies in cases of sepsis due to severe acute diverticulitis the CT scan (always
with IV contrast) will provide you with valuable information.

If you have done things correctly, you will not only have diagnosed the etiology
but also, and most importantly, you will have a diagnosis of severity. Sepsis due
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to acute diverticulitis with diffuse peritonitis without septic shock or contained is
not the same as “unresponsive” septic shock due to the same condition. There is a
massive difference in morbidity and mortality among both presentations. When in
shock, all the derangement of the physiological status and its response to resuscita-
tion should not be delayed. If you wait to complete the work-up and delay initial
treatment, you will waste precious time and have an unfavorable outcome and
higher mortality.

You should follow your clinical instinct and make a correct initial evalua-
tion, anticipating the needs of your patient, and preparing your team approach.
Surgeons, anesthetists, radiologists, OR nurses, are all part of this team and
should be prepared. For those patients with unresponsive septic shock, consider
damage-control as the approach that will maximize the possibility of recovery
to your patient. Imagine a patient with an unresponsive septic shock as a KO-ed
boxer. He needs to stop the fight, has his opponent removed from the ring, and be
allowed to rest and recover before being able to fight another match and maybe
win it. Damage-control is removing the opponent (source control) and resting and
recovering (ICU). Even if there are no guarantees, your patient may return to fight
another day. In our scenario, it is all about doing a quick source control followed by
resuscitation in ICU, leaving the definitive procedure for when your patientisina
better physiological status.

Your team of clinicians formed by the surgeon, anesthetist, intensivist, knows
how to do it.

As an experienced surgeon, remember that is not the patient for a key-hole
surgical approach. It is mandatory to have good exposure and to be quick: nothing
less than a good (almost)-full midline laparotomy is advisable. Surgery should be
easy; try not to complicate it yourself: non-oncological resection with stapler, leave
everything inside, do a temporary closure of the abdomen and come back after
24-48 h if the patient survives.

A final word for the forgotten actors of this play: the patient and their family.
We are not going to linger on the consent form or other bureaucratic matters. We
want to stress that they should be kept involved in the decision process and also be
informed frankly on the expected timeline. People do not quickly grasp the concept
of open abdomen and second look. The standard expectation for surgical treatment
is not to start today and finish after 2 or 3 days if all goes well. The information you
give to them and honest expectations are critical in these complex scenarios. So, try
to be consensual with your colleagues and avoid discrepancies in the information
provided; this maintains the patients’ and family members’ trust in the assisting
team. Sometimes you have to sit down again and again and go through everything
you have already explained with your patient and family members.

You should provide not only surgical techniques and medications but also
provide support to the worried families as well. Sometimes they only need some
empathy and a word of comfort, or just feeling that you (or whoever is in charge)
cares about their dear ones. Taking time to give your support and listen to the
patient and his family’s concerns is never a waste of time.
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Chapter 6

Diagnosis and Treatment of
Midface Trauma in the Context
of Polytrauma: Characteristics

during COVID-19 Pandemic
Conditions

Daniela Vrinceanu, Bogdan Banica and Mihai Dumitru

Abstract

Midfacial trauma is never an immediate therapeutic emergency excepting cases
with nasal bleeding and risk of aspiration or requiring a permeable airway that
will allow intubation when appropriate. The patient with polytraumas and mid-
facial fractures who needs ear, nose, and throat (ENT) or oral and maxillofacial
(OMF) surgery should be reassessed at 24 and 48 hours to determine the optimal
operating time. The surgical indication should be established according to esthetic
and functional deficits. We consider that the optimal operative moment for the
lesions of the midface is at 4-5 days after the trauma, under the conditions of a
stable hemodynamic, respiratory, and afebrile patient. We propose the schematic
presentation of the principles of diagnosis and treatment for midface trauma. We
will discuss also some aspects of midfacial trauma during coronavirus disease-2019
(COVID-19) pandemic conditions. We must assume every patient with polytrauma
as a COVID-19-positive patient. So, it is necessary to have a special circuit for a
suspect COVID-19 polytrauma patient between emergency room (ER) depart-
ment, operating room, and intensive care unit (ICU). All medical team must wear
high-level personal protective equipment (PPE) during emergency treatment of a
craniofacial trauma in the context of polytrauma until we get the result of RT-PCR
testing.

Keywords: face, trauma, diagnosis, treatment, COVID-19

1. Introduction

Trauma at the level of the head and neck represents a public health problem
due to the esthetic and functional complications with major social and economic
impacts. Among the possible causes for trauma stand car accidents, domestic
violence, work-associated accidents, and even terrorist attacks [1].

These cases often have a legal consequence, and in this aspect, the ear, nose,
and throat (ENT) surgeon represents a source of medical information important
in establishing the degree of judiciary responsibility. The ENT surgeon must bear
this in mind and keep accurate records of the procedures performed. Also different
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pathologies before trauma along with alcohol consumption and high-risk drug
intoxication are mentioned [2].

Photographically documenting the case before and after surgical procedures
with subsequent electronic storage for later use is particularly important. In each
department, there should be a person assigned to archiving images in potential legal
and scientific cases of interest associating tumors or deep neck infections with the
patient’s death [3].

Patients with multiple trauma lesions admitted to the emergency department
undergo assessment according to the ABCDE algorithm: A, airway plus spinal
cord control; B, breath and ventilation; C, circulation and hemorrhage con-
trol; D, disability/neurologic status; and E, complete exposure but preventing
hypothermia [4].

Facing a patient with multiple trauma lesions, a thorough head-to-toe lesion
inventory with additional consults performed by the abdominal surgeon, thoracic
surgeon, orthopedic surgeon, and others is necessary. For the head lesions, opinions
from the neurosurgeon, ENT surgeon, OMF surgeon, ophthalmologist, and plastic
surgeon should be gathered. The central pawn in this endeavor is the emergency
specialist in the first stage and afterward the anesthesiologist supervising the case
in the intensive care unit (ICU). Other lesions have a priority before facial fractures
unless there is massive nasal bleeding with cerebrospinal fluid (CSF) leak or lesions
hindering the oral intubation for general anesthesia. In the first case, the ENT sur-
geon must perform emergency nasal packing and in the other scenario must submit
the patient to an emergency tracheostomy [5].

2. Principles of diagnosis in craniofacial trauma in cases
with multiple trauma

The diagnosis must be correct and complete without the pressure of emergency,
life-threatening bleeding, or from the patient’s relatives or even other surgical
specialties. After stopping any nasal bleeding and securing airway patency, perform
head and neck computed tomography (CT) scan [6].

While performing the clinical examination in head trauma cases, pay attention
to important nasal pyramid deviations, abnormal motility of the maxillary, trismus,
facial hematomas surrounding both orbital regions, and exophthalmia. Especially
important is vision assessment performed by the ophthalmologist. The clinical
examination should be performed in a gentle but secure fashion with a predefined
succession of maneuvers from the upper third of the face downward and ending
with visualizing the nasal and oral cavities [7].

Do not forget to assess the presence of blood in the ear canal because it could
be a sign of skull base fracture. ENT endoscopy should be reserved for the 24- to
48-hour follow-up to confirm the presence of a nasal cerebrospinal fluid leak. CSF
leak is confirmed also through a lab workup by collecting the seeping clear fluid in a
sterile recipient and looking for beta-transferrin levels [8].

Head CT scan in axial and coronal sections is compulsory, but frequently sagittal
section reconstructions offer useful data about the anterior segment of the skull
base and orbital floor. 3D reconstructions are useful for surgical planning and even
explaining the patient the complexity of the trauma and improve informed consent
(Figure1) [9].

While formulating the complete diagnosis of cranial and facial trauma, one
must take into consideration the various classification systems, imaging data, and
even the cause and mechanism of trauma production. There are still limitations in
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Figure 1.
CT scan with a complex maxillary-orbital-zygomatic fracture on the left side.

prediction with high accuracy of the functional and esthetic outcomes of the case.
Afterward, perform a complete inventory of the other trauma lesions [10].

2.1 Classification of midfacial fractures according to LeFort

In 1901 LeFort described the midfacial fracture types I, II, and III after previous
experimentally induced models. This classification is in use even nowadays because
it is practical in nature and enables a common language between the trauma special-
ists. Often fracture lines are not complete bilaterally but still enable correct assess-
ment of middle vault head trauma [11].

Low-transverse fracture LeFort type I has a direct mechanism of production
through frontal and lateral impact or indirect by applying pressure in the mental
region with the mouth closed. Fracture lines begin in the lower third of the nasal
vault, above the dental roots through the canine fossa, along the zygomatic ridge
through the maxillary tuberosity, and the lower third of the pterygoid. Also, there
could be two possible scenarios with fixed or mobile fragments [12].

The clinical facial exam is scarce. The oral cavity presents chemosis in the labial
groove and oral vestibule with dental occlusion dysfunctions and specific pain-
triggering points behind the third molar teeth on the external pterygoid plate. In
the case of a mobile fractured fragment, there is a supplementary fracture line in
the vomer bone. Therefore, the physical examination will record the upper mobile
alveolar bone along with the hard palate [13].

Middle-level transverse fracture LeFort type II presents a direct mechanism
of production through a frontal impact in the middle vault of the viscerocranium.
Fracture lines begin in the middle third of the nasal opening through the nasal
bones bilaterally, the ascending arch of the maxillary bone, the lacrimal bone, the
ethmoid bone, the floor of the orbit till the spheno-maxillary junction, the anterior
wall of the maxillary sinus, and the middle third of the pterygoid plate [14].

The physical examination is marked by the presence of marked swelling of the
face, inferior eyelid chemosis with epiphora, depression of anteroposterior facial land-
marks with preservation of the zygomatic bones, depression of the nasal bones, nasal
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Figure 2.
Fracture LeFort type III—CT scan with 3D reconstruction, clinical aspect before surgery, and surgical
reconstruction with titanium plates.

bleeding, subcutaneous emphysema, and infraorbital grove numbness. The oral cavity
exam shows swelling of the superior vestibule, dental occlusion difficulties in vertical
and sagittal planes, maxillary depression, and lack of lateral teeth superposition [15].

High-level transverse fracture LeFort type III has a violent mechanism of pro-
duction at the level of the glabella or from lateral. The trajectory of such a fracture
passes through the vomer, upper third of the nasal bones, ascending arch of the
maxillary, ethmoid bone, floor of the orbit, external orbital wall, upper third of the
pterygoid plate, and zygomatic arch [16].

At physical examination, the case presents depression of the nasal vault, tume-
faction around both orbits, blood in the anterior eye pole, nasal bleeding, double
vision, and facial subcutaneous emphysema. The oral cavity exam shows an abnor-
mal movement in vertical and transverse planes of the mandible with retrognate
maxillary bone and abnormal teeth occlusion (Figure 2) [17].

An emergency CT scan is compulsory in both axial and coronal planes with 3D
reconstructions extremely helpful in planning surgery [18].

2.2 Classification of fractures of the middle facial vault according
to the bones involved

There are nasal fractures, combined nasal-orbital-ethmoid fractures, and
complex maxillary-orbital-zygomatic fractures. This classification has a clinical
importance and eases communication between clinicians [19].

2.3 Classification of midfacial fractures given the impact energy

From this point of view, we encounter fractures with high energy and low
energy. So, the diagnosis should include the landmarks in the midface affected
according to the clinical exam, along with the information provided by the CT scan
and ideally visualizing pretreatment 3D reconstructions [20].

3. Principles of treatment in craniofacial multiple trauma cases
3.1 Preliminary data

First, we have to secure the airway. Then, control nasal bleeding and other
hemorrhages at the level of head and neck (Figure 3). Exclude any lesion at the
level of the cervical spine. Also, check for any other occult life-threatening lesions

such as spleen ruptures. This implies a second top-to-toe complete evaluation in
48 hours from the admission time and before any surgical interventions at the level
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Figure 3.
CT scan performed for a nasal vault concussion without fracture of the nasal bones but with a fracture at the
level of the ethmoid perpendicular plate associated with CSF leak (accidental fall on the stairs).

of the head and neck along with a complete inventory of all the lesions presented
by the patient. Moreover, question the patient if possible or the relatives about prior
associated pathology which could have an essential role in the prognosis and treat-
ment outcome [21].

3.2 Clinical signs requiring a dynamic evaluation in the early stage of admission

Some clinical signs are requiring recurrent analysis during the early time of
admission of multiple trauma patients: state of consciousness or drowsiness, increase
in facial hematomas, increase pressure in orbital hematomas, high fever, the appear-
ance of CSF at the level of the nasal cavity or the external ear canal, double vision,
aggravation of mastication impairment, and loss of sensitivity in trigeminal nerve
territory [22].

3.3 Treatment plan in craniofacial trauma cases

This sequence of steps should focus on repairing all the lesions with full restora-
tion of function and the esthetic aspect before the trauma. The therapy plan should
focus initially on clinical signs and secondarily on the CT exam. Global manage-
ment of the case should benefit from the input of various specialists such as ICU
specialists, anesthesia specialists, and surgeons from all other backgrounds avail-
able in the healthcare unit on call. Recent photos of the patient along with dental
X-rays before trauma may be useful in lesion assessment and clear future legal
aspects. Surgical interventions may be postponed due to increasing facial hemato-
mas, nasal CSF leak, high fever, and thoracic concussions [23].

3.4 Specific considerations regarding the midface trauma

In cases with severe deformity, our experience recommends avoiding a conser-
vative approach via small multiple regional “conservative/cosmetic” incisions. For
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a successful outcome, it is best to achieve a complete regional exposure through a
coronal or hemicoronal flap (Figure 4) combined with a lower eyelid or intraoral
incision if necessary [24].

The reduction of the zygomatic bone is best achieved via an intraoral vestibular
approach as opposed to a temporalis approach, due to the loosening of the perios-
teum over the anterior surface of the maxilla and zygomatic buttress. Also, it allows
sinus cavity exploration, evacuation of the sinus hematoma with an antiseptic
irrigation, and, if necessary, plating along the maxilla-zygomatic buttress [25].

In orbital floor reconstruction, the reconstruction material should extend
posteriorly to the orbital ridge of the palatine bone with a slight upward contour. A
short, inferiorly inclined plate leads to persistent hypoglobus. In large orbital floor
defects, we believe that it is important to avoid using other alloplastic materials than
titanium due to the risk of globe mispositioning and possible local inflammatory
response due to lack of rigid fixation and mobility (Figure 5) [26].

Do not delay the surgical intervention for more than 14 days. Except in a few
numbers of severe polytrauma cases, the general condition of the patient should be
stabilized in this time frame, and definitive treatment should be undertaken. After
14 days the case must follow the protocol of secondary reconstruction, because of the
consolidation of the fractures and the treatment is incomparably more difficult [27].

3.5 Nasal bone fractures

These fractures require closure early within 24-48 hours except the cases with
massive facial swelling and presenting nasal CSF leak. A clinical examination of the
modified aspect of the nasal vault should be completed with plain X-ray of the nasal
bones. Bear in mind the risk of secondary skull base fractures appearing during
maneuvers for closing the nasal fracture. From the beginning of this chapter, we
emphasized the importance of photos before and after the surgical procedure to
prevent subsequent legal actions [28].

Figure 4.
Coronal approach for a complex nasal-orbital-ethmoid fracture.
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Figures.

Clinical aspect before surgery in a case with trauma on the right side with unfunctional eyeball—
reconstruction of the orbit floor with a modified titanium mesh for sustaining the artificial eye prosthesis
introduced subsequently.

General anesthesia is compulsory to relax the muscles and gain comfort for
both the patient and the surgical team. Performing any maneuver on a shocked
patient is forbidden. In cases of multiple fractures, the surgery may be scheduled
in 4-5 days to give time for all the edema to resolute. A nasal fracture forms a callus
in 8-10 days, so closed reduction is viable because the bones are still mobile in the
fracture site during this time frame [29].

Open reduction of the fractures is reserved only for specific cases such as open
fractures with fragments penetrating the skin or in cases of animal attacks requiring
rabies or antitetanic treatment. The surgical steps will focus on direct closure of the
fracture site with or without metal plates, nasal packing, and the reconstruction of
tissues and sutures. Preserving the fracture site is obtained by both internal nasal
packing and external metal splint placing [30].

3.6 Nasal-orbital-ethmoid complex fractures

These are overly complex fractures in the midface compartment with possible
serious consequences from an esthetic and functional point of view. These cases
frequently present a CSF leak. Clinically a quite easy assessment of the suspicion of
a CSF leak is performed by observing the appearance of a pink hallow around the
nasal blood droplets collected on a clean tissue [31].

Moreover, the persistent nasal bleeding should raise the question of a nasal
CSF leak. Panda eyes sign of orbital hematomas is frequently associated with nasal
CSF leak. In these cases, it is compulsory to perform a nasal endoscopy in the first
24 hours from the trauma to exclude CSF leak (Figure 6) [32].

When suspecting a CSF leak, we must postpone surgical closure of the nasal
vault fractures because the maneuvers can aggravate the lesions in the skull base.
The CT scan confirms the fractures at the level of the nasal and ethmoid bones [33].

Consequently, imaging studies should gather data in all three axial planes with
thin slices and 3D reconstructions (Figure 7). Particularly useful is close coopera-
tion with the radiologist to perform serial images of the skull base and visualize the
associated lesions of the lacrimal sack. In this type of fractures, open reduction after
the resolution of edema under general anesthesia is recommended (Figure 8) [34].

3.7 Principles of osteosynthesis (internal fixation) in midface trauma
The general principles of osteosynthesis were formulated in 1958 by the
Association for Osteosynthesis (AO) and are the guidelines for osteosynthesis. The

principles of osteosynthesis in midface trauma respect general principles, and they
are as follows:
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* Rigid fixation—rigid fixation will produce a three-dimensional stability of
the fracture site, promoting primary fracture healing. The healing is extremely
susceptible to mechanical influences. Mobility at the fracture site is one of
the main causes of healing disturbances, and stability is considered the best
protection against fracture site contamination and malunion [35].

* Preservation of blood supply—it is achieved by gentle handling and reduc-
tion of bone and soft tissue and by careful cold irrigation during the drilling
phase, which must be performed at low rotation less than 1500 rpm to prevent
the overheating of the bone structures. Good-quality instruments and osteo-
synthesis materials are mandatory [36].

* Anatomical reduction/repositioning—one must achieve anatomical correct
repositioning of all midfacial bones. The height, width, and projection must
be reestablished. The fracture lines must be surgically exposed and reduced
before osteosynthesis [37].

* Early mobilization—early mobilization of the operated area and the patient
allows a functional aftercare [38].

3.8 Medical treatment in cranial-facial trauma
3.8.1 Antibiotics

The treatment scheme should include third-generation cephalosporins, along
with metronidazole due to oral bacteria contamination. This association of antibiot-
ics has many advantages: it covers the spectrum of gram-positive bacteria encoun-
tered in ENT practice and also anaerobic bacteria and penetrates the blood-brain
barrier [39].

These should be administered for at least 48 hours during nasal packing but bet-
ter for 5-7 days including surgery and up to 14 days in cases with nasal CSF leaks.
Meropenem or carbapenems after discussing with the neurosurgeon in cases with
brain lesions or following local treatment protocols are also associated [40].

3.8.2 Corticoids
In this case, the neurosurgeon may prevent administering these compounds due

to cerebral trauma. But for other lesions at the level of the viscerocranium, cor-
ticoids are beneficent reducing facial swelling and edema along the cranial nerve

Figure 6.

Combined fracture of nasal vault and septum with CSF leak on the left side—clinical aspect, CT scan revealing
fracture lines through the nasal septum and left nasal bone, also the endoscopic aspect of the CSF leak in a case
with accidental fall from the same level.
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Figure 7.
A complex fracture involving the nasal vault, orbit, and ethmoid in axial section and 3D reconstruction
imaging.

Figure 8.

A complex fracture involving the nasal vault, orbit, and ethmoid bone—CT scan with 3D reconstruction,
surgical aspects of the covonal approach, and closing the fracture with titanium plates mounted in a'Y pattern
and final aspect at the end of the surgical procedure.

endings and preventing major functional deficits completely assessed many days
after the trauma [41].

Such situations are facial palsy with inner ear lesions or eyesight impairment
due to indirect compression or elongation of the optic nerve. Sometimes efficient
corticoid regimens can even reduce the need for surgical treatment [42].

3.8.3 Analgesics

Painkillers from various classes may be used ranging from paracetamol to non-
steroids and opioids or morphine if the patient is transferred to ICU with the help
and continuous adjustment of the anesthesia and pain specialist [43].
3.8.4 Gastric secretion modulators

These compounds are proton pump inhibitors used to diminish the impact of

traumatic stress and because of lack of oral food intake in the first 24 hours, but also
to control the interactions between corticoids and analgesic compounds [44].
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Other treatments in managing midfacial trauma include the following:

* Early removal of nasal packing in the first 24 hours enables clearing the
paranasal sinuses of blood clots [45].

* Nasal sprays enable correct daily cleaning of the nasal cavity and drainage of
secretions [46].

* Vitamins B are useful for preserving neural functions affected by trauma [47].

* Injectable vitamin C in high quantity quickens the resolution of facial
swelling [48].

* Psychological support is compulsory in head and neck trauma cases, and the
attending surgeon and specialized clinical psychologist should be involved or
even psychiatric support in self-inflicted lesions [49].

3.9 Indication of surgical treatment in craniofacial trauma

Surgical treatment should focus on functional and esthetic deficits. Regarding
early intervention in facial trauma, neurosurgeons consider the risks greater than
the benefits. Therefore, surgery in these cases should be scheduled within 4-7 days
to enable remission of edema and patient stabilization [50].

An exception from this rule is nasal bone fractures which require reduction
within the first 2448 hours from the accident to prevent secondary skull base
fractures. We emphasized previously that this is possible under general anesthesia
along with solving other fractures within 4-5 days from trauma [51].

Given the presence of CSF leak, the surgery must be postponed, and surgical
reduction of fractures is possible within 10 days without a major change of the
outcome [52].

4. Management of cranial-facial trauma in the context of COVID-19
pandemics

Trauma is an emergency pathology requiring urgent admission with quick analy-
sis and treatment even in the context of current SARS-COV2 pandemics. Therefore,
each hospital must establish a clear circuit of the patient from presentation to
emergency distribution, operating room, and designated ICU compartment [53].

Cases with multiple traumas must be considered a highly COVID-19 suspect
case, and the medical personnel attending the patient should wear level 3 personal
protective equipment (PPE). These cases require testing with both rapid serological
tests for SARS-COV2 and nasopharynx swab for RT-PCR testing before any maneu-
ver in the emergency department [54].

In cases requiring CPR, the protocol has changed requiring paramedics to wear
at least level 2 PPE and to restrain from performing external cardiac compres-
sions and mouth-to-mouth breathing. These maneuvers should be performed by
designated personnel equipped according to the national guidelines. The ENT
and OMF surgeon is solicited in emergency cases with nasal bleeding, cases with
difficult intubation due to neck-associated trauma, or mandible complex fractures.
Regardless of the type of emergency, the ENT or OMF surgeon must be equipped
with high-level PPE due to the high risk of contamination with SARS-COV2 attend-
ing trauma patients [55].
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After examining the fractures, the patient is often transferred directly into
the operating room allotted to COVID-19 cases due to its still uncertain virologic
status. A major problem is that the results from the RT-PCR test are available
only after some hours in the best-case scenario if not even the next day in some
medical facilities. The operating room assigned for COVID-19 suspects must
be isolated from operating rooms used in other elective surgeries. Following
the example of Singapore, this operating room should be remotely placed and
equipped with negative air pressure if possible. Moreover, it should be equipped
with designated mobile imaging equipment. The access circuit in this operating
theater should be specially designed and prevent cross-contamination of patients
and personnel. The surgery should be performed with level 3 PPE equipment for
the entire staff.

From the operating room, the patient is taken to the ICU specially designed for
the COVID-19 suspect cases until obtaining the results of the RT-PCR test.

If the result of the test is negative, the patient will be transferred to the ICU
designated for non-COVID cases and undergo the management of a usual multiple
trauma victim. Craniofacial fractures need reassessment after 48 hours according
to the previously stated guidelines. If the result of the RT-PCR is positive, the case
needs to be stabilized and transferred to a designated COVID-19 support hospital.
In this case, an examination of an infectious disease specialist is also necessary.

The current COVID-19 pandemics changes the type of emergency healthcare
provided considering any trauma case as positive from the very beginning and
requiring all personnel to wear level 3 PPE along with allotting separate diagnosis
and treatment circuits with a reduced number of doctors but highly trained and
referral as quickly as possible toward the COVID-19 designated healthcare facility
for further management.

5. Conclusions

In complex cases with severe deformity, avoid a conservative approach via
small multiple regional “conservative” incisions. For a successful outcome, it is
best to achieve a complete regional exposure through a coronal or hemicoronal
flap combined with lower eyelid or intraoral incision if necessary. Do not delay
the surgical intervention for more than 14 days. Except in a few numbers of
severe polytrauma cases, the general condition of the patient should be stabilized
in this time frame, and definitive treatment should be undertaken. After 14 days
the case has to follow the protocol of secondary reconstruction, because of the
consolidation of the fractures and the treatment is incomparably more difficult.
Do not evaluate the CT scan only in the axial view. For a complete assessment, it
is mandatory to examine the CT scan in coronal, frontal, and 3D reconstruction
views. If the clinical signs are not convergent with the CT scan interpretation, or
if the fractures visible on the CT scan are associated with very little or no func-
tional deficit, the “wait-and-see” or “conservative” approach should be taken into
consideration, with the focus on glucocorticoid treatment. Surgical techniques
should be tailored taking into consideration the functional and esthetic deficits
and using a complex team of trained specialists. The principles of osteosynthesis
in midface trauma respect the general principles of osteosynthesis. The prognosis
depends on the associated pathology, age, social status, and correct assessment
of viscerocranium lesions able to provide surgical and postop care. The current
COVID-19 pandemic modifies the level of emergency care toward conservative
attitude for trauma cases. Consider every trauma case as a possible COVID-19
suspect, and train the staff to equip quickly level 3 PPE. Keys to success are
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designing special access circuits for trauma cases reducing the time spent in the
ER and subsequent referral of the case to specialized medical facilities treating
COVID-19 cases.
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Chapter7

Designing Flaps for Closure of a
Variety of Skin Defects

Alfredo Alvarado

Abstract

In this article, I am presenting a variety of working models for closure of skin
defects of different shapes along with their corresponding indications and mode
of use. These working models can be enlarged or reduced in size using a regular
copying machine in order to evaluate the best possibilities related to the position
of the incision. The great advantage of this method is that the geometric results are
always predictable. Furthermore, this method will improve the survival of the flaps
and the cosmetic results. In summary, the surgeon can use a variety of skin inci-
sions taking advantage of the minimal tension lines of the skin and also taking into
consideration the anatomical characteristics of the region involved. In this article,
I have used the minimal tension lines of the skin, because they are easy to demon-
strate by simple measures, such as pinching of the skin in different directions. In
addition, the surgeon can assess the mobility and the elasticity of the skin on an
individual basis.

Keywords: skin defects closure, soft tissue flaps, pedicled skin flaps,
reciprocal incisions, circular and semicircular incisions, triangular incisions,
oval and elongated hexagonal incisions, skin minimal tension lines,

relaxed skin tension lines

1. Introduction

When excising large skin lesions, the ideal incision is a circular one, since most
of the skin lesions are round, and because it provides an adequate margin of resec-
tion, and at the same time will avoid the removal of sound skin. The main problem
with this approach is that the resultant circular defect may prove to be very difficult
to close. To solve this problem, the surgeon can use different incisions that can be
closed in a more expedite way and with better cosmetic results. Another alternative
would be a split-thickness skin graft, which sometimes would not match the color
or texture of the recipient area [1-3].

It is for these reasons that the surgeon has to use different methods such as using
arhombic or elliptical incision that leaves a long suture line and will waste more
sound skin. In some cases, the circular incision can be transformed into a square
incision, such as the Dufourmentel flap [4], or into a rhomboid defect, such as the
Limberg flap [5], but both of them will generate loss of sound skin. The Limberg
method for closure of a hexagonal defect uses three triangular flaps, but these flaps
are rather small which may compromise their survival. Besides this, the resultant
triangular suture line is not cosmetically acceptable.
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2. Closure of circular skin defects

I designed three “reciprocal incisions” in 1981 aiming to close large circular
defects [6] with minimal waste of sound skin and at the same time to avoid the for-
mation of dog ears. The first one is the double S incision (Figure 1) that is adequate
for small defects in which the skin is fairly elastic. The second one is the bow tie
incision (Figure 2) that is indicated in intermediate defects in which the skin is quite
elastic. The third incision is the combined V incision (Figure 3) that is valuable for
large defects in which the skin is fairly elastic. These incisions should be considered
in view of the anatomical characteristics of the skin, such as the natural creases
or the minimal tension lines. In certain cases, the surgeon quite often encounters
a problem when the lesion is located in a confined anatomical area or when the

DOUBLE S
X

|
i

Tracing ot

the incision

Resultant
Detact

Atlter

Closure

Figure 1.

Here, the double S incision represents half of the rhombic incision which has a wastage of 103%, so the wastage
of skin is reduced in half and the resultant suture line shows a mild wave shape. The vertical lines represent the
minimal tension lines of the skin, and the axis X-X represents the center of these lines.
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BOW TIE

Tracing of
the incision

Resultant
defect

After
closure

Figure 2.
The bow tie incision is one of the reciprocal incisions in which the length of both sides of the incision is equal,
which eliminates the formation of dog ears. The wastage of sound skin for this incision is 36%.

elasticity of the skin is limited or when the lesion is too large. To obviate these
problems, I published various methods for closure of circular and semicircular skin
defects in 2016 [7, 8].

For circular skin defects, two incisions were described, the cat’s ear (Figure 4)
and the bird’s beak (Figure 5) incisions that are very versatile because they can adapt
to different anatomic configurations. The first one is a modification of the bow tie
incision and the second one is a modification of the combined V incision mentioned
before. They require minimal dissection of the flaps and produce a relative short
suture line. The cat’s ear and the bird beak’s incisions have the great advantage of
allowing the positioning of the incision along the normal creases of the skin which
will produce better cosmetic results. For instance, the bird’s beak incision is very
useful when dealing with a skin lesion near the eye [5] or when dealing with a
pilonidal cyst that is too low and near the anus.
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Tracing of the incision
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After closure

Figure 3.

The combined V incision is other veciprocal incision that is very useful when trying to save sound skin, since the
wastage of the skin is reduced to 0%. It could be very useful for removal of large skin lesions because the wastage
of sound skin is null.

3. Closure of semicircular skin defects

For semicircular skin defects, two incisions were described, the half-moon
(Figure 6) and the goblet (Figure 7) incisions. The first one was especially designed
for closure of semicircular defects, and the second one for closure of robust semicir-
cular defects. Both incisions do not have a basic extension but have a complementary
extension at the curved side of the incision. The axis of the incisions (axis X-X)
follows the minimal tension lines and is centered at the upper corner of the incision.
The calculated wastage for the cat’s ear incision is 41 and 24% for the bird’s beak inci-
sion which is in contrast to the wastage of 21% for the half-moon incision and 19% for
the goblet incision. All of these configurations are much better as compared with the
ellipsoid incision that has a wastage of 156% [6]. One advantage of the goblet incision
is that it is more versatile because it has two options for the rotation of the flaps.
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Figure 4.
The cat’s ear incision is very useful for skin lesions of the face, where the sutuve line has to follow the minimal
tension lines of the skin. The wastage of skin for this incision is 41%.

4. Closure of triangular skin defects

Most of times, skin lesions have a round shape; but in certain cases, the
lesions could present themselves in a triangular shape. In the recent medical
literature, there are few methods that can be used for closure of triangular
skin defects such as the L-shaped flap for triangular skin defects of Sakai and
Soeda [9] and the Mutaf triangular closure [10], or the triangular excision for
small lesions of Filho and colleagues [11]. The tracing of the first two incisions is
rather complicated and the resultant flaps have a narrow base that could jeopar-
dize their survival.

It is for these reasons that I published a “Simple method for closure of triangular
skin defects” [12] in 2016. These incisions are easy to trace and to memorize, and
more important, they are provided with wide base flaps. Furthermore, the resultant
suture lines are away from the central area of the incision and the edges of the
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Figure 5.
The bird’s beak incision is very useful in confined regions, where it is important to save sound skin as much as
possible, for instance when dealing with lesions near to the orbit or nose. The wastage for this incision is 24%.

suture lines complies with the principle of reciprocity by which the edges of the skin
end up even and without the formation of dog ears. In addition, these incisions have
the advantage of producing a short suture line, as compared with the Sakai Soeda
and the Mutaf incisions.

As a consequence, this simple method for closure of triangular skin defects
could very useful for closure of large meningoceles or when resecting pilonidal
sinuses or when removing triangular defects of the face. In the present article,
these incisions have been slightly modified in order to produce a better suture line
(Figures 8 and 9). Besides this, their tracing is easier to memorize, since the base of
the triangles are always divided in half instead of dividing in quarters.

5. Closure of oval and elongated hexagonal skin defects

In some occasions, the skin defects take the configuration of an oval (Figure 10)
or an elongated hexagon (Figure 11) which would require considerable exten-
sions at their extremities that in some confined anatomical regions is not feasible.
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Figure 6.
The half-moon incision can be used for skin lesions of similar shape and have the advantage of saving sound
skin. The wastage for this incision is 21%.

To solve this problem, I am presenting here two new paper models that are easy to
trace and to memorize with the advantage of generating a short suture line and with
practically no wastage of skin.

6. Indications

Any of the incisions described in this article can be selected to accommodate
to the characteristics of a particular anatomical region. For instance, the double
Sincision (Figure 1) is indicated for closure of multiple small skin defects of the
face and other parts of the body. This incision is useful in small defects of the scalp
(>1 cm in diameter) and moderate defects of the face (2-3 cm in diameter).

The bow tie incision (Figure 2) is very useful when the skin is not quite elastic,
such as in small defects of the scalp (1-2 cm in diameter), because the waste of
sound skin for this incision is 36% only. For the same season, it is very useful in very
large lesions of the trunk (5-10 cm in diameter).
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The goblet incision is similar to the half-moon incision, but is more robust and saves more sound skin (19%).

The combined V incision (Figure 3) is indicated in very large defects of the
scalp (more than 2 cm in diameter) because with this incision there is no wastage of
normal skin. For the same reason, it is very useful in very large lesions of the thorax
and abdomen where saving of sound skin is important.

The cat’s ear and the bird’s beak incisions (Figures 4 and 5 ) are very convenient
for closure of large lesions of the face near the eye and nose where the elasticity of
the skin is poor and where a good cosmetic result is desired. These two incisions can
be aligned following the natural creases of the skin so there is no distortion of the
periorbital area or nose.

The cat’s ear incision would be very useful in closing the skin defect after a
radical mastectomy to prevent the formation of a large dog ear at the dorsal end of
the incision. In this situation, the ear portion should point to the sternum and the
complementary extension, below the axilla, eliminates the extension of the ellipti-
cal incision toward the back.

The bird’s beak incision is very useful when dealing with a pilonidal cyst that is too
low and near the anus. In this case, the beak should point upward and to the midline
and the additional incision can be placed on either side at the lower side of the defect.
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Figure 8.

The equilateral triangular incision is useful for lesions of similar shape, for instance when repairing
meningoceles or when resecting pilonidal sinuses or when removing triangular defects of the infraorbital region.
However, the wastage of sound skin for this incision is 1000%, but this is better than the wastage of the rhomboid
or elliptical incisions (103% and 156%, respectively).

The half-moon and the goblet incisions (Figures 6 and 7 ) are indicated when
the lesions have the same shape and when the surrounding skin is very scarce such
as in the case of large meningoceles because the wastage of sound skin is minimal
(29 and 19%, respectively). They are also indicated when dealing with large pres-
sure ulcers of the sacral area or when dealing with pilonidal cysts where the defect
should be closed with wide base flaps that should cover the skin defects avoiding a
suture line in the middle of the defect.

The triangular incisions (Figures 8 and 9) are indicated when the skin lesions
have a similar shape, and when the skin defect has to be covered with a suture line
away from the central portion of the defect, such as in the case of large meningo-
celes. In these cases, the skin can be mobilized without compromising their blood
supply since these incisions are provided with wide based flaps. These triangular
incisions are also useful when resecting pilonidal sinuses or when removing trian-
gular defects of the infraorbital region.
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Figure 9.
The isosceles triangular incision is useful when excising lesions of similar shape, for instance pilonidal cysts or
pressure ulcers of the sacral avea. The wastage of sound skin is 71.4%.

The oval and the elongated hexagonal (Figures 10 and 11) incisions are indi-
cated when the skin lesions have a similar shape and when there is not enough room
for extension of the incision at the ends. Besides this, the wastage of normal skin for
both incisions is essentially null.

7. Mode of use

For practical purposes, a working model of bond paper can be made to evaluate
the different possibilities according to the anatomy and the particular conditions of
the skin surrounding the lesion. The working models included here can be enlarged
or reduced in size by using a regular copying machine, in advance of the operation.
They could be used on the spot to test the more convenient position according to
the size of the lesion to be removed. The center portion of the selected model can
be removed in order to estimate the resection margins and the proper orientation of
the incision.
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Figure 10.

The oval incision can be used for skin lesions of similar shape, for instance for two continuous round lesions.
This incision would be very useful when removing large skin lesions of similar shape because the wastage of
sound skin is null.

8. Summary

In this article, I am presenting a variety of working models for closure of skin defects
of different shapes along with their corresponding indications and mode of use. These
working models can be enlarged or reduced in size using a regular copying machine
in order to evaluate the best possibilities related to the position of the incision. The
great advantage of this method is that the geometrical results are always predictable.
Furthermore, this method will improve the survival of the flaps and the cosmetic results.

9. Conclusion

In summary, the surgeon can use a variety of skin incisions taking advantage
of the minimal tension lines of the skin and also taking into consideration the

113



Trauma and Emergency Surgery - The Role of Damage Control Surgery

ELONGATED HEXAGON

Tracing of the incision

After closure L=,
Resuitant defect
Aa
Figure 11.

The elongated hexagonal incision is easy to trace and to memorize because it is constructed by using straight
lines only. This incision is useful when there is not enough room for extension of the incision at the ends, such as
in the case of large skin lesions or sacral ulcers. The skin wastage for this incision is practically null.

anatomical characteristics of the region involved. For this purpose, the paper mod-
els described here can be prepared in advance of the planed surgery to make sure
that they adapt to a particular location and according to the elasticity and mobility
of the surrounding skin.
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Chapter 8

Finesse in Damage Control
Reconstruction for Trauma in
Plastic Surgery

Shihheng Chen, Hung-Chi Chen and Yueh-Bih Tang

Abstract

Reconstructions of body, extremity and facial resurfacing facial defects are com-
mon encounters in plastic surgery. It may be owing to trauma, burn injury, tumor,
congenital anomalies, miscellaneous kinds of malignancies. The face has its specific
landmarks: the forehead, eyebrows, eyes with upper and lower eyelids, orbit, midface
(nose, maxilla, zygoma), upper lip, cheeks, nasolabial folds, lower face (lower lip,
mandible with angle), oral mucosa (buccal mucosa, upper lip sulcus, lower lip sulcus),
mentum, and neck. Anatomical landmarks include forehead, eyebrow, and eyelids:
upper/lower, orbit, midface: nose, maxilla, upper lip, nasolabial folds, and zygoma.
Lower face: lower lip, mandible, oral mucosa, buccal mucosa, upper lip sulcus, lower lip
sulcus. Strategic approaches include the following: tissue expansion, resection of tumor,
and repair with resurfacing, repair of multilayer defect repair for functional purpose.
Reconstruction for trauma is commonly encountered in the daily practice in plastic
surgery. The trauma may be caused by miscellaneous causes, including traffic accident,
fall, cutting, avulsion, contusion, electrical injuries, irradiation injuries, chemical
injuries, etc., resulting in disfigurement, deformity and functional disabilities. The
strategic approach is to achieve anatomical restoration, functional rehabilitation
and aesthetic refinements for the afflicted individuals. Pursuing excellence in plastic
surgery, bringing excellence to life is always the ultimate goal for plastic surgeons.

Keywords: reconstruction, anatomical restoration, functional rehabilitation,
strategic approaches, aesthetic refinements

1. Introduction (Plastic surgery)

1.1 Anatomical restoration functional rehabilitation, aesthetic refinement
are main goals in plastic surgery

The aim of plastic surgery is to achieve anatomical restoration, functional
rehabilitation, aesthetic refinements.

1.1.1 Functional reconstruction for trauma

Post-trauma functional reconstruction involves solving scar contractures,
restoration of nerve function, tendon or muscle function or body integrity.
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1.1.2 Extremity veconstruction for trauma

Trauma to the extremities include partial or complete severance of body parts,
injuries to major artery, vein, or nerve or tendon, all may cause different degree of
functional disabilities and possible disfigurement.
1.1.3 Aesthetic facial reconstruction for trauma

Trauma at face with tissue defects are common encounters [1]. It may be caused
by laceration, avulsion, contusion, burn injury, electrical injury, tumor, congenital
anomalies [2-4], infections [5], miscellaneous kinds of malignancies and related
treatments [6-9], radiation necrosis [10-11], etc.
1.1.4 Demarcation

The face has its specific landmarks [8]: the forehead, eyebrows, eyes with upper
and lower eyelids, nose, upper and lower lips, cheeks, nasolabial folds, mandible

with angles and mentum, and neck. Dynamic facial expressions and chewing,
mastication are specific functions of face.

2. Strategic approaches

Strategic approaches should follow the demarcation of anatomical landmarks as
the following:

* Forehead

* Eyebrow

* Eyelids: upper/lower

* Orbit

* Midface: nose, maxilla, upper lip, nasolabial folds, zygoma

* Lower face: lower lip, mandible, oral mucosa (buccal mucosa, upper lip
sulcus, lower lip sulcus)

2.1 Methods of facial reconstruction

Methods commonly applied for facial resurfacing can be categorized as the
followings:

* Tissue expansion

* Resection of tumor

* Repair with resurfacing

* Repair of multilayer defect

* Repair for functional purpose

* Recontouring with tissue restoration
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Selection of method for facial resurfacing depends on location, etiology, func-
tional and aesthetic considerations on each specific individual demands.

In this chapter, many kinds of situations for facial resurfacing are to be pre-
sented, with discussions explicitly depicted for each strategic approach.

3. Case presentations

1. Resurfacing with tissue expansion

The patient sustained avulsion injury of right side forehead, resulting in a palm
sized uneven unsightly scar. The right side temple and mid-forehead skin was
then expanded by using 2 tissue expanders. Thereafter, the grafted area was
removed with sufficient expansion of the forehead skin, which brought about
much improved esthetic result (Figure1).

2. Tissue expansion at grafted skin for auricular reconstruction.

This 18 y/o boy had a big AVM at left ear and temple, which was excised and
the ear was 3/5 amputated and then skin grafted during his childhood.

To reconstruct his left ear, a 70 ml tissue expander was placed underneath the
grafted skin. With gradual expansion at grafted skin, implantation of a carved
rib cartilage graft for recontouring of his left ear was accomplished (Figure 2).

3. Facial resurfacing with resection of underlying AVM (arteriovenous malfor-
mation) at parotid gland, where skin had been expanded with the growth of
the AVM.

Figure 1.
Right forehead scar, treated with tissue expansion of neighboring flaps, excision of scar with primary closuve.
The vemaining scar can be inconspicuous.
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Figure 2.
Tissue expansion at grafted skin to accommodate a three dimensional carved auricular framework taken from
costal cartilage block.

- AVM, parotid area

7 1N

Radical resection

Figure 3.

With complete resection of the underlying AVM, the wound can be closed with pre-expanded skin flaps. The
sunken vight parotid area was filled with fat graft injection after 2 years. The patient regain satisfactory facial
contour without facial asymmetry.
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Resurfacing
with

-

Figure 4.

Chgemical burn facial contracture treated with: (1) resurfacing of nose with thick STSG; (2) releasing upper
and lower eyelid scar contracture with FTSG; (3) resurfacing upper lip scar with FTSG; and (4) releasing
forehead scar contracture to lower down the eyebrow and reconstruct left side forehead haivline with axial
pattern scalp flap; followed by Kenacort A injection at remaining scars. Restoration of facial contour and
symmetricity was obtained.

Figures.
This girl got assaulted with H,SO,, resulting in facial skin necrosis. Early tangential excision with early grafting
following functional esthetic unit principle gave the girl a smooth, symmetric face.
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4.The AVM was totally resected after arterial embolization, with complete
preservation of the underlying facial nerve. After 2 years, fat grafting [9-11]
was performed to fill the slightly sunken right parotid area. The patient
regained satisfactory facial contour without facial asymmetry nor dynamic
facial nerve dysfunction (Figure 3).

5. Facial scar contracture with ectropion, eyebrow asymmetry, nasal deformity and
hypertrophic scarring. Anterior hairline reconstruction with hair-bearing scalp
island flap, FTSG of bilateral upper and lower eyelids after release of scar contrac-
ture, thick STSG at nose and FTSG at upper lip after excision of hypertrophic scar
were performed. The patient regained a smooth and symmetric face (Figure 4).

6. Major facial resurfacing with functional aesthetic unit concept and eyebrow
scalp grafting (Figure 5) as primary treatment of a severe chemical burn
patient (Figure 5).

7. Orbital reconstruction with free dorsalis pedis flap, conchal chondrocutaneous
grafts, fat grafting, eyelash grafting with composite scalp graft (Figure 6).

Expansion of orbital socket dimension with chondrocutaneous composite
graft. Correction of enophthalmos with fat grafting and accommodation of an
appropriate size of eye prosthesis, lateral canthopexy, creation of supratarsal
fold, strip hair composite graft for eyelash followed.

8.The patient suffers from radiation necrosis of palate, resulting in a sizable
palatal defect and scar contracture of soft palate and uvula.

Ha&i_rt Grafting for Eyelash

Figure 6.
Reconstruction of left orbital socket lining with dorsalis pedis free flap.
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Figure7.

(a) Radiation necrosis of hard palate and soft palate. (b) Right palatal flap was employed to repair the
big oronasal fistula. (c) Pharyngeal flap was employed to hold the shortened wvula in order to ameliorate
nasopharyngeal insufficiency.

Figure 8.
Significant deformity after right maxillectomy for cancer.

123



Trauma and Emergency Surgery - The Role of Damage Control Surgery

Noma
. Necrotizing
N Gingivostomatitis

Figure 9.
This 57 y/o patient lost his upper lip, nasal base, and columella due to necvotizing gingivostomatitis. He had
ever received upper lip reconstruction with forehead flap; however, the vesult was disappointing.

Figure 10.

Upper row: This patient got a panfacial fracture after a bad trauma. Diplopia owing to right orbital floor blow
out fracture with enophthalmos and ptosis, flattening of nose due to untreated LeFort I, II, Il maxillary fracture
and displacement bothered him. Right middle: Calvarial bone grafting taken from the outer table of parietal
bone was used to correct flat nose and right orbital floor bone defect, diplopia and enophthalmos (lower row).
The patient was happy with the result.
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Palatal arterial island flap of the right side was employed to cover the big
palatal defect, and nasopharyngeal insufficiency was corrected with the use of
pharyngeal flap to hold the uvula [2]. After the reconstruction, the patient was
able to regain an intelligible speech (Figure 7a—c).

9.Significant deformity after right maxillectomy for cancer.

10.

Full thickness skin graft for maxillary contracture after complete release of the
intraoral contracture was employed for reconstruction, followed by fitting a
proper right maxillary obturator and upper denture (Figure 8).

Full thickness skin graft for maxillary contracture after complete release of
the intraoral contracture was employed for reconstruction, botox injection to
lessen the activity of levator labii superioris, add volume to right side upper
lip with hyaluronic acid, followed by fitting a proper right maxillary obtura-
tor and upper denture. The patient was happy to resume to a near normal
appearance.

Reconstruction of complex upper lip, nasal floor and columella
defect.

The upper lip (Figure 9) flap was turned up to reconstruct the columella and
nasal base, then Abbe flap from mid-lower lip was employed to reconstruct the

Figure 11.

Tlgs girl was a victim of train crash, resulting in avulsion laceration of right frontal area with frontal branch
of facial nerve avulsion as well as zygomatic-orbital fracture displacement. She sustained palsy of right
frontal branch facial nerve 8 months after operation, with asymmetry of right upper eyelid and eyebrow. Sling
operation was employed with medial strip of frontal myoperiosteal flap to bring right eyebrow up to the right
position. Upper row: pre-op; lower row: post-op.
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Combined Mandibular Deficency
and Facial Palsy

(b)

Figure 12.

(a) This 18 y/o boy was hit by a fallen wall during work, which resulted in compound comminuted fracture
of right mandibular body, as well as right facial palsy and glossopharyngeal nevve palsy. Plating of right
mandible was not successful, he was left with right mandibular defect and right facial palsy. He was referred
to us 3 months later; then, we did free vascularized fibula mandibular veconstruction with concomitant cross
facial nerve grafting at the same operation. After 3 months, the patient regained facial nerve function with
good right mandibular contour. (b) Three months after free vascularized fibula mandibular reconstruction
with concomitant cvoss facial nerve grafting at the same operation, the patient regained facial nerve function
with good right mandibular contour.
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Figure 13.

This young man had a bad traffic accident, resulted in a frontonasal bone defect and left blepharoptosis (upper
row). Reconstruction was accomplished with 3D CT reformation of the implant that is exactly the bony defect
and contour of the defect, followed by correction of blepharoptosis (lower row).

Replantations: L't hand-- above wrist
R't hand- thumb.& 4 fingers
23 years follow up Complete Amputationg

Figure 14.

This 30 y/o patient had his left forearm completely severed, and his right hand thumb and 4 fingers entively cut
by a machine. The amputated parts were completely replanted without any loss at all. The photo was taken 17
years later.
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Figure 15.

Tlgs 26 y/0 young man had his left leg run over by a high speed car at the superhighway. After serial
debridement, the compound comminuted wound showed exposure of a long segment of tibia with denuded,
devitalized bone with osteomyelitis. He was announced to veceive above knee amputation, then he visited our
service and was transferred for limb preserving surgery. The reconstruction was accomplished with plating of
fractured fibula for stabilization, and concomitant debridement, vesection of dried, infected bone, followed by
harvesting contralateral fibula osteoseptocutaneous free flap to re-established the left tibia segmental continuity
with artery and veins anastomosed at left posterior tibial artery and veins. The patient resumed walking 3
months after the operation, the vascularized fibula hypertrophied after weight bearing.

nile Reconstruction for
m of Electrical Inju
Bilateral Below -Elb
Amputations

Figure 16.

This 18 y/o young man got a bad electrical injury, resulted in bilateral below elbow amputation and loss of penis,
painful hypertrophic scars at entire abdomen. A jumping flap was performed by another surgeon, however
cannot get a satisfactory result. He was referved to our service, where resurfacing of the abdomen was performed
first to completely release the scar contracture (courtesy of plastic and reconstructive surgery).
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Figure 17.

Tl’i‘n reconstruction of the penile urethra was accomplished with a well-designed dorsalis pedis free flap, with
simultaneous release of scar contracture in one operation. The wound healed uneventfully. This young man had
been able to perform stand pissing. Two years later, a costal cartilage graft was employed to increase the rigidity
of the reconstructed penis (courtesy of plastic and veconstructive surgery).

whole layer upper lip defect. The patient then regained a satisfactory facial ap-
pearance without noticeable disfigurement.

11. This patient got a panfacial fracture after a bad trauma (Figure 10). Diplo-
pia owing to right orbital floor blow out fracture with enophthalmos and
ptosis, flattening of nose due to untreated LeFort I, II, III maxillary fracture
and displacement bothered him. Calvarial bone grafting taken from the
outer table of parietal bone was used to correct flat nose and right orbital
floor bone defect, diplopia and enophthalmos. The patient was happy with
the result.

12.Palsy of the frontal branch of facial nerve (Figure 11).
13. Combined mandibular deficiency and facial palsy (Figure 12a and b).

14. Traffic accident, resulted in a frontonasal bone defect and left blepharoptosis
(Figure 13).
15. Complete severance of left forearm; right thumb and four fingers (Figure 14).

He had been able to take care of himself with good function and sensibility at
both hands. He got a stable job, got married and raised children with a good
family.
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16. Crushed leg, reconstructed with fibula osteoseptocutaneous free flap (Figure 15).

17.Reconstruction of penile loss due to electrical injury (Figures 16a and 17).

4, Discussion

Body and facial defect, injury, congenital deformities, status post-tumor exci-
sions, secondary contractures are common encounters in daily practice of plastic
surgeons.

In this chapter, we present miscellaneous kinds of measures employed for resur-
facing, contour restoration and functional rehabilitation of the face, extremity,
and body parts. Tissue expansion, tumor excision, skin grafting (split thickness/
full thickness), composite graft, cartilage graft, hair composite graft are commonly
used measures. Flap surgery should be elaborated in proper situations. Selection of
proper tissue for reconstruction is of utmost importance.

The ailments that were cited and treated are as the followings:

Problems

Solutions

1. Forehead trauma, with facial
disfigurement

Tissue expansion

2. s/p right auricle amputation with skin
graft

Tissue expansion at grafted skin with implantation of carved
rib cartilage graft for ear reconstruction

3. AVM at parotid area

Complete excision

4. Scar contracture at face with secondary

FTSG, thick STSG, scalp deformities, arterial skin island flap

5. Chemical burn facial defects

Early FTSG at functional esthetic units

6. Orbital reconstruction

Free dorsalis pedis flap, conchal chondrocutan eous grafts,
fat graft, free dorsalis pedis flap, conchal chondrocutan eous
grafts, fat graft, eyelash composite graft

7. Radiation necrosis of palate

Palatal island flap, pharyngeal flap

8. Maxillary defect, contracture

FTSG, upper denture with stent

9. Reconstruction of complex upper lip

Abbe flap nasal floor and columella defect

10. Panfacial fracture

Calvarial bone graft

11. Palsy of the frontal branch of facial
nerve

Frontalis sling operation

12. Combined mandibular deficiency,
facial palsy

Fibular flap; cross facial nerve graft

13. Frontonasal bone defect, left
blepharoptosis

3D CT bone reformation

14. Complete severance of left forearm

Replantation right thumb and 4 fingers

15. Crushed leg with tibial defect

Fibula osteocutaneous free flap

16, 17. Penile loss due to electrical injury

Dorsalis pedis free flap

The flaps that we described and introduced in this chapter were as the follow-

ings: forehead flap, Abbe flap for upper lip reconstruction, cheek flap, nasolabial
flap for nasal defects, greater palatine artery flap and pharyngeal flap for complex
palatal defect, dorsalis pedis free flap for penile and urethal reconstruction, free
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fibular osteoseptocutaneous flap for reconstruction of composite bone and skin
defect of the lower extremity.

5. Conclusion

Difficult reconstructions are not only challenging, but also formidable tasks in
terms of anatomical restoration, functional rehabilitation and esthetic refinements.
With deliberate planning, selection of proper measure and tissue for reconstruc-

tion, optimal results can always be achieved. Pursuing excellence in plastic surgery,
bringing excellence to life has always been our ultimate goals.
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