
Hot Topics in Acute Care Surgery and Trauma

Emergency Medicine, 
Trauma and Disaster 
Management 

Emmanouil Pikoulis
Jay Doucet Editors

From Prehospital to Hospital Care 
and Beyond



Hot Topics in Acute Care Surgery  
and Trauma
Series Editors

Federico Coccolini
Pisa, Pisa, Italy

Raul Coimbra
Riverside, USA

Andrew W. Kirkpatrick
Calgary, AB, Canada

Salomone Di Saverio
Cambridge, Cambridgeshire, UK

Editorial Board

Luca  Ansaloni (Cesena,  Italy); Zsolt  Balogh (Newcastle,  Australia); Walt  Biffl 
(Denver,  USA); Fausto  Catena (Parma,  Italy); Kimberly  Davis (New Haven,  USA); 
Paula  Ferrada (Richmond,  USA); Gustavo  Fraga (Campinas,  Brazil); Rao  Ivatury 
(Richmond, USA); Yoram Kluger (Haifa, Israel); Ari Leppaniemi (Helsinki, Finland); 
Ron Maier (Seattle, USA); Ernest E. Moore (Fort Collins, USA); Lena Napolitano (Ann 
Arbor, USA); Andrew Peitzman (Pittsburgh, USA); Patrick Reilly (Philadelphia, USA); 
Sandro  Rizoli (Toronto,  Canada); Boris  E.  Sakakushev (Plovdiv,  Bulgaria); 
Massimo  Sartelli (Macerata,  Italy); Thomas  Scalea (Baltimore,  USA); David  Spain 
(Stanford, USA); Philip Stahel (Denver, USA); Michael Sugrue (Letterkenny, Ireland); 
George Velmahos (Boston, USA); Dieter Weber (Perth, Australia)



This series covers the most debated issues in acute care and trauma surgery, from 
perioperative management to organizational and health policy issues. Since 2011, 
the founder members of the World Society of Emergency Surgery’s (WSES) Acute 
Care and Trauma Surgeons group, who endorse the series, realized the need to 
provide more educational tools for young surgeons in training and for general 
physicians and other specialists new to this discipline: WSES is currently developing 
a systematic scientific and educational program founded on evidence-based 
medicine and objective experience. Covering the complex management of acute 
trauma and non-trauma surgical patients, this series makes a significant contribution 
to this program and is a valuable resource for both trainees and practitioners in acute 
care surgery.

More information about this series at http://www.springer.com/series/15718

http://www.springer.com/series/15718


Emmanouil Pikoulis  •  Jay Doucet
Editors

Emergency Medicine, 
Trauma and Disaster 
Management
From Prehospital to Hospital Care 
and Beyond 



Editors
Emmanouil Pikoulis
Department of Surgery
National and Kapodistrian University 
of Athens
Athens  
Greece

Jay Doucet
Department of Surgery
University of California
San Diego, CA  
USA

ISSN 2520-8284	         ISSN 2520-8292  (electronic)
Hot Topics in Acute Care Surgery and Trauma
ISBN 978-3-030-34115-2        ISBN 978-3-030-34116-9  (eBook)
https://doi.org/10.1007/978-3-030-34116-9

© Springer Nature Switzerland AG 2021
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recita-
tion, broadcasting, reproduction on microfilms or in any other physical way, and transmission or infor-
mation storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar 
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publica-
tion does not imply, even in the absence of a specific statement, that such names are exempt from the 
relevant protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-34116-9


v

Foreword to the Series April 2019

Research is fundamentally altering the daily practice of acute care surgery (trauma, 
surgical critical care, and emergency general surgery) for the betterment of patients 
around the world. Management for many diseases and conditions is radically differ-
ent than it was just a few years previously. For this reason, concise up-to-date infor-
mation is required to inform busy clinicians. Therefore, since 2011 the World 
Society of Emergency Surgery (WSES), in a partnership with the American 
Association for the Surgery of Trauma (AAST), endorses the development and pub-
lication of the “Hot Topics in Acute Care Surgery and Trauma,” realizing the need 
to provide more educational tools for young in-training surgeons and for general 
physicians and other surgical specialists. These new forthcoming titles have been 
selected and prepared with this philosophy in mind. The books will cover the basics 
of pathophysiology and clinical management, framed with the reference that recent 
advances in the science of resuscitation, surgery, and critical care medicine have the 
potential to profoundly alter the epidemiology and subsequent outcomes of severe 
surgical illnesses and trauma.

� Federico CoccoliniPisa, Italy�
� Raul CoimbraRiverside, CA, USA �
� Andrew W. KirkpatrickCalgary, AB, Canada �
� Salomone Di SaverioCambridge, Cambridgeshire, UK
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Foreword by Bernd Domres and Norman Hecker

�Emergency and Disaster Medicine

�Medical Ethics1

The discipline of medical ethics is concerned with morality, moral obligations, and 
the principles of proper professional conduct concerning the rights and duties of the 
physician himself, his patients, and fellow practitioners, as well as his actions in the 
care of patients and in relation to their families. Its foundations lie in the philosophi-
cal traditions of Eastern and Western thought and have strongly shaped modern 
codes of conduct and conventions.

One of the first statements of a moral conduct explicitly for physicians is found 
in a text from Ionian Greece: the Hippocratic Oath (Hippocrates of Cos, ca. 
460–370 BC), which states: “To the law of medicine my life as physician shall be 
for the benefit of my patients according to my ability and judgment, and not for their 
hurt or for any wrong!”2

 

1 See: Domres B, Koch M, Manger A, Becker HD: Ethics and triage. Prehosp Disast Med 2001; 
16(1): p. 53–58.
2 Kollesch J, Nickel D: Antike Heilkunst. Ausgewählte Texte aus den medizinischen Schriften der 
Griechen und Römer, Stuttgart, 1994. p. 53–55.
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�Geneva Conventions

The first attempt for the establishment of a more codified way of conduct was initi-
ated on 22 August 1864 by Henry Dunant (1828–1910). After the shock of seeing 
the battlefield of Solferino (1859) and the agony of a great number of wounded 
soldiers lying unattended, he suggested that the governments of Europe and several 
American States come to a conference for the purpose of adopting a “Convention 
for the Amelioration of the Condition of the Wounded in Armies in the Field.”

�Triage and Its Ethical Dimension

In disasters,3 where the sheer number of injured or ill may overwhelm the capacities 
of medical responders, priorities must be established as to who should be treated and 
in which order they should be treated and/or transported. This process is called triage. 
Triage is defined as the selection and categorization of the victims of a disaster aiming 
at appropriate treatment according to the degree of severity of illness or injury and the 
availability of medical and transport facilities.4 The principle concerning the interest 
of the subject, which is supposed to prevail over the interest of the society, under these 
circumstances cannot be followed. In disasters the physician, while remaining respon-
sible for the well-being of each of the victims, must on the other hand decide who 
should get help urgently with regard to the outcome, i.e., survival.

In 1994, the World Physician Association released a statement on ethics and 
disaster medicine declaring that under disaster conditions it is acceptable to aban-
don one’s commitment of treatment of a single person in favor of stabilizing the 
vital functions of many patients. It continues to point out that it is unethical for a 
physician to persist, at all costs, at maintaining the life of a patient beyond hope, 
thereby wasting scarce resources needed elsewhere. Even, and especially, in disas-
ters, the physician needs to demonstrate the highest degree of personal moral integ-
rity and responsibility.

A clear classification and training in triage will create a system in which the 
ultimate instance5 in decision making—the individual conscience—will not have to 
serve as the chief point of reference. Only in extreme cases, in which the standard 
of triage does not apply and where a huge moral dilemma appears, will the 
physician have to rely on his or her personal conscience. These cases do occur, 
though, and thus conscience has to be considered as the complementary factor 
in triage.

3 A more general definition of a disaster can be found in: Gunn SWA: Multilingual Dictionary of 
Disaster Medicine and International Relief. Kluwer Academic Publishers: Dordrecht, Boston, 
London 1990. p. 81. It defines a disaster as “the result of a vast ecological breakdown in the rela-
tion between man and his environment, a serious and sudden event (or slow, as in drought) on such 
as scale that the stricken community needs extraordinary efforts to cope with it, often with outside 
help or international aid.”
4 Gunn (see Note 10).
5 Wolbert, W: Das fehlbare Gewissen. Gesammelte Studien, Herder: Freiburg, 2008. p. 157.

Foreword by Bernd Domres and Norman Hecker
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�Conscience as a Last Resort

However, it needs to be pointed out that classification can only be an instrument, 
lightening a burden that cannot completely be taken away from the physician: To 
make the final moral decision on treatment or deferral, thus deciding to possibly 
lose a life in favor of another whose chances for survival are considered higher. 
Conscience is not a norm. A norm is shared by a number of people (usually one 
society or one group within society), whereas conscience is per definition located in 
the individual. The individual and their conscience are shaped by the social norm, 
but it still has the power to decide against the norm. It is the core freedom of con-
science to—on moral grounds—disagree with social norms and make a different 
decision. Sometimes this even serves as a forerunner of a new norm.6 Both aspects 
clearly point out that decisions based on personal conscience are highly dependent 
upon a single individual making the decision. Responsibility is involved, as is 
power. Neither the patient nor the physician hopes to solely rely on such decisions 
with the psychological insecurity they pose for the patient, and the huge burden that 
repeated conscience-based decision making poses for the physician.7

We would like to thank the editors and contributors, who have written this book 
with the aim to teach students in this global specialty; furthermore it is hoped that 
this book accompanies the experts during their work in field missions worldwide 
and that their insight and attention are always guided by the conscience of ethical 
aspects!

� Bernd DomresTübingen, Germany�
 � Norman Hecker  

6 See Note 17 (above).
7 In this context it is worth noting that legally the categorization into T-4 is highly problematic, 
since “non-treatment” is primarily considered as failure to render assistance and thus punishable.

Foreword by Bernd Domres and Norman Hecker
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Foreword by Norman Rich 

Emergency Medicine, Trauma and Disaster Management: From Prehospital to 
Hospital Care and Beyond is a result of annual courses on the Island of Rhodes 
organized and conducted by Professor Manos Pikoulis, Chairman of Surgery at 
Athens University in Greece and Adjunct Professor of Surgery at the Uniformed 
Services University of the Health Sciences in Bethesda, Maryland, in the 
USA. For this very comprehensive and valuable contribution to Global Medicine 
and Surgery he is joined by Professor Jay Doucet of the University of California 
in San Diego as co-editor. With more than 25 years of experience each, these 
two world leaders in Surgery and Trauma Care provide vast exposure from both 
civilian and military perspectives as well as those from governments and univer-
sities. They are joined by other global leaders in a wide variety of specialties 
from many countries in addressing how best to assist those who are in harm’s 
way and/or have the misfortune to be injured whether by man-made or natural 
disasters.

There are 49 chapters covering multiple responses to managing disasters and 
those who are injured allowing rapid access to areas of specific interest ranging 
from the overall Principles of Disaster Medicine by Professor Pikoulis to the Art 
of Triage by Professor Ari Leppaniemi of Helsinki, Finland, to the Basics of 
Trauma Management by Professor Kluger Yorham of Tel Aviv, Israel, to Incidents 
Caused by Fire and Toxic Gases, Hazardous Material, Chemicals and Irradiation 
by Director of the Catastrophe Center in Tubingen, Germany, and to Ethical 
Dilemmas in Disaster Health Management by Professor Boris Sakakustev of 
Sofia, Bulgaria.

With armed conflict continuing in numerous areas in the world, with earthquakes 
and tsunamis, with forest fires, with hurricanes, tornadoes, and typhoons, with vol-
canic eruptions, with gas explosions, with airplane, car, railroad, and boat crashes, 

The opinions or assertions contained herein are the private ones of the authors and are not to be 
construed as official or reflecting the views of the Department of Defense, the Uniformed 
Services University of the Health Sciences or any other agency of the U.S. Government.
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with global warming and flooding, with migration and famine, with urban gunshot 
wounds, with mine and other industrial accidents, and with a rapidly expanding 
world population with many living in harm’s way, there is an increasing need for 
appropriate response by experienced individuals. This important book by Pikoulis, 
Doucet, and colleagues helps meet that challenge.

� Norman RichBethesda, MD, USA�
 

Foreword by Norman Rich 
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Foreword by James Ryan

�Introduction to the Manual: The World 
in the Twenty-First Century

The introduction to the manual is being written in October 2017 at a time when the 
world has become increasingly unstable and dangerous. We are beset by war, includ-
ing the threat of nuclear war, insurrection, terrorism, political upheavals, mass 
migration into Europe on a scale not seen since the aftermath of the Second World 
War, and natural disasters. Natural disasters are of increasing concern. Disasters 
have been defined as “a situation or event, which overwhelms local capacity, neces-
sitating a request to a national or international level for external assistance” (Centre 
for Research on the Epidemiology of Disasters—CRED). As we head towards the 
third decade of the twenty-first century, the numbers and scale of disasters facing 
the world’s population are increasing in severity and complexity.

Complex Humanitarian Emergencies (CHEs) are currently the most common 
human-generated disasters. These emergencies are characterized by widespread 
violence with large-scale injury and loss of life, extensive damage to societies and 
their economies, massive population displacement, and mass famine or food short-
age. Large-scale humanitarian assistance is needed, but this may be hindered or pre-
vented by military, religious, or political constraints. Even if a response is possible 
significant security risks may face expatriate humanitarian aid workers reacting to 
the crisis. CHEs are also a fertile nursery for terrorism, both local and international.

Thus they have major political, public health, and security features and account 
for more morbidity and mortality than all natural and technological disasters com-
bined. CHEs have occurred or are ongoing in every continent. Ongoing examples 
include Afghanistan, Somalia, Sierra Leone, Sudan, Myanmar, Colombia, Haiti, 
and Congo. Countries or regions recovering from such events include the Balkans, 
the Caucasus, Rwanda, Azerbaijan, Angola, Mozambique, and many territories in 
South East Asia and South America.

A review of the current world political situation is also quite sobering. Kim Jong 
Um of North Korea and President Donald Trump appear to be on the verge of 
launching nuclear missiles at each other, which if it comes to pass will engulf us all. 
The threat of terrorism hangs over every society. Isil or Daesh, while close to defeat 
in Iraq and Syria, has turned its sights beyond the Middle East. It now has a global 
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reach with the ability to commit atrocities in the UK, France, Spain, Italy, Germany, 
Turkey, Greece, and even the USA. Affiliates of Isil have emerged in Africa and 
Asia and employ similar tactics. Terrorist war is now being fought in our streets, 
sporting arenas, concert halls, and restaurants. It seems that nowhere is safe.

A relatively new humanitarian crisis affecting Europe in particular is mass migra-
tion. More than a million migrants and refugees crossed into Europe in 2015, com-
pared with just 280,000 the year before. The scale of the crisis continues and there 
is no end in sight. Among the forces driving people to make the dangerous journey 
are the conflicts in Syria, Iraq, and Afghanistan. The vast majority—more than 
80%—of those who have reached Europe by boat come from those three countries. 
In addition, poverty, human rights abuses, and deteriorating security are also 
prompting people to set out from countries such as Eritrea, Pakistan, Morocco, Iran, 
and Somalia in the hope of a new life in somewhere like Germany, Sweden, 
or the UK.

The population of the world is growing fast, and ever-increasing numbers of 
people are forced to live in marginal areas. These may be areas where growing food 
is difficult due to climate, water shortages, or adverse environments, or they may be 
areas that are particularly vulnerable to the effects of sudden impact natural disas-
ters. Already more than 90% of those who die in natural disasters live in the devel-
oping world, and the economic impact of such disasters is far more serious in 
deprived countries than in the developed world.

In addition to all of the above political and religious extremism is resulting in 
high levels of social instability, violence, and mass killing in many of those coun-
tries that are least able to cope with such situations. For example Isil is recognized 
by the UN as the perpetrator of genocide of Yazidis in Iraq starting in 2014. This has 
led to the expulsion, flight, and effective exile of the remaining Yazidis from their 
ancestral lands in Northern Iraq. In recent weeks, half a million people—mostly 
Rohingya women and children—have fled violence, including murder in Myanmar’s 
Rakhine Province. They are seeking refuge in Bangladesh, where they urgently 
need water, food, shelter, and medical care in a country least able to help them.

There are other aspects of conflict, which concern humanitarians.
These include routine violence against women, the proliferation of narcotics, 

transnational criminal activity, human trafficking, ethnic cleansing, and the wide-
spread use of kidnapped children as child soldiers.

The world indeed has become a very dangerous place and there is little room for 
optimism.

There is now a growing international realization that those responding to these 
events whether man-made such as terrorist bombings and forced migration or natu-
ral disasters need much more than technical competency in their primary field—in 
most cases the provision of health and medical care. Organizing, planning, execut-
ing, and sometimes surviving missions to difficult and often dangerous environ-
ments require knowledge and skills not acquired during traditional education and 
practice.

The question is how should we prepare, train, and credential humanitarian vol-
unteers to work in the dangerous and complex environment that characterizes 

Foreword by James Ryan

https://en.wikipedia.org/wiki/Northern_Iraq
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humanitarian aid work in the twenty-first century? In the case of medical personnel 
should appropriate training be included in the medical school curriculum?

The truth is there is no easy one-size-fits-all solution. Progress however has 
been made in many European countries, particularly in the Netherlands, Greece, 
and the UK.

The required training curriculum to prepare humanitarian volunteers is consider-
able and growing. The Society of Apothecaries of London have in place an exami-
nation called The Diploma in the Medical Care of Catastrophes (DMCC) since 1994 
supported by a yearlong training course. A perusal of their course program for 2107 
is illustrative of the scale and complexity of the training need. The DMCC is taught 
in the UK, the Netherlands, and the USA, and discussions are taking place with 
Australia with a view to licensing the examination in South Australia.

There is a growing view that medical volunteers, including doctors, biomedical 
scientists, dentists, nurses, and professionals allied to medicine, should be offered 
training and education at undergraduate level with continuation training at post-
graduate level. There are now many avenues open for medical students and allied 
students to gain skills, experience, and deployment in humanitarian medicine. The 
earliest opportunity is to select a humanitarian module as a component of an inter-
calated Bachelor of Science degree. At the time of writing, these are available in the 
UK at St George’s University of London, Kings College London, University College 
London, and the University of Birmingham. Oxford University will offer modules 
from 2018.

In Greece annual conferences have taken place in Rhodes over the last 8 years. 
The Global health—disaster medicine—health crisis management manual being 
edited by Professor Manos Pikoulis in Athens is in the planning stage and will sup-
port a Master of Science qualification.

There has never been a more urgent need for these important initiatives led by 
Professor Pikoulis and his colleagues in Greece. Their efforts in Greece and interna-
tionally will insure that future humanitarian volunteers will be fully trained and 
appropriately educated for deployment missions to the most challenging of environ-
ments. They are to be congratulated and deserve widespread audience in Greece and 
the international community.

Further Reading

	1.	 Course timetable for 2017. http://www.apothecaries.org/faculty-of-the-conflict-
catastrophe-medicine/course-in-conflict-catastrophe-medicine.

	2.	 Centre for Research on the Epidemiology of Disasters. http://www.cred.be.

� James M. RyanLondon, UK�

 

Foreword by James Ryan

http://www.apothecaries.org/faculty-of-the-conflict-catastrophe-medicine/course-in-conflict-catastrophe-medicine
http://www.apothecaries.org/faculty-of-the-conflict-catastrophe-medicine/course-in-conflict-catastrophe-medicine
http://www.cred.be
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Foreword by Eric Elster and Kyle Remick

Since the dawn of the twenty-first century, US Military surgical teams have deployed 
in support of combat operations to provide lifesaving care to US and coalition nation 
service members. In July 2008, one such team arrived to a US Army base in 
Jalalabad, Afghanistan. With a capacity of four resuscitation beds and two operating 
room tables with the requisite surgeons, nurses, and medics, this team had trained to 
provide combat casualty care for multiple casualties in austere conditions. However, 
war has a strange way of testing a team’s readiness despite many months of prepara-
tion. It is commonly said that in war the best plans do not survive the first contact 
with the enemy. This applies equally to mass casualty events from any cause.

Early in this team’s deployment, there was enemy contact at a nearby base with 
a vehicle explosion and a direct enemy attack. There were 10–20 casualties inbound 
by helicopter with more casualties possible within the hour. The 20-person team 
quickly huddled and activated its mass casualty plan, the equivalent of a “disaster 
plan” for a small military surgical team. This involved calling on the help of other 
base medical personnel, assigning triage duties and locations, and ensuring we had 
positive command and control for patient movement through our surgical team.

Twelve injured service members arrived on the first chinook helicopter with little 
prehospital care. They were sorted and the immediately urgent patients were brought 
into the facility for care. Two patients were noted to be surgical and so the two oper-
ating rooms were rapidly occupied. Our capacity was overwhelmed immediately, 
and we were forced to make life and death decisions based on limited availability of 
personnel and resources in order to save the most lives. Lifesaving interventions 
were carried out both inside and outside our facility with the extra personnel we had 
mustered. Inside the operating room, anesthesiologists frantically scrambled to pro-
vide damage control resuscitation and surgeons made difficult operative decisions. 
The least possible interventions needed to stabilize patients to fly to the larger com-
bat hospital were done in order to make space for the next round of casualties.

The opinions or assertions contained herein are the private ones of the authors and are not to be 
construed as official or reflecting the views of the Department of Defense, the Uniformed Services 
University of the Health Sciences or any other agency of the U.S. Government.
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In the end, this team received 25 total patients within an hour and completed final 
lifesaving care in 6 h. Physically and mentally fatigued, this team then reset the 
trauma area, the operating room, and the critical care area for future patients, con-
ducted a team debrief, and released personnel to rest for whatever was next. 
Although rehearsed countless times prior to deployment, the mass casualty event 
was physically and emotionally challenging. This team would have similar mass 
casualty incidents several times per month for the next 15 months.

Many who have cared for the injured in war have learned through trial and repeti-
tion the principles of disaster management. The response to this scenario is not 
unique to this team or to this war or even to the military. It demonstrates how we 
must prepare and train for large-scale disaster and mass casualty events at home. 
The twenty-first century has already proven to require our heightened vigilance and 
attention to be prepared to respond to these scenarios. It is acutely evident that the 
need to prepare for intentional mass casualty events is not only for armies but also 
for the sake of our global civilization as these incidents continue to spill into civilian 
settings. In addition, natural disasters over the same time period have caused us to 
recognize the need to be prepared for the good of humanity.

September 11th, 2001, scarred US history with a horrific act of intentional terror-
ism and has caused the world community to be intensely aware of the need for 
preparation. In addition to the historic terrorist attack on the World Trade Center and 
the Pentagon in the United States, there have also been a significant number of other 
intentional terrorism events around the world. In 2004, terrorists killed 193 people 
and injured 2000 in a coordinated attack on the train system in Madrid. In 2005, a 
coordinated terrorist attack resulted in the detonation of 3 home-made bombs in the 
London Underground train system killing 52 and injuring 700. The Mumbai attack 
in India by 10 terrorists using automatic weapons and grenades resulted in 164 
deaths in 2008. In 2015, a coordinated terrorist attack in Paris killed 130 people and 
wounded 494 using automatic weapons and explosives. In 2017, a terrorist ran over 
pedestrians on the London Bridge and then proceeded to stab numerous people in 
the area killing 8 and injuring 48. In addition since 2001, there have been numerous 
planned terrorist attacks that have been thwarted by law enforcement, but could 
have resulted in similar mass casualty events if unchecked.

At the same time, our global community has been equally affected by natural 
disasters. In 2001, thousands were killed by the Gujarat Earthquake in India as well 
as thousands more in Bangladesh. In 2003, an earthquake in southeastern Iran 
caused an estimated 40,000 deaths. The Indian Ocean Tsunami of 2004 caused the 
death of over 200,000 in multiple countries with Indonesia being most affected. The 
Kashmir earthquake in 2005 is estimated to have caused 100,000 deaths in 
Afghanistan, Pakistan, and the adjacent region of China. Hurricane Katrina flooded 
the city of New Orleans in the USA and along the gulf coast causing thousands of 
deaths in the same year. Cyclone Nargis caused destruction and over 100,000 deaths 
in Myanmar in 2008. The Sichuan Earthquake in China caused over 60,000 deaths 
also in the same year. The earthquake in Haiti in 2010 left that nation with over 
100,000 deaths and with millions injured and otherwise affected. The Tohoku earth-
quake in 2011 caused a tsunami that hit Japan with an over 15,000 deaths and 

Foreword by Eric Elster and Kyle Remick



xix

damage to include most notably the meltdown of the Fukushima Daiichi Nuclear 
Power Plant reactors affecting the region.

Greece itself has been plagued with earthquakes throughout its history to include 
one as recently as 2017 that caused destruction and killed 2 people on the tourist 
island of Kos. Recognizing the importance of preparation for disaster and mass 
casualty events, military and civilian experts in Greece, led by Dr. Manos Pikoulis, 
Professor of Surgery at the University of Athens, created a curriculum and hands-on 
practical course titled the “Management of Disaster Victims” which has provided 
training to enhance preparedness for the last 8 years. The Department of Surgery at 
the Uniformed Services University as the academic hub of military medicine and 
surgery in the United States has been honored to participate in this effort for the last 
several years.

This text provides a written foundation for the disaster course. Experts in disaster 
management and mass casualty patient care throughout the world have contributed. 
The textbook is divided into five sections. Part I—Prehospital Emergency Services 
deals with initial response on scene, patient triage, transport, initial stabilization, 
and resuscitation priorities. Part II—Hospital Response includes a host of topics of 
trauma management for the spectrum of injuries. Part III—Management of Incidents 
discusses leadership and management principles of various types of disaster and 
mass casualty events. Part IV—After the Disaster describes critical issues to address 
after the response is complete. Lastly, Part V—Evaluation, Ethical Issues, Education 
and Research deals with disaster-specific ethics, the critical component of educa-
tion in preparation for these events, and research specific to advancing disaster and 
mass casualty care.

At this juncture in world history, it is imperative that we come together in an 
effort to effectively prevent, prepare, respond, and recover from these devastating 
events. This textbook provides a solid foundation necessary to provide the optimal 
response in our new global environment and provides a platform from which to 
launch this international effort.

� Eric ElsterBethesda, MD, USA�
 � Kyle Remick  

Foreword by Eric Elster and Kyle Remick
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Preface

The number of natural and man-made disasters has risen dramatically over the last 
decade. Natural disasters, industrial accidents, terrorist attacks, and last but not least 
the COVID-19 pandemic are all events involving multiple casualties that threaten to 
overwhelm health systems.

In these events, health professionals face multiple challenges because the type 
and standard of care to be provided may change from what they were taught or how 
they practice, and may require the adoption of new standards of care. The aim of this 
book is therefore to inform and prepare healthcare professionals for the challenges 
posed by disasters, so that they can act effectively in medical teams whether sent on 
humanitarian missions, working in conflict zones, or even while in their own hospi-
tal systems at threat of being overwhelmed, as in the current pandemic.

This book offers an interdisciplinary and interprofessional approach covering all 
stages of the disaster management cycle and is divided into five sections: Part I: 
Prehospital Emergency Services; Part II: Hospital Response; Part III: Management 
of Incidents; Part IV: After the Disaster; and Part V: Evaluation, Ethical Issues, 
Education and Research.

With authors and coauthors that include more than 100 prominent academics, 
researchers, and experienced practitioners from multiple medical disciplines in 15 
countries, this one of a kind book has as a vision to promote a common universal 
understanding and a common language of the hybrid field of Disaster Medicine. We 
believe this book underlines not only its humanitarian aspects but also the field’s 
very practical and “lets think outside of the box” character.

Athens, Greece� Emmanouil Pikoulis 
San Diego, CA, USA � Jay Doucet  
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1.1	 �What Is a Disaster?

Catastrophic events are frequently mentioned in the media nowadays. It seems that 
disasters occur with increasing frequency (four times more in the last 20 years in 
contrast to the previous 20) and they have a larger negative impact on the population 
and on their everyday lives. The main explanations for this are the growth of the 
population, urbanization, living in hazardous areas due to poverty, poor living con-
ditions, climate change, and also due to systematic reports of such events with the 
optimization of surveillance tools [1, 2].

In general the term “disaster” is used differently by different professions, organi-
zations, and people, as we are lacking a common definition of this specific word. 
The most accurate definition of a generalized catastrophic event, in relation to one 
community, includes the inability to respond to a disaster by its own means [3].

According to the World Health Organization(WHO) and the United Nations 
International Strategy for Disaster Reduction(UNISDR), a disaster is “a serious dis-
ruption of the functioning of a community or a society causing widespread human, 
material, economic or environmental losses which exceed the ability of the affected 
community or society to cope usingits own resources.” [4, 5].
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From a medical perspective, a disaster is a multi-casualty incident (MCI) which 
has occurred in a specific area, where the number of victims and the severity of their 
trauma overwhelm the availability of our resources so that we are unable to provide 
effective therapy [6].

When the quantity of victims is between 10 and 50 (in a hospital ED), this 
defines a small-scale MCI. A quantity of 50–250 defines a moderate-scale MCI 
and more than 250 indicates a severe-scale MCI. Specific importance is placed on 
the location and the type of MCI because we have significantly more resources 
available when an MCI occurs in an urban area compared to when an MCI occurs 
in a rural or remote area. It is clear that seriously traumatized victims in a remote 
environment have less chances of survival. This is due to difficulties in reaching 
the victims in a timely manner and fewer resources available. In relation to the type 
of accidents, aviation accidents have lower survival rates, therefore fewer victims 
to attend to [7].

1.2	 �Disaster Medicine: Evolving Medical Field

Education is the basis of effective management of a disaster. In 2015, we had 34 
complete academic postgraduate long-term training programs in disaster medicine 
on a global level, mainly in high-income countries (HIC). Also we have a lot of 
short-term educational programs (without a degree). The absence of such programs 
is characteristic in low- and middle-income countries (LMICs) located in Asia and 
Africa, areas with great vulnerability to disasters [8].

With regard to a disaster, health workers are concerned with all the phases of the 
disaster cycle specifically the immediate response to the event, the phase of recov-
ery and reconstruction, and also the phases of preparation, planning and mitigation 
of the consequences.

The education and competency of health workers responding to a disaster are 
predominantly divided into the following domains: planning and preparation for 
catastrophic events, searching for victims, effective communication, appropriate 
initial medical management of the casualties, safety issues, estimation of the conse-
quences on public health, and appropriate response taken, legal matters, and social 
aspects which concern the affected area [9, 10].

Disaster medicine fuses together specific areas of disaster management and 
emergency medicine specialty. The handling of a disaster demands that health care 
personnel are incorporated into non-medical multidiscipline response teams. 
Effective collaboration has a profound effect on achieving their goal: the reduction 
of the consequences of a disaster in terms of loss of life and in terms of physical and 
psychological health. Practical education in disaster management often relies on 
simulated situations. It is through the decision-making process that we teach and 
evaluate the trainees in every stage of the simulation. The trainees learn through the 
consequences of their decisions in this learning procedure [11].

Worldwide, emergency medicine as a medical specialty dedicates a large portion 
of its educational curriculum specifically to disaster medicine [12].

E. Pikoulis et al.



5

Education in disaster medicine is also included in the university curriculum of 
many pre-graduate medical programs, mainly in Europe and the United States [13].

Education in disaster management, even in the setting of the European Union, is 
deficient. It is rare in certain countries for health workers to be exposed to a real disas-
ter. It should be mandatory to have a universal educational program which would apply 
to all professionals who are involved in the three different levels of disaster manage-
ment (strategic, tactical, and operational) on a national and international scale [14].

1.3	 �Public Health and Emergency Management Systems

The CDC (Center for Disease Control and Prevention) defines public health as “The 
science and art of preventing disease, prolonging life, and promoting health through 
the organized efforts and informed choices of society, organizations, public and 
private communities and individuals.” With regard to public health, the main aim is 
to provide services which (a) have the most positive impact on the health of the 
population as a whole, and (b) ensure that living conditions allow the population to 
be healthy. A public health system must be designed with the purpose of improving 
the health of a certain population and must take measures to prevent diseases, 
trauma, and disability (health campaigns, public health information, primary health 
care, etc.). When approaching a specific public health problem, the methodology is 
as follows: (1) implementation of surveillance systems which detect the problem, 
(2) identify the specific cause, (3) evaluate one specific and appropriate interven-
tion, and (4) implement this intervention. The determining factors of the health of a 
population are behavioral choices (40%), genetics (30%), social circum-
stances(15%), medical care (10%), and physical environment (5%) [15, 16].

Disasters have very serious consequences on public health systems. The conse-
quences depend mainly on the specific type of disaster which has occurred but also 
on the structure and quality of the affected area’s pre-existing health system. The 
existence of efficient emergency preparedness practices plays a significant role as it 
increases the affected communities’ ability to endure the disaster. In floods, for 
example, which are the most frequent natural disasters today, a large number of 
deaths are caused by drowning as well as multi-cause trauma due to the transfer of 
debris, and also pneumonia and hypothermia. Specific problems arise from result-
ing water pollution and the destruction of sewage disposal systems in the area. This 
exacerbates communicable diseases [17].

The destruction of health facilities, the inability to provide immediate medical 
care when access to the victims is reduced and when communication collapses, and 
possible trauma to or loss of health workers are all universal problems across the 
majority of natural disasters, despite their differences. The danger of an epidemic 
and the loss of basic amenities (water, food, sanitation, and shelter) are also serious 
consequences on public health which demands immediate intervention to ensure the 
protection of the affected population. The provision of health in areas of armed 
conflicts is also very challenging and the International Red Cross is the major orga-
nization responsible [18–20].

1  Principles of Disaster Medicine
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The influence of a disaster on the mental health of victims is also very important. 
Biological, social, and economic factors point towards an increase in mental health 
morbidity [21].

Disaster victims such as those with a low socio-economic and educational level, 
those without family support (mainly women), as well as all children, old-aged 
pensioners, people with pre-existing psychiatric history and also those who have 
been repeatedly exposed to traumatic events, have increased probability of develop-
ing psychiatric pathology after a disaster [22].

Disasters, where the existing health system and government is lacking formal 
organization, have been named by the humanitarian community as “complex emer-
gencies.” In such disasters, there is a large-scale population displacement and a 
huge increase in the percentage of mortality (sometimes tenfold) and morbidity, for 
the specific population. These increases are mainly due to a lack of food supplies 
and outbreaks of infectious diseases. In 2016, 6.53 million people were displaced 
due to armed conflicts. The involvement of Public Health Systems on Disaster 
Management concerns all the phases of the cycle of disaster.

The existence of a national emergency management plan is of great importance. 
The actions of public health practitioners are incorporated into this plan. As far as 
the response phase is concerned, public health services (a) make contact to deter-
mine the immediate needs of the affected population, (b) assess the whole situation 
of the affected area, (c) coordinate the provision of immediate care to the victims, 
(d) receive and provide information to all the participants in the management of the 
situation, (e) give instructions regarding possible threats, (f) gather and analyze epi-
demic data, and (g) are leaders in implementing appropriate measures to control the 
situation. In the recovery phase, Public Health Systems boost communities’ abilities 
to return to normal, ensuring public health programs resume and also monitoring 
the affected population for possible long-term consequences in their physical and 
mental health [23].

1.4	 �Types of Disaster

There are three main types of disasters: natural, man-made, and hybrid (both 
humanly involved and natural forces). We also separate disasters into sudden onset 
disasters and long-term disasters. As far as natural disasters are concerned, they usu-
ally occur due to geological (i.e., earthquakes) and weather-related events (storms 
and hurricanes).

Man-made disasters not only include all types of technological disasters but also 
war-type conflicts. Examples of hybrid disasters are usually floods and landslides. 
According to CRED (Centre of Research on Epidemiology of Disasters), responsi-
ble for the surveillance of disasters on a global level, to record an actual disaster, it 
is necessary to fulfill at least one of the following criteria:

•	 Causing death to more than 10 people.
•	 Affecting everyday life of more than 100 people.
•	 Requesting international help for managing the incident.
•	 Declaring an emergency situation [24].

E. Pikoulis et al.
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1.5	 �Disaster Epidemiology

Since 1970 the establishment of The Centre for Disease Control (The CDC) formed 
the existing epidemiology of disasters. Prior to 1970, scientific reports depended 
mainly on military data from the two previous World Wars [25].

Disaster epidemiology focuses on providing scientific data in relation to the 
health aspects of a disaster and is useful for the more efficient management of short- 
and long-term consequences. The moment of disaster impact—and ideally within a 
72-h period—a rapid needs assessment must be made which will guide the response 
of rescuers and also reveal (to some level) the importance of the specific incident, so 
that all the required supplies are scheduled. It is also especially important to empha-
size the significance of the knowledge of the previous epidemiological characteris-
tics of the affected population [26].

Natural disasters have increased in frequency every decade since 1970. For the 
period of 1996 until 2015 7056 disasters were recorded, with a progressive increase 
in weather-related disasters (floods, storms, extreme temperatures). The occurrence 
of earthquakes was stable in this period. The total number of deaths was 1,346,196. 
During this 20-year period, two massive-scale disasters were responsible for the 
largest proportion of victims, namely, the Haiti earthquake of 2010 and the tsunami 
in the Indian Ocean in the year 2004. Tsunamis are the deadliest natural disasters. 
The second position is occupied by storms, for example, the cyclone ‘Nargis’ in 
Myanmar in 2008 which resulted in 138,000 deaths. The reality is that the possibil-
ity of death in a disaster is 200 times higher in low-middle-income countries 
(LMICs) in comparison to OECD countries. During the period of 2006–2015, we 
experienced a reduction in the death toll from weather-related disasters compared to 
the previous decade 1996–2005. In high-income countries (HIC), we have real 
threats from nuclear accidents and extreme temperatures. In Europe in 2003, due to 
heatwaves, we had 70,000 deaths [27].

The financial consequences of disasters have been studied systematically in the 
last decade, as far as the relationship and the impact on the economic status of a 
country are concerned. The financial loss of a disaster can be measured in a macro-
economic level (GPD, tax revenue, trade balance) as well as in a microeconomic 
level (households, local authority performance) [28].

The year with the largest financial loss was 2011 (US 400 billion) due to the 
earthquake/tsunami in Japan (Pacific Ocean). In 2017 the major economic damage 
was due to weather-related disasters [29].

1.6	 �Risk, Hazard, Vulnerability: Main Terms and Definitions

Preparation for a possible disaster gives us the chance to minimize its consequences 
or the opportunity to avoid it. Experience from previous disasters has shown us that 
terms such as hazard, probability, risk, susceptibility, vulnerability, and risk accep-
tance, all play an important role in planning and implementing measures for the 
mitigation of consequences of a given catastrophe. The risk, meaning the possibility 
of losses in a catastrophe, has a direct connection with the type of hazard and the 

1  Principles of Disaster Medicine
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vulnerability (human–structural–economical) of a population in a specific time and 
place. The degree of repetition of this phenomenon is also crucial. A specific hazard 
does not necessarily always lead to a disaster. For example, a cyclone that strikes a 
deserted area has little a consequence. The vulnerability and susceptibility of people 
and structures are what dictates whether a hazard will have catastrophic results. We 
define vulnerability as a weakness in implementing adequate responses to a disaster 
[30, 31].

The assessment of vulnerability of a certain population and place is an especially 
complex process with a lot of parameters. Climate change, the interaction of humans 
on their environment, specifically the impact our advances in technology have on 
the environment, and also the degree of risk acceptance from the specific society for 
a substantial hazard (for instance living in close proximity to an active volcano), all 
play a vital role in a vulnerability study. On a global level, we have developed 
indexes for risk assessment and vulnerability. Examples are: Disaster Risk Index 
(DRI) from the United Nations Developing Program which connects vulnerability 
and the level of development for a certain country. The Disaster Deficit Index (DDI) 
from Inter-American Development Bank which connects the possible economical 
losses from a disaster with financial capacity of a country. As health workers, our 
focus is on the level of vulnerability of a certain population in connection with the 
possible human losses. It is important to recognize that the exposure of the least 
developed countries in a given hazard will produce a much higher number of vic-
tims in comparison with the most developed countries [32, 33].

1.7	 �Global Goals for Resilience in Disasters

In the World Conference on Disaster Reduction in January 2005 in Hyogo, Japan, 
the United Nations, after recognizing a global increase in catastrophic events, pre-
sented the Framework for Action 2005–2015 aimed at reducing vulnerability and 
the risk from certain hazards. Specific challenges were first of all a catastrophe in a 
certain place has consequences on other places on the global map (for example, 
immigration, epidemics.) Secondly, in the effort to reduce the risk of a catastrophe, 
we must incorporate politics and programs for a sustainable development and the 
elimination of poverty through local and international corporations. The major 
action areas were (a) government level (laws and policies), (b) recognition and fol-
low-up of specific disasters and development of early warning systems, (c) educa-
tion for the public and government agencies, (d) development of specific measures 
taken to reduce the risks, and (e) improving disaster response systems through the 
establishment of effective plans on a national and local level. It is important to men-
tion that the provision of economical help to developing countries is mandatory 
after a disaster for the recovery and the establishment of prevention strategies 
through a development course [34].

In March 2015, The Sendai Framework for Disaster Reduction 2015–2030 was 
presented for the first time during the third United Nations World Conference in 
Sendai, Japan. Primarily, they evaluated the results of implementation of Hyogo 
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Framework for Action 2005–2015 across different countries. It was clear there was 
a significant reduction of mortality for certain disasters. Taking measures to reduce 
the disaster risk is a cost-effective investment in order to avoid future losses, there-
fore ensuring the positive contribution for sustainable development. This enhance-
ment of smaller communities is of vital importance. Small-scale disasters and slow 
onset disasters are a very important portion of the total losses of a specific country, 
especially in the case of developing countries. The Sendai Framework sets seven 
global targets for disaster resilience for the decade of 2020–2030. In brief, this 
framework includes efforts to reduce: the 100,000 Global Mortality Rate, the global 
number of affected people, and the direct economic loss from a disaster. Further 
aims were to enhance the resilience of a country through the restoration of impor-
tant structures (‘Build Back Better’), international collaborations, educational pro-
grams, and provide access to disaster information and a multi-hazard warning 
system. It is important to highlight that the whole community needs to participate in 
the management of a disaster in order to ensure its resilience [35].
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The Role of the First Responder

Dimitrios Jannussis, Georgia Mpompetsi, 
and Kollaras Vassileios

Real testimony: Socratis Doukas, MD Gen Surgeon, HELIOS AIRWAYS FLIGHT 
ACCIDENT, 14 August 2005.

“My shift as an emergency doctor on the ambulance of EKAB (Greek National 
Medical Unit for Emergency Response) starts at 8 o’ clock in the morning. Along 
with my crew, the rescuer-paramedic Haris  Kapnopoulos, we leave the central 
EKAB station and head towards the Schinias coastal region to start duty there.

The instruction to be stationed there is given by the EKAB headquarters, to cover 
the coastal front where many visitors are expected during summertime.

Upon arrival, we notify the radio that we have been stationed at our duty location 
and we are on standby. I receive a phone call from the head of medicine service of 
EKAB who informs me that arrangements have been made for a TV crew to film a 
hypothetical scenario of drowning and the way we deal with a case like that. The 
intention is that the film will be broadcasted on the news as an information report 
for the public.

We are on standby and the temperature has already risen above 30–32 °C even 
though it is before midday.

Sometime later, the radio reports:
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“Make a habit of two things: to help; or at least to do no harm”

—Hippocrates (460–c. 370 BC)
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“Vehicle 1 heading towards Grammatiko.”
My crew and I are surprised by the broadcast since we receive no further infor-

mation. Immediately we conclude that since we expect a drill at the airport, this 
broadcast is about such a drill but with a change in location.

We set off for the Grammatiko region and ask the operator for further information.
“Vehicle 1 to Center, please inform us about the message.”
We are taken aback by the reply.
“Vehicle 1, this is a commercial airplane crash.”
For a few seconds, we try to take in the information, and as we confirm that this 

is not a drill, we get permission to use “siren and lights.”
Within 8 minutes, we reach the village square at Grammatiko Village (50 km 

from Athens) and try to detect the possible location of the plane crash looking for 
fire or smoke on the horizon.

Unfortunately, we are quite far as the plane has crashed on Grammatiko Mountain 
and we are still at the foot of it. There, we are met by a local resident on his motor-
bike, who is clearly upset, and tells us he has seen where the crash is, and he can 
lead us there.

We tell him to go ahead and we will follow.
We ascend the mountain of Grammatiko through dirt roads which are clearly 

used as firebreaks.
After some time, we reach the top of the mountain, where we encounter an unfor-

gettable but chilling sight.
It is the tail of the plane.
It was the flight Helios of the Cypriot airlines.
We notify arrival on the spot and confirm the operator that this is a commer-

cial flight.
From this moment onwards, time seems to have stopped and the relativity theory 

gets its essence.
Everything takes place at incredible speeds and time stands still.
I get off the vehicle holding the radio and move towards the tail of the aircraft, 

seeing the crash site for the first time.
I quickly check the surrounding area, moving about 100 m further back. I can see 

two of the aircraft wheels and luggage scattered around.
Ι deduce that this is possibly the impact location, and I head towards the opposite 

direction to look for the airframe or what is left of it.
I realise that there lie two big gorges where wreckage can be seen. I descend the 

first gorge where, among wires, metal, luggage … I can see people.
Resembling a wheat field and having become one with the metal, they are lying 

there, some disfigured, some dismembered, others stuck on the seats … headless.
I keep moving, trying to detect signs of life, anyone alive. I reach the second 

gorge where there is a bigger piece of the airplane, as well as one the wings.
Unfortunately, no sign of life.
I report to the operation center.

D. Jannussis et al.
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Barely breathing because of the tension, running, and the temperature well over 
38 °C, I describe what I see for the EKAB operation center.

I can hear the radio operator, relentlessly transmitting to EKAB ambulances and 
mobile units to move towards Grammatiko.

I keep investigating the wreck site, trying to define the area of the crash and 
detect any sign of life.

To no avail. The same sight everywhere. A picture of war. Many young children. 
Appalling tragedy.

My thoughts are interrupted by the operator.
His voice changes! It is not as strict.
“Doctor,” I can hear him saying.
“Center,” I reply.
“Doctor, tune in channel 3”. This is a frequency on which the rest of the vehicle 

network cannot listen to the transmission. I tune into the channel.
“Doctor … well, there is a possibility that this might have been a terrorist attack 

and there may be radioactive materials on the airplane. You are to move away from 
it and wait for Demokritos (specialized center which measures radioactivity) to 
arrive.”

This is the moment when I go weak at the knees.
I am thinking of my own children. I am thinking that I have been exposed to 

radioactive material and whatever life I have left is going to be short.
I am tearing up as I slowly go up the gorge and I sit on a rock looking back and 

realizing that I am not going to see my children grow up.
Soon, ambulances arrive as well as the fire brigade, the police, civil protection 

assistance units, and the army.
Forty minutes after my arriving at the crash site, a fire breaks out due to the high 

temperature and leaked fuel.
Panic spreads as the number of people in the scene is great, making leaving the 

area difficult. We are in danger of getting burnt ourselves because of the fire spread-
ing fast.

We evacuate the area by descending to a lower spot and wait for the fire to be 
extinguished. Hours later, and after the fire brigade uses ground and air means, the 
fire is under control and collection of the bodies from the crash site starts.

What we see, can only be described as tragedy.
It is now evening, and the operation is almost complete. I signal “end” for the 

dispatch center and I return to the EKAB base.
It was 14 august 2005. The worst aviation accident that had ever happened 

in Greece.
Helios Airways Flight-522. 121 dead; 22 children among them.”
Doctor Doukas and his paramedic were in the middle of a very bad and difficult 

situation with many possible hazards:

•	 Kerosene fires
•	 Twisted sharp metals
•	 Composite fibers (sharp puncture and inhalation hazards)

2  The Role of the First Responder
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•	 High-pressure hydraulic lines (1000 PSI. Plus)
•	 High-pressure oxygen cylinders and accumulators
•	 Electrical wiring

And if this had been a terroristic attack, there was the risk of high explosive 
devices and radioactive substances existing on site.

In the chaos of a large mass-casualty event, one person or one crew can make the 
difference between the complete disorder and the right approach of the situation.

This crew or the one person who is the first responder and their role, is critical for 
the effective outcome of the EMS operation.

The first responder is the most important player, having the responsibility of 
keeping the scene of the accident under control and giving the victims more chance 
to be safe and the injured people, major possibility to survive.

Even a minor mistake of the first responder can prove fatal for the operation.
E.g., Wrong parking, of first responder-vehicle which blocks the other vehicles 

to arrive, or the placement of the vehicle very close to the wreckage fire, can be cata-
strophic for the development of the operation.

Many of the pre-hospital medical workers, paramedics, or firefighters have never 
been involved as first responders in a true disaster, and most of them will only 
respond to one or two mass-casualty events during their professional life.

This means that the first-arriving crew, with no previous real experience, must 
deal with major, chaotic and dangerous events.

In recent years, there has been an increase in terrorist attacks in the Western 
world and the location of the terrorist attacks is an extremely unstable and danger-
ous environment.

In a large-scale accident, cooperation of the first responders is the key to the suc-
cessful outcome of the rescue operation.

The first responders need to be able work together and to have good coordination 
during the initial critical time (Vital First Minutes) to manage a well-run accident 
scene and to minimize the risk of loss of life for the victims.

The safety of the first responder is of primary importance during the arrival to the 
location of the accident and it is important for them to stay calm.

A calm mind in a chaotic environment saves lives and the calm mind can be 
‘contagious’.

2.1	 �Scene Safety

Scene safety begins immediately after the initial dispatch information.
It is essential to request further information so you will know the extent of the 

accident.
For example, if it is a plane crash, information such as the type of the aircraft, 

ultralight, small frame, large frame airplane; if it is a road accident, traffic and 
access information, type of vehicles, for example vehicles with flammable materi-
als, hybrid vehicles with the use of electricity for power (high-voltage risk), are all 
important information.

D. Jannussis et al.
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A probable number of casualties, access difficulties, and, in case of an industrial 
accident, risk of hazardous substance release must be estimated. In case of terroris-
tic attack, consider that the first responders can be eventual victims, without the 
correct information of the potential threats; the first responder is unable to evaluate 
the risks to personal safety on arrival at a terrorist incident.

2.2	 �On the Arrival

Assess the situation quickly, rapid check for secondary threats, and size-up and 
assess the scene from all angles.

Check if there is any danger to yourself, the casualty, or others before rendering 
any assistance.

Consider the geographical features of the place of the accident, plan how to deal 
with the scene safety, estimate the fend-off distances, and establish outer and inner 
perimeters of the scene.

Pass the information to the operational center with simple clear language. Clear 
communications and standardization of terminology are the golden standard for the 
correct communications.

Rapid check for the need of  calling for special reinforcements, such as law 
enforcement, special antiterrorist units, mine specialists, and any other special units.

If it is a road accident, arrive with careful approach, and park the emergency 
vehicle in fend-off position 10 m from the incident. Warning signs have to be placed 
approximately 200–400 m from each side of the incident. Avoid the use of siren. 
The noise can increase the stress and the confusion of the responders and make the 
communication between them more difficult. The siren is useful if you transport 
critical patients. It is better to have the red lights of the vehicle on. The emergency 
vehicle must be ready to move, and never to block the movement of other emer-
gency vehicles which could be catastrophic and dangerous, in case of rapid 
evacuation.

2.3	 �Secure the Staging Area

The parked ambulance or other emergency vehicles, next to the scene of accident, 
represent potential targets during a suspected terrorist attack, and moreover a 
“potential target” for the media people, and bystanders, who can prevent the rescue 
operation and pose a major security risk.

It is important to restrict vehicle and pedestrian access to the accident area, and 
to engage immediately the law enforcement, if they are in proximity, or call them 
immediately with reinforcement if they are not present. Create a secure perimeter 
around the staging area, and ask the non-uniformed people to leave the place.

2  The Role of the First Responder
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2.4	 �One-Way Entry

Find a safe staging area for incoming units and stabilize as soon as possible the one-
way entry to the emergency vehicles’ parking area. Think and find the correct place 
for the next rescue vehicles that will arrive, and secure the continuous flow for all 
the ambulance in one-way direction, and have an evacuation and rapid evacuation 
route and plan in mind if the situation worsens.

2.5	 �Stop the Killing in Mass Shooting Incident

In the United States, more than 33,000 people are killed each year by guns.
The total incidents of gun violence have increased in recent years, including the 

number of deaths, mass shooting incidents, and the number of patients with multi-
compartmental injuries (due to extensive use of weapons with higher magazine 
capacity).

Seventy percent of active shooter incidents are over within 5  min. However, 
about 30% of active shooter incidents ended by the arrival of the police or military 
enforcement personnel.

For this reason, in case of continuing terrorist shooting incident, it is important 
that the first responder officer has military experience and carry a  gun to enter 
immediately the shooting place and try to disarm the perpetrators, by carefully mon-
itoring the situation without forgetting the self-protection measures.

At the same time the armed forces, in close cooperation with the unarmed first 
responders, must secure safe corridors of rapid access to victims, despite ongoing 
threats.

The victims need immediate care at the point of wounding within the shortest 
time possible.

At this stage, the treatment of victims is based on the principles of military expe-
rience with the minimal hemorrhage and airway control, before the rapid evacuation 
to a more secure zone.

If the incident is a bomb attack, it is highly recommended to use appropriate 
personal protective equipment (PPE) and to check for danger of a second bomb 
which may be placed to cause casualties to the personnel responding to the 
first attack.

The secondary attack can be done with chemical dispersal devices, secondary 
explosive devices, or booby traps (terrorist pretending to be a relative of the victims).

Also ensure that personal protective measures and shielding are used for the 
incoming rescuers.

In case of a massive or uncommon terrorist attack, check for warning signs of 
WMD (weapons of mass destruction) threats (chemical, radiological, biological) 
like unexplained sickness or convulsions of the victim and order the decontamina-
tion requirements.
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2.6	 �Stop the Bleeding

The role of the first responders with the immediate hemorrhage control is crucial in 
the chain of survival for the victims.

Remember “run, hide, fight”, particularly those in locations vulnerable to terror-
ism (schools, political institutions, religious institutions) and to use tourniquets and 
minimal airway protection and improve this concept to rapidly respond to stop the 
killing and stop the dying from severe bleeding. (Some times civilians  can also 
make life and death decisions.)

The medical approach of the situation is based on the priorities of care and 
immediate hemorrhage control, and differs from the classical approach of immedi-
ate correction of airway and breathing problems.

The rescue personnel must be trained also in the principles of self-care in case of 
injury during the emergency operation in hostile environment.

The methodology is based to the Hartford Consensus and the THREAT algorithm.
Hemorrhage control Rapid Extrication to safety Assessment by medical provid-

ers Transport to definitive care.
Finally, the first responder must hand over to the leader officer after having 

informed all cooperating partners involved in the rescue operation. This needs to be 
carried out in a spirit of cooperation and composure. It might be necessary for them 
to work together for some more time.
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3.1	 �Introduction

The concept of emergency medical transport originated from the need to move 
wounded soldiers from the battlefield to medical facilities [1]. However, it was not 
until the mid-1950s in the United States that the emergency medical service (EMS) 
systems began to mature in parallel with the interstate highway system and the asso-
ciated increasing number of serious vehicular crash accidents [2]. The crash acci-
dents’ victims necessitated the need for standards for prehospital care concerning 
provider education, scope of practice, equipment, and system design [3, 4]. This 
was the beginning of the dramatic improvement in prehospital care.

3.2	 �Prehospital Stabilization

Prehospital medicine typically consists of two levels of care: basic life support 
(BLS) and advanced life support (ALS). Wide variation exists in the level of treat-
ment provided in the prehospital setting [5]. It is also uncertain whether the patient 
will benefit from the on-site ALS protocol or not. However, regardless of the level 
of care, the main principle of any EMS system is to deliver quality patient care in 
the briefest period of time following injury, minimizing transport time to the hospi-
tal [6]. Rapid transport is especially beneficial for the hemodynamically unstable 
patient with penetrating trauma, as well as for the patient suffering neurotrauma [7].

Additionally, prehospital trauma care is governed by three basic principles: (1) 
examination with the recognition of severe injuries and injuries with potential to 
cause rapid decompensation, (2) triage in case of multiple victims, and (3) stabiliza-
tion and transport to a hospital capable of coping with the identified injuries. The 
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highly qualified person in charge that ensures the implementation of protocols for 
appropriate prehospital medical care, triage, and hospital notification is called the 
EMS medical director.

Triage of trauma victims is the process of rapidly and accurately evaluating 
patients to determine the extent of their injuries and the appropriate level of medical 
care required [8]. Trauma specialists have developed a number of prehospital triage 
scoring systems in an effort to accurately differentiate between major and minor 
injuries. The majority of these scoring systems assess neurologic, respiratory, and 
circulatory function, as well as anatomy and mechanism of injury [9].

Once triage is completed, the most viable patients are managed first aiming at 
stabilization and transport to the appropriate medical facility. The initial evaluation 
of the trauma patient follows the “ABCDE” pattern, provided by the Advanced 
Trauma Life Support (ATLS) guidelines by the American College of Surgeons: 
Airway, Breathing, Circulation, Disability (Neurologic status) and Exposure. So, pri-
oritizing the necessary actions to be undertaken, the prehospital care provider secures 
the patient’s airway and establishes manual in-line stabilization of the cervical spine 
simultaneously, assists ventilation whenever breathing is labored or absent, obtains 
vital signs and controls any hemorrhage with direct pressure, assesses neurologic 
status, and exposes critical areas of the body for obvious and occult injuries. Spinal 
immobilization is continuously maintained by rigid cervical collar and backboard 
placement, which requires special skill and technique to prevent any secondary 
injury. Moreover, patients trapped in a vehicle pose challenging problems for safe 
extrication, which may require the use of special devices that may prolong scene 
time, but the benefit may outweigh the risk for patients with potentially unstable 
spinal injuries. The final primary assessment is an evaluation of the entire patient.

After the completion of the initial assessment and stabilizing treatments, the pre-
hospital provider performs a quick but thorough review of the entire body, referred 
to as the secondary survey. The goal is to discern and manage as appropriate any 
injuries missed during the primary survey. Following the secondary survey, the 
patient should be prepared for transport [10].

3.3	 �Fluid Resuscitation

In the setting of prehospital care, several questions have been raised over time 
regarding fluid resuscitation, but no definite answer has been given yet. In the era of 
“evidence based medicine,” there is limited information suggesting the benefit of 
prehospital fluid resuscitation, although it is considered to be standard of care in 
hospital setting. The advocates of “scoop and run” method support the timely trans-
fer of the patient to a definite care facility without unnecessary and potential harm-
ful interventions, while the advocates of “stay and play” method focus in prehospital 
interventions that could improve the patient’s outcome and survival. For instance, in 
the case of hemorrhagic hypovolaemic shock, prehospital fluid resuscitation could 
minimize the risk of tissue and organ damage, but any delay reaching hospital could 
result in exacerbation of hemorrhage outweighing any benefit of prehospital care.
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In medicine, following guidelines has been an efficient method of dealing with 
difficult problems. So, several trauma societies have launched guidelines for pre-
hospital fluid resuscitation. This chapter will deal with NICE and EAST guidelines 
and will point out the questions that authors try to answer and the actions that the 
prehospital care provider has to undertake.

NICE guidelines included seven studies and dealt with the following questions: 
(1) Should we give fluids? (2) To which patients? (3) If so how much? (4) What type?

•	 Fluids in boluses of ≤250  ml should be given in the absence of radial pulse 
in adults.

•	 The fluid bolus is repeated until radial pulse is felt while continual reassessment 
of the patient takes place.

•	 Radial pulse guides intervention in blunt injuries, but central pulse in torso pen-
etrating injuries.

•	 There is insufficient evidence for pediatric patients.
•	 Crystalloid solutions are recommended to be administered [11].

On the other hand, EAST guidelines included 42 studies and dealt with the fol-
lowing questions: (1) Should injured patients have vascular access attempted pre-
hospital? (2) What location is preferred for access? (3) Should intravenous fluids be 
given? (4) Which solution is preferred? (5) At what volume and rate?

•	 Placement of intravenous access should be made en route, because venous access 
attempted at the scene delays transport.

•	 Intraosseous access can be attempted.
•	 There is no preferred access site.
•	 Fluids should not be given in patients with penetrating injury and short transit 

time (<30 min) when brachial pulse is palpable.
•	 Fluids should only be given: (a) in 250 ml boluses (b) to return the patient to 

coherent mental status (c) to return radial pulse (d) in traumatic brain injury to 
maintain systolic blood pressure >90 mmHg or mean arterial pressure >60 mmHg.

•	 Normal saline is the preferable solution to be administered.
•	 Rapid infusion systems and pressurized devices should be avoided [12].

Recent data suggest that prehospital fluid therapy should be goal directed based 
on the presence or absence of hypotension and that excessive IV fluid infusion may 
lead to adverse outcomes including coagulopathy and death [13]. Volumes more 
than 1 L might be associated with increased likelihood of blood transfusion in the 
emergency department, but further research is required to determine any causal 
relationship [14]. Bores et al. found no significant difference in mortality between 
patients who did or did not receive prehospital fluid resuscitation after penetrating 
trauma [15]. Additionally, a systematic review of nine randomized trials involving 
3490 trauma patients concluded that prehospital fluid resuscitation using hyper-
tonic saline does not improve survival compared to resuscitation using isotonic 
crystalloid [16].
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3.4	 �Pain Therapy

The American College of Emergency Physicians has clearly stated that ALS-capable 
EMS systems should provide analgesia and sedation with appropriate physician 
oversight and quality improvement programs [17]. However, oligoanesthesia and 
oligoanalgesia are a common practice in prehospital setting, in all age groups, espe-
cially children [18, 19]. Insufficient pain management has been associated with 
variable factors, including short time at the scene (below 10 min), moderate pain 
scores at the scene, nontrauma patients and concerns about the patient’s condition, 
for example, blunting respiratory drive in a patient with breathing difficulty [20].

Prehospital pain management aims at reducing pain to a tolerable level without 
causing serious side effects. Evaluation of pain, the first step in pain treatment, is 
carried out by means of standard questions, regarding “Onset, Provoking factor, 
Quality, Radiation, Severity and Time Sequence (OPQRST –pain assessment mne-
monic).” Numeric Rating Scale is another useful and efficacious tool, grading pain 
from 0—no pain to 10—the worst pain [21].

The evaluation of pain is followed by pain control modalities. Controlling pain is 
an issue of more than drug administration. For instance, extremity injury pain due 
to fracture requires, except for medication, immobilizing or splinting the extremity, 
elevating the immobilized extremity and application of ice to painful areas. 
Communication with the patient is another basic component of pain treatment, as it 
contributes to breaking pain anxiety cycle [21].

There are variable medications to treat prehospital pain. The health care provider 
should be familiar with the pharmacodynamics principles of each agent, especially 
the indications and adverse effects. Pain relief should be rapid (within 10 min) and 
the patient should be able to respond to verbal stimuli without requiring ventilatory 
support. Opioids are considered safe analgesics, as sedation and cardiovascular 
instability are uncommon [22]. Another feature that makes opioids favorable for use 
in the prehospital setting is naloxone, which readily reverses their effects.

The results of several observational studies suggest that fentanyl can be given 
safely to trauma patients in the prehospital setting [23, 24]. Except for the intravenous 
and intramuscular route of administration, subcutaneous route is also available [25]. 
In pediatric patients fentanyl can be effective intranasally [26]. Morphine may also be 
used, but it has a longer duration of action and is more likely to cause hypotension and 
respiratory depression [27, 28]. So, prehospital providers should carefully monitor the 
respiratory and hemodynamic status of all patients receiving opioids.

Common parenteral analgesic agents used in US Combat Theater in Afghanistan 
battlefield include fentanyl, morphine, hydromorphone, ketamine, and ketorolac 
[30]. There is little evidence regarding the prehospital use of ketamine [22]. Better 
results are expected when ketamine is combined with an opioid compared to opi-
oid or ketamine monotherapy. Disorientation of the patient is an expected adverse 
effect of ketamine [20, 29]. In addition, the use of nonsteroidal anti-inflammatory 
drugs (NSAIDs) is associated with a reduced incidence of trauma-induced coagu-
lopathy [31].
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4.1	 �Introduction

Cardiac arrest (CA) can be the end outcome of many categories of critically unwell 
patients. This is also applicable in the setting of major incidents, where many of the 
critically injured will develop CA as their disease or injury pathophysiology can 
result in multi-organ failure. Primary CA due to cardiac pathophysiology is thought 
to be rare in the setting, despite the fact that no studies have addressed this issue. A 
patient with CA will not take priority in the setting of a major incident, given that 
despite recent advances in resuscitation, survival to hospital discharge remains low 
in patients developing CA [1]. More specifically, the overall survival rates after 
cardiac arrest range from 1% to <20% for out of hospital non-traumatic cardiac 
arrest and <40% for in-hospital cardiac arrest [2]. Published studies report a 10–50% 
poor neurological outcome of CA survivors [3, 4].

Cardiopulmonary Resuscitation (CPR) is complex procedure, which does not 
only involve chest compressions and ventilation. CPR requires a team of dedicated 
health care professionals, which will perform various tasks and will work in a coor-
dinated manner not only to achieve return of spontaneous circulation (ROSC), but 
also to ascertain that the neurological outcome of the CA patient will be as optimal, 
as it can possibly be [5]. In the setting of a major incident, where many casualties 
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are involved, patients requiring CPR should not take priority over other patients 
who have better chances of survival.

This chapter will discuss the procedures of proper CPR both in out-of-hospital 
and in-hospital settings, with the understanding that enough resources can be allo-
cated to patients developing CA. It goes without saying that all critically ill patients, 
who have not yet developed CA should be actively resuscitated and they should take 
priority in the allocation of resources.

4.2	 �Cardiac Arrest

Recent studies have identified that the pathophysiology of cardiac arrest is not uni-
form. In fact, there appear to be two types of arrest with distinct pathophysiology, 
the asphyxia CA and the Ventricular Fibrillation CA. These two types of arrest, not 
only exhibit distinct pathophysiologies, but also differences in the post-resuscitation 
brain injury and the ensuing post-resuscitation myocardial dysfunction [6]. The 
underlying rhythm of CA due to cardiac causes is reported to be ventricular fibrilla-
tion (VF) in about 25–50% of the cases [7], however when an automated external 
defibrillator is attached immediately after arrest, the proportion of patients in VF 
can be as high as 75% [8]. These numbers signify the importance of early defibril-
lation. In fact, defibrillation, which is delivered 3–5 min of collapse can produce 
survival rates as high as 50–70%; this signifies the importance of the availability of 
defibrillators (automated or manual) in the deployment of any team after a major 
incident. CA can also be the outcome of non-cardiac causes (such as asphyxia). In 
this setting early initiation of rescue ventilation and chest compressions are of 
utmost importance for the improvement of survival of these patients. In the setting 
of a major incident a patient who has developed CA does not take priority over a 
patient who is critically ill. If a critically ill patient develops CA, prompt defibrilla-
tion along with chest compressions and ventilation will increase survival.

Recognition of CA can be challenging in any setting, given that carotid pulse 
check can be inaccurate in determining the presence or absence of circulation. This 
is why, the current European Resuscitation Council (ERC) guidelines recommend 
the determination of the presence of absence of breathing or the presence of agonal 
breathing to determine whether a patient is in CA or not [9]. In the setting of a major 
incident, any critically unwell patient, who suddenly develops seizures, should be 
considered to be in CA, until proven otherwise. Despite the fact that no studies have 
addressed the issue in the setting of major incidents, recent studies have shown a 
positive association between seizures and the development of CA [10], leading the 
ERC 2015 guidelines to recommend “Bystanders should be suspicious of cardiac 
arrest in any patient presenting with seizures” and to emphasize that “the call taker 
should be highly suspicious of cardiac arrest, even if the caller reports that the vic-
tim has a prior history of epilepsy.” Seizures develop because of brain hypoxia and 
in the case of a major incident, the team needs to be aware that sudden onset of 
seizures can be a sign of CA.
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4.3	 �Adult Basic Life Support (BLS)

In the setting of a major incident, it is absolutely necessary to highlight the impor-
tance of the providers’ safety. Only when the safety of the providers has been ascer-
tained, should the BLS sequence be followed. The 2015 ERC guidelines have 
recommended a specific BLS sequence [9]. This sequence will be valid until the 
revised 2020 guidelines on resuscitation are published. Given that CA is not imme-
diately recognized, the guidelines highlight the recognition of an unresponsive 
patient, who is not breathing normally, as the first link of the adult BLS sequence. 
The second link is the activation of the emergency medical service system (EMS), 
but in the setting of a major incident, the EMS has already been activated and as 
result this step needs to be taken for granted. In the unlikely event that the EMS has 
not been activated, the people who are the first responders in a major incident, 
should activate the EMS immediately and in this case the EMS activation should be 
the first step in the resuscitation sequence, as the EMS will be needed for all the 
victims involved in the incident.

In case of CA in this setting, the cause is unlikely to be cardiac in origin, unlike 
the cases of CA which occur unexpectedly. In the case of sudden CA, the blood 
remains oxygenated for some minutes and thus the next step in the BLS sequence is 
immediate initiation of chest compressions in the middle of a chest with a rate of 
100–120/min, allowing for full chest recoil. In the case of a major incident, the 
cause of the arrest is unlikely to be cardiac in origin and it is unlikely that there is 
still sufficiently oxygenated blood in the arterial blood system and in the lungs. The 
2015 ERC guidelines have not addressed this issue, but it is logical for a healthcare 
provider to provide other life-saving interventions in CA patients involved major 
incidents along with chest compressions.

Chest compressions should be delivered in the center of the chest, with the CPR 
provider kneeling next to the victim. When the CA patient is found in a confined 
space (which may well be the case in any major incident), over the head and straddle 
CPR can be considered as an acceptable alternative [11]. This alternative has also 
been mentioned in the 2015 ERC guidelines in resuscitation.

The next step in the adult BLS sequence is the delivery of rescue breaths of res-
cue ventilations. The 2015 ERC guidelines recommend a tidal volume of 500–600 ml 
to be delivered over a period of 1 s, basically because this is the amount of air which 
can cause the chest to rise visibly [12]. There is insufficient data to suggest the opti-
mal volume and timing of ventilation in resuscitation [13]. The recommended com-
pression to ventilation ratio is 30 compressions to 2 ventilations, despite the fact that 
the optimal compression to ventilation ratio is unknown. The 2015 recommendation 
was based on a few observational studies which showed improvement with this ratio 
compared to the previous recommended ratio of 15 compressions to 2 ventila-
tions [14].

The next step is early defibrillation. Automated external defibrillators (AED) can 
be safely used by lay people to deliver defibrillation in shockable rhythms. The 
2015 ERC guidelines recommend minimal interruption in the delivery of chest 
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compressions during the use of an AED. Despite the fact that public access defibril-
lation programs have been proven successful, the use of AEDs in the hospital setting 
has reduced survival. This may be due to the fact that AEDs cause harmful delays in 
starting CPR, or interruptions in chest compressions in patients with non-shockable 
rhythms [15]. It appears reasonable that in the case of a major incident where a fully 
deployed team of healthcare professionals is in place, the use of manual defibrilla-
tors should be preferred. This however should take into consideration the teams’ 
ability of interpreting ECG recordings. The adult BLS/AED sequence can be seen 
in Table 4.1, which is based on the 2015 ERC guidelines on resuscitation.

4.4	 �Advanced Life Support

Despite the fact that the 2015 ERC guidelines address the in-hospital arrest and the 
Advanced Life Support (ALS) for the hospital setting, it appears reasonable that 
certain ALS providers in major incidents can have the resources and the skill to 
provide ALS support. As a result, this chapter will continue discussion with the ALS 
techniques as these can be provided on site of the major incident. The ALS treat-
ment algorithm is a universal algorithm but certain specific interventions may be 
needed in special circumstances. In cases of major incidents special circumstances 
is the rule and not the exception and it is logical that these healthcare providers who 
perform advance techniques in the site of major incident possess the clinical reason-
ing skills to perform additional life-saving procedures. The universal ALS treatment 
algorithm can be found in the 2015 ERC guidelines and will not be repeated in this 
chapter.

In non-traumatic CA there is little doubt that the only interventions that improve 
the outcome are early initiation of bystander CPR, uninterrupted high-quality chest 
compressions and early defibrillation for the shockable rhythms. The shockable 
rhythms in CA is VF and pulseless ventricular tachycardia (PVT). The ALS treat-
ment algorithm uses the 2-min cycle despite the fact that there is not enough evi-
dence to fully support this cycle. In fact, regional differences with other timings do 
exist [16]. The ALS treatment algorithm uses as a prerequisite the use of a manual 
defibrillator and as a result this implies that the healthcare providers know how to 
recognize shockable versus non-shockable rhythms.

When in a major incident, the team decides to change to the ALS treatment 
guidelines, it is expected that the team is trained according to the current guidelines 
and complies to local protocol policies. When CA has been diagnosed, one member 
of the team needs to provide uninterrupted chest compressions as another member 

Table 4.1  Recommended 
BLS/AED sequence for 
out-of-hospital non-traumatic 
cardiac arrest by a lay rescuer

Unresponsive and no breathing normally then
Call emergency services then
Deliver 30 high-quality chest compressions then
Provide two rescue breaths (or two ventilations)
Continue CPR 30 compressions to 2 ventilations until
AED arrives, switch on and follow instructions
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of the team prepares the manual defibrillator. The person using the manual defibril-
lator should use it as quickly as possible to determine whether the underlying CA 
rhythm is shockable or non-shockable. This can be done by a technique called 
“quick look.” This technique allows the operator of the manual defibrillator to 
quickly assess the underlying rhythm. This is the only time where the chest com-
pressions need to stop and this time should be less than 10 s. The operator charges 
the defibrillator to the recommended energy. The minimum energy for biphasic defi-
brillators is at least 150 J. There is not enough evidence to suggest that this is the 
optimal defibrillation energy and as a result the current guidelines state that “it is 
appropriate to consider escalating the shock energy if feasible, after a failed shock 
and for patients where re-fibrillation occurs” [9].

Immediately after the delivery of the first shock, there should be no interruption 
in chest compressions in order to assess if a shock has been successful. The 2015 
ERC guidelines on resuscitation recommend immediate initiation of chest compres-
sions following the delivery of the shock to limit the post-shock pause and the total 
peri-shock pause [17]. This cycle of resuscitation and defibrillation is repeated 
every 2 min, provided that the patient remains in a shockable rhythm. Unlike the 
adult BLS sequence the ALS treatment algorithm is linear in the sense that multiple 
tasks should be performed simultaneously. The team providing ALS should be able 
to secure an intravenous or an intraosseous line. There is not enough evidence to 
suggest that the use of any supraglottic device increases the possibilities of survival 
[18]. However, if the team is trained in the insertion of any supraglottic device, this 
should be inserted. Routine endotracheal intubation is not recommended by non-
anesthetists as it entails a high level of skill and training. When an anesthetist is 
available, endotracheal intubation and mechanical ventilation should be preferred. 
The use of automated ventilator during CPR is associated with several favorable 
effects, such as pulmonary recruitment, minimal thoracic volume reduction, reduced 
ventilation/perfusion mismatch, and improved oxygenation, which increase the pos-
sibilities of ROSC [19, 20].

When a supraglottic device has been inserted, chest compressions should be 
delivered uninterrupted at a rate of 100–120/min and ten breaths should be delivered 
asynchronously. The 2015 ERC guidelines emphasize on the use of capnography, as 
a tool to monitor CPR quality and to enable early detection of ROSC without paus-
ing chest compressions and may be used as a way of avoiding a bolus injection of 
adrenaline after ROSC has been achieved. There is no evidence that routine use of 
adrenaline at any dose improves survival. Adrenaline 1 mg is given in shockable 
rhythms after the third unsuccessful defibrillation attempt. There is evidence sug-
gesting that adrenaline is associated with improved ROSC, but may be associated 
with worse neurological outcomes [21]. Adrenaline can be administered every other 
2 cycles (fifth, seventh, ninth cycle, etc.). After the third unsuccessful defibrillation 
attempt, 300 mg of amiodarone should be administered IV with another 150 mg 
administered after the fifth attempted defibrillation. There is no sufficient data to 
support the use of amiodarone for in-hospital arrest and a recent meta-analysis, 
which was published after the 2015 guidelines revealed that Amiodarone signifi-
cantly improves survival to hospital admission, but neither survival to hospital 
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discharge nor neurological outcome compared to placebo or nifekalant [22]. All 
drugs which are administered peripherally must be followed by a flush of at least 
20 ml of fluid and elevation of the extremity for 10–20 s to facilitate drug delivery 
to the central circulation.

Non-shockable rhythms of CA include pulseless electrical activity (PEA) and 
asystole. PEA in CA is the presence of electrical activity (other than ventricular 
tachyarrhythmia), which is normally associated by the presence of a palpable pulse 
[23]. In case of non-shockable rhythms, the team needs to administer 1 mg of adren-
aline and try and identify the reversible causes of cardiac arrest (Table 4.2), without 
interrupting high-quality resuscitation. Again each cycle lasts for 2 min, after which 
a rhythm check should be performed in order to identify whether a patient is still in 
non-shockable rhythm. Several studies have examined the use of ultrasound during 
cardiac arrest to detect potentially reversible causes [24]. Despite the paucity of 
evidence to suggest that this imaging modality improves outcome, the ERC 2015 
guidelines on resuscitation recommend its use to exclude various causes. In case of 
traumatic CA, resuscitative thoracotomy should be considered in pulseless patients 
with chest/upper abdominal wounds not responsive to thoracostomy. Survival rates 
for resuscitative thoracotomy have been reported approximately 15% for all patients 
with penetrating wounds and 35% for patients with a penetrating cardiac wound. In 
contrast, survival from resuscitative thoracotomy following blunt trauma remains 
dismal (0–2%) [9]. The success of resuscitative thoracotomy depends on expertise, 
equipment, environment, and elapsed time. The procedure may be performed also 
in the prehospital setting, provided that the time from loss of pulse is less than 
10 min [25].

4.5	 �Monitoring During ALS

Clinical signs, such as opening of the eyes, breathing efforts and movement can be 
a sign of ROSC, but can also be due to the fact that high-quality CPR can produce 
sufficient blood flow to restore signs of life. A recent meta-analysis identified nine 
reports, describing ten patients. Six of the patients had CPR performed by mechani-
cal devices, three of these patients were sedated. Four patients arrested in the out-
of-hospital setting and six arrested in hospital. There were four survivors. Varying 
levels of consciousness were described in all reports, including purposeful arm 
movements, verbal communication, and resuscitation interference [26]. Feedback 
devices should be used as part of a broader system of improvement of CPR quality. 

Table 4.2  Reversible causes in cardiac arrest

The 4 Hs The 4 Ts
Hypoxia Tension pneumothorax
Hypovolemia Tamponade (cardiac)
Hypothermia Toxins
Hypokalemia/hyperkalemia (and other metabolic 
disturbances)

Thrombosis (cardiac or 
pulmonary)
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Capnography is a new tool which monitors interventions during ALS One of the 
major challenges regarding capnography may be its implementation and correct 
interpretation during resuscitation. Although changes and trends in ETCO2 values 
during CPR are more important than absolute ETCO2 levels, current data suggest 
that certain cutoff values may be targeted; although an ETCO2 > 10 mmHg is cor-
related with increased possibility for ROSC, rescuers should target a 20-min ETCO2 
of at least 20 mmHg. However, the value of a trend more than absolute values may 
be most important in the presence of a treatable cause [27]. Pulse checks are not 
routinely recommended to record CPR quality. Moreover, continuous monitoring is 
the standard of care during ALS.  Motion artifacts prevent reliable heart rhythm 
assessment during chest compressions forcing rescuers to stop chest compressions 
to assess the rhythm, and preventing early recognition of recurrent VF/pVT. Some 
modern defibrillators have filters that remove artifacts from compressions but there 
are no human studies showing improvements in patient outcomes from their use [9]. 
Blood gas analysis is not recommended as a routine procedure during resuscitation 
because arterial gas values may be misleading and bear little relationship to the tis-
sue acid–base state. Since 1986, we know that arterial blood does not reflect the 
marked reduction in mixed venous (and therefore tissue) pH, and thus arterial blood 
gases may fail as appropriate guides for acid–base management in CA [28]. Cerebral 
oximetry using near-infrared spectroscopy measures regional cerebral oxygen satu-
ration noninvasively. Other similar techniques such as bispectral index monitoring 
(BIS) has the potential to offer information about the adequacy of cerebral blood 
flow and oxygenation, although changes in BIS readings often lag behind changes 
in arterial pressures. When BIS monitoring is used during CPR, it can be used as a 
potential predictor of cerebral perfusion, therefore helping the resuscitating team in 
assessing the cerebral response to the CPR. BIS is of limited value during the early 
phase of post-resuscitative care. BIS values of zero help predict a poor neurologic 
outcome after CA and induced hypothermia. However, a non-zero BIS is insuffi-
cient as a sole predictor of good neurologic survival. Despite the promising results 
in other settings, the use of this technology needs further evaluation in the CPR 
setting [29].

4.6	 �Post Cardiac Arrest Treatment

Successful ROSC is the first step toward the goal of complete recovery from cardiac 
arrest. The complex pathophysiological processes that occur following whole body 
ischemia during cardiac arrest and the subsequent reperfusion response during CPR 
and following successful resuscitation have been termed the post-cardiac arrest syn-
drome. Post-resuscitation myocardial stunning is the mechanical dysfunction that 
persists after the ROSC and is characterized by the absence of irreversible damage, 
as well as by normal or near-normal coronary flow [30]. Cardiovascular failure 
accounts for most deaths in the first 3 days, while brain injury accounts for most of 
the later deaths. Post-cardiac arrest brain injury may be exacerbated by microcircu-
latory failure, impaired autoregulation, hypotension, hypercarbia, hypoxemia, 
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hyperoxemia, pyrexia, hypoglycemia, hyperglycemia and seizures. Given the com-
plexity of the syndrome during the immediate ROSC period, several aspects of the 
unstable patient need to be addressed. Hypoxemia and hypercarbia both increase the 
likelihood of a further cardiac arrest and may contribute to secondary brain injury. 
Despite the common attitude to administer high level oxygen in all CA patients who 
have achieved ROSC, several studies have addressed the possibility that hyperoxe-
mia can be equally life threatening. In the immediate post-resuscitation period, 
titrate the oxygen concentration to the patients’ arterial blood gases. Every patient 
post-arrest who has not achieved sufficient level of consciousness needs sedation, 
intubation and ventilation. Despite the lack of prospective evidence, there have been 
studies associating hypocapnia with poor neurological outcome [32]. The current 
guidelines recommend normocarbia and active monitoring of the patients’ CO2 in 
the arterial blood gases and ETCO2.

In the setting of a major incident, the ERC 2015 recommendations regarding 
percutaneous coronary intervention should be considered in all non-traumatic car-
diac arrest. An ALS team should pharmacologically stabilize the circulation of all 
post-arrest patients. Hemodynamic instability, possibly multifactorial in origin, is 
common after cardiac arrest with abnormalities of cardiac rate, rhythm, systemic 
blood pressure, and organ perfusion. Adequate fluid resuscitation in patients with 
low central venous pressure or pulmonary artery occlusion pressure and treatment 
of associated arrhythmia, myocardial ischemia and electrolyte abnormalities are 
essential. During post-resuscitation care it may be necessary to augment blood pres-
sure and cardiac output by one of three ways: (1) pharmacological vasoactive sup-
port, (2) intra-aortic balloon counterpulsation (3) revascularization with 
thrombolysis, percutaneous intervention or coronary artery bypass surgery [31]. 
There is a strong association between high blood glucose after resuscitation from 
cardiac arrest and poor neurological outcome. Based on the available data, follow-
ing ROSC maintain the blood glucose 180 mg/dl and avoid hypoglycemia [9]. For 
more than a decade, mild induced hypothermia (32–34 °C) has been the cornerstone 
of post–cardiac arrest care. Mild to moderate hypothermia induced after global 
brain ischemia or cardiac arrest was initially evaluated in animal models that showed 
improved neurological function for those receiving induced hypothermia. The 
Temperature Task Force issued a statement recommending targeted temperature 
management for adults with out-of-hospital cardiac arrest with an initial shockable 
rhythm at a constant temperature between 32 and 36 °C for at least 24 h. Similar 
suggestions are made for out-of-hospital cardiac arrest with a non-shockable rhythm 
and in-hospital cardiac arrest. The task force recommends against prehospital cool-
ing with rapid infusion of large volumes of cold intravenous fluid [9].

4.7	 �Conclusion

In the setting of a major incident or a massive destruction, resources should not be 
allocated to people who do not have signs of life. All resources should be targeted 
to people who are critically ill and have better chances of survival. In case of CA, 
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the standard ERC 2015 algorithm should be followed, but the providers should bear 
in mind, that the underlying cause in the setting is rarely cardiac in origin. Other 
reversible causes of arrest should be identified and treated.
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5.1	 �Introduction

Disaster settings are typically associated with high numbers of casualties and 
calamitous consequences for the victims, particularly in contexts where the health-
care systems’ infrastructures are damaged. Consequently, the management of 
disaster-related trauma is less efficient in developing countries, where the infra-
structures network is wobbly and deficient. Additionally, the contingent fallouts 
from disasters are very likely to be large scale in developing countries, because the 
healthcare systems are frequently already lacking in human resources, and health 
care providers have not got sufficient medical expertise [1–3].

Electronic monitoring may not be present, or the electricity may not be sufficient 
(forcing the anesthesia provider to manually monitor the patient), and oxygen sup-
ply as well as drugs provision may be difficult and in some cases even impossible 
[4]. Even if the conditions are very hard and hostile during disasters, safe adminis-
tration of anesthesia techniques (regional and general anesthesia) remains possible 
and should be of the best possible quality. That’s to say the principle of “do not 
harm” must define the anesthesia provision and ought to be applied at all times [1–5].

Pain evaluation and management in disaster settings should also be emphasized. 
The notion of evaluating pain as a vital sign has been previously presented [6]. In 
emergency settings, healthcare providers prioritize and provide pain treatments, 
often suboptimal, relative to the severity of the conditions. Next, critical patients are 
immediately sent to hospitals to continue therapy in a more precise and individual-
ized fashion. In disaster setting, this sequence is disrupted. Patients must be treated 
at the site of the disaster, or better yet in designated-improvised areas converted into 
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operating theaters [3, 4]. Nevertheless, the premise of early and aggressive pain 
treatment is inevitable and vital. In fact, apart from the administration of the tradi-
tional analgesic pharmacotherapy, local-regional anesthesia techniques [7–9] are 
effective and may be in order, when resuscitating these patients. It is apparent, 
therefore, that the evaluation and management of pain must be considered through-
out the trauma assessment in disaster settings. Pain evaluation and management is 
paramount; the letter “P” merits attention as much as the other letters of the algo-
rithm of ATLS and should probably be added to this protocol, especially in these 
trauma cases [1, 6, 10, 11].

From the wake of these findings, it is acknowledged that in disaster settings, the 
anesthetic and pain management must be always considered throughout the trauma 
assessment. Therefore, in this chapter, we set out to discuss the different types of 
anesthetic techniques which can be implemented in precarious situations, in addi-
tion to emphasizing on the decisive and vital role of pain management in multi-
trauma victims.

5.2	 �Regional Anesthesia Techniques

5.2.1	 �Rationale for Regional Anesthesia in Massive 
Disasters Trauma

At the site of the disaster, regional anesthesia (RA) is extremely useful to provide 
analgesia, operative anesthesia, and postoperative analgesia. RA techniques deliver 
local anesthetic close to a nerve structure in order to block sensation and subse-
quently pain at the specific injured anatomic region [1, 7, 11].

Taking into consideration that cardio-respiratory depression and neuro-muscular 
relaxation should be avoided, and limited dependence on oxygen and biomedical 
monitoring should be maintained, RA techniques take on significant dimensions in 
the analgesia/anesthesia management of trauma patients in massive disaster settings 
[7, 12].

In patients with lower and upper limb trauma, authoritative hospital-based stud-
ies have advocated RA to be more effective in alleviating pain as compared to opi-
oids alone. In hospitals, however, trauma patients having sustained multiple and 
complex injuries are treated in an organized medical environment; thereby conclu-
sions drawn from these studies have limited generalizability in disaster settings [13, 
14]. Nevertheless, the role of RA in trauma is considered indispensable, and extrap-
olations to massive disaster settings seem to be imperative and in order when man-
aging patients in this extreme context.

In fact, there are reports supporting the feasibility of RA techniques for the man-
agement of massive disaster-related trauma; however, there have been no random-
ized controlled trials to evaluate the effectiveness and safety of RA after a major 
disaster [15, 16].

RA includes neuraxial (epidural and spinal anesthesia) and peripheral nerve 
block techniques. Wound infiltration constitutes a remedy; nevertheless, as some 
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risks are present (e.g., local anesthetic intravenous injections), it should be per-
formed in designated areas where specific kits for resuscitation are available 
[17, 18].

Peripheral nerve blocks can be achieved using either anatomic landmarks or 
ultrasound (US) guidance. In fact, US-guided nerve blocks should be performed by 
emergency physicians, who have undergone adequate training and have the capacity 
to provide adequate pain control, with safety to patients with traumatic injuries in 
disaster settings [18].

Regional nerve blocks offer many characteristics of a supreme analgesic tech-
nique. Major advantages comprise excellent analgesia, reduction of stress response, 
patients’ cooperation, and chronic pain prevention; also, RA techniques facilitate 
transport from the accident site to the hospital. Difficult airway cases, aggravation 
of cervical spine injury, and pneumothorax enlargement are common problems 
encountered in general anesthesia and should be avoided in a disaster setting by 
implementing RA techniques [1, 11, 17, 18].

5.2.2	 �RA Applications in Massive Disasters Trauma

5.2.2.1	 �Thoracoabdominal Trauma
Blunt thoracic injuries such as rib fractures and pulmonary contusions are common, 
with significant morbidity and mortality. RA modalities include thoracic epidural 
analgesia (TEA), thoracic paravertebral block (TPVB), and intercostal nerve blocks 
[19–21].

In trauma, TEA is utilized for managing multiple fractures which are associated 
with severe pain [19–21]. In hazardous settings, there are no reports for the role of 
TEA in thoracic trauma. Although this technique seems to be very effective to alle-
viate chest pain in multi-trauma patients, its implementation might be difficult or 
infeasible, and may not be the optimal approach of anesthesia or pain management 
in massive disaster conditions.

TPVB and intercostal nerve blocks have lately exhibited a resurgence of interest 
[21]. Although these techniques confer supreme analgesic effects on trauma patients, 
their role in disaster settings has been neglected thus far.

5.2.2.2	 �Upper and Lower Extremities Trauma
Extremity injuries are particularly suited to RA techniques. Brachial plexus nerve 
blocks, axillary, infraclavicular and interscalene approaches, femoral nerve, fascia 
iliaca, ankle foot, and sciatic nerve blocks have been employed in the disaster setting 
to provide optimal anesthesia/analgesia conditions [15, 16, 22, 23]. Although a clini-
cal trial is underway setting out to investigate the impact of regional anesthesia tech-
niques on disaster settings [24], report cases have already pointed out their contribution 
to effective analgesia/anesthesia for painful injuries after disaster [15, 16, 22, 23].

Brachial plexus interscalene and axillary nerve blocks have been proposed for 
upper limb trauma. Both stimulation and US-guided approaches have been utilized 
successfully [25–29]. US allows visualization of the brachial plexus from roots to 
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the terminal branches [25]. US techniques can minimize needle attempts and local 
anesthetic volumes in addition to providing higher success rate brachial plexus 
nerve blocks with respect to neuro-stimulation techniques [25]. By using US tech-
niques, nerves can be traced to their origin where they pass through the interverte-
bral foramen as they run in the interscalene groove and further down until they reach 
the axillary cavity [25, 27].

Femoral and sciatic nerve blocks have been used either in isolation or in combi-
nation to provide anesthesia/analgesia in a lower limb trauma. There is a variety of 
methods available for the performance of a femoral nerve block [19–21]. The femo-
ral nerve can be anesthetized using stimulation, US or a fascia iliaca-pop technique 
[29–31]. In the absence of available ultrasound machines or nerve stimulators, the 
fascia iliaca compartment block can be easily performed using a simple blunt needle 
and local anesthetic [32–34].

Sciatic nerve blocks become more important in more distal femur fractures and 
fractures of the leg and ankle. US and neurostimulation techniques have been widely 
performed along the anatomic course of the sciatic nerve in the gluteal region, pos-
terior thigh and the popliteal fossa [15, 19, 35, 36]. Lateral and anterior approaches 
of sciatic nerve block have been put forth in trauma patients as they do not need to 
turn in the lateral position with the affected leg uppermost; that way less pain and 
patients’ comfort are assured [36, 37].

Spinal anesthesia is an anesthetic technique for any patient requiring surgery 
below the umbilicus who is not hemodynamically unstable. Injection of a local 
anesthetic in the subarachnoid space yields excellent anesthetic state for any proce-
dure in the lower extremities [34].

5.2.2.3	 �Limitations and Challenges of RA Techniques
In terms of safety, the usage of epidural/spinal anesthesia/analgesia entails compli-
cations that could very likely outweigh its possible benefits. In these settings, anal-
gesia/anesthesia with the aid of epidural catheters and/or with spinal technique can 
be invariably difficult to achieve; patients’ posture and complications such as hema-
tomas, not easily reversed hemodynamic perturbations, can be detrimental for the 
patients, as well as an additional burden for the already-exhausted anesthesia pro-
viders. Epidural catheters can also pose risks in that their implementation exhibit 
extreme difficulties in the postoperative surveillance of patients [34].

Although there are no studies to compare US and neuro-stimulation nerve block 
techniques at the site of the disaster, extrapolation and previous experience from 
trauma patients in the emergencies and/or hospital theaters can enable disaster 
response teams to incorporate these techniques in the disaster settings. For example, 
the application of neuro-stimulation may result in severe pain, and short but strong 
systemic analgesia may be required for patients’ relief. US-guided nerve blocks 
cannot easily be performed in patients with emphysema and tissue edema [38].

US systems should also be available at the site of the disaster. That’s to say that 
a US system should be portable and durable, set up by a team of well-educated 
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personnel with rapid readiness to respond to other rescue interventions, and by all 
means electric supply is a prerequisite [22, 25].

The potential infectious risks of practicing RA in a nonsterile setting, as well as 
the conceivable risk of delaying the diagnosis of compartment syndrome, must be 
investigated. The interscalene nerve block, in particular, presents the possibility of 
higher-risk complications, such as pneumothorax, high epidural block, and phrenic 
nerve paralysis; hence it should not be employed in trauma cases with compromised 
pulmonary function [18, 29].

Additionally, local anesthetic toxicity (LAST) is a rare complication (0.2%) of 
RA which is frequently associated with an inadvertent intravascular injection. 
LAST presents with both central nervous system and cardiovascular system effects 
that should be immediately perceived and treated accordingly [18, 29].

Last but not least, in massive disaster conditions, anesthesiologists with experi-
ence in RA techniques cannot be sufficient to deal with the massive burden of casu-
alties. To circumvent this downside, rescue units should be properly educated to 
provide analgesia/anesthesia; RA techniques must be easy to learn and to perform 
in a way that they would be safe and effective. More to the point, Randall et al. 
reported the results of a successful initiative to educate orthopedic nurses in the 
performance of fascia iliaca blockade in orthopedic wards [39]. The concept of a 
“physician extender” that can ameliorate patient access to successful pain control 
with the use of a simple, safe, and easily taught procedure can be a template for 
disaster settings as well.

5.3	 �General Anesthesia

5.3.1	 �Oxygen Supply

Anesthesia practice from the Haiti earthquake showed that H cylinders are the 
only source of oxygen and were supplied by trucks from a distant location. These 
oxygen tanks were attached to a flow regulator for use with anesthesia machines, 
but there was no pressure gauge on any of them. Tanks were inconsistently color 
coded and varied in hue: green, partially green, partially blue, brown, and white 
[40, 41]. From the Nepal earthquakes, high experience was gained and it is pointed 
out that all heavy apparatus, such as oxygen cylinders, should be secured and tied 
down. In most disasters, oxygen cylinders are not operational and, in some cases, 
even dangerous [23]. Oxygen concentrators are a substitute, but they require an 
electric supply and deliver oxygen at a pressure approximately of one bar, not suf-
ficient for Boyles-type anesthetic machines and subsequently for inhalation anes-
thesia [34]. From the above mentioned, hence, many authors have reasoned RA 
techniques (do not require supplemental oxygen and afford quicker and safer 
evacuation of everyone from the site of the disaster) to be the mainstay of anesthe-
sia in austere settings [23].
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5.3.2	 �General Anesthesia Techniques and Sedation

This technique can be performed with intravenous or inhaled anesthetics, supple-
mented by muscle relaxants. General anesthesia requires the availability of 
mechanical ventilation, which, in precarious situations, is not always available. 
Because of the absence of anesthesia machines and ventilators, maintaining 
patients in spontaneous ventilation during long periods of the intervention is vital, 
and drugs such as ketamine, can be administered [40–43]. Although ketamine is a 
remedy in a precarious situation, more complex trauma cases (requiring airway 
management, general anesthesia with Propofol/muscle relaxants, and mainte-
nance by a volatile anesthetic or Propofol) should be transferred to designated 
areas converted into well-organized operating rooms to meet surgical demands. In 
most cases, the operating theaters are improvised areas, not affording basic medi-
cations and equipment in the least.

Ketamine in a dose 1–2 mg/kg still remains a significant agent for intravenous 
anesthesia in disaster settings [23, 40–42]; it has analgesic and anesthetic effects 
that limit or avoid the use of opioids during the surgical intervention; Ketamine does 
not suppress ventilation, as well as the laryngeal reflexes; thus, it allows performing 
operations without intubation. In fact, there are occasions with anesthesia providers 
not being highly skilled in general intravenous anesthesia techniques, where ket-
amine is successfully used for Cesarean sections. Additionally, ketamine possesses 
sympathomimetic action, and thus, it is recommended in trauma cases with signifi-
cant hemodynamic perturbations [8, 42].

Low dose of IV midazolam (0.05–0.10 mg/kg) can also be used: augmentation 
by locally administered anesthesia if possible has also been suggested. Although 
propofol can effectively suppress ventilation and laryngeal reflexes, minimal bolus 
doses (0.3 mg/kg) of the drug are necessary as a supplement for its hypnotic effects 
[40–42].

In the disaster settings, inhalational anesthesia seems to be difficult as the lack of 
anesthesia circuits, constraints in the supply of volatile anesthetics, hardships to 
properly evacuate these anesthetic agents from improvised operating rooms are the 
main impediments [3]. However, the use of inhaled analgesic nitrous oxide (N2O) 
can be an alternative option as portable, commercially available; cylinders contain-
ing 50/50 gas mixture of N2O with oxygen can deliver N2O to patients through a 
facemask. The N2O is a rapid-acting, innocuous, and active nonnarcotic analgesic 
which has been successfully employed in emergency prehospital cases [44–46]. The 
administration of N2O is unproblematic and its portability entails many advantages 
under emergency circumstances in distant or difficult-to-reach locations or in mas-
sive disaster situations. In the management of trauma patients, the use of N2O is 
contraindicated. In pneumothorax, air embolism, pneumocephalus, or any other 
case where expansion of trapped air into the body occurs, the anesthetic provision 
with N2O can be detrimental. Additionally, N2O should be avoided in traumatic 
brain injury, in that it may increase the intracranial pressure.
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5.4	 �Pain Therapy and Challenges in Opioids Use

In 2011, the IASP (International Association for the Study of Pain) dedicated the 
year to acute pain study. In this regard, worldwide scientific discussion has been 
commenced on pain management throughout emergency triage in hospital and pre-
hospital disaster medicine states. The treatment of pain and the use of adequate 
analgesia was then reckoned an indispensable human right that joins ethics with 
clinical medicine [9, 47].

Many drugs have been put forward for pain management in precarious situations. 
Paracetamol, diclofenac, tramadol, titrated doses of opioids, and ketamine have 
been extensively used for pain control, either individually or in combination with 
RA [40–42].

Multimodal analgesia is implemented by combining different analgesics 
(paracetamol, non-steroid anti-inflammatory drugs, opioids, ketamine, and local 
anesthetics) with different pharmacodynamics, at different sites in the nervous sys-
tem, resulting in synergistic analgesia, with less adverse effects than those that may 
occur after the administration of each individual analgesic. Pain management in 
trauma exhibits a pyramid configuration; regional anesthesia techniques constitute 
the basis of the pyramid where the other analgesic regiments are built upon [6]. 
Although modern pain management dictates the multimodal use of both drugs and 
techniques, the applicability and the concept of multimodal analgesia in disaster 
settings have not been widely introduced thus far.

More significantly, in a disaster setting, shortage of painkilling drugs, either opi-
oids or non-opioids, tops out in the first hours after a massive disaster and is related 
to internal transport difficulties in transferring medications to the site of the disaster. 
Moreover, insufficient administration of strong opioids may also be contingent on 
hardships not only in finding, but in prescribing, controlling, and dispensing these 
drugs as well [9, 40]. Consequently, in the presence of natural disasters, opioids in 
various formulations appear to be less available, yet essential for the treatment of 
patients with acute pain [9, 48]. The terms “opiophobia” and “oligoanalgesia” along 
with “oligoanesthesia” are also used interchangeably, to present the circumstances 
under which pain treatment takes place in austere environments. The need of regula-
tion changes that will allow the instant, but supervisory allocation and administra-
tion of these medications in the site of the disaster is more ethically essential than 
ever before.

As far as pain is considered a vital sign, it becomes an independent and autono-
mous pathology heavily affecting the psychological and physical integrity of a per-
son in the aftermath. For that reason, under disaster settings, the pain mitigation 
should be an ultimate intention of health systems; opioids and other pain medica-
tions or treatment techniques unavailability is unreasonable and preposterous. 
Consequently, taking into consideration that in massive disaster settings, the subop-
timally treated and poorly controlled severe pain can infringe on the psycho-physical 
status of individuals and inflict cognitive and behavioral dysfunctions in the long 
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term, it is all the more important, therefore, for teams highly trained in pain manage-
ment to undertake patients care [9]. Once more, the concept of a “physician 
extender” that can properly and safely dispense and use these medications in pre-
carious and unsound settings should be thoroughly considered.

5.5	 �Conclusions

There are no established guidelines or validated and authoritative protocols which 
could provide adequate indications either for the type of anesthesia or pain manage-
ment, in the context of massive disasters settings. Under these circumstances, the 
pylon of any improvised intervention must be conditioned by ethos. Phronesis (prac-
tical skills and wisdom), arete (virtue), and eunoia (goodwill) toward the patient 
should be established as an interplay in the nucleus of which is the patient whose 
well-being must be the guiding force of our clinical decision-making at all times.
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Media and Disaster Scene Management

Theomary Karamanis

6.1	 �Introduction

Disasters are not new to our world but they seem to be increasing in recent years 
causing concern and alarm globally. A 2018 report by the Centre for Research on 
the Epidemiology of Disasters and the United Nations Office for Disaster Risk 
Reduction found that between 1998 and 2017, climate-related and geophysical 
disasters killed 1.3 million people and left a further 4.4 billion injured, homeless, 
displaced, or in need of emergency assistance. While the majority of fatalities were 
due to geophysical events, mostly earthquakes and tsunamis, 91% of all disasters 
were caused by floods, storms, droughts, heatwaves, and other extreme weather 
events. In 1998–2017, disaster-hit countries experienced direct economic losses val-
ued at almost US$ 3 billion. Overall, reported losses from extreme weather events 
rose by 150% between this 20-year period, and although absolute economic losses 
seem to be concentrated more in high-income countries, lower-income countries 
suffer more from the human cost of disasters [1].

Disasters are potentially traumatic events that are collectively experienced, have 
an acute onset, and seriously disrupt the functioning of a community, causing 
human, material, and economic losses that exceed the community’s ability to cope 
using its own resources [2]. Disasters may have natural causes (earthquakes, hurri-
canes, tsunamis, floods, draughts, disease epidemics, etc.) or human causes (terror-
ist attacks, industrial and transport accidents, displaced populations, etc.). The 
world is now facing serious challenges that also constitute aggravating factors for 
disasters, such as climate change, population growth, unplanned urbanization, pov-
erty, the threat of pandemics, as well as an increasing dependency on complex yet 
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vulnerable technological systems. For some it is a fear, for others a certainty that 
these factors will result in increased frequency, complexity, and severity of disasters 
worldwide.

It is not surprising therefore that building and maintaining effective disaster pre-
vention and management systems and processes is a global priority. A core compo-
nent of disaster planning, response, and recovery is communication. Effective 
disaster communication may prevent a disaster or lessen its impact, while ineffec-
tive disaster communication may cause a disaster or make its effects worse [3]. 
Disasters often cause damage to the communication information infrastructure, 
leading to reduced availability and decreased flow of information. This diminished 
communication capacity occurs at a time when uncertainty, fear, and risks/threats 
are unusually high and people need a steady and reliable information flow to make 
informed decisions and protect themselves. Finding ways in which to disseminate 
accurate information quickly can save lives in emergency situations. Therefore, 
developing effective disaster communication processes and systems should be a 
priority for government organizations, communities, and citizens [3, 4].

Disasters typically constitute major media events, and governments and other 
officials have traditionally relied on media to disseminate information during emer-
gencies, especially when those are catastrophic or the first of their kind. Mainstream 
media such as TV and radio have traditionally been the main sources of information 
during disasters, and continue to be today. However, with the advent of social media 
we now have the possibility of more efficient and effective disaster communication 
with increased information capacity and interactivity [5, 6].

This chapter examines the importance of effective communication before, dur-
ing, and after disasters and its impact on affected and non-affected populations. It 
discusses the role of the media during emergencies and how agencies and response 
organizations should work with the media to more effectively address the unique 
challenges presented by crisis events. Finally, it explores best practices in crisis 
communication strategy and implementation targeted at optimizing disaster 
response.

6.2	 �Conceptual Framework: Risk, Crisis, Emergency, 
and Disaster Communication

Disaster communication is often related in the literature with risk and crisis com-
munication, as well as emergency communication. Although narrowly defining 
these concepts and analyzing their differences is beyond the scope of this chapter, it 
is useful to establish a common conceptual framework to facilitate the discussion. 
Risk communication has typically been associated with health communication and 
efforts to warn the public about the risks pertaining to particular behaviors. Risk 
communication has largely been conceptualized as a problem of getting the public 
and/or specific target audiences to understand identifiable risks, such as smoking, 
unsafe sex, or drinking and driving, and adjusting their behavior accordingly [7]. 
WHO [8] defines risk communication as the exchange of real-time information, 
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advice, and opinions between experts and people facing threats to their health, eco-
nomic, or social well-being. The ultimate purpose of risk communication is thus to 
enable people at risk to take informed decisions to protect themselves. Risk com-
munication uses many communications techniques ranging from media and social 
media communications, mass communications, and community engagement. It 
requires a sound understanding of people’s perceptions, concerns, and beliefs, as 
well as their knowledge and practices. It also requires the early identification and 
management of rumors, misinformation, and other challenges.

Crisis communication, on the other hand, is more typically associated with stra-
tegic communication and public relations and the need for organizations to repair 
damaged images after a crisis or disaster [9]. Crisis in this context is any event that 
threatens a company’s reputation, image, or credibility among its stakeholders and/
or any event that hinders or threatens a company’s operations in the short run or long 
run. Crisis communication therefore aims at safeguarding the organization’s reputa-
tion, maintain positive brand associations to the extent possible, curtail financial 
impact, and restore trust in the organization.

In another context, crisis communication is associated with emergency manage-
ment and the need to inform and alert the public about an event. In this case, the 
crisis is not associated with a company’s image or reputation, but constitutes a sud-
den and threatening event which requires an immediate response. Crisis communi-
cation then refers to the government’s or other public authorities’ efforts to inform 
the public. For example, community leaders might need to evacuate a community in 
advance of a hurricane. The content, form, and timing of the communication can 
help reduce and contain the harm or make the situation worse [10].

It should be rather obvious then that disasters are crises and therefore require 
crisis communication, while in most cases they entail communication about risk. 
Further, almost always disasters require an emergency response from the commu-
nity involving disaster warning messages. As such, a more comprehensive approach 
toward these scholarly traditions of risk and crisis communication would be fruitful. 
For the purposes of this chapter, the author favors the merged approach of the crisis 
and emergency risk communication (CERC) model [10, 11]. This merged approach 
is, in part, a larger acknowledgment of the developmental features of risks and cri-
sis, and recognition that effective communication must be an integrated and ongo-
ing process [12].

As explained by the Centers for Disease Control and Prevention [10], CERC 
combines the elements of crisis communication and risk communication as they are 
used during an emergency response. CERC involves the dissemination of informa-
tion that allows people to make the best possible decisions about their well-being, 
but also accept the imperfect nature of choices during a crisis. CERC differs from 
pure risk communication in that a decision must be made within a narrow time con-
straint. The decision may be irreversible, the outcome of the decision may be uncer-
tain, and the decision may need to be made with imperfect or incomplete information. 
Therefore, communicators must inform and persuade the public in the hope that 
they will plan for and respond appropriately to risks and threats. Further, Houston 
[13] has followed a similar merged approach, proposing the Disaster Communication 
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Intervention Framework (DCIF), which concentrates on broader outcomes, such as 
improving community disaster preparedness; increasing individual and community 
resilience; and promoting wellness, coping, and recovery.

In this chapter, we shall be using the terms “disaster communication,” “crisis 
communication,” and “emergency communication” almost interchangeably, with 
the understanding that a CERC definitional approach has been adopted.

6.3	 �The Media’s Role in Disaster Management 
and Prevention

Can you imagine any emergency response with the absence of mass media? How 
would public officials be able to quickly communicate to citizens both the nature of 
the crisis and any risk mitigation measures? Most developed nations nowadays have 
emergency alert systems which inform the public of an imminent or current emer-
gency directing them to sources of additional information so that they can limit their 
exposure to threat. And while text alert systems and email alert systems are becom-
ing more and more standard, traditional media continue to play a critical role as a 
source for information following an alert.

In fact, the media continue to serve as an important emergency information sys-
tem during a crisis and they do this very well. Professional media representatives 
that recognize their role in public safety serve their communities in a significant 
manner during a crisis [10]. Further, as Nair [14] points out, for the affected popula-
tion information provided by the mass media can enable people to prepare for the 
disaster, act reasonably during it, and recover after it. For the non-affected audience, 
the role of the mass media is to mobilize help from communities that have not been 
affected by the disaster—in some cases, even elicit international help.

Because of their immediacy and traditional high impact, television and radio are 
particularly important in crises that develop quickly. Nowadays all mainstream 
media have their own social media channels, through which they can get pictures, 
videos, and updates both from citizens and from public officials. This has increased 
the demand on media organizations to keep pace with information delivery, but at 
the same time, it has allowed them to provide information and crisis updates imme-
diately and continuously.

Social media have definitely changed the landscape for disaster communications 
and operations. According to The Pew Research Center, following the Boston 
Marathon bombings in 2013, one quarter of Americans looked to Facebook, Twitter, 
and other social networking sites for information. What’s more, when the Boston 
Police Department posted its final “captured!!!” tweet of the manhunt, more than 
140,000 people retweeted it [15]. More and more researchers, policy makers, and 
security experts are examining the use of social media in disasters and its potential 
to improve disaster communication and management.

Social media are thought to be more advantageous for disaster communication 
because of their unique characteristics. Mills et al. [16] argue that an ideal emer-
gency communication system is low cost, easy to use, mobile, reliable, and fast and 
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provides capacity for one-to-one communications. Social media platforms usually 
have these traits. There are many different aspects of social media use and applica-
tion. Houston et al. [3] have offered a comprehensive framework on the topic and 
describe the functions of disaster social media as follows:

•	 Provide and receive disaster preparedness information/warnings.
•	 Signal and detect disasters.
•	 Send/receive requests for assistance.
•	 Inform others of own condition during a disaster.
•	 Document what is happening in the disaster.
•	 Deliver and consume news coverage of the disaster.
•	 Raise awareness and donations.
•	 Express emotions and concerns; memorialize victims.
•	 Provide and receive information about recovery.
•	 Reconnect with community members.

Despite all the optimism about social media use and improved disaster commu-
nication, there are still inherent risks with using social media in emergency situa-
tions. An important one is the potential rapid spread of misinformation. False 
information can easily go viral and in an environment of uncertainty and high risk/
threat when multiple organizations disseminate messages, it is not clear who polices 
the cyber space to correct errors.

As much as social media have made it possible for disaster response organiza-
tions to disseminate their own messages unfiltered and provide guidance and infor-
mation directly to the community, it is indisputable that one cannot achieve adequate 
information flow before, during, and after disasters to all affected (and nonaffected) 
populations without news organizations. During crises, public authorities and agen-
cies must work with the media to gather and disseminate information to serve the 
public interest. This symbiosis, however, is not always without challenges. The lat-
ter derive from the role of media in society and the sometimes competing priorities 
they have vis-à-vis the government.

According to the social value school, the media’s role is to help the development 
of a democratic society; they do so when they play the role of the watchdog and 
report on the activities of public institutions and government, informing the public 
so that officials can be held accountable [17]. During a crisis, this may translate into 
investigative reporting which centers around assigning responsibility and blame, 
and assessing the adequacy of the disaster response [10]. On top of that, media are 
profit-maximizing enterprises. Above and beyond their democratic duty, they need 
to survive. Therefore, they need a story to capture their audience; sound bites and 
scandals that sell; quick and easy to digest information to stir emotions and raise 
viewership. That goal often leads to sensationalism, exaggeration of blame, political 
bias, or coverage mainly for entertainment rather than for informational purposes.

This role of the media is therefore often a source of conflict between them and 
different organizations and public institutions. Especially during crises when outrage 
and fear are high and uncertainty is paramount, public officials and organizations feel 
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threatened by the media and blame them as sources of gossip, misinformation, and 
false accusations. However, as the old adage goes, “although tempting, a war with the 
media is a war you will never win.” They key is to establish a relationship of integ-
rity and trust with the media whereby all stakeholders’ interests are being served. 
Journalists have a responsibility to report information they believe is honest and objec-
tive. Emergency management professionals cannot just assume that the media will 
report in a way that supports public officials’ goals. The media are obviously not affili-
ated with public emergency response organizations and have their own commitment 
to the public. Emergency management planners should acknowledge the media’s role 
in a crisis and plan to meet reasonable media requests [10]. It is imperative that public 
officials, emergency operation centers, and all organizations involved in crisis response 
understand the appropriate needs of the media and how to fulfill those needs as an 
ongoing and well-thought-out part of the response plan. This approach deliberately 
includes the media as an indispensable ally to disaster management.

6.4	 �Effective Crisis and Emergency Risk Communication

The principles of and best practices for effective crisis communication described 
below are drawn from research literature and crisis response/emergency training 
manuals, with the focus primarily on widespread public crises or disasters. They are 
guided by and fully aligned with prior work published—also widely accessible 
online—by the World Health Organization (WHO), the Pan-American Health 
Organization (PAHO), the Centers for Disease Control and Prevention (CDC), and 
the Federal Emergency Management Administration (FEMA).1 The purpose here is 
not to offer an in-depth review or analysis of the academic discipline, but rather to 
provide a succinct overview of widely accepted and proven strategies and tactics of 
effective communication during emergencies and other crises.

6.4.1	 �Stages of Crisis Communication

One of the most common mistakes in crisis communication is the conceptualization 
of the need to communicate only at the beginning of a crisis. However, a crisis is a 
dynamic situation, which in turn renders crisis communication dynamic. Preparation 
of appropriate messages is an ongoing task during the different crisis phases, 
depicted in Fig. 6.1.

Most people conceptualize crisis communication at the beginning of the crisis, 
the “Start” phase. However, crisis communication entails much more than that. 
Even before a crisis hits, organizations and communities need to be prepared. They 
need to monitor and recognize emerging risks, and educate and prepare the public 
for the possibility of adverse events. This is the time when trust should be built 

1 It is recognized that a series of scholars, scientists, practitioners and crisis experts have collabo-
rated to produce these manuals and publications.
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between institutions communicating risk and their different stakeholders. It is also 
prudent at this stage to form alliances with other partner organizations, create com-
munication plans, and build and test communication systems. Effective crisis com-
munication really starts before the advent of a crisis.

At the start of the crisis, one needs to quickly communicate the nature of the crisis 
and any other factual and warning messages to affected groups and the general public. 
Messages during this stage should aim at reducing emotional turmoil, convey reassur-
ance, and promote self-efficacy. The initial phase of a crisis is characterized by confu-
sion and intense media interest. Information is usually incomplete, and the facts are 
sparse. In this stage, it is appropriate to accept uncertainty, acknowledge limitations in 
information gathering, and explain that investigations are underway. The “don’t know” 
answer from response organizations at this initial phase is effective and well received.

However, as the crisis goes into the maintenance phase, people and the media will be 
expecting more facts, solutions, and actions. Response organizations need to be able to 
communicate the causes of the crisis and steps taken to mitigate negative consequences, 
as well as any steps to prevent this type of crisis from happening in the future (if and 
when possible). This is a phase when showing you are in control is crucial in building 
trust with one’s publics. Communication objectives during the crisis maintenance phase 
include ensuring that the public is updated, understanding ongoing risks, and knowing 
how to mitigate these risks. It also entails a dialogue with the affected public and filling 
gaps in communication (such as correcting misunderstandings or clarifying guidelines).

The resolution stage of a crisis is often a missed opportunity for organizations. This 
is the time when the crisis is largely behind them. It is the time to celebrate the wins and 
reflect on what has occurred. Communication objectives for the resolution phase include 
explaining recovery and facilitating broader-based discussions on causes, responsibility, 
resolutions, and adequacy of the response. This is the stage when continued messages 
for preparedness should be communicated, along with positive brand images for 
response agencies and organizations. Finally, the assessment stage involves evaluating 
the effectiveness of response and going full circle again to the pre-crisis stage, so that 
lessons learned can feed crisis communication plans.

As such, crisis communication never stops; it is a never-ending activity, with dif-
ferent messages directed to different stakeholders in each stage of the crisis. Since 
the communication loop is continuous, there is also continuous improvement in 
terms of responding to future crises.

6.4.2	 �Elements of Effective Crisis Communication

As Fig. 6.2 shows, there are four core elements to effective crisis communication: 
transparency, speed, accuracy, and empathy. Once an organization achieves the right 

Pre-crisis Start Maintenance Resolution Assessment

Fig. 6.1  Stages of a crisis
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balance of these core elements, it establishes credibility and trust, which guarantees 
success in its communication with the public.

Transparency has traditionally been the most difficult to tackle, as there are a 
number of barriers to public organizations being open and transparent. Those 
include real or perceived competing interests (usually economic); spokespersons 
who do not wish to share bad news; fear that the media will use the information in 
a negative or sensational way; concern that the bad news will cause panic; and the 
(almost always false) hope that “if you say nothing, nothing will happen.” Experience 
has again and again shown that the result of this approach is loss of control. 
Especially nowadays with increased media convergence, connectivity, and interac-
tivity, audiences expect openness and candor. In cases where crisis communication 
also entails risk communication, the element of transparency is paramount, since 
affected populations are not likely to follow guidelines by organizations or officials 
whom they do not trust.

Speed of communication is equally important. Being first to communicate estab-
lishes the organization as the primary source of information and gives the opportu-
nity to control the narrative from early on. Speedy responses suggest that there is a 
crisis response system in place and that appropriate actions are being taken by the 
appropriate experts and staff. In the absence of an organization’s early announce-
ment of a crisis, the public will look to other sources of information, which may 
spread rumors and/or promote different agendas.

One of the primary dilemmas of effective crisis communication therefore is to be 
speedy without sacrificing accuracy. It is obvious that responding quickly with the 
wrong information or poorly developed messages damages credibility. The factual 

Speed

Accuracy

Transparency

Empathy

Fig. 6.2  Elements of 
effective crisis 
communication
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content of the message needs to be carefully crafted and double-checked for accu-
racy, especially when it comes to specific recommendations for action. Further, 
coordination and monitoring of other communication partners become very impor-
tant, as all credible sources need to speak with one voice. Inconsistent messages 
tend to cause confusion, increase anxiety, and quickly undermine the credibility of 
response disaster agencies.

Last, but certainly not least, crisis communication messages should convey 
empathy. There is a saying that perfectly applies in this case: “They don’t care how 
much you know, until they know how much you care.” Oftentimes during a crisis 
spokespersons are so focused on showing they are in control that they forget the 
human dimension. Disasters in particular are associated with loss of life, injuries, 
and large-scale financial losses. Showing caring in communications is thus very 
important in establishing trust with your audience. When one communicates during 
a crisis, it is important that he/she acknowledge fear, pain, suffering, and uncer-
tainty. Early on in the message, organizations through their spokespersons need to 
share in the sacrifice and discomfort of the emergency situation. This will also help 
them to be viewed as part of the community and ultimately create a tighter bonding 
among stakeholders.

6.4.3	 �Developing Key Messages for the Media

Accepting and involving the public and the media as legitimate partners in times of 
crisis increases the effectiveness of a disaster response. A best practice for develop-
ing communication messages is the 3 × 3 rule: prepare three key points that commu-
nicate your core messages, each accompanied by three “proof points” or supporting 
messages. Although the 3 × 3 is just a guideline, what is important to remember is 
that a multitude of messages and a lot of details will dilute the core message and 
may disorient the public. Key messages for the media should be designed to address 
the most common public and media concerns during emergencies:

•	 Risks (personal, family, and community).
•	 Information (who, what, where, why, and how).
•	 Process of decision making.
•	 Equality and fairness.
•	 Accountability (cause, blame, responsibility).
•	 Sensitivity to cultural norms and practices.

Along with the factual information disseminated, it is also important to recog-
nize and acknowledge anger, frustration, fear, outrage, or concern. It has also been 
shown that it is effective to provide a few positive points to counter negative infor-
mation, while trusted third-party endorsements make messages more credible. 
Regular press briefings and continuous open dialogue with the community are also 
elements of success.
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6.5	 �Conclusion

No disaster response is ever perfect and crisis events can develop in unexpected and 
often dramatic ways. This chapter has provided an overview for the need of effec-
tive crisis and emergency risk communication during disasters and a roadmap with 
guidelines on how to improve communication effectiveness during emergencies. 
Helping organizations and agencies maintain public trust, manage limited resources, 
and limit harm and disruption is critical. Understanding the crucial role media can 
play during disasters and working symbiotically with the media are key success fac-
tors in disaster response. Similarly, well-planned and well-executed crisis commu-
nication interventions, conceptualized within a continuous communication lifecycle, 
are central pieces of effective disaster preparedness and response systems. 
Communities worldwide thus need to invest in communication as a core element of 
their readiness to respond to crises now and in the future.
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7.1	 �Scenario

Superfast XII has just arrived in Rhodes and the disembarking started. Suddenly, an 
explosion is heard from the cargo area, and the field is full of smoke. There are spots 
of fire everywhere. People running all over, passengers are ejected into the sea; bod-
ies are spread on the disembarking area. Coast guard headquarters receive the mes-
sage of the incidence.

What is your action plan? How many are injured? Is there a way to recognize the 
critically injured? Are there enough resources to deal with the critical patients? Who 
will approach the scene?

7.2	 �Introduction

The main challenge when dealing with a major incident is finding the best way to treat 
outnumbered casualties. According to its definition, always the casualties exceed the 
number of the responders and the duty of the incident officer is to prioritize their treat-
ment. The need for a patient selection was recognized in early historical years.

7.2.1	 �History

Since the Trojan War, we have the first written reference on a draft priority system. 
Later on, during the Napoleon’s wars we had the first essay on a systemic selection 
system that was called triage. The term «Triage» comes from the French verb 
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«trier» meaning “to select.” It was first reported in the Napoleon wars by the doctor 
Dominique Jean Larrey.

7.2.2	 �Triage

Triage is a mandatory prioritizing system for any mass casualty incident—MCI.
ΜCI is any incident in which emergency medical services resources are over-

whelmed by the number and severity of casualties [1–4]. This could be a natural 
disaster, like earthquakes, floods, volcanos, avalanches, forest fires, blizzards, 
etc. Or it could be man-made, like industrial, transport, or even an epidemic 
incident. Nowadays, military, terrorism, and all the kinds of warfare are a poten-
tial MCI for every country. All the emergency services worldwide now recog-
nize the need for triage training in order to command and control a massive 
incident [5].

It is axiom that the only way to deal with such an emergency is to use a prioritiz-
ing system for the patients. In normal urban circumstances, the philosophy of emer-
gency medicine is to provide the best possible care for each casualty [6]. This is not 
possible in a massive event. A system to select the patients that you need the most is 
the cornerstone for a “successful” management in mass casualties.

Triage systems provide a simple and fast algorithm to recognize the life-
threatening injuries and deal for most of them urgently. The quickest way to do 
this is by performing a gross selection of those who can wait for more than 4 h 
before they receive any care. All the modern systems do that as their first action. 
At most of the times this would cover the 65% of all involved victims. Then 
selecting those who should be treated urgently and those who can wait 2–4  h 
becomes easier. All systems use a numeric and a color code which is the same 
(Fig. 7.1). The letter “P” stand for priority and letter “T” stands for treatment, 
according to different systems.

P T Description Colour

1 1 Immediate Red

2 2 Urgent Yellow

3 3 Delayed Green

1 hold 4 Expectant Blue

Dead Dead Dead White/Black

Fig. 7.1  Classification 
of injured
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Triage is a dynamic process over time and it should be repeated regularly. It is 
also escalating according to the facilities taking place or the available resources. 
There is the draft selection done in the field (the first response phase) which is 
simple and fast, and done preferably by low -level health professionals or fire-
men. Then at the Casualty Collection Point (First Aid Station), there is a more 
detailed triage done by higher level professionals, more accurate but it takes 
more time.

After the initial treatment, the priority might change to better or worse, and a new 
selection is made for transportation. And then, when arriving to hospital, new and 
more sophisticated selection system is performed in the emergency department. For 
those who need surgical interventions, an upgraded selection system chooses who 
goes first in the operating theater, and after that who goes first in the intensive care 
unit. So, triage is an ongoing and evolving process in order to treat the correct 
patient at the correct time and with the appropriate means.

In modern emergency and disaster medicine, this system evolved in a well-
organized and evidence-based system, helping the responders to take difficult 
decisions: which patient, with what injuries, should be treated in a specific time-
frame, and then transported to the right health facility, by the right transporta-
tion mean.

7.2.3	 �Interventions in the First Response Phase

First responders have the ultimate responsibility of choosing who gets help and 
how. This is a very hard decision and must be made in the split of a second. Following 
a validated algorithm is very helpful and makes the triage a very fast and, almost, an 
accurate process.

Medical interventions in the first response phase are limited. This is because of 
the low availability in health professionals and resources. Those accepted by the 
most validated triage systems worldwide are: basic airway maneuvers, turning the 
casualty in recovery position and stopping the life-threating hemorrhage [7]. If none 
of those help, then the casualty is considered dead. A rather new system, the SALT, 
encourages professionals to make more, like providing rescue breaths to pediatric 
casualties, chest decompression, and providing antidotes, which is more time-
consuming and requests more resources.

The main goal in all systems is avoiding waste of recourses on casualties with 
low probability of survival. There are more similarities in between them, but those 
we could highlight are:

•	 Triage is a dynamic process
•	 Stop, look, listen and think
•	 No more than 30 s on each patient for the initial triaging
•	 Common color coding (red-yellow-green)
•	 Do more for the most
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7.3	 �Triage Systems

•	 Available prehospital triage systems
•	 Triage labeling
•	 Choosing the best system
•	 Moving casualties during the first response phase
•	 Human recourses management
•	 Supporting the staff

There are a few triage systems around the world with variabilities according to 
local needs and clinical governance [8]. All of them have their strong points and 
their pitfalls, but deep inside, they all follow the same principles [9]. Decision is 
based according to the prevalence of dying within minutes, hours, or days. This is 
mostly orientated by the CABCDE steps. The treatment facilities are another factor 
affecting the triage system. Prehospital environment is certainly different than the A 
& E of a hospital, the operating room, or the ICU. So, it is the decision-making 
system we should follow according to where we are and the recourses available. 
Moving from prehospital toward the more sophisticated recourses (ICU, OR), the 
triage system is more detailed and more accurate.

We will take you through the most popular systems used for prehospital triage 
worldwide. It is true that although they have some differences, if used at the same 
patient, they all give the same result. Yet, there is not enough evidence to support 
any of them, so the system used is chosen by the local or national health authori-
ties [10].

7.3.1	 �START—Simple Treatment and Rapid Transport

Triage START—Simple Treatment and Rapid Transport system (Fig.  7.3)—was 
established in the United states in 1983 [9], from the Newport Beach Fire 
Department, in order to categorize treatment of the casualties in a major incident. 
Nowadays, it is used for triaging adults in most of the States and European Countries. 
It is considered a simple and a fast procedure [11], requiring 30–45 s per patient, 
based on the mnemonic 30–2–Can do (Fig. 7.2). Again, it follows the ABCDE rule 
and the only intervention allowed is the airway opening, and controlling the life-
threatening bleeding.

Initial assessment is based on guiding the walking wounded into a controlled 

area. This is the easy way to separate the third category MINOR  that can be treated 

Respirations: Is the patient's respiratory rate over or under 30? 30

Perfusion: Is capillary refill over or under 2 seconds? 2

Mental status: Is the patient able to follow simple commands? Can Do

Fig. 7.2  30–2–Can do—mnemonic
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by basic first aid, or even assist in treating other casualties. Statistically this covers 
the 50–60% of the injured (Fig. 7.3).

Next step is assessing breathing of the remaining casualties. If a casualty is not 
breathing, we open the airway and reassess. If still not breathing, he is categorized 

as EXPECTANT . CPR is contraindicated in MCI. Limited time and recourses will 

end up in low-quality resuscitation and an increase in reversible deaths.

If he starts breathing, he is prioritized IMMEDIATE . Next step is to check respi-

ratory rate. If the rate is above 30, the casualty is an IMMEDIATE . If less than 30, 

we proceed in checking capillary refill time, with major bleeding control at the same 

time. If it is increased (more than 2 s), the casualty is an IMMEDIATE . We then 

EXPECTANT

IMMEDIATE Red Triage Tag Color

DELAYED Yellow Triage Tag Color

MINOR Green Triage Tag Color

START Adult Triage

Yes

Yes

No

No

Able to
walk?

Spontaneous
breathing

Respiratory
Rate

Perfusion

Radial pulse
Present

Radial pulse absent

or capillary refill > 2 sec

or capillary
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Fig. 7.3  START—triage system
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check if he obeys simple orders. We ask him to move arms or legs, or squeeze our 

hand. If he obeys, then he is a DELAYDED; if not, he is an IMMEDIATE .

Triage is the key to success in a major incident. If the first responder is engaged 
in treatment and delays, precious time will be lost. Continuous reassessing is the 
cornerstone of the procedure, and labeling is very important to state the job is done.

According to START triage system tags label include:

•	 MINOR  injuries: Any injuries can be treated with first aid

•	 DELAYDED injuries: Injuries required medical treatment, but not life threatening

•	 IMMEDIATE  injuries: Life threatening injuries

•	 EXPECTANT  injuries: Morgue/dead

7.3.2	 �Jump START Pediatric

Dealing with pediatric casualties during an MCI is stressful for all of us. Empathy 
for the juniors, vital signs differences, and the challenging communication are 
proved to stress the rescuers significantly. This is why JUMP START Pediatric is so 
significant (Fig. 7.4). Classifying tiny patients, having in mind all those differences, 
and performing the first life-saving interventions are done in a systematic way. Of 
course, there are always children with a body image of an adult, regardless the age. 
Treating them as children or adults is the first responder’s call.

First described in Miami (1995), at the Florida Children’s Hospital by Dr. Lou 
Romig [12], and Published in 2001 [13], but not validated by that time [14], this 
system is the most frequently used in pediatric patients all over the United States.

As the START, patients are categorized through three simple steps, starting with 
those who can walk and should be guided to a designated area. That way you have 

your MINOR  category that can be treated with basic first aid.

Then we proceed by checking the airway. For those who are not able to breath, 
we perform simple maneuvers to open the airway. If they start breathing, they are 

IMMEDIATE . If they are still not breathing, we check for pulse. If no pulse is pres-

ent, they are EXPECTANT . If there is a pulse, we give five rescue breaths. If still 

not breathing, then it is an EXPECTANT . If he starts breathing, he is an IMMEDIATE .

You see that giving rescue breaths is the main difference from the adult’s START, 
following the cardiac arrest algorithm for children. But still, CPR is not indicated 
for the same reasons, as always mentioned.

Then we go on by counting the respiratory rate. Normal to those ages, it is 

between 15–45 bpm. If they have a rate outside those limits, it is an IMMEDIATE . 

If breathing is normal, we perform an AVPU neurological estimation. If they are in 

A or V, they are DELAYDED; if on P or U, they are IMMEDIATE .
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Fig. 7.4  Jump START system
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According to Jump START Pediatric triage system tags label include:

•	 MINOR  injuries: Any injuries can be treated with first aid

•	 DELAYDED injuries: Injuries required medical treatment, but not life threatening

•	 IMMEDIATE  injuries: Life threatening injuries

•	 EXPECTANT  injuries: Morgue/dead

7.3.3	 �Triage Sieve

Triage sieve is used in the United Kingdom and the commonwealth (Fig. 7.5). It is 
a rather modern system coming from simplifying the START system. The main 
benefit is that within the ambulance systems of the United Kingdom, the fire service 
and all the other emergency services are universal. They all get the same training, 
including the Armed Forces, and run national joined exercises giving a unique com-
mon language. The other important aspect is that it is a flexible system that can 
change immediately according to the national needs in very short time. It is based, 
of course, at the same ABCDE principles, but it was the first to adapt the cata-
strophic bleeding first step almost immediately after the 7–7 terrorist strike in 
London. This was the first triage system to introduce the CABCDE, giving priority 
in dealing with major bleeding.

The first step is to treat the catastrophic (life-threatening) hemorrhage by applying 
pressure dressings or tourniquet, and that immediately makes them priority 1 (red).

Then remove the walking casualties, or the uninjured, by asking them to help 
themselves and others away from the incident scene, pointing them an area to sit 
and wait (priority 3-green).

Then, walking among the casualties check if they are breathing. If they are not, 
you perform a jaw thrust and reassess. If they start breathe and are unconscious, 
they are priority 2 (yellow). If they are still not breathing, they are dead. If someone 
is breathing, you count their breathing rate for 10 s. If they have less than 10 or more 
than 30 breaths per min, they are priority 1. If they RR is between normal rates, then 
we assess the heart rate or the capillary refill. If they have more than 120beats per 
min, or CR > 2 s, they are priority 1. If they have less than 120 bpm or CR less than 
2 s, they are priority 2.

The triage SIEVE categories are:

•	 P 3 injuries: Any injuries can be treated with first aid

•	 P 2 injuries: Injuries required medical treatment, but not life threatening

•	 P 1 injuries: Life threatening injuries.

•	 DEAD  injuries: Morgue/dead.
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7.3.4	 �SALT—Sort, Assess, Lifesaving Interventions, Treatment 
and Transport

The SALT system [15] is a modern improved way to perform triage (Fig. 7.6). It 
was created in an effort to have a common system in the whole United States [9, 16].

Triage is performed in three levels. In the first level, we perform a draft estima-
tion according the victim’s movements. Those who walk are priority 3 and they will 
be taken care as last. Those who move their arm are 2, and they will be treated after 
we treat the first group. Those who do not move at all or have life-threatening 
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Fig. 7.5  SIEVE triage system
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injuries are category 1 and need to be treated first. This step gives a rough idea to the 
rescuers so they can organize their actions. This way, those with minor injuries will 
be guided away from the scene giving space to the responders to work.

In the second level, we proceed to a tailored approach in recognizing those in 
need for life-saving interventions (LSI). At this point, when the other systems count 
respirations and heart rate, SALT only worries if they exist or not. If not, we per-
form any necessary interventions, as:

•	 Control of catastrophic bleeding
•	 Airway opening
•	 Two rescue breaths in non-breathing children
•	 Chest decompression
•	 Providing antidotes

At the last level, after opening the airway we check if the casualty is breathing. 

If not, he is DEAD . If he is breathing, then we check (a) if he obeys in simple com-

mands, (b) if there is peripheral pulse, (c) if there is NO respiratory distress, and (d) 
if the catastrophic external bleeding is controlled. If all the above are a YES, and he 

has minor injuries, then the casualty is categorized as MINOR . If there are no 

minor injuries, he is a DELAYDED. If we have a NO in any of the above, we check 
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only?

Fig. 7.6  SALT triage system
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if he can survive according to the recourses. If not, he is an EXPECTANT ; if we 

can save him, he is an IMMEDIATE .

In general, SALT is a more active triage system, but needs to be done by trained 
health professionals, able to perform the LSI, and it is supposed to take as much 

time as any other system. The EXPECTANT  category added is used to pick up 

those who have a low survival rate in the given circumstances.
The SALT categories are:

•	 MINOR  injuries: Any injuries can be treated with first aid

•	 DELAYDED injuries: Injuries required medical treatment, but not life 

threatening.

•	 IMMEDIATE  injuries: Life threatening injuries.

•	 EXPECTANT–DEAD  injuries: Morgue/dead.

7.3.5	 �Triage Labeling

There are a few methods to state the triage category for patients [17]. They all fol-
low the colored system and their role is to:

•	 Indicate the priority of the casualty
•	 Indicate that triage has been done
•	 Be the first form of the patient’s record
•	 Be understood by all personnel involved in medical assessment and treatment

There are special cards (Figs. 7.7 and 7.8) with some common characteristics:

•	 They are waterproof, or they are in a plastic cover
•	 Easily identified

Fig. 7.7  Triage card
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•	 Have a sticky area (or Velcro) to stay on the patient
•	 They have some space to write the timings and the vital signs, and of course the 

name of the casualty
•	 They can be easily changed when priority changes (foldable or cross-like)

It is not important which one your service uses, as long as you understand the 
way they work, which is always pretty straight forward.

In case the triage cards are not available, you can always use any alternative, as 
soon as everybody understands what it stands for. For example, colored sticky tape, 
cloth pegs, or you can write the priority number with a marker (or a lipstick) on their 
forehead. Anything is acceptable as long as we all understand it.

Fig. 7.8  Triage cards
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7.3.6	 �Comparing the Available Triage Systems

Literature review cannot prove the superiority of any of the available systems. It is 
true that there is a lack of scientific evidence about the effects of validated pre-
hospital triage systems. We understand that running randomized or perspective tri-
als is practically impossible, and even if they were not, the statistical difference 
could not be significant since mass casualties (thankfully) is not an everyday issue. 
The lack of evidence in the superiority of a system does not mean they do not work. 
All of them have the same principles, and if they are used to the same patient, the 
priority ends up the same. Choosing one of them has to do with local governance 
and training traditions. Sometimes it can be an “ego” issue between systems, like 
the UK and USA EMS services that historically they tend to agree that they dis-
agree, but in the end they are doing the same thing. Judging from the results, all of 
them work and the services that they use can work effectively in those adverse 
situations.

So, which one should we choose? [10, 16, 18–20] We have the feeling that each 
one of them is efficient. Choose the simpler one that is closer to local training habits 
and can be reproduced between different areas and different emergency services. 
Since Fire Service and Ambulance Service need to work side by side, it is manda-
tory to have a common system to achieve a smooth patient flow. It would be ideal if 
a pan European system was adopted, when dreamers can wish for a universal triage 
system, even though we all know this is not going to happen.

7.3.7	 �Moving Casualties During the First Response Phase

The primary transportation happens when enough hands are available, to move 
patients from the incident scene to the Casualty Station (or First Aid, or Medical 
Station), the safe spot where medical staff can provide life-saving interventions, 
before getting victims to the hospital.

Transferring priority is based on the triage already done on scene. So, it is essen-
tial that all moving personnel can identify the triage labeling. This is important 
mostly when untrained volunteers are involved in the process.

The other main issue is that during this initial moving, spine control is not neces-
sary since it wastes equipment and personnel on a hypothetical risk. Moving should 
be done by one or two rescuers using handling techniques with minimum equip-
ment. There are some techniques well established, but sometimes according to the 
circumstances we need to improvise and use any method we can make off or modify 
one of the already tried, using your imagination.

We will report the most common, but one can find numerous online since trans-
porting a patient could be as inventive as a KAMA SUTRA textbook.
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7.3.8	 �One Rescuer

	1.	 Drag from clothes
We drag patients’ clothes from the shoulder region, keeping his head between 

our two forearms. And alternative could be dragging him from his belt or vest or 
his trousers, according to access limitations (Fig. 7.9).

	2.	 Fireman’s method
•	 Apply our feet against the victim’s feet.
•	 We drag his arms while we are bending our knees.
•	 We kneel to the floor and let his weight drop over our shoulders.
•	 We slowly stand up keeping our weight center on a wide base by spreading 

our legs slightly (Fig. 7.10).
	3.	 Supporting the casualty

A casualty that can walk is supported by the rescuer having his arm over his 
shoulder (Fig. 7.11).

	4.	 Rautek maneuver
The rescuer has his arms under the casualty’s armpits and grabs one of his 

arm, walking backward (Fig. 7.12).

7.3.9	 �Two Rescuers

	1.	 Supporting
Two rescuers support the victim to walk by holding him under his arms 

(Fig. 7.13).
	2.	 Carrying

The first rescuer encircles the victim’s chest by placing his arms under his 
armpits, and the second is holding the legs (Fig. 7.14).

Fig. 7.9  Drag from clothes manoeuver
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7.3.10	 �Using Special Equipment

Special equipment like trolleys, scoop-stretchers, army stretchers, baskets, etc., may 
be available. These require that there is enough manpower to use them properly, 
most unlikely in a mass casualty incidence, and it will be discussed in another chap-
ter of this textbook.

7.3.11	 �Casualty Clearing Station—Casualty Collection Point

With the above methods, victims will be collected in a pre-specified area where they 
can receive medical treatment. Gathering all patients to a dedicated and protected 
area has the benefit of keeping the medical personnel and equipment in a space in 
order to treat more than one patient at the same time.

Choosing the most appropriate location and the characteristics that this should 
comply with will be further discussed in the appropriate chapter.

Fig. 7.10  Fireman’s method
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7.3.12	 �Human Recourses Management

During the MCI, one should not forget the staff. Working in such an incident is very 
hard, physically and emotionally. Remember that staff should have short breaks, 
something to eat and plenty of water to drink. In organized systems, a job-allocated 
person would be responsible for the staff welfare, but in most early stages, this 
should be your responsibility as well. Make sure that they take a break because 
tiredness can cause accidents and you do not need more accidents.

Fig. 7.11  Supporting the 
casualty
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7.3.13	 �Supporting the Staff

When the incident comes to an end, you should make sure that all the involved per-
sonnel are safe. For this reason it is essential to keep a record of the people on site. 
This is also very important when urgent evacuation is needed due to a safe issue 
(e.g., fire).

The moment the last casualty is gone to the hospital, equipment should be 
collected and the rescuers should have a drink and an opportunity to get 
debriefed. Your focus now should be on saving the lives of your rescuers. Let 

a b

c

Fig. 7.12  Rautek maneuver
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them express their grief and try to encourage their strong points; how many have 
been saved, not how many have been lost. Try to relieve their pain and save them 
from some nightmares.

7.4	 �Summary

The selection of the patients who need urgent medical interventions is the only way 
to save as many lives as possible, when the resources are limited. It is true that 
health professionals recognize the necessity of hard decisions in a split of a second. 
And it is indeed the only incident that may haunt our lives forever. No matter how 
hard you try, no matter how trained you are, you can’t save them all, you never save 
enough, and you have to live with it.

Continuous education and training [2, 7, 10, 18, 21, 22] is mandatory to prepare 
ourselves for MCI. Triage is a fast and dynamic process with sometimes an unpre-
dictable outcome. The first responder actions are very crucial for the successful 
control of such incidents, and training is the only way to get there.

Fig. 7.13  Two rescuers 
maneuver, supporting
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7.5	 �Scenario Continued

Triaging is the first step in getting in order such a chaos. “Do the best for most” is 
the main moto, and this will orientate the use of facilities and resources appropri-
ately. That statement creates the need of establishing a reliable and fast method to 
categorize the casualties and prioritize our treatment.

Your first action as a first responder is to communicate with control and give 
them a detailed report on the incident. This will activate the system of response. The 

Fig. 7.14  Two rescuers 
maneuver, carrying
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next step is to pick up a casualty gathering spot, safe and easy to access. Then ask 
all the walking wounded to exit the scene and guide them to the casualty station. 
Then triage should start. Until more help arrives, you should not try to treat any 
casualty. Triage them, tag them, and wait for help. The aim of this chapter is to pres-
ent the available systems in prehospital care in most parts of the world. Training and 
having a common system within services will improve our performance in such 
incidents.
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Medical Evacuation of Emergency 
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8.1	 �Medical-Evacuation Measures: Concept and Essence

Medical evacuation is an integral part of medical-evacuation activities.
Medical evacuation means removal (withdrawal) of those affected from the 

lesion site, and their transportation until the stages of medical evacuation for timely 
medical treatment. Medical evacuation is a forced measure since it is impossible 
(there are no conditions) to organize comprehensive care and treatment in the area 
of mass sanitary losses.

Medical rescue of persons affected and their evacuation from impact zones are 
arranged through a phased treatment and evacuation process [1–4].

The medical evacuation phase requires public health care facilities to be deployed 
on routes of medical evacuation for reception, triage, specific aid to persons affected, 
and (when necessary) their preparation for further evacuation.

Currently, affected people undergo a 2-phase treatment and evacuation prior to 
being brought to destination.

The first phase of medical evacuation meant for premedical and first aid is 
unleashed in medical institutions, medical emergency stations that survived in a 
disaster area and are deployed by first aid teams, paramedics, and doctor-nurse 
teams that arrived in the disaster area from nearest health facilities, as well as in 
medical stations of military units drawn for rescue operations.

The second phase of medical evacuation is unleashed in medical facilities exist-
ing and operating outside the disaster area, and also in additionally deployed medi-
cal facilities for extensive medical support, both quality and specialty to treat 
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affected people all the way through.Different transportation facilities are used to 
evacuate affected patients.

In peacetime and wartime, in case of emergency, medical and unadapted vehicles 
tend to be one of the primary means of evacuation across a “disaster area - nearest 
medical facilities” link [5, 6]. If necessary, air transport can be used for evacuation 
to specialized centers in the region or country. As sanitary evacuation and adapted 
transport will always be insufficient, and unadapted transport means have to be used 
to evacuate especially badly injured patients, it is necessary to comply strictly with 
the requirements of evacuation and transport triage.

The most difficult thing regarding organization and techniques in the emergency 
zones is to evacuate (remove, withdraw) those affected by the debris and seat of fire. 
If it is impossible to reach the affected by vehicles, they will be pulled out on stretch-
ers by improvised tools (boards, etc.) to the point of possible loading on transport 
(by relay-race method).

Pickup points are chosen as close as possible to the sites of destruction, out 
of contamination and fire zones. In order to provide treatment of the casualties 
in the places of their concentration, ambulance staff and rescue parties are sent 
till the arrival of emergency teams and other units. First aid, evacuation and 
transport triage and arrangement of the loading platform are provided in these 
places.Evacuation by all types of vehicles is prohibited in the following 
cases [1, 7]:

–– 2nd and 3rd-degree shock
–– irretrievable loss of blood,
–– terminal state,
–– wounds and injuries of the skull and brain followed by loss of corneal and papil-

lary reflexes, brain compression syndrome, meningoencephalitis, ongoing 
liquorrhea,

–– post-tracheostomy (prior to establishment of sustainable external respiration),
–– open eye injury potentially threatened by loss of membranes, bleeding or threat 

thereof, signs of endophthalmitis, sharp intraocular pressure caused by burnt 
eyeballs,

–– severe respiratory failure, pleural empyema, and a septic state with breast wounds,
–– diffuse peritonitis, intra-abdominal abscesses, acute intestinal failure, and threat 

or eventration signs of internal organs,
–– suppurative urinary stasis, septic state in case of injuries of urogenital sphere,
–– acute purulent-septic complications of wounds in case of injuries of long bones, 

pelvic bones, and large joints,
–– anaerobic infection and tetanus,
–– thrombosis of major vessels, state after ligation of external and common carotid 

artery (before removal of sutures),
–– fat embolism and pulmonary embolism,
–– acute hepatorenal failure,
–– combined radiation injuries with irradiation equal to or above the dose of 6 g.
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8.2	 �Main Triage Features

When in an emergency, 25–30% of affected patients need urgent medical measures 
appearing to be most efficient in the first hours after trauma. There is a severe need 
to choose—the priority should be given to the worst injured patients with chances 
to survive [8, 9].

Triage is a method of splitting injured people into groups according to the 
urgency of need of homogeneous medical and evacuation activities, depending on 
the medical indication and specific situation.

Triage includes prompt medical assistance and rational evacuation of 
injured people.

Triage is characterized by

–– concreteness,
–– succession,
–– continuity.

Triage starts in casualty collecting points, continues across medical evacuation 
right up to all functional divisions. The triage scope is based on tasks assigned to 
functional divisions, a stage of medical evacuation, in the whole, and environmental 
context.

Types of triage. Depending on objectives set on stages of medical evacuation, 
there are two types of triage: in-point and evacuation transport.

In-point triage will assign injured people to groups according to the severity 
level of injury, a potential danger for the environment, to determine the need for the 
medical intervention and its priority and to assign a functional division (medical 
facility) of an evacuation phase (EP) in order to arrange medical intervention.

Evacuation Transport triage will split injured people into uniform groups to set 
evacuation priority and type of transportation (vehicle, air, etc.), will determine the 
position of the injured on evacuation means (lying, sitting), and identify a destina-
tion. Sensitive factors: condition, the severity level of injured, localization, charac-
ter, and severity of the injury. These must be addressed through diagnosis, forecast, 
condition, and outcome; otherwise, it is impossible to deliver adequate triage.

Triage is based on three key features:

–– Danger to others
–– Medical indications
–– Evacuation indications
–– Danger to others determines the degree of need of sanitary and special treatment, 

isolation of affected patients.Therefore, affected persons are divided into the fol-
lowing groups:

–– in need of special (sanitary) treatment (partial or total),
–– subject to temporary isolation (in infectious and psycho-neurological medical 

isolation facilities),
–– not in need of special sanitary treatment,
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–– Therapeutic indication—the degree of patients’ need of medical care, priority 
and place (medical division) of its provision.

–– According to the extent of need of medical care in appropriate divisions during 
evacuation phases, affected people are divided into those:

–– in need of emergency medical assistance
–– not in need of medical assistance (assistance may be postponed)
–– with traumas incompatible with life and in need of symptomatic aid to relieve pain

Evacuation sign—necessity, the order of evacuation, transport mode, and the 
position of the affected in the transport. Based on these features, the affected per-
sons are divided into groups:

–– subject to evacuation outside the hearth, taking into account the evacuation des-
tination, priority, method of evacuation (lying, sitting) and the mode of transport,

–– subject to staying in a given medical institution (non-transportable, depending on 
the severity of their state) temporarily or until the outcome,

–– subject to returning to a place of residence (resettlement) or short-term delay in 
the medical stage for medical observation,

–– Particular attention is paid to the identification of those affected dangerous to 
others and in need of urgent medical care.

–– The optimum composition of the triage team for the affected on stretchers: a doc-
tor, a paramedic (a medical assistant), two nurses, two registering clerks. For the 
walking affected (patients), the triage team is composed of a doctor, a nurse and 
a registering clerk (Fig. 8.1).

Fig. 8.1  Triage team
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The sequence of practical medical triage is as follows: a nurse, a paramedic—
first a doctor identifies the affected (patients) who are dangerous to others. 
Afterwards, those affected in need of medical care and according to the urgency are 
identified by means of a brief inspection (external bleeding, asphyxia, convulsive 
state, and childbirth) and thus performing a “selective” triage (Scheme 8.1).

The priority is given to children and women in childbirth. After that, the medical 
staff moves to a consistent (“conveyer”) examination of the affected (patients): a 
doctor, a nurse, and a registering clerk are with one of the patients, while a para-
medic (a nurse), a nurse, and a registering clerk are with the other one. Having taken 
a triage decision for the first affected person, the doctor moves to the next one and 
receives information over the state of the affected person from a paramedic (a nurse) 
and, if necessary, completes the survey with personal information. After triage deci-
sion regarding the second affected person, the doctor moves to the third one. A 
paramedic with a registering clerk examines the fourth patient and fills in the medi-
cal documentation [3, 10].

The doctor 
examines the 

affected 
himself, makes 

the sorting 
decision and 
moves to the 
affected No.2

The doctor 
takes the sorting 

decision 
according to the 

nurse, signs 
primary card 
and moves to 
the affected 

No.3

The doctor 
examines the 

affected 
himself, makes 

the sorting 
decision and 
moves to the 
affected No.4

The doctor 
takes the sorting 

decision 
according to the 

nurse, signs 
primary card 
and moves to 
the affected 

No.5

The nurse 
defines a 

condition of the 
affected, fills 
primary card, 
reports to the 

doctor and 
moves to the 
affected No.4

The nurse 
defines a 

condition of the 
affected, fills 
primary card, 
reports to the 

doctor and 
moves to the 
affected No.6

#1 #2 #3 #4

AFFECTED PERSONS 

Scheme 8.1  The scheme of survey of victims at medical triage and actions of triage crew
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The results of the medical triage are registered in the primary health card (Form 
100), medical history (Fig. 8.2).

a

b

Fig. 8.2  Primary medical card: front side (a); reverse side (b)
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Primary Medical Card (Form #100  in Azerbaijan) is a document of personal 
medical records, designed to ensure succession and consistency to provide medical 
assistance to the wounded, affected, and sick in advanced stages of medical evacu-
ation. A completed medical card has a legal significance—it indicates the fact of 
injury (disease) and grants an affected person (patient) with the right to be evacu-
ated to the rear.

At the stage of medical evacuation, where first medical aid is provided to the 
wounded, injured, or sick person for the first time, a front side of the primary medi-
cal card and its counterfoil are filled in.

A registration clerk completes the passport part of the card and its countercard; 
he circles the numbers of the assigned measures of medical care under the doctor’s 
dictation and enters additional activities in free lines. The numbers of assignments 
are transferred to the counterfoil of the card. The marks of the performance of the 
medical prescriptions are marked by underlining the names of the corresponding 
medical measure in the card. Afterwards, the counterfoil is cut off the card and is 
left at this stage to produce a regular report on the health service. The completed 
card is signed by the doctor, stamped by the division and together with the evacu-
ated patient (affected or sick) is sent for the next stage of the medical evacuation. At 
that, the medical card is attached to the bandage of the injured person, or is put in 
the left pocket of his overclothes.

While completing the front side of the card, the necessary data is recorded in the 
space provided. To indicate the type of sanitary losses, there are symbolic figures on 
the front side of the card and its counterfoil. To identify the nature and location of 
the injury, human silhouettes are used on the front side of the card.

In case of application of the tourniquet on the limb, hours and minutes of appli-
cation are indicated. A mark of performance or non-performance of the special 
treatment is made. The nature of the injury is underlined, the location of injuries, 
burns, damages of bones and blood vessels are encircled. The order, mode of trans-
port, and directions for the evacuation of the injured person (patient) are marked in 
a similar way.

Colored strips on the edges of the card are designed in order to signal the next 
stage of the medical evacuation to the doctor of the triage team concerning the per-
formance of the urgent measures, which are necessary for the wounded (patient):

Red strips left in the cases, when an injured (patient) is in need of emergency 
medical care. If there is no necessity of urgent medical care, then the bar is cut off 
when the card is being completed.Yellow strip means the necessity of the sanitary 
treatment.

Black strip indicates the necessity of isolation of the wounded (patient) due to the 
infectious disease, reactive state, affection by the biological weapons.

Blue strip means the necessity to conduct special activities when affected by the 
penetrating radiation; the indications of the individual dosimeter are recorded here 
as well.

If an injured (patient) is in need of several medical measures at the same time, 
two or more colorful strips can be left on the card.
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The health care activities are recorded in the section “medical aid” on the front 
side of the card. It is necessary to record all necessary volume of medical care for 
the given stage of the medical evacuation. The records should be specific, clear, 
indicating the dosage of medication, the multiplicity and methods of their 
introduction.

Four triage groups in wartime and five groups in peacetime are distinguished as 
a result of triage (triage) (Scheme 8.2).

First triage group—severely injured people with the lesion incompatible with 
life and writhing in agony are in need of symptomatic aid; prognosis is unfavorable, 
they are not subject to evacuation.

Second triage group—affected with severe lesion and in need of emergency 
medical care; however, the prognosis may be favorable, the medical care is given to 
the affected persons falling under this group in the first place at this stage.

Third triage group—those with severe and moderate lesion, which do not pose 
an immediate threat to life. They are given medical care in the second turn, or may 
be delayed until the beginning of the next stage.

Fourth triage group—those who have injuries of moderate severity. Prognosis is 
favorable, medical assistance is provided at the next stage.

In emergency situation during peacetime, the fifth group stands out of the fourth 
group—those that have minor injuries, not requiring medical assistance at this 
stage, they are sent to the outpatient treatment.

Hospital medical institutions providing qualified and specialized medical treat-
ment for the majority of the affected (patients) represent the second final stage of 
medical evacuation. This determines a particular medical triage. They consist of the 
distribution of the affected to the corresponding groups.

1. Identifying infected, 
 dangerous to others:

reactive conditions,
infectious diseases
radioactive and chemical 
pollution

2. Identifying 
infected, needing of 

emergency assistance:

bleedings, 
asphyxia, 
spasms, 
unconsciousness, 
women in labor, etc. 
(2nd triage group)

3. Consecutive 
examination of the 
remaining victims

distribution to  1st, 3rd,
4th and 5th triage groups

Referral to appropriate divisions

Preparation of unit to receive a new influx of affected persons 

Scheme 8.2  Algorithm of carrying out medical triage
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The affected (patients) in the receiving-triage department are divided into the 
following groups (after distinguishing of the affected and sick persons, in need of 
sanitary treatment and isolation):

–– Those who require urgent medical care are sent to the appropriate functional 
units—a dressing ward, operating room, anaerobic, anti-shock and intensive 
therapy room.

–– Those with removed bandage that require triage are sent to the dressing room.
–– Those who require X-ray to confirm the diagnosis are sent to the X-ray unit.
–– All other affected persons and patients (including those who require to be sent in 

the second turn to the dressing and operating rooms) are distributed according to 
the specialized hospital departments.

To perform medical triage in each stage of medical evacuation, specifically 
designed triage evacuation is deployed. As a rule, their composition includes:

–– triage station,
–– triage platform,
–– reception and triage tent (tents, wards, units),
–– evacuation tent (tents, wards, units),
–– In all cases, medical triage should start with the allocation of the affected group, 

representing danger to others. This function is usually performed by the triage 
station, assigning “dangerous for others” to the isolation wards and platform 
(unit) of special treatment.

–– The rest wounded and sick are sent to perform triage on the triage platform and 
triage tent (Fig. 8.3).

8.3	 �Types of Medical Care (Identification, Place 
of Performance, Optimal Timeliness to Render Its 
Various Types, Attracted Forces and Means)

Type of medical care is a combination of therapeutic and preventive activities, 
established for a certain stage of evacuation.

The following types of care are distinguished in the system of staged treatment 
of the affected and patients with their evacuation according to the assignment: first 
aid, predoctor care, first medical assistance, qualified medical assistance, and spe-
cialized medical assistance [5, 11–13].

First aid is a set of simple medical activities provided on the spot as a self and 
mutual aid by the sanitary helpers (in wartime), personnel of rescue formations, 
search-and-rescue services (in peacetime) with the use of basic and available tools. 
The optimal term is up to 30 minutes upon the receipt of the lesion [14, 15].

The purpose of the first aid is to halt the exposure of the damaging factor, elimi-
nation of the life-threatening events, and prevention of dangerous complications.
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Predoctor care is a paramedical personnel of the deployed units (usually in 
peacetime), with the purpose to prevent life-threatening disorders. Optimal term is 
1–2 h. Authorized equipment is used for the predoctor care.

First medical assistance is provided by general practitioners in the Medical 
Detachment (MD), Mobile Medical Detachment (MMD) (in wartime) and by 

Fig. 8.3  Deployment of the field hospital (North Border in Azerbaijan)
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doctors of medical and nursing teams, working at the assembly point of the affected 
or deployed units of the medical assistance (in peacetime), with the purpose of elimi-
nation of the consequences of life-threatening lesion, prevention of the development 
of complications (shock, wound infection), preparations for further evacuation. The 
optimal term is 4–6 h (Fig. 8.4).

Fig. 8.4  Medical staff during active work in a field hospital. (North Border in Azerbaijan)
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Qualified medical assistance is performed by doctors-surgeons and therapists in 
mobile formations, multidisciplinary medical institutions, already existing or addi-
tionally deployed (both in peacetime and wartime). It is intended to eliminate effects 
of life-threatening injuries and diseases (Fig. 8.5). The optimal term is 6–12 h.

Fig. 8.5  Mobile formation. X-Ray Unit
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Specialized medical assistance represents the highest form of medical care and 
is exhaustive in its nature. It is provided by the appropriate specialists with the nec-
essary equipment, specially designed for the purpose of medical institutions no later 
than the day after the lesion [16].

The experience of elimination of many emergency situations strongly suggests 
that the list of activities of a particular type of medical care in real situation may be 
reduced or expanded. Nevertheless, the following requirements should be imple-
mented during all options of the volume of medical aid:

–– measures to eliminate life-threatening events have to be taken while rendering 
any medical assistance,

–– measures to prevent severe complications,
–– measures to provide transportation without any significant complications.

8.4	 �Volume of Medical Assistance

The volume of medical assistance means the “number” of activities conducted at the 
stages of the medical evacuation depending on the situation [17].

The content of the first aid depends on the nature of lesion [10, 16].
Both in peacetime and wartime, the following activities are included in the list of 

first aid in case of traumatic injuries:

–– withdrawal of the affected from the debris and destroyed shelters,
–– restoration of the patency of the upper respiratory tract,
–– artificial ventilation,
–– external cardiac massage,
–– temporary arrest of bleeding with all available means,
–– adjustment of sterile dressings on the wound and burnt surfaces,
–– transport immobilization,
–– assistance in provision of the physiologically advantageous position for the 

affected,
–– adjustment of occlusive dressing in case of open pneumothorax,
–– introduction of anesthetics, etc.

The list of measures in case of burns also includes extinguishing of the burning 
clothes.

In the hearths with the release of emergency hazardous substances (EHS) or with 
the application of the chemical weapons by the enemy, the first aid should be pro-
vided in the shortest terms (in the first minutes of lesion) and includes [18]:

–– use of personal protective gear,
–– provision of antidotes, sorbents, and gastric lavage without a probe,
–– performance of partial sanitization of the open parts of the body,
–– rapid evacuation from the hearth.
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When there are radiation accidents and in case of the use of nuclear weapons, 
the first aid includes [19]

–– performance of measures to stop the inflow of radioactive substances into the 
body (through air, water, food),

–– rapid evacuation outside the territory contaminated with radioactive substances,
–– use of means that arrest the primary reaction on irradiation, radio protectors, 

medication to protect thyroid,
–– partial sanitization of the open parts of the body, the removal of radioactive sub-

stances from the clothes, shoes, etc.

When mass outbreaks of infectious diseases in the heart of bacteriological (bio-
logical) infection, the first aid includes

–– use of available and authorized means of protection,
–– active detection and isolation of patients and people suspected in infectious 

diseases,
–– performance of emergency nonspecific prevention,
–– complete and partial special (sanitary) treatment.

Predoctor care includes

–– verification if the bandages are adjusted appropriately and if necessary, fix the 
adjusted bandages, tourniquet, immobilization,

–– adjustment of aseptic dressings, tourniquet,
–– adjustment of standard splint under the bad immobilization or its absence.

The elimination of asphyxia (cleaning of the mouth and throat, if necessary 
introduction of artificial airway, oxygen inhalation, mechanical ventilation of lungs):

–– introduction of anesthetics,
–– re-introduction of the antidotes according to the indications,
–– performance of additional partial sanitary treatment (in case of necessity),
–– simple measures against shock (warming at low temperatures, giving hot tea, 

introduction of anesthetics, cardiovascular means and medicaments that stimu-
late respiration).

First medical assistance. The total volume of the medical assistance consists of 
the measures that are held based on the urgency and activities, performance of 
which can be delayed.

Urgent measures are prescribed under the life-threatening conditions. They 
include:

–– elimination of asphyxia (aspiration of mucus and blood from the upper respira-
tory tracts, introduction of airway, ligation of tongue, excision or suturing of the 
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hanging flaps of the soft palate and lateral sections of the pharynx, tracheostomy 
according to indications, mechanical ventilation of lungs, application of occlu-
sive dressings under the open and pneumothorax, centesis of the pleural cavity or 
thoracentesis under stressed one),

–– arrest of the impaired hemorrhage (suturing or ligation of the vessel in the wound, 
application of hemostat or tight tamponade of the wound, control of the tourni-
quet and if necessary, its secondary application),

–– limb amputation (its segments) hanging on the flap,
–– arrangement of anti-shock measures (blood transfusions and blood substitutes, 

procaine block, introduction of anesthetics and cardiovascular medicaments),
–– catheterization or capillary puncture of the bladder under the damage of urethra,
–– partial sanitary processing and change of clothes,
–– introduction of antibiotics, anticonvulsants, bronchodilators, and anti-

emetic drugs,
–– gastric lavage with the help of the probe in case of contact with toxic substances 

in the stomach,
–– decompressive craniotomy (in wartime),
–– degassing of the wound under its infection with persistent TS (toxic 

substances),
–– application of antitoxic serum in case of poisoning by bacterial toxins and non-

specific prevention in case of affection by the biological weapon, etc.

The group of measures of the first medical assistance that may be delayed 
include:

–– elimination of flaws of the first medical and predoctor care (readjustment of ban-
dages and immobilization),

–– introduction of tetanus toxoid and antibiotics,
–– procaine block in case of limb injuries without signs of shock,
–– prescription of various symptomatic drugs in situations that are not life-

threatening for the affected.

Reduction of the first medical aid is performed at the expense of non-
implementation of measures of the second group.

Measures of qualified medical assistance are divided into two groups:

–– urgent,
–– measures that can be delayed.

Urgent measures of qualified surgical aid involve

–– final hemostasis,
–– elimination of asphyxia and establishment of sustainable respiration,
–– complex therapy of acute blood loss, shock, traumatic toxicosis,
–– treatment of anaerobic infections,
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–– surgical debridement and suturing of the wounds in case of open pneumothorax, 
thoracocentesis in case of valvular pneumothorax,

–– laparotomy in case of penetrating wounds and closed abdominal trauma with 
damage of internal organs, in case of closed injury of the bladder and rectum,

–– amputation in case of extremity avulsion and massive destruction of limbs,
–– decompressive craniotomy,
–– surgical treatment of long bone fractures with extensive destruction of the soft 

tissues,
–– necrotomy in case of circular burns of the chest and extremities accompanied by 

the disturbance of respiration and blood circulation,

Urgent measures of qualified therapeutic assistance include

–– introduction of antidotes and anti-botulinum serum,
–– complex therapy of cardiovascular insufficiency, cardiac arrhythmias, acute 

respiratory failure,
–– treatment of toxic pulmonary edema,
–– introduction of analgesic, desensitizing means, anticonvulsants, antiemetic 

means, and bronchodilators,
–– complex therapy of acute renal failure,
–– use of tranquilizers and antipsychotic drugs in case of acute reactive states 

and others,

Measures, the late implementation of which can lead to serious complications 
relate to the second group of qualified surgical assistance:

–– adjustment of suprapubic fistula in case of urethra’s injury and unnatural anus in 
case of intraperitoneal damage of the rectum,

–– surgical treatment of wounds in case of long bone fractures (without extensive 
damage of soft issues),

–– necrotomy in case of circular burns of the chest and extremities that do not cause 
failures in respiration and blood circulation,

–– amputation in case of ischemic necrosis of a limb,
–– primary surgical treatment of wounds that are contaminated with the radioactive 

substances (RS), chemical agents (CA),
–– restoration of patency of the main arteries,

As well as measures, the delay of which under the application of antibiotics, will 
not necessarily lead to complications:

–– primary surgical treatment of injuries of the soft tissues,
–– primary surgical treatment of the burns,
–– laminar suturing in case of the seamed injuries of face,
–– ligature teeth binding in case of mandibular fractures, and others,
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–– The second group of qualified therapeutic assistance (the performance of which 
can be rejected under unfavorable conditions) include:

–– introduction of antibiotics, sulfonamides with the purpose of prevention,
–– treatment with vitamins,
–– hemotransfusion with the aim of substitution,
–– use of symptomatic means,
–– physiotherapy, etc.

Specialized medical assistance represents the highest form of health care.
The following types of the specialized medical assistance in the specialized hos-

pitals are as follows:

Specialized surgical Assistance Neuro-surgical Ophthalmic
Otorhinolaryngological, dental, 
radiological, and other

Urological Psycho-neurological Toxicological
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9.1	 �Introduction

Natural disasters and some man-made mass casualty events can produce enough 
injured patients to overwhelm local health care systems and create loss of healthcare 
infrastructure, including imaging resources. They may also require healthcare to be 
provided in austere, resource-limited environments. Current healthcare in high-
income nations is extensively based on advanced medical imaging. Organisation for 
Economic Co-operation and Development (OECD) 2018 data indicates that from 
100 to 271 CT scans per 1000 inhabitants were performed in US and EU countries 
[1]. In the surge of patients occurring during loss of utilities and nonavailability of 
advanced medical imaging, there may be a critical lack of image-based clinical 
decision-making support. This will be a severe challenge for trauma care providers. 
A method to screen and diagnose trauma and non-trauma conditions that is rapid 
enough to deal with a large patient surge is ultrasound.

The characteristics of recently released ultrasound devices—lightweight, battery 
powered, handheld devices that use wireless, cloud-based image storage, can have 
considerable utility in disasters and austere environments. However, adequate prep-
aration and training are required for successful deployment.
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9.2	 �POCUS Training

Bedside ultrasonography by a non-fulltime sonographer clinician, also called Point 
of Care Ultrasonography (POCUS) has become a common part of the practice of 
trauma and acute care surgery [2]. Ultrasound facilitates diagnosis and increases the 
safety of procedures. Medical students in the US are now being taught ultrasonog-
raphy skills in their junior years of medical school. Residencies and fellowships are 
increasingly adopting ultrasound curricula. The quality of ultrasound equipment 
and images are improving, ease of use is better and cost of equipment has decreased. 
Some newer devices are provided with integrated training modules for physicians.

The operator-dependent nature of the FAST exam and need for experience has 
led to a recognition that formal ultrasound curricula must be offered in medical 
school, residencies and fellowships. Facility with ultrasound is now required by 
Residency Review Committees’ Milestones requirements for several specialties in 
the US. In 2017, new guidelines, including didactic education and a specified num-
ber of proctored examinations were provided in the US by the Surgical Critical Care 
Program Directors Society (SCCPDS), who train trauma surgeons and surgical 
intensivists in the US [3].

Training and credentialing in POCUS is available to all physicians. The American 
Medical Association has asserted that ultrasound imaging is not the exclusive prop-
erty of any specialty, but that hospital medical staffs should determine requirements 
for privileging. These requirements should be based upon the physician’s training 
for the use of ultrasound technology and strongly recommends that these criteria are 
in accordance with recommended training and education standards developed by 
each physician’s respective specialty [4].

There is no single prescribed credential in POCUS that is universally accepted. 
Indeed, there is controversy whether external agencies should play a role versus 
using hospital-based training, required postgraduate training or continuing medical 
education (CME) courses alone. While an external credential for a specific clinical 
skill might demonstrate commitment to excellence and validation of training, there 
is no evidence that an external POCUS credential enhances patient safety. Indeed, 
in low and middle-income nations and in resource-limited environments, a require-
ment for an external credential could actually be a barrier to wider adoption of a 
critical patient care skill.

For those physicians who did not receive sufficient training in residency to be 
skilled in ultrasound, excellent resources are available on-line from sites such as 
pocus.org, sdms.org, aseuniversity.org and other sites. Finding a mentor who can 
observe your technique and review your examinations is also very helpful. There are 
also live CME-type POCUS ultrasound courses held in many countries, but these 
can be very expensive, and can only provide an introduction. If a physician is using 
POCUS to enhance decision-making or procedures, they should participate in a 
quality assurance (QA) program to allow ultrasound-facile peers to review compli-
cations and outcomes associated with POCUS use. Logs should be kept of POCUS 
exams to maintain privileges and enable QA processes.
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9.3	 �POCUS Equipment

A revolution in wireless technology and microprocessors has also affected ultrasound 
devices. It is now possible to purchase a US FDA-approved ultrasound machine that 
performs most typical imaging modes, uses a robust semiconductor chip sound emit-
ter, has digital image processing, connects to “cloud” storage via the provider’s mobile 
phone and costs less than US$2000, not including annual subscriptions (~US$400) 
(Fig. 9.1). Pocket-sized ultrasound machines are decreasing in cost and will be carried 
by increasing numbers of providers. Ignoring the capabilities of this imaging modality 
will soon be impossible for trauma and acute care surgeons.

The small size of the newest handheld probes such as the Butterfly iQ, General 
Electric (GE) VScan or Philips Lumify simplifies their use in austere environments, 
they literally can be kept in a pocket. In the case of the Butterfly iQ, an Apple iOS 
device such as an iPhone or iPad is needed for visualization, while the Lumify needs 
an Android-based tablet. These devices could be easily taken on board aircraft or 
vehicles and brought to the billions of the world’s population who lack good access 
to medical imaging. Battery life of these devices is typically 120  min, meaning 
some thought must be made for how these devices will be recharged between uses 
in resource-limited devices. Additional power sources, such as battery banks or 
solar chargers that provide mains power or USB power to charge the device and any 
visualization devices such as tablets should be also be acquired for use in disasters.

The current devices use Wi-Fi wireless connections to upload stored images. In the 
case of the GE VScan or Phillips Lumify, these can provide DICOM standard images 
for archiving in a hospital PACS system. The Butterfly iQ requires a separately-
charged subscription to upload images to a cloud-based server system via Wi-Fi. If 
many images are to be stored and Wi-Fi with an internet connection is not available, 
images may be stored temporarily on the Android tablet or iOS device. In the case of 

a b c d

Fig. 9.1  Typical ultrasound probes. (a) Convex low frequency transducer—used in abdominal 
exams, (b) linear high frequency transducer—used in vascular and pleural exams, (c) phased array 
low frequency transducer specifically designed for cardiac imaging/echocardiography, (d) show-
ing the transducer orientation index marker. Note the ridge on the probe housing and the LED
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the Butterfly iQ being used in low resource environments, individual images taken are 
typically between 500 KB and 1 MB, and videos are 1–2 MB per second of recording. 
16 GB of free space on a typical Apple iPhone or iPad would hold thousands of images 
and videos prior to internet connection. The Butterfly iQ does have to connect to the 
internet every 30 days for firmware updates and to check for recalls [5].

9.4	 �Conventional POCUS Studies

9.4.1	 �FAST

In 1996, “Focused Abdominal Sonography for Trauma” or FAST was described by 
Rozycki et al. The exam was “focused”—looking for free fluid only—to simplify 
the test and to make it faster [6]. However, within a year in the name of the exam 
had already changed to the “Focused Assessment with Sonography for Trauma” due 
to the realization that thoracic structures such as the heart, pericardium and pleura 
could also be evaluated [7]. FAST is useful not just in trauma patients, but can be 
adapted for the assessment of other acute surgical patients as well.

The purpose of the FAST examination is to determine the presence of pathologic 
intra-abdominal, intrapleural, or intraperitoneal free fluid, which has a distinctive 
hypoechoic or anechoic (that is, black) appearance on the screen [8]. About the only 
absolute contraindication to doing the FAST exam is when it delays performing a 
definitive operative procedure.

Ultrasound offers several advantages in the evaluation of the acute surgical 
patient. It is rapid and can be done at the bedside. It is noninvasive and does not 
require the use of radiation. It can be performed quickly, including in the middle of 
a trauma or shock resuscitation or even during CPR. The test can be repeated as 
often as desired. This makes it very suitable for the acute patient in shock, where the 
American College of Surgeons Advanced Trauma Life Support (ATLS) “Primary 
Survey Adjuncts” of FAST, Chest X-ray, and Pelvis X-ray can quickly locate the 
site of a large intracavitary hemorrhage and hematoma [9].

FAST ultrasound of the abdomen does have some significant limitations, the 
most significant is its lack of sensitivity, typically less than 75%. There are other 
tests that are more sensitive such as the CT scan of the abdomen, which is very 
sensitive and specific, or the diagnostic peritoneal lavage, which is exquisitely sen-
sitive and not very specific. Sensitivities as low as 42% have been reported with 
FAST. However, that may not matter when FAST is employed by surgeons using an 
appropriate trauma or ICU algorithm. The low sensitivity of FAST is complemented 
by a good selectivity which means that a positive test is likely true and the negative 
test simply means more evaluation is necessary.

The FAST exam has been continually improved since the original four quadrant 
exam. The eFAST (enhanced FAST) means the addition of pleural views, which can 
detect a pneumothorax more rapidly and with greater sensitivity than a chest X-ray 
[10, 11] The thoracic views improve the utility of eFAST, even though it shares the 
relative lack of sensitivity of the traditional FAST abdominal exam compared to the 
CT scanner.
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In patients in whom there is a doubt regarding the presence of pericardial effu-
sion or tamponade, the FAST exam of the pericardium is invaluable and can be 
life-saving.

Some centers have improved the sensitivity of trauma ultrasonography by actu-
ally doing extra views and examining the organs, instead of just looking for fluid as 
done in FAST. At our Level I Trauma Center, we have previously demonstrated that 
a combination of a comprehensive negative screening ultrasonography (US) and 
negative clinical observation for 12–24 h, in the setting of blunt abdominal trauma, 
virtually excludes missed abdominal injury [12]. We call this complete examination 
CUST—Complete Ultrasonography for Trauma. Other advantages of CUST are the 
significant reduction in hospital charges as well as a large reduction in radiation 
exposure in trauma patients. Surgeon-selected blunt abdominal trauma screening 
with the CUST protocol appears to have similar outcomes as CTAP. While the ini-
tial CUST sensitivity was 76% in 19,128 patients, when combined with serial exam-
ination and selective CT scanning, the false negative rate was 0.29% with a NPV of 
99% [13].

There are conditions in which a negative FAST cannot be accepted as definitive 
and a CT Scan should be performed.

A negative FAST examination should not be accepted as definitive if:

•	 it is of poor quality,
•	 it is a case of seat belt mark injury,
•	 it is a case of penetrating torso trauma,
•	 the patient is very obese,
•	 there is hematuria,
•	 the patient has significant abdominal pain without other operative indications, or,
•	 spinal and/or pelvic fractures are suspected.

In such cases, the patient should undergo CT scanning if available, or undergo 
serial examinations with a high suspicion for need for operative intervention.

Immediate laparotomy or thoracotomy without performing a FAST exam might 
be considered in penetrating trauma, or in blunt trauma with conditions such as 
peritonitis or evisceration. However, this means that there will be no evaluation of 
the pleura or pericardium prior to the procedure. The exact trajectory of penetrating 
trauma might not be immediately known at laparotomy. The presence of an occult 
pneumothorax might be missed and manifest only after intubation and anesthesia. 
Missed tamponade can be a lethal error, and can occur in both penetrating and 
blunt trauma.

Serial abdominal examination without FAST means that the opportunity to con-
duct repeat FAST exams is lost. Repeat FAST examinations increase the test’s sen-
sitivity and can indicate the need for CT or operation before peritonitis or abdominal 
pain manifests [14].

A limitation of FAST is that results are operator-dependent. Less experienced 
operators are less sensitive to detecting fluid—in one study about 10% of residents 
and attendings could detect 400 ml of intraperitoneal fluid, 85% could detect 850 ml 
and 97% could detect 1000 ml (Figs. 9.2 and 9.3) [15].
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Fig. 9.2  Sensitivity of FAST to intraperitoneal fluid volume—EM attendings and residents

Fig. 9.3  Hand held, 
multimode, semiconductor 
chip ultrasound transducer, 
connects to iOS mobile 
phone, uses cloud storage, 
costs less than US$2000
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The principal probe positions for the FAST examination are shown at Fig. 9.4 
along with typically appearances of hemoperitoneum and pericardial fluid (Fig. 9.5). 
eFAST adds pleural and parasternal windows as well.

9.4.2	 �Specific Abdominal Organs

The acute care surgeon, after mastering the FAST examination can expand their 
skills into an ultrasound repertoire that could include abdominal aortic aneu-
rysm (AAA), gallbladder/hepatobiliary, spleen and appendix/intestinal exami-
nations. Each new area requires additional training and a sufficient caseload 
to maintain proficiency. Most of these exams are not extremely time critical, 
with the possible exception of the AAA examination in a hypotensive patient. In 
most medical centers a skilled sonographic technician routinely performs these 
examinations. However these are also within the ability of an interested acute 
surgeon-sonographer.

PL

S

PL

MP SR

P

P

Fig. 9.4  Solid ovals are 
probe locations for FAST 
abdominal ultrasound—
Morrison’s pouch 
(hepatorenal fossa), the 
splenorenal fossa (SR), the 
subcostal area (S), and the 
pelvis (P). Dashed circles 
are typical additional 
windows for eFAST—
pleura (PL) and 
parasternal (P)
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9.5	 �Cardiac Ultrasound

The differential diagnosis and management of shock states are frequent challenges 
to the acute surgeon. Clinical examination is notoriously unreliable. Invasive moni-
toring techniques such as central venous pressure and pulmonary artery pressure 
catheters have fallen out of favor in many cases due to concerns for increased com-
plications and difficulty of interpretation. These will also be difficult or impossible 
to manage in resource-limited settings. The latest addition to the FAST examination 
is the use of ultrasound to guide resuscitation of the acute surgical patient with 
shock. The intravascular volume status of the trauma patient has been estimated by 
the inferior vena cava (IVC) diameter and collapsibility as well as by ventricular 
filling [16]. More than 20 studies have been published describing the use of cardiac 
ultrasonography for resuscitation [2].

Bedside limited echocardiography has the advantages of being noninvasive, 
rapid, and being performed by the acute surgeons who will make immediate deci-
sions on definitive management. Right and left ventricular function, intravascular 
volume and tamponade physiology can be rapidly identified. The Focus Assessed 
Transthoracic Echocardiography (FATE) examination was first described in 1989 in 
Denmark as a rapid way to assess shock states in critical care patients [17]. Similarly, 
the Focused Cardiac UltraSonography (FoCUS) examination was recommended by 
the American Society of Echocardiography (ASE) in 2014 for non-cardiologist cli-
nicians to obtain rapid cardiac assessments [18]. The purpose of these exams is not 

a b

c d

Fig. 9.5  (a–c) Example FAST images with hemoperitoneum—(a) Morrison’s pouch (hepatorenal 
fossa), (b) splenorenal fossa, (c) pelvis with bladder, (d) FAST Subcostal SLAX view with large 
pericardial effusion. FF marks areas of free fluid. L liver, S spleen, K kidney, B bladder, H heart
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to replace formal echocardiography, which can detect subtle and sophisticated find-
ings such in as chronic valvular disease, but instead to make a shortened echocar-
diographic assessment of the current physiologic state, rule in or out critical 
diagnoses and guide resuscitative efforts.

Limited echocardiography is a step up in training complexity from the FAST 
examination. The target is moving, the useable sonographic windows are smaller 
and there is a greater demand on psychomotor skills to place the probe in the exact 
position to obtain the desired view. In trauma patients, typically less than 50% of the 
cardiac echocardiographic windows are useable due to subcutaneous air, pneumo-
thoraces, edema, wounds, dressings, spinal precautions, and difficulty in position-
ing the patient [19]. Another training issue is that ultrasound machines switching 
from abdominal to cardiac modes by convention usually reverse the image, causing 
the index mark on the screen to shift from top left to top right. However, acute sur-
geons and trainees have routinely mastered these skills and are rewarded by the 
ability to make rapid assessments of cardiac physiology and intravascular volume 
status in the shock state.

9.5.1	 �Performing a Limited Echocardiography

There are three typical probe locations on the thorax for limited cardiac echo—the 
subcostal area (S), the left parasternal area (P) and the apical area (A) (Fig. 9.6).

A

S

P

Fig. 9.6  Probe locations 
for point-of-care 
echocardiography—the 
subcostal area (S), the left 
parasternal area (P) and the 
apical area (A)
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The subcostal location is included in the FAST examination and has two probe 
positions—subcostal long axis (SLAX) and subcostal short axis (SSAX) which give 
long axis and short axis views of the ventricles. A view of the inferior vena cava can 
also be obtained here (SIVC). The SLAX view requires placing probe below the 
xiphisternum, pointing the probe at the left acromion and rotating the probe on its 
long axis so that the index mark points away from the right shoulder, giving a long 
view of the ventricles (Fig. 9.7). The SLAX allows assessment of the left ventricle’s 
performance. The SSAX view can then be obtained by continuing to point the probe 
at the left acromion while rotating the probe so that the index mark to pointing 
toward the patient’s feet, giving a view across the ventricles (Fig. 9.8). This allows 

SLAX

Fig. 9.7  The Subcostal Long Axis (SLAX) view—the index mark is to the patients left. RV right 
ventricle, LV left ventricle, L Liver. (From Adams D., Forsberg E. (2009) Conducting a cardiac ultra-
sound examination. In: Nihoyannopoulos P., Kisslo J. (eds) Echocardiography. Springer, London)

Fig. 9.8  The Subcostal Short Axis (SSAX) view—the index mark is to the patients feet. RV right 
ventricle, LV left ventricle, L Liver. (From Adams D., Forsberg E. (2009) Conducting a cardiac ultra-
sound examination. In: Nihoyannopoulos P., Kisslo J. (eds) Echocardiography. Springer, London)
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assessment of the relative size of the left and right ventricle and comparison of per-
formance of various areas of the left ventricle, as well as qualitative assessment of 
ejection fraction. The SIVC view is then obtained by pointing the probe in the sub-
costal area more medially to see the entry of the IVC into the inferior right atrium 
(Fig.  9.9). The SIVC allows assessment of intravascular volume status by IVC 
diameter.

If the IVC view cannot be obtained via the SIVC view due to interference from 
abdominal gas, incisions, dressings or subcutaneous air, it can also be assessed by 
placing the probe posteriorly at the right posterior costal margin in the posterior 
axillary line. This has the advantage of looking through the posterior liver anteriorly 
without the intestinal gas being interposed. Once the hepatorenal fossa (Morrison’s 
pouch) is identified, the probe is tilted so that the IVC, near the center of the torso 
can be identified. In any view, the IVC diameter is typically assessed about 2–2–3 cm 
below the right atrial—IVC junction, in both transverse and longitudinal views [20].

The parasternal window offers the shortest distance to the heart, but is frequently 
affected by chest injury, dressings and pneumothoraces. The parasternal long axis 
(PLAX) view is obtained by placing the probe in about the fifth interspace just to the 
left of the sternum (Fig. 9.10). The probe is aligned so that the long axis of the probe 
head is aligned along a line from the right acromion to the left upper quadrant of the 
abdomen, with the index mark pointing away from the right shoulder, giving a long 
view of the ventricles, allowing assessment of left ventricle performance. The para-
sternal short axis (PSAX) view is obtained by rotating the probe 90° so that the long 
axis of the probe head is aligned along a line from the left acromion to the right 
upper quadrant of the abdomen, with the index mark pointing away from the left 
shoulder, giving a short view across the ventricles (Fig. 9.11). The probe can be 
tilted with a “fanning” motion to examine the ventricles from the tricuspid or mitral 
annulus to the chordae and to the apex of the heart.

SIVC

Fig. 9.9  The Subcostal IVC (SIVC) view—the index mark is towards the patients feet. HV hepatic 
vein, IVC inferior vena Cava, RA right atrium, L liver. (From Adams D., Forsberg E. (2009) 
Conducting a cardiac ultrasound examination. In: Nihoyannopoulos P., Kisslo J. (eds) 
Echocardiography. Springer, London)
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The apical location is often unusable in critical patients as many patients must be 
positioned so that they are rolled onto their left side, allowing the apex of the heart 
to be more proximal to the chest wall. The apical 4 chamber view (A4CH) is 
obtained by placing the probe in about the fifth intercostal space in the midclavicu-
lar line pointing at the right acromion (Fig.  9.12). The index mark is pointed 

PLAX: Parasternal Long Axis

PLAX

Fig. 9.10  The Parasternal Long Axis (PLAX) view—the index mark is to the patients left upper 
quadrant. RV right ventricle, LV left ventricle, LA left atrium, AV aortic valve. (From Walley, P.E., 
Walley, K.R., Goodgame, B. et al. A practical approach to goal-directed echocardiography in the 
critical care setting. Crit Care (2014) 18: 681. https://doi.org/10.1186/s13054-014-0681-z)

PSAX

PSAX: Parasternal Short Axis

Fig. 9.11  The Parasternal Short Axis (PSAX) view—the index mark is to the patients right upper 
quadrant. RV right ventricle, LV left ventricle. (From Walley, P.E., Walley, K.R., Goodgame, 
B. et al. A practical approach to goal-directed echocardiography in the critical care setting. Crit 
Care (2014) 18: 681. https://doi.org/10.1186/s13054-014-0681-z)
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somewhat posteriorly. This will achieve a view of all four chambers of the heart as 
well as the intraventricular septum. Comparison of left and right ventricular size and 
function can be made as well as views of the tricuspid and mitral valves obtained. 
Septal motion can also be assessed. Allowing the probe position to slide slightly 
more anteriorly on the chest achieves the “five chamber” view where the aortic 
valve is also seen as well as the four ventricles.

9.5.2	 �Left Ventricle

A rapid qualitative assessment of left ventricular (LV) performance can be obtained 
from the above views. A stepwise assessment of the heart can be performed by first 
looking for obvious pathology such as tamponade, dilation or hypokinesis, next 
looking at ventricular size, wall thickness and filling and in systole and diastole and 
then looking at contractility in both left and right ventricles. The pleura should also 
be imaged bilaterally to identify pleural effusions or pneumothorax.

With a reasonable amount of practice, the acute surgeon can readily identify 
when LV ejection fraction is below 40–45% without need of formal measurements 
or calculations. A baseline bedside echocardiographic study in the acute ICU admis-
sion makes subsequent identification of acute versus chronic LV dysfunction easier. 
Global LV dysfunction can be seen in sepsis and septic shock, post-arrest states, 
stress cardiomyopathy, dilated cardiomyopathy, myocarditis and in chronic conges-
tive heart failure. Generally the acute surgeon is looking for gross changes that will 
help explain a shock state. Subtle dysfunction such as diastolic heart failure is 
beyond the scope of the limited echocardiogram by the acute surgeon.

A4CH

A4CH: Apical 4 Chamber

Fig. 9.12  The Apical 4 Chamber (A4CH) view—the index mark is to the patients right acromion. 
RV right ventricle, LV left ventricle, RA right atrium, LA left atrium. (From Walley, P.E., Walley, 
K.R., Goodgame, B. et al. A practical approach to goal-directed echocardiography in the critical 
care setting. Crit Care (2014) 18: 681. https://doi.org/10.1186/s13054-014-0681-z)
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A special form of LV stress dysfunction can have a specific appearance—
Takotsubo cardiomyopathy or “broken-heart syndrome” [21]. This can be triggered 
by physiologic or psychologic stress, usually in critically ill patients 50–80 years 
old. Women comprise 90% of cases. Classically, the base of LV is seen to have nor-
mal size and contractility while the apical segment is seen to balloon outwards in 
systole, giving the heart the shape of the Japanese octopus trap that provides the 
name of this condition.

Areas of localized LV hypokinesis may be caused by localized ischemia such as 
seen in acute coronary syndromes. The echocardiogram is more sensitive than EKG 
in detection of myocardial infarction in the postoperative patient, and can add sen-
sitivity to troponin levels, which are already abnormal in 15–30% of non-cardiac 
surgery ICU patients. Although specific areas of the LV can be associated with 
particular coronary artery occlusions, this is beyond the scope of the usual acute 
surgeon echocardiographic examination—in suspected acute coronary syndromes 
cardiology consultation is warranted.

9.5.3	 �Right Ventricle and IVC

The right ventricle (RV) views should not be ignored as they can be significant in 
the shock state. The RV is harder to visualize due to its thinner wall. The normal RV 
wraps around a portion of the thicker walled circular LV as seen in the short axis 
PSAX or SSAX views. The interventricular septum normally bulges in a convex 
manner from the LV into the RV in both systole and diastole. In the healthy heart the 
stroke volume and ejection fraction are similar in the LV and RV, so the ventricular 
volumes should be equivalent, although each is shaped differently. As RV pressures 
increase such as in right heart failure, pulmonary embolism or pulmonary hyperten-
sion, the RV can be seen to enlarge and the septum increasingly flattens the side of 
the normally circular LV in the short axis views. As RV pressures increase further, 
the septum may begin to paradoxically bulge into the LV for a greater portion of the 
cardiac cycle.

Significant PE associated with shock is classically associated with a distended 
RV, flattened septum, under filled LV, and distended IVC. Echocardiography has a 
specificity of 81% and 94% and a positive predictive value of 71% and 86% for 
pulmonary emboli, however other sources of RV failure should be considered within 
the clinical context [22].

The IVC views should also be part of the cardiac ultrasound of the acute patient 
with a suspected shock state. Under normal conditions in healthy, spontaneously 
breathing, supine patients the IVC will nearly or completely collapse with inspira-
tion and expand with expiration. Ultrasonographic assessment of the diameter of the 
inferior vena cava in expiration (IVCe) and in inspiration (IVCi) allows assessment 
of the collapsibility of the inferior vena cava (IVCe-IVCi) [23]. Another measure-
ment of intravascular volume status is the IVC collapsibility index (IVC-CI). The 
IVC-CI is calculated using a standard formula IVC-CI  =  (IVCe)  −  (IVCi)/
(IVCe) × 100%, where IVCe is the maximum IVC diameter at expiration and IVCi 
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is the minimum IVC diameter at inspiration [24]. Respiratory variation in IVC 
diameter has been found to be more pronounced in hypovolemia with abnormally 
low CVP being increasingly likely as IVC-CI approaches 100%. However there is 
not yet an exact cutoff value determined for IVC-CI for hypovolemia, although 75% 
has been suggested as the cutoff.

Similarly to central venous pressure measurements, techniques of IVC measure-
ment have many of the same inaccuracies of CVP measurements. Positive pressure 
ventilation can invert the normal inspiratory-expiratory minimal and maximum size 
relationship, and high PEEP levels may reduce venous inflow to the chest and dis-
tend the IVC. Increased right atrial pressures are seen in right heart failure, valvular 
disease, and pulmonary hypertension and may cause increased IVC diameter that is 
not reflective of an increased volume status. However, these conditions would not 
be expected in most trauma or acute surgery admissions. Another issue with IVC 
diameter may be the effect of increased abdominal pressure such as seen in abdomi-
nal compartment syndrome causing narrowing of the IVC [25]. However, abdomi-
nal compartment syndrome is rarely present at admission in acute surgery patients, 
and when it is present at admission is usually accompanied by overt clinical signs 
that indicate immediate surgical intervention.

Following IVC diameters after initial therapeutic fluid challenge of the blunt 
trauma patient with hypotension may improve the utility of FAST in trauma patients. 
Yanagawa et al., in a study of 30 trauma patients presenting with shock (systolic 
BP < 90 mmHg) followed patients into two groups: a transient responder group 
(n = 17) in which shock recurred after an initial 2 L intravenous crystalloid fluid 
bolus in the emergency room and a responder group (n = 13) in which blood pres-
sure remained stable [26]. IVC diameter predicted patients who would become 
hypotensive later despite equivalent fluid resuscitation. It also predicted those likely 
to need emergent hemostatic inventions such as laparotomy or angiography—the 
transient responder group contained a greater proportion of patients who underwent 
such procedures than the responder group (47.0% vs. 7.6%, p < 0.05).

In a American Association for Surgery of Trauma (AAST) multi-institutional 
trial of 144 major trauma patients, those with persistent IVC collapsibility on a 
second IVC measurement 60 min after admission compared with those who had 
increased IVC size, had significantly higher intravenous fluid requirements during 
the first 24 h of hospitalization (2503 ± 1751 mL vs. 1243 ± 1130 mL, p = 0.003) 
[27]. Those patients undergoing resuscitation can have repeated assessments by 
POCUS to assess the adequacy of resuscitation and need for further assessments.

9.5.4	 �Chest Injury—Pneumothorax

Rib fractures are common injuries in earthquakes and building collapses [28]. Rib 
fractures, sternal fractures, and pneumothorax can be detected by ultrasound [29]. 
Ultrasound can detect non-loculated pneumothorax more rapidly and more accurately 
that chest X-ray, although sensitivity can be affected by recent surgery, presence of a 
chest tube or subcutaneous air [10]. Specificity of a positive examination is excellent, 
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and the size of the pneumothorax can be estimated in the supine patient, as the lung 
usually falls away from the anterior chest wall before the lateral chest wall. In this 
way, ultrasound can detect the presence of an “occult” pneumothorax that would not 
be visible on a supine chest X-ray. Either the phased-array or high-frequency linear 
probe can be used, although we prefer the higher resolution of the linear probe.

There are four ways ultrasound can be used to identify a pneumothorax:

	1.	 Pleural sliding—the lung slides within the pleura during respirations and this 
sliding is evident by the sliding motion, especially of sonographic “B-lines,” 
which appear as bright spots on the pleural surface with “ringdown” artifact, 
producing an appearance called “comet tails” (Fig. 9.13). There is no pleural 
sliding and no comet tails in locations where a pneumothorax is present.

	2.	 M-mode—Using M-mode provides a time based graphical output of a single line 
over time. This can make pleural sliding more evident, with the normal exam with 
sliding producing an granular appearance below the ribs called the “Sandy beach” 
(Fig. 9.14) and where a pneumothorax without sliding generates an undifferenti-
ated multilayered appearance called the “Stratosphere” sign (Fig. 9.15).

	3.	 Lung point—This is a highly sensitive and specific sign of pneumothorax. As the 
probe is slid from the anterior portion of the chest where the pneumothorax is 
present to a more posterior and lateral position, the edge of the lung posterior to 
the pneumothorax that is just touching the chest wall may be seen. As the lung 
slides back and forth with respirations, periods of pleural sliding are interspersed 
with periods of no sliding. The edge of the lung is typically triangular in cross-
section and so the name of Lung Point arises. Lung point may not be seen in 
large or tension pneumothoraces as no part of the lung may be found in contact 
with the chest wall.

	4.	 Lung pulse—in some cases, there is little pleural sliding as respiratory move-
ment may not be occurring in the portion of the lung under examination. This 
may occur during bronchial obstruction, apnea, contralateral mainstem intuba-
tion or near the heart. However, lung sliding can still be seen, only in small 
movements that correspond with the heart rate as the lung enlarges with every 
systole.

Fig. 9.13  Comet tails on 
pleural ultrasonography—
normal—arrows indicate 
Comet tails
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Fig. 9.14  Pleural ultrasonography—this is a split image with the left showing the 2D view of the 
pleural interface and the right side showing a normal M mode image showing the “Seashore” sign 
which is evidence of pleural sliding. (From Gillman LM, Ball CG, Panebianco N, Al-Kadi A, 
Kirkpatrick AW. Clinician performed resuscitative ultrasonography for the initial evaluation and 
resuscitation of trauma. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine. 
2009;17:34. https://doi.org/10.1186/1757-7241-17-34)

Fig. 9.15  Pleural ultrasonography—this is a split image with the top showing the 2D view of the 
pleural interface and the bottom showing an abnormal M Mode image showing the “Stratosphere 
sign” due to pneumothorax and no pleural sliding. (From Gillman LM, Ball CG, Panebianco N, 
Al-Kadi A, Kirkpatrick AW. Clinician performed resuscitative ultrasonography for the initial eval-
uation and resuscitation of trauma. Scandinavian Journal of Trauma, Resuscitation and Emergency 
Medicine. 2009;17:34. https://doi.org/10.1186/1757-7241-17-34)
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9.5.5	 �Pleural Effusion, Atelectasis, and Pneumonia

In the same way the intra-abdominal fluid has a characteristic anechoic or black 
appearance on FAST examination, pleural effusions show as anechoic areas in the 
chest. These are usually best seen just above the diaphragm and posteriorly in the 
semi-recumbent patients. Ultrasound can differentiate between effusion and atelecta-
sis or consolidation where the chest X-ray shows only basilar opacification of the lung 
field. Ultrasound can be superior to CT scanning in provide clues about the nature 
of the pleural fluid—featureless anechoic fluid is typically of a transudate, whereas 
exudates may have fibrinous strands that move with patient movement. Retained 
hemothorax will layer out into serous and cellular layers producing the “hematocrit 
sign”. An empyema will often show areas of loculation. Assessment of pleural effu-
sions over time in the ICU can help determine their progression, nature and potential 
for infection, indicating which should undergo drainage by thoracentesis.

Pneumonia with consolidation turns the normally air filled lung into a solid mass, 
and the lung takes on the ultrasonographic appearance of the liver. Lobar pneumo-
nias can have quite sharp borders on ultrasound with the bright, consolidated lung 
adjacent to featureless normal lung lobes. Pulmonary edema increases the amount 
of interstitial lung water, making the “B-lines” of the lung more prominent and 
increasing the number of comet tails that are visible.

9.6	 �Useful Ultrasound Studies in Disaster 
and Resource-Limited Environments

9.6.1	 �Triage

In a high-income nation, trauma and critical acute surgery patients will typically 
have conventional X-rays and CT scans performed routinely at admission, such as 
recommended by the ATLS program [30]. In disasters and resource-limited settings, 
plain radiography and CT scanning may unavailable or severely limited in avail-
ability. Routine X-rays can also slow triage efforts. According to the U.S. Centers of 
Disease Control triage prediction tool, a single X-ray technician performing the 
ATLS-recommended chest, pelvis and other plain X-rays requires a mean of 10 min 
per patient. This would limit the flow of major trauma victims to six patients per 
hour per X-ray technician and X-ray machine [31]. This would be intolerably slow 
in many mass trauma situations.

POCUS can be used a screening tool by trauma providers at the bedside during the 
Initial Assessment to reduce reliance on immediate conventional radiology and CT 
scanning. Pneumothorax, hemothorax and shock states can be readily screened and 
identified. Stable patients with negative POCUS exams can forgo immediate scan-
ning, freeing available X-ray technicians and CT scanners for more critical patients.

One of the first descriptions of POCUS in a natural disaster was following the 6.9 
magnitude earthquake in Armenia in December 1988. This event caused over 25,000 
deaths and approximately 150,000 injuries in area of about 700,000 people. The 
capital city, Yerevan was relatively unaffected, and its 1000 beds major hospital was 
the main medical facility for casualty victims. The only CT scanner in Yerevan was 
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dedicated to managing head-trauma cases. Two triage areas, each with an ultra-
sound machine, were created in the lobby of the hospital. Six physicians staffed the 
two rooms on a rotating basis and performed ultrasound examinations on as many 
trauma victims as time permitted. In a 72-h period, 750 patients came through the 
hospital. Four hundred of these patients received 530 ultrasound examinations 
either in the triage rooms or the emergency ward. 304 of the 503 exams were con-
sidered negative, and 96 (about 20%) demonstrated some form of pathology. Sixteen 
patients underwent operative intervention, usually laparotomy, based solely on clin-
ical examination and ultrasound findings. There were four false negative cases (less 
than 1%) among the 530 studies performed, which illustrates the usual limitations 
in sensitivity of POCUS in trauma: one patient was found to have a ruptured kidney 
on laparotomy; another, a retroperitoneal hematoma; the third had a subcapsular 
hematoma of the spleen; and one obese patient had a massive hemothorax [32].

POCUS also has been shown to have a role in man-made events such as terrorist 
bombings and conflicts. FAST examinations were performed prehospital respond-
ers and hospital personnel after the 2004 Madrid train bombing and the 2005 
London Underground bombing [33, 34]. Ultrasound was also successfully used for 
evaluation during explosive mass casualty incidents in a battlefield hospital in Iraq 
and equips even the smallest surgical teams in NATO forces [35].

9.6.2	 �PEA and CPR

Prolonged resuscitative efforts for trauma and acute patients under cardiac arrest 
during disaster and limited-resource scenarios are usually futile and incompatible 
with the adoption of a population-based standard of care. There is evidence that 
performance of limited echocardiography during PEA and CPR can be useful [36]. 
Four immediately significant conditions can be identified from the SLAX view, 
even while CPR is in progress. Cardiac standstill, with no visible cardiac motion, is 
associated with no meaningful survival in blunt trauma patients undergoing CPR for 
cardiac arrest, and is considered justification for suspension of resuscitative efforts, 
including no resuscitative thoracotomy [37]. Cardiac tamponade, identified as a 
pericardial effusion with RV or right atrial collapse with tamponade physiology 
requires pericardiotomy for surgical causes with pericardial clot and pericardiocen-
tesis for medically caused non-clotting effusions. An empty heart points to severe 
hypovolemia. Massive pulmonary embolism is associated with RV distension, sep-
tal flattening, and small LV size.

9.6.3	 �Airway

Confirmation of successful intubation is routinely performed for all emergency intu-
bations.. However, no technique used for confirmation of endotracheal tube (ETT) 
placement has been proven to be 100% accurate. Most physicians use a combination 
of auscultation, direct laryngoscopy, and end-tidal carbon dioxide detection to con-
firm ETT placement. However, in resource-limited, austere environments, end-tidal 
carbon dioxide and other intubation indicators may not be available.
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Ultrasound has been used to confirm successful placement of the ETT after intu-
bation, this is performed by scanning through the cricothyroid membrane with the 
linear probe and along the trachea. The ETT is visible as a double bright line 
(Fig.  9.16). A study of 99 children aged 1–17  years, revealed that the ETT was 
detected in all 99 patients by using bedside ultrasonography. Two views were 
required to show the ETT. In three cases, the colorimetric carbon dioxide detector 
gave negative or equivocal results but the ultrasound showed the ETT was correctly 
placed [38].

9.6.4	 �Crush Injury

Following large earthquakes, crush injury and crush syndrome may occur in thou-
sands of extracted patients [39, 40]. Crush injury is defined as the result of physical 
trauma from prolonged compression of the torso, limb(s), or other parts of the body. 
The resulting injuries to soft tissues, muscles, and nerves can be due to the primary 
direct effect of the trauma or ischemia related to compression. In addition to possi-
ble direct muscle or organ injury, after release of the compressive force, severe 
crush injury results in swelling in the affected areas, with possible muscle necrosis 
and neurologic dysfunction. Crush injury can also be due to a secondary injury from 
subsequent compartment syndrome.

Crush syndrome is defined as the systemic manifestations resulting from crush 
injury, which can result in organ dysfunction predominantly acute kidney injury 
(AKI), but multisystem organ injury can also occur), or death. The manifestations 
of crush syndrome are the systemic consequences of muscle injury, specifically 
rhabdomyolysis, which commonly result in AKI [41, 42].

Following a 7.6 magnitude earthquake in Turkey in 1999, a study of the prognos-
tic utility of renal Doppler ultrasound in determining the need for hemodialysis 
from crush injuries was performed. Out of 5302 patients admitted to regional 

a ba b

Fig. 9.16  Endotracheal tube in the proper position, as seen through the cricothyroid membrane in 
the transverse (a) and the longitudinal (b) views. (From Galicinao, J. et  al. Pediatrics 
2007;120:1297–1303)
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hospitals, 639 had renal complications due to crush injuries, and 477 required 
hemodialysis after developing acute renal failure. Renal ultrasound in particular 
was used to gauge whether victims needed additional intravenous fluid resuscita-
tion, urine alkalization and intravenous mannitol. Doppler flow to the kidneys was 
measured to calculate the renal resistive index, which was found to correlate well 
with the presence of oliguria and anuria and the need for hemodialysis. It was con-
cluded that this measurement may be predictive for recovery from acute renal fail-
ure resulting from crush injury [43]. Similar utility for renal Doppler ultrasound was 
found after earthquakes in Haiti and Kashmir [44, 45].

9.6.5	 �Fractures

POCUS can be used to identify fractures, especially when the bone is largely sub-
cutaneous such as in the hand, upper and lower extremities [46–48]. Fracture reduc-
tion guidance has been described for long bong fractures in children and in distal 
radial fractures and metacarpal fractures in adults [49–51]. Conventional X-ray has 
a low sensitivity for rib fractures, ultrasound has been suggested as being superior, 
but the quality of studies to date is poor [52].

9.6.6	 �Traumatic Brain Injury

Except in infants, where transfontanellar ultrasound of traumatic brain injury (TBI) 
can be sometimes be performed, ultrasound does not yet have a routine role in the 
evaluation of brain injury [53]. However there are investigations ongoing for the use 
of ultrasound in TBI.

Optic Nerve Sheath Diameter (ONSD) has been suggested as a potential nonin-
vasive measure of the intracranial pressure (ICP). This would be very useful in 
environments where invasive ICP monitoring is unavailable or impractical. The 
exam is done using a linear probe and high-frequency setting. The measurement is 
taken of the diameter of the optic nerve sheath at the back of the eye, 3 mm behind 
the globe using an electronic caliper along the axis of the optic nerve. A meta-
analysis of seven prospective studies of ONSD in with 320 patients with elevated 
ICP noted wide confidence intervals and significant heterogeneity in the studies. 
Transcranial Doppler has also been evaluated for noninvasive ICP assessment in 
three studies, with variable results. Both of these techniques are still considered 
investigational and should not yet be used to direct clinical management of TBI [54].

9.7	 �Conclusion

POCUS makes it possible to identify abdominal and thoracic injuries rapidly and 
efficiently, can guide procedural interventions and can hasten triage. The ability to 
utilize POCUS in conditions where conventional X-ray and CT imaging are 
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unavailable further increases its utility. As physicians and allied providers become 
more facile with POCUS, and as POCUS machines become smaller, durable and 
more capable, POCUS will be an indispensable and integral component of disaster 
response and the provision of care in austere environments.
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Basics of Hospital Response

Christos Christou

10.1	 �Objective

The purpose of this chapter is to identify the basic principles of disaster planning 
and emergency preparedness of a health care facility/ hospital. The readers will get 
familiar with

•	 Functioning plans of response: goals and structure, functions of critical impor-
tance for the capacity of the hospital.

•	 The content of the disaster plan and what every staff member should know.
•	 The alert process, decision about the level of alert.
•	 Coordination and command, communication with the command on regional 

level, communication with the command on national level.
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If you fail to plan, you are planning to fail!
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•	 Preparing the hospital, receiving casualties, registration of patients, hospital 
information center.

•	 Management of media.

10.2	 �Structure

Text with a scenario of emergency preparedness plan for a mass casualty incident in 
a small health structure.

10.3	 �Introduction

No definition of emergency incident/disaster is universally accepted. According to 
the Emergency Management Accreditation Program [1], a disaster is any severe or 
prolonged emergency which threatens life, property, environment, and/or critical 
systems; an emergency is any incident or set of incidents, natural or human caused, 
which require responsive actions to protect life, property, environment, and/or criti-
cal systems. Therefore, an emergency management program is the system that pro-
vides for management and coordination of prevention, mitigation, preparedness, 
response, and recovery activities for all hazards [2]. The system encompasses all 
organizations, agencies, departments, and individuals having responsibilities for 
these activities. In other words, any event that requires special planning to ensure 
capacity and capability for the provision of appropriate medical care to the attend-
ees without adversely affecting medical care in the host community could be con-
sidered as emergency/disaster incident.

By the ATLS definition, a mass casualty incident (MCI) is a disaster, in which 
patient care resources are overwhelmed and cannot immediately be supplemented. 
Whenever a hospital or a health care facility is confronted by a situation where it has 
to provide care to a large number of patients in limited time, which is beyond its 
normal capacity, constitutes a disaster for the said hospital [3]. In others words 
when the resources of the hospitals (infrastructure, trained manpower, and organiza-
tion) are overwhelmed beyond its normal capacity and additional contingency mea-
sure are required to control the event, the hospital can be said to be in a disaster 
situation [4]. This implies that a same event may have a disaster potential for a 
smaller hospital and not so for a bigger one. Therefore, disaster for a hospital is “a 
temporary lack of resources which is caused due to sudden influx of unexpected 
patient load.” [5]

10.3.1	 �Why Planning?

Hospitals that are not prepared to respond effectively to public health emergencies, 
may risk increased morbidity and mortality of casualties, reduced ability to protect 
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their own staff and facilities and a prolonged recovery phase resulting in financial 
losses and negative publicity within the community. Developing a community-wide 
emergency preparedness program for domestic preparedness requires that health 
care representatives collaborate with their public safety and emergency prepared-
ness agencies to develop a clear appreciation for each other’s capabilities and 
limitations.

The main objective of a hospital emergency/disaster plan is to optimally prepare 
the staff and institutional resources of the hospital for effective performance in dif-
ferent disaster situations. The hospital disaster plans should address not only the 
mass casualties which may result from a mass casualty incident (MCI) that has 
occurred away from the hospital, but should also address the situation where the 
hospital itself has been affected by a disaster [6]. Thus, a hospital disaster plan could 
be divided into two categories:

Internal Disaster Plan: It could be any event inside the hospital or on campus 
endangering patients or staff, creating a need for evacuation or relocation. 
Additionally, it may be any situation where additional staffing is needed. Examples 
of internal disasters are fire, explosion, flooding, or earthquake [7].

External Disaster Plan: It consists of any disaster outside the hospital (natural or 
man-made) requiring the activation of the emergency management plan, e.g., hur-
ricane, plane crash, chemical spill, and mass casualty incident [8].

In case of incidents affecting the hospital itself, the further goals of the plan 
would be to protect life, environment, and property inside the hospital from any 
further damage [9]:

•	 By implementing the preparedness measures.
•	 By appropriate actions of the staff who have to know their tasks in such a 

situation.
•	 By soliciting help from outside in an optimal way.
•	 By re-establishing as quickly as possible an orderly situation in the hospital, 

enabling a return to normal work conditions.

In case of MCI away from the hospital (not affecting the hospital), the further 
goals of the disaster plan should be to control a large number of patients and manage 
the resulting problems in an organized manner [10]:

•	 By enhancing the capacities of admission and treatment.
•	 By treating the patients based on the rules of individual management, despite 

there being a greater number of patients.
•	 By ensuring proper ongoing treatment for all patients who were already present 

in the hospital.
•	 By smooth handling of all additional tasks caused by such an incident.
•	 By providing medications, medical consultation, infusions, dressing material, 

and any other necessary medical equipment.
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10.3.2	 �How to Plan?

The following strategies are invaluable aids for revising a hospital’s disaster poli-
cies/plans or upgrading to a comprehensive emergency preparedness plan:

•	 Review and, where needed, enhance and incorporate existing contingency or 
disaster plans as much as possible. It is not necessary to completely rewrite exist-
ing plans to conform to the emergency management plan format, but all aspects 
of the existing emergency management plan need to be critically reviewed.

•	 Build layered protection by developing plans to defend both mission-critical sys-
tems and mission-critical operations. Some key elements of this planning include:
–– Communications during emergencies.
–– Managing resources and assets.
–– Managing safety and security.
–– Defining and managing staff roles and responsibilities.
–– Managing utilities.
–– Managing patient clinical and support activities.

•	 The emergency management plan should use a common framework that incorpo-
rates four separate process components: mitigation, preparedness, response, and 
recovery (well known as the life cycle).

•	 Those responsible for developing the plan need to involve community emer-
gency management planners as well as public safety and public health providers 
to assure that the hospital’s plan coincides and integrates with those in the 
community.

•	 All emergency management plans should be evaluated through regular exercises, 
and when necessary, revisions should be incorporated. Staff knowledge and com-
petency fades with time, and hazards and vulnerabilities may change.

10.4	 �The Life Cycle

There are four main key aspects for the emergency management planning:mitigation, 
preparedness, response, and recovery (Fig. 10.1).

When developing a comprehensive emergency management plan to address an 
emergency incident/disaster, it is imperative that those responsible for the planning 
understand these four key aspects. The first step to employing these aspects success-
fully is to understand how these terms are defined in relation to the principles of 
emergency management planning for health care organizations (Fig. 10.2).

	1.	 Prevention (Mitigation)
Mitigation is defined as the activities an organization undertakes in order to 

lessen the severity and impact a potential emergency incident/disaster may have 
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Fig. 10.2  The four key aspects (prevention/mitigation, preparedness, response, and recovery) to 
address a disaster
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on its operations. Those responsible for implementing the emergency manage-
ment plan must address mitigation from two perspectives:
•	 Mitigation activities are employed prior to an emergency incident/disaster 

that will eliminate or decrease the potential of vital system failures.
•	 Mitigation activities undertaken during an emergency incident/disaster to 

reduce the effects of the disaster that were not adequately alleviated by pre-
event mitigation efforts.

	2.	 Preparedness
Preparedness is defined as the aggregate of all measures and policies taken by 

those responsible for the development and implementation of the emergency 
management plan before the event occurs, which in turn provides programs 
designed to minimize loss of life and damage, to organize and facilitate effective 
rescue and relief, and to rehabilitate after disaster. Preparedness includes warn-
ing systems, sheltering in place, evacuation plans, energy management strate-
gies, and disaster drills and exercises. Contingency and response plans are 
included in the steps of preparedness. As preparedness increases, the ability of a 
hospital and a community to absorb the event and mitigate the impact (damage) 
is augmented as a dependent variable of the level of preparedness. Preparedness 
addresses educating and training the organization and its management as well as 
the public. This aspect of emergency preparedness includes knowledge of plans, 
training of personnel, and stockpiling of supplies, as well as ensuring that needed 
funds and other resources are available.

	3.	 Response
Response refers to actual emergency management. Response involves treat-

ing victims, reducing secondary impact to the organization, and controlling the 
negative effects of an emergency incident/disaster. The hospital must have an all 
hazards response plan to provide the foundation for organization readiness and 
to address the hospital’s overall readiness. Each department needs to determine 
their responsibilities and how their response activities support and align with the 
hospital’s all hazards response plan.

	4.	 Recovery
Recovery consists of four key elements: finance, staffing, service, and com-

munication. These are incorporated into the formulation of strategies and action 
plans and then implemented to address the primary and secondary effects result-
ing from the emergency incident/disaster.
•	 Primary effects are those that are a direct result of the event.
•	 Secondary effects are those that result from the primary effects or from the 

responses to the event.

Although described as acute, some effects may be ongoing and stretch over long 
periods of time (i.e., famine, drought, epidemics, complex human emergencies). 
These effects are functions of the vulnerability of the population and the environ-
ment and the human responses to the impact of the event.

The hospital emergency planning can be divided into three phases: the pre-
disaster, the disaster, and the post-disaster phase.
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10.4.1	 �Pre-disaster Phase

The primary aim of the district medical authorities during the pre-disaster phase 
would be to critically asses the available medical resources within the district and 
share them with other neighboring districts. In other words, the networking of the 
various medical resources and hospitals should be the main aim of the district medi-
cal authorities in the pre-disaster phase. The networking should not only be of facili-
ties but of transport vehicles like ambulances, blood banks, CT scan, etc.

Emphasis should also be laid down on the organizational and functional aspects 
of such a medical networking.

	(a)	 Planning: Most of the assessment and planning is done in the pre-disaster phase; 
the hospital plans are formulated and then discussed in a suitable forum for 
approval.

	(b)	 The disaster manual: The hospital disaster plan should be written down in a 
document form and copies of the same should be available in all the areas of the 
hospital.

	(c)	 Staff education and training: It is very important for the staff to know about and 
get trained in using the hospital disaster/emergency manual. Regular staff train-
ing by suitable drills should be undertaken in this phase.

10.4.1.1	 �Hospital Disaster Management Committee
The Hospital Disaster Management or Emergency Preparedness Committee is a 
multidisciplinary group representing key departments whose input is essential to 
planning and development of policies and procedures related to hospital and com-
munity emergency preparedness. Formation of a disaster/emergency committee is 
the first step for making a disaster plan for the hospital. Most of the hospitals already 
have such hospital management committees; therefore, an emergency/disaster man-
agement committee can be carved out from such already existing committees. The 
members of the disaster management committee should be from following basic 
facilities of the hospital administration:

•	 The director/head of the facility/hospital.
•	 Member/members from hospital management board.
•	 The chiefs/heads of various clinical departments supporting the emergency ser-

vice,; e.g., acute and emergency services, orthopedics, general surgery, medi-
cine, neurosurgery (if present), cardio-thoracic surgery (if present), anesthesia.

•	 The chiefs/heads of various ancillary departments, e.g., radio-diagnosis, transfu-
sion medicine/ blood bank, laboratory services/pathology, forensic medicine.

•	 The chief nursing matron.
•	 The finance department.
•	 The stores and supplies department.
•	 The hospital engineering department.
•	 The public relation and liaison office.
•	 The chief of security of the hospital.
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•	 The sanitation department.
•	 Hospital kitchen/dietary services.
•	 The social welfare department (if present).
•	 Hospital unions.

10.4.1.2	 �Central Command Structure (Incident Command System)
In order to ensure effective control and avoid duplication of action, there should be 
a unified command system which should be based on the individual hospital hierar-
chical chain. The advantages of ICS are many: it has predictable chain of manage-
ment; flexible organization charts allowing flexible response to specific emergencies; 
prioritized response checklists; accountability of position function; improved docu-
mentation; a common language to promote communications and facilitate outside 
assistance; cost-effective emergency planning within the hospital.

Although this sort of chain of command is ideal to avoid chaos in emergency 
situations, it is seen that there is a strong opposition to formation of any such hier-
archical command system by the physicians and hospital personnel. Nevertheless, 
all doctors including the administrator should emphasize that such a command sys-
tem would come into effect only at the time of mass casualty incident and would 
close down on withdrawal of disaster alert. Therefore, all hospital personnel includ-
ing doctors should respect the command hierarchy during emergencies and disasters.

Any command system may be used by the hospital but the most important rule is 
to make an organizational chart. Each position on the chart should be function based 
and not position or individual based. An individual can be assigned more than one 
position on the chart, so a person might have to perform multiple tasks until addi-
tional support comes. Also the titles used in a disaster/emergency plan are carried 
by functions and not individual people/designation (Fig. 10.3).

10.4.1.3	 �Action Cards
Action sheets or job cards are basis of a successful disaster/emergency management 
plan. These sheets should be made for each and every position in the organizational 
chart of the command system. The job cards should be detailed, stored safely (in 
disaster manual), color coded, and laminated.

Operations Planning Logistics

Command

Finance/
Administration

Fig. 10.3  Basic incident command diagram. Each position on the chart should be function based
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10.4.1.4	 �Plan Activation of Different Areas of Hospital
The areas which should find a mention in a hospital emergency plan are:

•	 Command center.
•	 Communications office/paging/hotline area/telephone exchange.
•	 Security office.
•	 Reception and triage area.
•	 Decontamination area (if needed).
•	 Minor treatment areas.
•	 Acute care area (emergency department).
•	 Definitive care areas (OTs, wards).
•	 Intensive treatment area and activation of high dependency units.
•	 Mortuary.
•	 Holding area for relatives/non-injured.
•	 Area for holding media briefings.
•	 Area for holding patients in case a part of the hospital is evacuated.

	1.	 All these areas should be mapped on the outlay map of the hospital. The normal 
capacities of the existing areas should be mentioned on these maps.

	2.	 Disaster beds/how to increase bed capacity in emergencies.
	3.	 The newly arriving patients would require admission for definitive treatment; 

therefore, plans should be there to increase the bed capacity when needed. This 
can be achieved by the following actions:
•	 Discharge elective cases.
•	 Discharge stable recovering patients. Stop admitting non-emergency patients.
•	 Convert waiting/non-patient care areas into makeshift wards.

10.4.1.5	 �Planning of Public Information and Liaison (Crisis 
and Emergency Risk Communication)

We live in the age of mass and multimedia. Every news and information source will 
seek access to the latest and most up-to-date information. In most cases there is 
absence of clear and credible information. This leads to media speculations and 
increases the stress and pressure of the incident, especially on hospital and its staffs. 
Communicating in disaster situations has become increasingly difficult for respond-
ing organizations and hospital representatives. The organization’s credibility and 
the credibility of the spokespersons who deliver messages is of critical importance 
as it can build the necessary trust and prevent confusion in public opinion.

The disaster committee should designate one person from the hospital for regular 
media/press briefing. One of the areas in the hospital should be designated as media 
room where media persons can be accommodated for controlled access to informa-
tion. Media always gets its information—the better way is the controlled one.

In order to communicate successfully in a crisis, one must be fast, accurate, hon-
est, credible, consistent, and empathetic. In every crisis, there is a right message that 
needs to be shared at the right time.

Speed of response, avoiding errors during the crisis response, and asking for 
forgiveness when mistakes occur greatly contribute to building and maintaining 
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trust. Expressing empathy in a crisis situation is not a luxury but a necessity and 
everyone involved as a spokesperson must be prepared to express and repeat empa-
thy sincerely toward the community and those affected by the incident. In addition, 
he must show competence and expertise by remaining honest and open.

During a crisis, people may experience a multitude of feelings and a wide range 
of emotions like fear, anxiety, confusion, hopelessness, helplessness, uncertainty, or 
panic. Many of these psychological barriers, which could interfere with the coop-
eration and response from the public, can be mitigated through the work of an expe-
rienced spokesperson with an empathetic and honest health risk communication 
style. In other words, the right spokesperson at the right time with the right message 
can save lives.

The following communication principles should be incorporated into messages:

•	 Acknowledge fears.
•	 Express wishes, show empathy.
•	 Give people things to do.
•	 Acknowledge the shared misery.
•	 Give anticipatory guidance.

If spokespersons acknowledge the risk, its severity and complexity and acknowl-
edge fears, they can then ask people to bear the risk during the emergency and work 
toward solutions together. Some of the common pitfalls and communication failures 
that inhibit operational success are:

•	 Mixed messages from multiple experts through multiple sources with lack of 
absolute agreement.

•	 Late released information that may leave space to others to fill the gap by an 
opportunistic and fraudulent response.

•	 Paternalistic attitudes that do not treat public like intelligent adults.
•	 Countering rumors or myths in real time may serve to spread them.

The WHO checklist recommended actions are:

•	 Appoint a public information spokesperson to coordinate hospital communica-
tion with the public, the media, and health authorities.

•	 Designate a space for press conferences (outside the immediate proximity of the 
emergency department, triage/waiting areas, and the command center).

•	 Draft brief key massages for target audiences (e.g., patients, staff, public) in 
preparation for the most likely disaster scenarios.

•	 Ensure that all communications to the public, media, staff (in general), and health 
authorities are approved by the incident commander or ICG.

•	 Establish streamlined mechanisms of information exchange between hospital 
administration, department/unit heads, and facility staff.

•	 Brief hospital staff on their roles and responsibilities within the incident 
action plan.
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•	 Establish mechanisms for the appropriate and timely collection, processing, and 
reporting of information to supervisory stakeholders (e.g., the government, 
health authorities), and through them to neighboring hospitals, private practitio-
ners, and pre-hospital networks.

•	 Ensure that all decisions related to patient prioritization (e.g., adapted admission 
and discharge criteria, triage methods, infection prevention, and control mea-
sures) are communicated to all relevant staff and stakeholders.

•	 Ensure the availability of reliable and sustainable primary and back-up commu-
nication systems (e.g., satellite phones, mobile devices, landlines, Internet con-
nections, pagers, two-way radios, unlisted numbers), as well as access to an 
updated contact list.

10.4.1.6	 �Planning for Security of Hospitals in Emergency Situation
During emergency situation, the hospital is the focus of not only the patients being 
brought in but a lot of other persons including relatives, by-standers, media, etc. 
They more often than not block the entrance and other areas hampering the smooth 
functioning of the hospital. It is therefore recommended that all hospitals should 
have some security arrangements even in non-disaster phases. The hospital security 
should be operational at a very early stage of disaster. Some of the duties recom-
mended by WHO are:

•	 Appoint a hospital security team responsible for all hospital safety and security 
activities.

•	 Prioritize security needs in collaboration with the hospital ICG. Identify areas 
where increased vulnerability is anticipated (e.g., entry/exits, food/water access 
points, pharmaceutical stockpiles).

•	 Ensure the early control of facility access point(s), triage site(s), and other areas 
of patient flow, traffic, and parking. Limit visitor access as appropriate.

•	 Establish a reliable mode of identifying authorized hospital personnel, patients, 
and visitors.

•	 Provide a mechanism for escorting emergency medical personnel and their fami-
lies to patient care areas.

•	 Ensure that security measures required for safe and efficient hospital evacuation 
are clearly defined.

•	 Ensure that the rules for engagement in crowd control are clearly defined.
•	 Solicit frequent input from the hospital security team with a view to identifying 

potential safety and security challenges and constraints, including gaps in the 
management of hazardous materials and the prevention and control of infection.

•	 Identify information insecurity risks. Implement procedures to ensure the secure 
collection, storage, and reporting of confidential information.

•	 Define the threshold and procedures for integrating local law enforcement and 
military in-hospital security operations.

•	 Establish an area for radioactive, biological, and chemical decontamination and 
isolation.
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10.4.1.7	 �Transportation
Transportation (to and from the site or other hospitals) is necessary in emergency 
situation mainly to bring the patients from the site of mass casualty incident to the 
hospital. Transport is also required to transfer patients to other hospitals if the facili-
ties at the hospital in question are overwhelmed or are unable to perform its func-
tions due to internal damage.

10.4.1.8	 �Stores Planning
It is recommended that adequate stores of linen, medical items, surgical items 
should be kept separately in the Emergency/Casualty and should be marked as the 
“Disaster Store.” The activation of this store is done only after the disaster has been 
notified by the appropriate authorities. As immediate measures, the buffer stocks 
earmarked for the Casualty/Emergency Services should be utilized till the fresh 
stocks are replenished from main hospital stores/disaster stores. Any requirements 
to the operational areas/treatment areas are conveyed to the command center. WHO 
recommendations are:

•	 Develop and maintain an updated inventory of all equipment, supplies and phar-
maceuticals; establish a shortage-alert mechanism.

•	 Estimate the consumption of essential supplies and pharmaceuticals (e.g., 
amount used per week) using the most likely disaster.

•	 Consult with authorities to ensure the continuous provision of essential medica-
tions and supplies (e.g., those available from institutional and central stockpiles 
and through emergency agreements with local suppliers and national and inter-
national aid agencies).

•	 Assess the quality of contingency items prior to purchase; request quality certifi-
cation if available.

•	 Establish contingency agreements (e.g., memoranda of understanding, mutual 
aid agreements) with vendors to ensure the procurement and prompt delivery of 
equipment, supplies, and other resources in times of shortage.

•	 Identify physical space within the hospital for the storage and stockpiling of 
additional supplies, taking ease of access, security, temperature, ventilation, light 
exposure, and humidity level into consideration. Ensure an uninterrupted cold 
chain for essential items requiring refrigeration.

•	 Stockpile essential supplies and pharmaceuticals in accordance with national 
guidelines. Ensure the timely use of stockpiled items to avoid loss due to 
expiration.

•	 Define the hospital pharmacy’s role in providing pharmaceuticals to patients 
being treated at home or at alternative treatment sites.

•	 Ensure that a mechanism exists for the prompt maintenance and repair of equip-
ment required for essential services. Postpone all non-essential services when 
necessary.

•	 Coordinate a contingency transportation strategy with pre-hospital networks and 
transportation services to ensure continuous patient transferal.
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10.4.1.9	 �Human Resources Planning
Medical Staff: In addition to the members of clinical staff, para and preclinical dis-
ciplines (if present in the facility) should render their services in managing the casu-
alties. Duty roster for standby staffs should be available. The nursing matron should 
be able to prepare a list of nursing staffs who may be made available at a short 
notice. The nursing personnel officer should be also able to mobilize additional 
nursing staffs from non-critical areas.

Other Staff: Duty roster (including those on standby duty) of all ancillary medi-
cal services (e.g., radiology, laboratory, blood bank) and also other hospital services 
(house-keeping, sanitation, stores, pharmacy, kitchen, etc.) should be available with 
the duty officer/hospital administrator.

Volunteers: The role which volunteers will assume in the course of a disaster 
should be predetermined, rehearsed, coordinated, and supervised by the regular 
senior staff of the health facility.

Reserved Staff: In cases of large-scale disaster, the recommendations are made 
for community participation and reserve staff concept.

Preparedness will be enhanced by the development of a community-wide con-
cept of “reserve staff” identifying physicians, nurses, and hospital workers who are 
retired, have changed careers to work outside of healthcare services, or now work in 
areas other than direct patient care (e.g., risk management, utilization review). 
While developing the list of candidates for a community-wide “reserve staff” will 
require limited resources, the reserve staff concept will only be viable if adequate 
funds are available to regularly train and update the reserves so that they can imme-
diately step into roles in the hospital which allow regular hospital staffs to focus on 
incident casualties.

Hospital preparedness can be increased if state medical councils, working through 
the State Medical Services, develop procedures allowing physicians licensed in one 
system of medicine to practice in another under defined emergency conditions.

Recommended actions as per WHO checklist are:

•	 Update the hospital staff contact list.
•	 Estimate and continuously monitor staff absenteeism.
•	 Establish a clear staff sick-leave policy, including contingencies for ill or injured 

family members or dependents of staff.
•	 Identify the minimum needs in terms of health-care workers and other hospital 

staff to ensure the operational sufficiency of a given hospital department.
•	 Establish a contingency plan for the provision of food, water, and living space for 

hospital personnel.
•	 Prioritize staffing requirements and distribute personnel accordingly.
•	 Recruit and train additional staff (e.g., retired staff, reserve military personnel, 

university affiliates/students, and volunteers) according to the anticipated need.
•	 Address liability, insurance, and temporary licensing issues relating to additional 

staff and volunteers who may be required to work in areas outside the scope of 
their training or for which they have no license.
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•	 Establish a system of rapidly providing health-care workers (e.g., voluntary 
medical personnel) with necessary credentials in an emergency situation, in 
accordance with hospital and health authority policy.

•	 Cross-train health-care providers in high-demand services (e.g., emergency, sur-
gical, and intensive care units).

•	 Provide training and exercises in areas of potential increased clinical demand, 
including emergency and intensive care, to ensure adequate staff capacity and 
competency.

•	 Identify domestic support measures (e.g., travel, child care, care for ill or dis-
abled family members) to enable staff flexibility for shift reassignment and lon-
ger working hours.

•	 Ensure adequate shift rotation and self-care for clinical staff to support morale 
and reduce medical error.

•	 Ensure the availability of multidisciplinary psychosocial support teams that 
include social workers, counsellors, interpreters, and clergy for the families of 
staff and patients.

•	 Ensure that staffs dealing with epidemic-prone respiratory illness are provided 
with the appropriate vaccinations, in accordance with national policy and guide-
lines of the health authority.

10.4.1.10	 �Financial Planning
An important aspect of any management plan is the financial management. It is 
recommended that the disaster plans are made in close association with the financial 
advisors of the hospital/institution. This will make them more cost-effective and 
avoid unnecessary and repeated expenditure. Financial planning includes (but is not 
limited to) purchasing, procurement, patient tracking, insurance, document security, 
building safety, building repair, and inventory/supplies. These responsibilities need 
to be assessed and carried out by those individuals who are responsible for job 
actions under the finance branch of the incident command system.

10.4.1.11	 �Operations Planning
The incident commander after notification of the hospital disaster activates and 
alerts the in-charges of different important areas of the hospital. The in-charges of 
various facilities in turn notify and alert the staff (medical/nursing/others staff) 
working in these areas to immediately reach the area and carry out their functions. 
The in-charges also call up the reserved staff which is not on duty to be ready in case 
they are needed.

Reception and Triage Area: Triage is the term used to describe the process of 
sorting out casualties and prioritizing care. Historically, triage has been used within 
multiple military conflicts [11]. Civilian emergency medical services and hospital 
emergency departments who use the process show increased evidence of improved 
outcomes. Decreasing time to treat those in need of immediate care has been shown 
to increase survival rates. The triage process may be used for both injured and ill 
patients [12]. Acuity levels may change in three ways for patients from the initial 
assigned level, during their reassessments, and through the care process:
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–– Improvement in status.
–– Decline in status.
–– Stable status.

Despite the large number of triage systems extant throughout the world, most 
have several features in common. A majority of these systems use a “walking filter” 
to identify quickly less severely injured patients and remove from the immediate 
disaster zone. START (Simple Triage and Rapid Treatment) (Fig.  10.4) and 
JumpSTART (for triaging children younger than 8 years of age) (Fig. 10.5) are con-
sidered to be the standard triage methods, mostly used by pre-hospital EMS and 
disaster volunteers. They are also appropriate for use by hospitals with a large group 
of patient arrivals as a tool to quickly identify those in most need of immediate care 
[13]. The goal is to quickly identify the red casualties among the total injured group.

START Triage

Important:

Walking wounded are directed to go to treatment area. (All are triaged as   Green.)

Those unable to walk are assessed by the “RPM” method:

BLACK RESPIRATIONS

PULSE (radial)

MENTAL STATUS

YELLOW

(follows simple commands?)

RED

RED

RED

None

<30

>30

Absent

Present

No

Yes

Once any RED criteria are met, tag patient and MOVE ON!
Triage is sorting, not treatment. Only 2 interventions may made during triage:
 1) Open/clear airway.
 2) Apply direct pressure to major bleeding sites.
Patients will be reassessed at treatment area(s).

Fig. 10.4  START card as a “walking filter” to identify quickly less severely injured patients and 
remove them from the immediate disaster zone
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JumpSTART Pediatric Multiple Casualty Incident Triage

Yes

Yes

Yes

No

Yes

No

No

No

Able to
walk?

Spontaneous
breathing

Respiratory
Rate

15-45

<15 or >45

DELAYED

MINOR

Position airway

APNEA

Spontaneous

breathing

SECONDARY TRIAGE

IMMEDIATE

IMMEDIATE

IMMEDIATE

IMMEDIATE

IMMEDIATE

EXPECTANT

EXPECTANT

APNEA

Palpable
pulse?

Palpable
pulse?

Neurological
Assessment

[AVPU]

 5 rescue breaths

Spontaneous breathing

Inappropriate “P” (e.g., posturing)
or “U”

“A,” “V,” or Appropriate “P”
(e.g., withdrawal from painful stimulus)

Neurological Assessment

A

V

P

U

Alert

Responds to
Verbal Stimuli

Responds to
Painful Stimuli

Unresponsive
to Noxious

Stimuli

Triage Categories

IMMEDIATE Red Triage Tag Color

EXPECTANT Black Triage Tag Color

• Victim unlikely to survive give severity
 of injuries, level of available care, or both
• Palliative care and pain relief should
 be provided

• Victim can be helped by immediate
 intervention and transport
• Requires medical attention within
 minutes for survival (up to 60)
• Includes compromises to patient’s
 Airway, Breathing, Circulation

DELAYED Yellow Triage Tag Color

MINOR Green Triage Tag Color

• Victim’s transport can be delayed
• Includes serious and potentially
 life-threatenning injuries, but status
 not expected to deteriorate significantly
 over several hours

• Victim with relatively minor injuries
• Status unlikely to deteriorate over days
• may be able to assist in own care:
 “Walking Wounded”

Use JumpSTART if the Patient appears to be a child.

Use an adult system. such as START, if the Patient appears to be a young adult.

Fig. 10.5  JumpSTART card for triaging children younger than 8 years of age
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To accomplish this:

•	 All ambulatory casualties are moved away from the rest of the injured and are 
given a green (minor care) designation. This process removes the largest group 
in most disasters and makes it much easier to identify the more severely injured 
patients. Stating a simple phrase like “If you can hear the sound of my voice, 
come over here (point to the location).” A bullhorn or other voice amplification 
device, and gestures to point to those who are ambulatory, may help to guide 
them toward a staging area.

•	 A rapid screening of each remaining person on the scene may be conducted with 
less than 1 min spent per casualty. The parameters used for screening include: 
respiratory status (R), perfusion (P), and mental status (M).

•	 Only the simplest of interventions are given, such as opening an airway or direct-
ing a bystander to apply direct pressure to external bleeding.

Reassessment helps direct resources to those who would benefit the most. For 
example, persons who have no medical needs but are psychological casualties may 
be directed to a support center for care instead of an emergency department. A pri-
mary goal of triage is to decongest emergency departments allowing them to care 
for the highest acuity level patients. Triage methods assist responders in identifying 
alternate care sites for green-tagged persons who are in need of minor treatment and 
likely to be ambulatory.

Reassessment conducted periodically after the initial sorting may validate that an 
appropriate triage level is identified. Reassessment also attempts to avoid under-
triaging (assigning a less serious acuity which could lead to a higher potential risk 
of mortality or disability) or over-triaging (assigning a higher acuity level which 
could lead to patients using treatment space that others need).

The triage area is the first area of contact between hospital personnel and the 
incoming patients. This area should be manned by:

•	 Registration officer on the registration desk.
•	 Triage doctors/nurses.
•	 Adequate number of doctors in the emergency room/casualty.
•	 Adequate number of stretchers/trolley bearers.
•	 Hospital attendants. The initial registration and triage should be done in this area.
•	 Triage criteria for disasters and the patients will be color coded according to the 

kind of treatment they deserve (Fig. 10.6).
–– ONE—immediate resuscitation (RED).
–– TWO—potentially Life-threatening injuries (YELLOW).
–– THREE—walking wounded (GREEN).
–– FOUR—dead (BLACK).
–– An additional color (BLUE) can be applied for palliative care patients.

Decontamination Area (Nuclear, Biological, or Chemical Disasters): Hospital 
emergency operation plans should include information related to decontamination 
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and how it is going to be performed, as necessary. This may include any of the 
following:

•	 A process for communicating with and directing patients to a decontamination 
area(s).

•	 Communications protocols to be used by team members within decontamination 
area(s) and between other units.

•	 Processes for activation/de-activation of the team.
•	 Specific triggers and/or scenarios where decontamination would be appropriate.
•	 Location of primary and alternative decontamination areas.
•	 Set-up, designation of space, and operational procedures for each space.
•	 Segregation and decontamination of prioritized contaminated individuals and 

their belongings.
•	 The segregation of contaminated vehicles, equipment, and supplies.
•	 A process for human and material resource staging and demobilization/

reconstitution.
•	 A plan for staging and rehabilitation of decontamination team staff
•	 These measures support proper decontamination procedures and processes 

which helps to ensure everyone’s (patient and staff member) safety is taken 
seriously.

Acute Care Area (Emergency Department), Definitive Care areas (Operation 
Theatres, Wards), Intensive Treatment Area Activation (HDU/ICU), Treatment 
Areas: Hospital planning has traditionally anticipated the number of casualties to be 
treated as potentially up to 20% of the total licensed bed capacity of the hospital. 
This number does not necessarily indicate an increase of in-patient admissions and 
hospitals should determine what is a realistic number based on surge capability and 
capacity (staff, space, and equipment and supplies).

Color Acuity Need for Treatment Comments

RED

YELLOW

GREEN

BLACK

Emergent

Urgent

Non-Urgent

Expired or
Expected

Immediate

Delayed

Minimal / Non-urgent

No treatment;
Expectant: Treat if
resources are available

Threat to life, limb, or organ

Significant injury or illness but can
tolerate a delay in care 

Can safely wait for treatment

Consider transport and care for
expectant patients after initial
“Reds” are cleared, if resources
exist and it does not delay care for
Yellows.

FEMORS offers guidelines on
palliative care.

Fig. 10.6  Patients will be color coded according to the kind of treatment they deserve. An addi-
tional color (BLUE) can be applied for palliative care patients
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Clinical treatment for casualties may be provided in a traditional or non-
traditional area. Hospital planning should include information detailing how a surge 
of patients is going to be accommodated. A mass casualty incident (MCI) may 
result in both higher and lower numbers of patient arrivals, varied acuity levels, and 
varying pediatric casualties, depending on the type of disaster scenario.

The staffs, mainly nursing staffs and hospital attendants who are familiar with 
first aid, splinting, and dressings, can be sent to the minor treatment areas, thus sav-
ing the medical staffs for more intensive and resuscitation areas.

Typically, only 10% of the red-tagged emergent casualties from a conventional 
MCI require stat, emergency, life-saving (resuscitative) surgery [14]. A significant 
number of casualties may require one or more surgical interventions during their 
hospital stay. Hospitals may consider bundling procedures per casualty to reduce 
anesthesia time, increase the operation room availability, and shorten the recovery 
process for patients. This coordinated approach to surgical care has been used by the 
military and may be called “parallel operating.” The type of operations expected to 
be performed may include:

•	 Life-saving operations (hemorrhage control, craniotomy).
•	 Open fractures.
•	 Penetrating eye injuries.
•	 Neurological surgery (urgent).
•	 Chest surgery.
•	 Oral/maxillary/facial surgery.
•	 Burns.

Holding Area for Relatives/Non-Injured: A hospital staff member will stay with 
the family members. (Social services will be assigned here after reporting to the 
command center and other personnel assigned as needed). A list of the visitors’ 
names in association with the patient they are inquiring about should be kept. 
Volunteers may be needed to escort visitors within the facility.

10.4.1.12	 �Essential Ancillary Services
•	 Laboratory Services: The department head or designee will call in their own 

personnel as needed after reporting to command center. He/she will call per-
sonnel from nearby hospitals and clinics as necessary and will have arrange-
ments made to obtain additional blood, equipment, and supplies from area 
agencies.

•	 Radiology Services Department: the head of designee will call any or all person-
nel needed, will arrange for extra supplies to be brought in if needed, and will 
coordinate the flow of work and delegation of work areas. Other members of the 
radiology staff will perform all x-ray exams/CT scans/Ultrasounds, etc., as 
needed and assigned.

•	 Blood Bank: The need for blood products is often overestimated but during a 
disaster blood and blood product usage may rise above normal levels. The resur-
gent use of tourniquets and newer products such as bandages with hemostatic 
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properties may be able to control blood loss. Consultation with the hospital labo-
ratory, local blood bank, and materials management may identify the availability 
of blood, blood products, and other supplies improving patient outcomes. 
Emergency operating plans may want to consider including the level of blood 
supply needed based on current information related to appropriate transfusion 
criteria, blood availability, and other measures that conserve blood or prevent 
blood loss.

•	 Mortuary Services (Care for the dead): Mortuary should be situated away from 
the main entrance of the hospital. It should be adequately staffed with senior 
forensic specialist/any designee appointed for that purpose [15]. Patients pro-
nounced dead on arrival (DOA) should be tagged with a disaster tag and body 
should be sent to mortuary. The emergency department should also notify 
about all deaths to the command control room. Bodies should be stored in the 
alternate morgue area if the capacity of mortuary to store bodies is over-
whelmed. Mortuary personnel will remain with bodies until removed by mor-
tuary in-charger. After bodies have been identified, the information will be 
filed on the disaster tag and medical records notified as to the identification of 
the patient. The bodies may be removed via a separate gate of the hospital with 
the knowledge of the mortuary in-charge [16]. A complete record of all bodies 
must be maintained along with the name of the agency removing them (police, 
fire department, hearse, etc.).

•	 Sanitation Services: Adequate sanitation services within and around the hospital 
should be ensured by the hospital administration.

•	 Hospital Laundry and Sterile Supply: The hospital administration should ensure 
adequate supply of clean hospital linen, sterile dressing, and sterile supply of 
instruments to the essential areas of the hospital.

10.4.2	 �Disaster Phase

The district medical authorities should play a leading role in medical treatment of 
victims once the disaster strike. The chief district medical officer/equivalent posi-
tion should take the role of incident commander and should set up a medical com-
mand structure which would work in tandem with the district administrative 
authorities. [17, 18] The steps are as following:

	(a)	 Phase of activation—alert and notification of emergency.
	(b)	 Activation of the chain of command in the hospital.
	(c)	 Operational phase. This is the phase in which the actual tackling of mass casual-

ties is performed according to the disaster/emergency plan.
	(d)	 Phase of deactivation. This is a crucial phase of the hospital emergency plan 

when the administration/command of the hospital is satisfied that the influx of 
mass casualty victims is not continuing to overwhelm the hospital facilities.
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10.4.3	 �Post-disaster Phase

Once the incident commander and the leaders of respective areas are convinced that 
there will be no more casualties who will come to the hospital, they would take a 
decision to deactivate the plan and resume the normal functioning of the hospital. 
This is an important phase of disaster planning where the activities of the disaster/
emergency phase are discussed and the inadequacies are noted for future improve-
ments [19]. The deactivation should not be too early (premature) or too late. Once 
the decision is taken, it is very difficult to reactivate the plan within a short period 
of time.

The WHO recommended actions are as follows:

•	 Appoint a disaster recovery officer responsible for overseeing hospital recovery 
operations.

•	 Determine essential criteria and processes for incident demobilization and sys-
tem recovery.

•	 In case of damage to a hospital building, ensure that a comprehensive structural 
integrity and safety assessment is performed.

•	 If evacuation is required, determine the time and resources needed to complete 
repairs and replacements before the facility can be reopened.

•	 Organize a team of hospital staff to carry out a post-action hospital inventory 
assessment; team members should include staff familiar with the location and 
inventory of equipment and supplies. Consider including equipment vendors to 
assess the status of sophisticated equipment that may need to be repaired or 
replaced.

•	 Provide a post-action report to hospital administration, emergency managers and 
appropriate stakeholders that includes an incident summary, a response assess-
ment, and an expenses report.

•	 Organize professionally conducted debriefing for staff within 24–72 h after the 
occurrence of the emergency incident to assist with coping and recovery, provide 
access to mental health resources and improve work performance.

•	 Establish a post-disaster employee recovery assistance program according to 
staff needs, including, for example, counselling and family support services.

•	 Show appropriate recognition of the services provided by staff, volunteers, exter-
nal personnel and donors during disaster response and recovery.

Debriefing: Importance of debriefing exercises as a part of planning cannot be 
stressed further. Debriefing is a process in which the Disaster Committee sits down 
after the disaster has been deactivated and tries to figure out how things went. It can 
be best described as a critical self-review of one hospital’s own performance during 
a disaster. [20, 21] What went right is taken cognizance of and what went wrong is 
further incorporated into the disaster plans. This is arguably the most time-
consuming part of a major incident. It will include action reports, follow-up, debrief, 
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and even preparation for inquests. The process may take months to years and les-
sons learned in individual cases should be disseminated throughout the medical 
community to improve on responses when other major incidents inevitably occur.

Glossary

Compound (Combination) Disaster  Disasters are not always limited to a single 
hazard. Sometimes two or more completely independent disasters occur at the 
same time—an earthquake strike during a flood, for instance. More commonly, 
however, one disaster triggers a secondary hazard. Some secondary hazards only 
occur as result of a primary hazard, such as a tsunami (from earthquakes), while 
others can occur either because of or independent of other disasters. Compound 
disasters, which can occur either sequentially or simultaneously with one or 
more disasters, have a tendency to exacerbate consequences, and increase vic-
tims’ issues [25].

Coping Capacity  The ability of people, organizations, and systems, using avail-
able skills and resources, to face and manage adverse conditions, emergencies, 
or disasters.

Disaster  A serious disruption of the functioning of a community or a society 
involving widespread human, material, economic, or environmental losses and 
impacts, which exceeds the ability of the affected community or society to cope 
using its own resources. Disasters are often described as a result of the combina-
tion of: the exposure to a hazard; the conditions of vulnerability that are present; 
and insufficient capacity or measures to reduce or cope with the potential nega-
tive consequences [22].Disaster impacts may include loss of life, injury, disease, 
and other negative effects on human physical, mental, and social well-being, 
together with damage to property, destruction of assets, loss of services, social 
and economic disruption, and environmental degradation.

Early Warning System  The set of capacities needed to generate and disseminate 
timely and meaningful warning information to enable individuals, communities, 
and organizations threatened by a hazard to prepare and to act appropriately and 
in sufficient time to reduce the possibility of harm or loss.

Emergency Preparedness Plan versus Contingency Plan  Contingency planning 
means making a plan to respond to a potential crisis or emergency. This includes 
developing scenarios (anticipating the crisis), determining the objectives of the 
organization in these situations, and defining what will be needed to reach those 
objectives [23]. Contingency planning is one tool of emergency preparedness, 
but it is not emergency preparedness itself. Emergency preparedness consists 
of all activities taken in anticipation of a crisis to expedite effective emergency 
response. This includes contingency planning, but is not limited to it: it also cov-
ers stockpiling, the creation and management of stand-by capacities, and training 
staff and partners in emergency response.

C. Christou



145

Emergency  A crisis or emergency is a threatening condition that requires urgent 
action. Effective emergency action can avoid the escalation of an event into a 
disaster.

Hazards  A dangerous phenomenon, substance, human activity, or condition that 
may cause loss of life, injury or other health impacts, property damage, loss 
of livelihoods and services, social and economic disruption, or environmen-
tal damage.

Risk  Risk is the likelihood of an event occurring multiplied by the negative conse-
quence of that event, were it to occur. Risk = Likelihood x Negative Consequence 
Likelihood is expressed either as a probability (e.g., 0.15; 50%) or as a frequency 
(e.g., 1 in 1,000,000; 5 times per year). Consequences are a measure of the effect 
of the hazard on people or property.

Vulnerability  Vulnerability is a measure of the propensity of an object, area, indi-
vidual, group, community, country, or other entity to incur the consequences 
of a hazard. This measurement results from a combination of physical, social, 
economic, and environmental factors or processes. Resilience, the opposite of 
vulnerability, is a measure of propensity to avoid loss [24].
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The Art of Triage

Ari Leppäniemi

11.1	 �Definition of Triage

The standard definition of triage is “the sorting of and allocation of treatment to 
patients and especially battle and disaster victims according to a system of priorities 
designed to maximize the number of survivors.” In real mass casualty situations, the 
principle of triage is to identify and transfer (after life-saving initial interventions in 
the field) those patients among the initial survivors that have a reasonable chance of 
meaningful survival if their injuries are treated rapidly and effectively.

11.2	 �Principles of Triage

A large number of casualties, limited resources on the scene, and the critical time 
factor typical to a mass casualty incident preclude a thorough evaluation and defini-
tive treatment of individual injured patients according to accepted practices. 
Therefore, the standard goal of providing the greatest good for each individual 
patient must change in mass casualty setting to “the greatest good for the greatest 
number.” The main instrument to achieve this is the application of sorting out 
patients according to the severity of their injuries, or triage, and assigning those who 
are the most seriously injured to receiving priority care.

Depending on the circumstances, up to 20% of mass casualty victims die on the 
scene (immediate deaths). Of those surviving the immediate insult (immediate sur-
vivors), about 10–20% are severely injured. Delay in the treatment of this patient 
group increases mortality and disability, and many need surgery and intensive care. 

A. Leppäniemi (*) 
Emergency Surgery, Abdominal Center, Meilahti Hospital, University of Helsinki,  
Helsinki, Finland
e-mail: ari.leppaniemi@hus.fi

11

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-34116-9_11&domain=pdf
https://doi.org/10.1007/978-3-030-34116-9_11#DOI
mailto:ari.leppaniemi@hus.fi


148

However, about 60–80% of immediate survivors have minor and nonfatal injuries, 
some of them not even requiring hospital admission. In these instances, efficiency 
of care can be degraded by overtriage (proportion of survivors assigned to immedi-
ate care, hospitalization, or evacuation who are not critically injured).

The main aim of any mass casualty plan is to facilitate the selection and timely 
treatment of the severely injured patients. Because the resources in mass casualties 
are almost always stretched to the limit, the basic principles of triage should be 
implemented. From the trauma care perspective, it has been emphasized that suc-
cessful coping with a mass casualty does not mean streamlining the flow of 80 
casualties, but rather providing high-quality trauma care to very few but critical (and 
salvageable) patients.

A useful tool to assess the overall performance of the health care system in mass 
casualties is to calculate the Critical Mortality Rate (CMR) of immediate survivors, 
i.e., the proportion of deaths out of the total of severely injured but initially surviv-
ing patients (Injury Severity Score > 15). It has been shown that CMR is directly 
proportional to the overtriage percentage.

11.3	 �Selection of Triage Site and Assigning Key Duties

The medical commander in the field, after consultation with the overall incident 
commander in the field, should select the triage sites. The site should be safe and 
secured, placed on a dry and possibly sheltered area, upwind from the incident, and 
close to the evacuation route for the ambulances with a one-way traffic direction.

After assigning the leaders of the initial three key responsibilities (primary tri-
age, secondary triage and treatment, and evacuation) with appropriate teams, and 
establishing communication with the overall regional medical commander who has 
the knowledge of the current situation and capabilities of each hospital in the region, 
the field medical commander directs and supervises the organized field triage pro-
cess. It also includes the establishment of a place for deceased victims, separate 
from the treatment areas.

11.4	 �Categories of Triage

The initial sorting of the victims by the primary triage officer is based on the ability 
of the victims to walk and follow orders (Fig.  11.1). Directing the “walking 
wounded” to another site for appropriate evaluation and treatment separates them 
from the more severely injured who are collected to the main secondary triage point 
to be evaluated by the secondary triage and treatment officer. Overtriage can be 
reduced by focusing on physiologic and anatomic criteria rather than on injury 
mechanism in selecting patients for transport to trauma centers, and this can be 
achieved without increasing undertriage (not detecting patients with severe injuries, 
delaying their transfer or sending them to an inappropriate facility).
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Patients with severe injuries are first evaluated, sorted out, and treated by the 
secondary triage officer for immediately life-threatening problems (airway and 
breathing, external bleeding) and assigned a category for evacuation (Table 11.1). It 
should be noted that triage is a dynamic process and the condition of the patient can 
change, either because of the immediate life-threatening problem has been solved 

Select safe triage area

Primary triage: Can the patient walk?

NO: Secondary triage and 
urgent treatment

- secure airway, stop external 
bleeding

- physiology (breathing, radial 
pulse, mental status)

- anatomy (location, type and 
severity of obvious injuries)

- assign category for evacuation

 - urgent (red)
 
 - delayed (yellow)

YES: walk to specified area

- minimally injured (green code)

- upgrade category, if

 - deteriorates

 - suspected primary blast injury

Expectant category

- reassess later

Evacuation of patients by categories to

- major trauma centers (red and yellow)

- other hospitals (green)

Arrange care and transfer of expectant and dead

Look for missed patients before closing triage site

Dead

- identification

-  recording

Fig. 11.1  Principles of field triage

Table 11.1  Field triage categories and 
commonly used color codes

Immediate (red)
Delayed (yellow)
Minimal (green)
Expectant (violet)
Dead (black)
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(by establishing a secure airway or stopping external bleeding, for example) or 
because the deterioration of a patient with an unrecognized severe injury, such as 
internal bleeding from a pelvic fracture, for example. The triage category should 
reflect the urgency of evacuation to get the patient to the hospital for definitive treat-
ment, not the initial condition.

11.5	 �Transfer

Patients who need immediate evacuation (red code) should be transported first to the 
nearest appropriate medical facility that has the capability to deal with the suspected 
injuries. Typical injuries include conditions that might have been treated in the field 
initially but need subsequent definitive surgical treatment, such as airway compro-
mise, open chest wounds, tension pneumothorax and major external hemorrhage, or 
conditions that cannot be treated in the field such as hypotension caused by cavitary 
bleeding, intermediate burns, or unconscious patients with focal signs. The receiv-
ing hospital is usually the major trauma center in the area, but under some circum-
stances it might be the hospital with special expertise, such as a burn unit, 
cardiothoracic surgery, or neurosurgery. If possible, no hospital should receive more 
than five severely injured patients during the first hour.

The delayed category (yellow code) includes patient who need definitive treat-
ment that often includes surgery, such as hemodynamically stable patients with pen-
etrating abdominal wounds, extremity vascular injuries, unconscious patients 
without airway compromise or lateralizing signs, pelvic, spinal, or extremity frac-
tures, or major soft tissue wounds. They should be transported after the immediate 
category patients following the same stratification according to the potential injuries 
as the immediate category patients.

The minimally injured patients (green code) should be equally divided among 
the lower echelon or more distant hospitals in the area using mass transportation 
means, such as buses, if possible. The actual updated capacity situation of the 
receiving hospitals should be taken into account, and the field medical commander 
can obtain this information from the overall medical commander (usually located in 
the major trauma center) and pass that on to the evacuation officer.

The expectant category (violet code) refers to patients who are alive but with 
unsurvivable injuries or patients with such severe injuries that their rapid evacuation 
would unlikely lead to survival and might divert the limited resources away from 
patients with potentially more survivable injuries. Examples for this type of injuries 
include severe head injuries with open skull fractures and unconsciousness, exten-
sive deep burns, and imminent cardiac arrest with major torso trauma. This category 
is the most difficult to assign patients to and requires the necessary mindset and 
medical competence from the triage officer. These patients should be segregated 
from the others at least in the initial phase, and kept comfortable and monitored for 
any improvement in their condition that may warrant care later in the evolution of 
the incident response.
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Dead victims (black code) should be segregated from all others to decrease the 
possibility of resource-utilizing treatment efforts, and to facilitate later identifica-
tion and communication of their outcome to families.

11.6	 �Record Keeping

One important aspect of triage is record keeping that prevents losing track of casual-
ties and allowing a post-event analysis of triage decisions, casualty management, 
and casualty outcomes, from which important decisions can be derived to improve 
performance in future events. Most likely in the future it will be possible to track 
mass casualties utilizing the existing databases and creating a unique mass casualty 
code to be added to the patient codes.

11.7	 �Summary

The essence of triage is to identify the critically injured victims rapidly and reliably, 
intervene in the immediately life-threatening but treatable problems (airway, exter-
nal bleeding), and evacuate the patients as soon as possible to the most appropriate 
hospital. Utilizing a unified EMS system and a regional agreement of multiple hos-
pitals within reasonable distances and stratified according to their trauma manage-
ment capacity and resources, a rational plan can be developed to ensure that the 
most critically injured patients are sent directly to the right hospitals without over-
whelming these hospitals with minor injuries. Avoiding overtriage and not exceed-
ing the surge capacity of the major trauma hospitals are the most efficient ways of 
decreasing the critical mortality rate, the hallmark of the efficiency of the medical 
response to a mass casualty incident.
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12.1	 �Trauma Score Evolution

In recent decades, there has been a change in the management of conflict between 
different states. There has been a change in the management of the conflict com-
pared to the collective imagination. Metropolitan cities have become battlefields 
due to increasing adverse events such as terrorist attacks, bioterrorism, etc. It must 
also be borne in mind that man has gone wildly into dangerous places and this 
behavior associated with natural disasters has led to real disasters. This socio-
economic evolution made it necessary to adapt hospitals and their resources. New 
scientific concepts have been introduced in order to increasingly standardize certain 
behaviors during adverse events. This has resulted in an ever faster response in 
patient care [1].

In the medical field, the concept of “disaster” has taken hold, understood as an 
accident or an event in which the needs of patients exceed the resources necessary 
for their treatment [2]. Emergency planning has made it possible to improve the 
efficiency of the health system in responding to the problems that arise from it. 
Usually the response to catastrophic events is negatively conditioned by the discrep-
ancy between requests, capabilities, and organizational structures available.

Disaster management teams are critical to the mass casualty incident response 
given the complexity of today’s disaster threats. Current disaster planning and 
response emphasizes the need for an all-hazards approach. Flexibility and mobility 
are the key assets required of all disaster management teams. Medical providers 
must respond to both these challenges if they are to be successful disaster team 
members.
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The variety of events to which we are exposed does not make it possible to pre-
dict the place, the characteristics, and the moment in which a disaster will occur. For 
this reason, today we tend to use multi-risk approaches based on a single and com-
mon initial response to the emergency with subsequent treatment routes based on 
the type of disaster that has occurred. The goal is to do the best possible for the 
greatest number of victims.

The aforementioned adverse events generate unique demands for the medical 
community [3]. In particular, surgeons must be better educated in disaster manage-
ment. Triage changes according to the various situations; disasters require a com-
pletely different approach to assessment and assistance that often goes beyond one’s 
ethics and training. An ability is required to adapt and apply fundamental principles 
of disaster management universally to any mass incidents caused by people or 
nature. Organizational tools such as the incident control system and the hospital 
incident control system contribute to a quick and coordinated response to specific 
situations. This problem in recent years has been the focus of discussions that led to 
the formation of international emergency response teams able to provide medical, 
surgical, and intensive care services in hostile environments throughout the world.

Hospitals must undertake all activities aimed at identifying potential risks, train-
ing staff, and being aware of their resources. These activities are based on an emer-
gency plan that must be simple and flexible, periodically reviewed, and which must 
provide for the continuous training of the personnel in charge.

The American College of Surgeons Committee on Trauma (ASCOT) commis-
sioned the Major Trauma Outcome Study (MTOS) in 1982 to pool data on injured 
patients and to develop and test survival probability norms based on injury severity 
scores [4]. The MTOS data was collected retrospectively with four countries partici-
pating: the United States, Canada, the United Kingdom, and Australia. Many injury 
severity measures were developed to support epidemiological research and perfor-
mance evaluation; examples include abbreviated injury scale (AIS), injury severity 
score (ISS), and new injury severity scores (NISS), a severity categorization of 
trauma, and International Classification for Diseases-9 ISS (ICISS).

The ever-growing need to establish a common language regarding traumas has 
led over time to the introduction of two types of injury dictionaries: one specific for 
trauma and one non-specific. The first category includes the Abbreviated Injury 
Scale (AIS) classification system, while the nonspecific classification system is 
based on the disease classification method (ICD) [5]. This formulation arose from 
the need for a precise description of the injuries of an accident and the damage 
associated with it in order to obtain uniform epidemiological, clinical, and evalua-
tive data. This need for uniformity has taken hold since the end of the 1960s, a 
period in which the work of the Baltimore group led by Dr. Becker goes back.

Determining the extent of the injuries for a patient, both subjectively and objec-
tively, is fundamental since this leads to the financing of healthcare, patient triage 
and epidemiology, and research. The injury severity score (ISS) was probably the 
severity parameter of the most used injury since its initial development. Although 
the ISS has a number of recognized mathematical, administrative, and clinical lim-
its, its importance in monitoring and assessing trauma has led to the ISS being 
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considered the “gold standard” in assessing the severity of trauma. In the AIS sys-
tem, the assignment of severity measures is based on consensus among groups of 
experts; it is therefore a subjective classification system. At the level of clinical 
outcome, a trauma can be described according to two fundamental dimensions 
which are the anatomical aspect and the physiological consequences.

In 1993, Osler tried to schematize the main variables that influence the outcome, 
focusing on the relationship between anatomical injury, physiological damage, and 
previous health status [6]. The outcome measure of greater use is the probability of 
survival (or death). The physiological consequences of the trauma can be measured 
by appropriate scales, such as that of the revised trauma score (RTS). The assess-
ment of the physiological damage is based on the ISS, while with regard to the state 
of health a proxy variant is inserted as the age of the patient because the seniority of 
the subject is an important indicator of the state of health.

The abbreviated injury scale (AIS) system arose from the need to standardize the 
lesions according to a classification by establishing a gravity scale [7]. The American 
Association for the Advancement of the Automotive Medicine (AAAM) through 
the formation of a Committee for the Graduation of Injuries contributed to the draft-
ing of the first version of the AIS published in 1971  in a pioneering work by 
Dettaven. The initial version identified 73 types of traumas that instead became 
1300 in the most recent version. AIS is based on an anatomical basis and consists of 
six characters for each diagnosed lesion. The combination of the aforesaid charac-
ters makes it possible to identify the various levels of the anatomical part involved 
in the lesion taking into account the region of the affected body, the type of structure 
involved (both the specific anatomical structure and the lesion level), generating a 
score. The lesions are then also classified according to an ordinal gravity scale rang-
ing from 1 to 6 (maximum degree of severity). It should be emphasized that this is 
not a system of systemic assessment of the traumatized, but takes into consideration 
only the severity of the individual lesions and therefore does not provide an overall 
assessment of the severity of the traumatized because it does not even take into 
account the summing effects of the various injuries. This system is expensive both 
in terms of information requirements and requires a coding of the injuries that 
requires highly qualified personnel. To overcome these obstacles and in the attempt 
to obtain an automated coding, a system for the conversion of ICD 9-CM codes into 
MAIS or ISS scores was developed.

To solve the problem of the overall assessment of the severity of a polytrauma-
tized initial reference was made to the MSS score (MAIS), that is, to the index of 
the patient’s most serious injury. However, the problem arose of having to pass to an 
objective measurement and to analyze the correlation between AIS scores and mor-
tality. A demonstration of the non-linearity of the relationship between AIS and 
probability of death was given by Becker in 1974 with a study of 2128 traumatized 
patients admitted to eight Baltimore hospitals, in which he developed the ISS system.

From this study, it emerged that the mortality rate increased more than propor-
tionally to the severity score and that the secondary lesions also had effects on 
mortality. Individual injuries that are not fatal can have a significant effect on mor-
tality when combined with others.
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Given these data, it has been proven over the years to obtain non-linear equations 
which are as close as possible to actual results.

The Becker study found that the mortality rate increased disproportionately with 
respect to the assigned severity score. Secondary lesions, which were singularly not 
fatal, in this study had a significant effect if added together. It also emerged that the 
influence on mortality of a number of associated lesions of more than three was not 
relevant. The following algorithm was proposed: ISS: MAIS region 1+ MAIS 
region 2+ MAIS region 3. Region MAIS refers to the most severe lesion of a body 
region. The ISS score is expressed on an ordinal scale ranging from 0 to 75. It has 
become a universally accepted method for evaluating trauma while undergoing 
various adaptations imposed by the evolution of knowledge.

Given the short faults of the ISS system, in the early nineties a severity score of 
the ICD-9 injury (ICISS) was introduced [8], defined as the product of all the sur-
vival risk ratios for the traumatic codes ICD-9 of a patient. ICISS is a much better 
survival predictor than ISS in injured patients. Using the ICD-9 lexicon can avoid 
the need for AIS coding. Subsequently, we tried to perform a similar revision based 
on ISS data using the AIS vocabulary. In fact, the lexicon used to divide the “land-
scape” of injury into individual injuries may be of little importance.

Although the ISS is widely used for the assessment of trauma, it has some limita-
tions, as it considers only the most serious damage in a single part of the body and 
does not measure other minor injuries in the same body region; therefore, the new 
accident severity score (NISS) was developed to exceed the ISS limits; it considers 
severe injuries in different areas of the body regardless of the region of the affected 
body [9]. The severity score of the injury was initially introduced to estimate the 
mortality of patients with trauma; however, other applications for the ISS have been 
demonstrated in several studies.

The NISS is a better choice for case mix control in trauma research than the ISS 
for predicting intensive care unit admission and length of hospital stay [10]. This 
data from the Canadian study by Lavoie is in contrast with the previous Saeedi’s 
study which does not evince this superiority.

As we could initially describe, physiological damage is a determining part of the 
outcome of a trauma. Over the years it has been tried to develop appropriate indica-
tors of this damage, some of which are specific to the trauma. One of these is the 
revised trauma score (RTS) which is obtained by linearly combining three different 
physiological indicators: Glasgow coma scale (GCS), systolic pressure (SP), and 
respiratory rate (RR) [11, 12]. These parameters are designed to measure the state 
of consciousness of the individual and the cardiocirculatory and respiratory func-
tion at the systemic level. This index is expressed on a continuous scale ranging 
from 0 representing the absence of vital signs to 7.84 which is the reference value 
for normal vital signs. These results are obtained with the following formula: 
RTS = 0.9368 GCS + 0.7326 PS + 0.2908 RF. Figure 12.1 shows a precompiled 
model used in our region (Fig. 12.1). The RTS is a well-established predictor of 
mortality in trauma populations, but there is a lack of definitive evidence supporting 
its use as a primary triage tool and as a predictor of outcomes other than mortality.

The flaw of this index is that the calculation is too complicated for easy use in 
emergency departments. Many times it is developed by parmedici so it may not 
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have high reliability. The respiratory rate (RR), one of the parameters used for its 
calculation, is less reliable than other factors because it is influenced by the patient’s 
age, injury mechanism, and mechanical ventilation. The RTS Triage (T-RTS) is 

DATA.................................... Ora....................................  FIRMA.........................................

Logo Azienda

Barcode

Cognome

Nome

Data di nascita

N° CCI/Nosologico

SCALA RTS (Revised Trauma Score di Champion)

Punteggio rischio

Descrizione Punteggio

≤ 9/10 Trauma severo

Glasgow coma
scale (GCS)

PA sistolica

Frequenza
respiratoria

Totale

13-15

9-12

6-8

4-5

3

>89

76-89

50-75

1-49

0

10-29

>29

6-9

1-5

0

4

3

2

1

0

4

3

2

1

0

4

3

2

1

0

Fig. 12.1  An Italian regional example of revised trauma score of Champion
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based on the same risk intervals and RTS variables and is easier to use, but neverthe-
less has the same problems as RTS. T-RTS is currently used by ambulance person-
nel to choose the most appropriate hospital facilities based on the severity of trauma. 
Moreover, it is an independent predictor of mortality in hospital.

T-RTS is currently used by ambulance personnel to select the most appropriate 
hospital facilities based on the severity of the trauma. Furthermore, it is an indepen-
dent predictor of hospital mortality. From the literature it emerges that in severe 
traumatized patients, pre-hospital changes of T-RTS are also an independent predic-
tor of mortality and are very useful for establishing prognosis.

So far we have discussed the systems for assessing the severity of traumas of an 
objective or subjective nature, expressed through specific indices or scales, and the 
validity of these indicators in terms of the predictive capacity of the outcome was 
discussed [13]. The relationship between gravity indicator, ISS type, and outcome 
measure, such as the mortality rate, was investigated. The severity level of the 
trauma expressed by an outcome measure is expressed by TRISS (TRauma score, 
Injury Severity Score), which combines the ISS as an anatomical lesion measure, 
the RTS for the physiological damage, and age as a proxy of the patient’s general 
health status (physiological reserve). The idea behind this indicator is that the simul-
taneous use of health measures based on different aspects of the description of the 
lesion allows a greater accuracy in the prediction of the outcome with respect to 
each measure considered individually. Champion has linked, in his relationship, a 
link between the probability of survival and the indicators previously mentioned.

Currently the calculation formula of the TRISS is SP  =  1/(1  +  e −  b) where 
ps = probability of survival, b = B0 + b1 (RTS) + b2 (ISS) + b3 (age). In this formula, 
the regression coefficients originate from the MTOS study [4]. As can be seen from 
the above formula, we start from anatomical and physiological measures of severity 
of the trauma, to estimate the functional relationship with the probability of survival 
in a study population, and then use it as a measure of the overall severity of the trauma.

The probability of survival was used to observe the different levels of severity of 
a pathology even without being related to measures of functional and anatomic 
damage. Rutledge et al. [14] used diagnoses and procedures codified according to 
the ICD-9-CM system for classification of diseases and by grading them by gravity 
according to the lethality rate (DRR: death risk ratio) relative to each ICD-9 code 
calculated on a sample of 10,000 patients by dividing the number of deaths observed 
for each category by the total number of patients in the category. In this work a 
diagnosis pattern and procedures are defined for each type of patient, each with a 
probability of death, which identifies the specific type of patient and determines the 
probability of survival. Patterns and related DRRs are applied to any other patient 
population for considered trauma. The approach behind this process is of the typical 
type and is based on the idea that the mortality rate for a traumatic disease is stable. 
Therefore the lethality rate can be extrapolated to another population.

This model, the ICD-9-based illness severity score (ICISS), was developed from 
the Agency for Health Care Policy Research’s Health Care Utilization Project data-
base and is used to predict hospital survival, hospital length of stay, and hospital 
charges of injured patients admitted to University of North Carolina Hospitals. 
ICISS expressed the severity of a patient’s trauma as a product of the survival 
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probability calculated for each diagnosis, encoded according to the ICD-9-CM sys-
tem, based on the observed survival rate in a sufficiently large patient population. 
This system has proved statistically significant with respect to the predictive capac-
ity of the probability of survival, hence the severity of the diseases, and is univer-
sally applicable to all types of pathologies, both traumatic and non-traumatic.

However, among studies published after 2003, the Trauma Mortality Prediction 
Model based on ICD-9 codes (TMPM-9) demonstrated superior discriminative abil-
ity than ICISS using the product of traditional survival proportions. Several meth-
ods for predicting mortality after trauma were examined [15]. Two classifications 
are used to provide a taxonomy for diseases, including injuries. The ICD-9 is the 
classification system for administrative data in the United States. AIS has been 
developed for the characterization of lesions only. The trauma mortality prediction 
model (TMPM) is based on empirical assessments of severity for each lesion in the 
ICD-9 and AIS lexicons. Every chance of mortality (POD) is estimated from the 
five worst injuries per patient. The TMPM.ado command allows users to efficiently 
apply TMPM to fundamental ICD-9 or AIS data sets. The command makes use of 
model-mediated regression coefficients (MARCs) that assign empirically derived 
gravity measurements for each of the 1322 AIS codes and 1579 ICD-9 hazard codes. 
The risk codes are grouped into a set of regression coefficients. A logical model is 
generated to calculate the probability of death. This model is also applied to the 
ICD-10. The basic idea of the development of TMPM was to adapt a probit model 
with death as a result with 1000 possible lesions as binary predictors starting from 
a cohort extrapolated from the National Trauma Data Bank (NTDB). The design 
matrix was 1000 variables long and 1000,000 cases. The sum of the data set pro-
vided a rich mosaic of lesions with the survival of the associated patient. Two sepa-
rate probit models were created using the lesions described in the coding system. 
The first model used as possible lesions as binary predictors and death as a binary 
outcome and a second model was based on the severity indicators of the body 
region. The empirical gravity of the injury to the injury was estimated by taking a 
weighted average of the two regression models. TMPM-ICD10 provides better dis-
crimination and calibration than the ISS and can be computed without recourse to 
AIS coding the TMPM-ICD10 should replace the ISS as the standard measure of 
overall injury severity for data coded in the ICD-10-CM lexicon.

Other registries and datasets using ISS >15 as an inclusion criterion may exclude 
a substantial body of data relating to significantly morbid trauma patients [16].

GCS, ISS, TRISS, and RTS are the most commonly used injury measures; how-
ever, some attempts have been made to develop new injury measures. Examples 
include exponential injury severity score (EISS), Ganga Hospital score for lower limb 
fractures, tangent injury severity score (TISS), and some novel biomarkers such as 
lactate and serum acetylcholinesterase. Other scores that were not traditionally used 
in injury or trauma research such as McLaughlin, Modified Rankin, South African 
Triage Score, Modified Early Warning System, and Rwanda mortality prediction 
model have also been used for the prediction of mortality in trauma populations.

The basic deficit is a more objective indicator of physiological stress after trauma 
than the vital signs that make up the RTS score. A model of prediction of trauma 
survival based on the basic deficit was developed [model of deficit severity score 
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and basic lesion (BISS)], in which the RTS was replaced by the basic deficit as a 
measure of the physiological imbalance.

The BISS model, a trauma model based on the basic survival prediction deficit, 
has shown equivalent performance to those of TRISS and ASCOT [17] and can 
offer a more simplified calculation method and a more objective evaluation. 
Replacing ISS with NISS can greatly improve model accuracy, but further confir-
mation is needed because there are not many studies on this data in the literature.

TRISS can be employed for different purposes, that is, preliminary outcome-
based evaluation (PRE) and definitive outcome-based evaluation (DEF) [18]. TRISS 
is a method which is now the most extensively used for the outcome evaluation of 
trauma. Even so, it still has some shortcomings; e.g., trauma cannot be given the 
weights that should be given, and the section of age is too simple. ASCOT is also a 
physiologic and anatomic combined method for the evaluation of injury severity 
and outcome. To some extent, this method obviates the shortcomings of TRISS in 
the calculation of probability of survival (Ps) with injury severity score (ISS). 
Therefore, ASCOT is considered to be superior to TRISS in the evaluation of Ps.

The scientific community is still looking for a model of forecasting the best mor-
tality in the general traumatic population [19]. Ideal future models should be devel-
oped and/or validated using an appropriate sample size with sufficient events for the 
predictor variable, use multiple imputation patterns to correct missing values, use 
the continuous variant of the predictor if available, and incorporate all different 
types of predictors readily available (i.e., physiological variables, anatomical vari-
ables, cause/mechanism of the lesion, and demographic variables). Furthermore, 
while mortality rates are decreasing, it is important to develop models that provide 
physical, cognitive, or quality of life to measure the quality of care. Injuries and 
their physiological response are complex mechanisms, and the outcome of injuries 
is frequently affected by a number of factors ranging from age and pre-existing 
conditions of the patient to biochemical response of the body. It is difficult to 
account for all factors in a single model or severity measure; therefore, the use of 
non-injury-specific measures such as APACHE II, SOFAS, and SAPS has gained 
traction in trauma research.

12.2	 �Trauma Registry Utility

Trauma registries are an essential part of trauma quality improvement programs 
aimed at decreasing morbidity and mortality in high-income countries [20, 21]. In 
low- and middle-income countries (LMICs), where the burden of injury is dispropor-
tionately high, hospitals have faced challenges in adapting trauma registry models 
implemented in high-income countries. Many LMICs face unique challenges to 
implementation that must be overcome to create sustainable trauma databases.

The implementation and development of an emergency medical services (EMS) 
system is varied among LMICs. Many LMICs lack an organized EMS system with 
most ambulances used purely for transport and not as an emergency care vehicle. 
Financial issues are the most common problems faced by LMICs with support from 
developed countries a necessity.

G. Perrone et al.



161

The literature on pediatric trauma epidemiology in LMICs is limited. The inju-
ries seen in these trauma admissions also differed significantly between LMICs and 
high-income countries (HICs). Most of the current scoring systems have been cre-
ated for HICs and therefore are not optimal for LMICs. The Kampala trauma score 
assessed in a LMIC was useful in injury monitoring and resource evaluation in 
limited settings. This is a way to improve the experience of associated pediatric 
patients. Kampala trauma score (KTS) [22] is a simplified composite of the RTS 
and the ISS and closely resembles the TRISS method. The validity of the KTS was 
demonstrated when compared with RTS and ISS alone, or compared with the TRISS 
method. The KTS has proven reliable when used in trauma registries in Uganda, 
both in urban and rural settings.

The KTS score is a severity instrument designed to differentiate severe injuries 
from non-severe injuries [23]. However, the outcomes it predicts, mortality and pro-
longed hospitalization, are often not as frequently involved and vary less widely for 
non-severe injuries. Also, the relationship between patient outcomes and injury 
severity is neither linear not binary in its nature, making the use of cut-offs difficult. 
If the KTS score categorizes patients as “severe,” a more effective application of 
clinical interventions can be applied to those who will gain the most. In the trauma 
registry, at its “best cut-off” (70.9% sensitivity, 77.9% specificity) the KTS will still 
mislabel 29% of the patients who will go on to die. Therefore, the KTS is more dif-
ficult to utilize for individual patient triage as opposed to its potential usage to 
determine, for example, resource allocation on a population-wide basis. The use of 
this score in the various studies used is not able to determine a limit point to differ-
entiate patients from severe to non-severe patients in order to allow a tailor-made 
treatment. Until further applied research is undertaken, the utility of KTS as a triage 
tool is limited. However, it will continue to be used effectively for population-based 
approaches for the assessment, evaluation, and research of health care needs.

12.3	 �Pediatric Scores

The pediatric trauma score (PTS) was devised specifically for the triage of pediatric 
trauma patients [24]. PTS is based on the assignment of a score ranging from +2 to 
−1 (0 excluded) of the following parameters: weight in kg, arterial pressure 
expressed in mmHg, mental state, evaluation of the airways, bone fractures, and 
open wounds. Researchers, policymakers, and directors of medical centers should 
take steps toward implementing precise patient evaluation and preventive programs, 
in order to improve the quality of services and care. The GCS, PTS, and ISS can be 
used to predict mortality with statistical significance in child patients with trauma.

The pediatric BIG score [25] is a reliable mortality prediction score for children 
with traumatic injuries; it uses international normalization ratio (INR), base excess 
(BE), and Glasgow coma scale (GCS) values that can be measured within a few 
minutes of sampling, so it can be readily applied in the Pediatric Emergency 
Department, but it cannot be applied on patients with chronic diseases that affect 
INR, BE, or GCS.
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12.4	 �Conclusions

There are still many shady areas regarding the various types of scores. The imple-
mentation of research at a global level, also thanks to free magazines, and the cur-
rent awareness of the scientific community about mutual collaboration will certainly 
lead to improvements regarding the treatment of various types of trauma. Currently 
the development of the ICD-10, for example, should begin to improve the perfor-
mance of traumatized patients and the first large-scale results are now at the door.
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Wound Care Management, Non-
penetrating Injuries, and Wounds 
Penetrating into Body Cavities

Nelson Olim

13.1	 �Penetrating Trauma

Penetrating wounds are injuries that result from tissue penetration by a foreign 
material. Most commonly these injuries are caused by weapons that can be further 
classified into low-energy (knifes and hand-energized missiles); medium-energy 
(handguns, pistols, and revolvers), and high-energy weapons (military or hunting 
rifles). Injuries by projectiles propelled by the energy of a blast explosion (also 
called secondary blast injuries) will be covered in a different chapter, but according 
to the size of the projectile, the energy of the blast and the distance traveled, they 
usually fall under the medium- or high-energy categories.

13.1.1	 �Stab Wounds

Stab wounds to the chest and abdomen often cause life-threatening injuries as both 
cavities contain vital organs and major blood vessels that can be disrupted. Life or 
limb-threatening injuries can also result from stab wounds to other anatomical loca-
tions if neuro-vascular structures are affected. Because the energy transfer is done 
along a tract, the size and shape of the blade, as well as the exact anatomical loca-
tion, play an important role in the outcome of these wounds. As a rule of thumb, 
damage is only inflicted to local tissues along the path, or paths, of the blade. 
Surrounding tissues that do not directly contact the blade are usually unaffected. 
This being said, one should not assume that blades always produce straight paths, as 
movements of the victim and the perpetrator may create multiple injuries in the 
cavities despite the existence of one single entry point.
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13.1.2	 �Gunshot Wounds (GSW)

Gunshot wounds are becoming increasingly common all around the world. Conflict, 
violence, and criminality coupled with flexible legislation that allows easy access to 
military rifles in some countries have been producing some of the most devastating 
injuries seen in civilian settings.

The original size of the entry and exit wounds per se do not give enough informa-
tion on the path of the bullet or the damage produced, as this is dependent on many 
other factors. Entry wounds can be larger than the exit wounds and small-entry/
small-exit wounds may conceal damage caused by the large temporary cavity that 
was formed in between.

Small Arms
Small arms are hand-held small caliber firearms with less than 20 mm bore 
size. Under the tag “Small Arms,” we mainly find revolvers, pistols, rifles, 
carbines, assault rifles, submachine guns, and light machine guns.

Ammunition Terms
A typical cartridge contains a case (with a primer and different amounts of 
gunpowder) and a bullet (the projectile). Most bullets used nowadays have a 
lead or steel core. This core is then either fully jacketed with a harder material 
like a copper alloy (FMJ bullets) or semi-jacketed (SJ), leaving the tip of the 
core exposed (soft point/hollow point bullets).

Energy Transfer
When gunpowder ignites, expanding gas is generated. The more gunpowder, 
the more gas is generated. Bigger cartridges like the ones used in assault rifles 
have much more gunpowder than smaller cartridges used in revolvers and 
pistols (handguns). The extreme pressure generated by the expanding gas pro-
pels the bullet out of the case and through the weapon’s barrel into the air at a 
certain speed. On impact, all the energy left on the bullet is transferred to the 
human body causing the injury.

Kinetic energy (Ek) of the bullet (muzzle energy) is calculated (in J) using 
the formula

E mvk =
1

2
2

where m is the mass of the bullet (in Kg) and v is velocity of the bullet (in m/s). 
The bullet of a typical 9 mm Luger cartridge used by many police forces has an 
average of 470 J. An AK47 Kalashnikov rifle’s bullet has an average of 3000 J.
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13.1.3	 �Patterns of Injury

The pattern of injury is mainly determined by the type of bullet (FMJ vs SJ) and by 
the energy still left upon impact (handgun vs rifle). The bullets on image 1 (SJ) and 
2 (FMJ) had exactly the same energy, but the energy was deposited at different 
depths (Fig. 13.1):

•	 Rifle FMJ bullets penetrate deeper (2,4) before they start tumbling to create a 
temporary cavity.

•	 Handgun FMJ bullets (6) do not create temporary cavities.
•	 SJ bullets (1,3,5) deform or expand on impact, depositing most of the energy in 

the first centimeters after penetration. SJ bullets are used for hunting and by 
some police departments, but are prohibited for use in war by the 1899 Hague 
Convention.

13.2	 �Hemorrhage

Noncompressible hemorrhage is the immediate major concern following penetrat-
ing trauma to the chest or abdomen, even in the absence of obvious external exsan-
guination. Some injuries will inevitably lead to death almost instantly. If we consider 
that on an average 70 kg man, an estimated 5000 ml of blood flows through the aorta 
every minute, and that volume amounts for the whole blood volume, then we can 
easily infer that a complete disruption of the aorta will lead to death in less than a 
minute. Complete disruptions of other smaller arteries would imply different tim-
ings as, for example, the 600 ml/min flow rate of the superior mesenteric artery or 

FMJ

SJ

HandgunRifle

1

2

3

4

6

5

Fig. 13.1  FMJ bullets (2, 4, 6) vs SJ bullets (1, 3, 5)
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the 450 ml/min flow rate of a renal artery. Fortunately, not every penetrating injury 
disrupts a major blood conduct but rather a series of smaller arterial and venous ves-
sels, and numerous capillaries.

During hemorrhage, the natural physiological response will focus on preserv-
ing blood pressure as the circulating volume is progressively lost, and this is 
mainly achieved through peripheral vasoconstriction. However, the buffering 
capacity of the system is limited and the potential for inadequate cardiac output 
leading to inadequate organ perfusion is high even if the blood pressure remains 
within the normal range. This is particularly true when we are facing a massive 
hemorrhage, defined by one or more of the following criteria:

•	 Loss of more than total blood volume within 24 h (around 70 ml/kg, >5000 ml in 
a 70 kg adult)

•	 50% of total blood volume loss in less than 3 h
•	 Bleeding in excess of 150 ml/min
•	 Bleeding which leads to a systolic blood pressure of less than 90 mmHg or a 

heart rate of more than 110 beats per minute

13.2.1	 �Shock

Hypoxia due to inadequate tissue perfusion is called shock, and until otherwise 
proven, in patients with penetrating injuries to the chest or abdomen this is due to 
hypovolemia secondary to hemorrhage.

Shock can also be classified into different classes according to the volume of 
blood loss and the resulting abnormalities identified in some physiological param-
eters (i.e., pulse rate, blood pressure, and mental status) (Table 13.1).

Patients presenting with tachycardia, hypotension, and visible blood loss are 
easily identified as being in shock, however, trauma patients may be shocked even 
if presenting with normal blood pressure and pulse rate. Thus, in trauma patients 
with penetrating injures, adequate cardiac output cannot be inferred from blood 
pressure. A relationship between the two only happens when blood loss is critical 
or rapid.

Table 13.1  Shock classifications

Class I Class II Class III Class IV
Blood loss (ml) Up to 750 750–1500 1500–2000 >2000
Blood loss (% of 
volume)

Up to 15% 15–30% 30–40% >40%

Pulse rate <100 >100 >120 >140
Blood pressure Normal Normal Decreased Decreased
Mental status Normal to slightly 

anxious
Slightly anxious, 
restless

Anxious, 
confused

Confused, 
lethargic

N. Olim 
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13.2.2	 �The Trauma Triad of Death

Massive and ongoing blood loss inevitably leads to tissue hypoperfusion. This 
means that there is less oxygen being delivered to the cells. Less oxygen delivery 
makes the individual cells shift into anaerobic metabolism. The problem with anaer-
obic metabolism is that it produces lactic acid as an end product (leading to lactic 
acidosis), and is less efficient in terms of ATP production. Less ATP being pro-
duced, means less ATP is available for heat production, thus further contributing to 
hypothermia (temperature ≤35 °C) (Fig. 13.2).

Lactic acidosis will further impair myocardial contractility, contributing to 
reduced tissue perfusion. Hypothermia, on the other hand, is further aggravated by 
the adrenergic stimulation vasoconstriction that attempts to keep the blood pressure 
within acceptable values.

The clotting cascade enzymes and platelets only operate within a narrow tempera-
ture range; thus, hypothermia together with the vigorous immunologic response 
(cytokines) both contribute to the establishment of a trauma-induced coagulophaty. 
Furthermore, hypoperfusion together with tissue injury results in hyperfibrinolysis 
and activation of the protein C pathway, leading to fibrinogen depletion and systemic 
anticoagulation also called trauma-induced coagulophaty (TIC) by some authors.

Hypothermia is one of the most important physiological predictors for early and 
late mortality in trauma patients, and coagulopathy, independent of hypothermia but 
strongly correlated with acidosis and ISS, is also associated with increased mortal-
ity in trauma patients. Some studies suggest an overall in hospital mortality rate of 
47.8% for those patients arriving at the emergency department presenting with the 
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Fig. 13.2  Fluid loss and shock scheme
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full triad: coagulopathy (international normalized ratio (INR) >1.5), hypothermia 
(temperature <35 °C), and acidosis (pH <7.2).

13.3	 �Damage Control Concepts

Damage control can be seen as a principle, a concept, and a philosophy. The founding 
pillars of damage control have been imported from naval military experience, where 
in the aftermath of a battle-damaged ship, all internal resources are mobilized in order 
to limit the extension of the damages and keep the ship afloat with a functional steer. 
In practical terms, all the actions taken during this emergency situation aim at: tempo-
rarily stop the flooding, extinguish the fires, and keep the propellers running.

The extrapolation of these naval damage control principles into penetrating 
trauma thus requires a set of measures aiming to stop the bleeding, limit contamina-
tion and soilage, and preserve blood flow to vital organs. The most important goal 
is to keep the patient alive at all costs, and ideally this process should begin at the 
point of injury.

13.3.1	 �Damage Control Resuscitation

Although the initial management of every single trauma patient starts with the tra-
ditional “ABCDE” or “(C)ABCDE” approach (which prioritizes catastrophic blled-
ing), the modern approach to trauma management includes a series of clinical 
interventions known as damage control resuscitation which also target the compli-
cations of major hemorrhage (coagulophaty, hypothermia, and acidosis).

Hemodinamically unstable patients should be simultaneously assessed and 
resuscitated. The goal is to have normal perfusion restored, thus recovering from 
shock. However, it has been demonstrated that in trauma patients with penetrating 
injuries presenting with active bleeding, attempts to restore perfusion, before ade-
quate hemostasis is achieved, are counterproductive. Damage control resuscitation 
thus relies on three basic principles:

•	 Hemorrhage control (preserving circulating volume and minimizing blood loss)
•	 Permissive hypotension/hypovolemia (keeping systolic blood pressure around 

80–90 mmHg in order to avoid “popping the clots”)
•	 Early empiric use of red blood cells and clotting products (thus limiting fluids 

that may dilute coagulation proteins) and consequently preventing and treating 
trauma induced coagulopaty

The single most important step in the management of the severely injured patient 
is to arrest bleeding and restore blood volume. Still, fluids should be judiciously 
used and prioritized according to their availability, knowing that the most effective 
resuscitation fluid is the patient’s own blood. In order of preference, the following 
should be used:

N. Olim 
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•	 Fresh warm whole blood (better than stored whole blood)
•	 Plasma (1) + red blood cells (1) + platelets (1)
•	 Plasma (1) + red blood cells (1)
•	 Plasma or red blood cells
•	 Warm colloids (HES)
•	 Warm crystalloids (Plasmalyte A; better than Ringer lactate, better than nor-

mal saline)

When homeostasis has been achieved, definitive resuscitation to restore organ 
perfusion is initiated, and although this strategy clearly sacrifices perfusion for 
homeostasis (prioritizing TIC), several studies have demonstrated that it is associ-
ated with a decrease in mortality and reduced duration of stay in intensive care and 
hospital.

Certain procedures like tourniquets and splints, as well as some adjuncts like 
tranexamic acid or topical hemostatic agents (combat gauze), or some interventions 
such as resuscitative endovascular balloon occlusion of the aorta, may all play a role 
until definitive surgical or radiological hemorrhage control is achieved.

Having this in consideration, during the initial “ABCDE” or “(C)ABCDE” 
approach, the initial resuscitation end points are:

•	 Radial pulse present.
•	 Systolic blood pressure around 80–90 mmHg.
•	 Improved mental status.

13.3.2	 �Damage Control Surgery

Damage control surgery (DCS) is part of the damage control resuscitation (DCR) 
philosophy and sacrifices the completeness of the immediate surgical repair and 
restoration of anatomy in order to adequately address the combined physiological 
insult of trauma and subsequent surgery.

In practical terms, damage control surgery is done to treat the physiology and not 
the anatomy. Historically, the first time the term was used was in 1993 by Rotondo 
and colleagues. The initial description was of an abbreviated laparotomy followed 
by intensive resuscitation and later return to the operating theater for definitive 
repair, thus defining three damage control stages:

•	 DCS Stage 1
–– Hemorrhage control
–– Limit peritoneal contamination
–– Temporary abdominal closure

•	 DCS Stage 2
–– Hypothermia prevention and treatment
–– Correction of coagulopathy
–– Correction of acidosis
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•	 DCS Stage 3 (no longer than 72 h from Stage 1)
–– Definitive surgery
–– Creation of ostomies, feeding access, fascial closure

Since then and in the past 25 years, the DCS concept has been broadly applied in 
different surgical fields including, orthopedic surgery, vascular surgery, neurosur-
gery, and plastic surgery. Additionally and more recently, two new stages were 
added in order to cover for the prehospital and early resuscitation phase (DCS Stage 
0) and reconstructive surgery (DCS Stage 4).

Important to note that most trauma patients who present to an emergency depart-
ment, even those with penetrating wounds, do not require a damage control 
approach. Only a few who are seriously injured, in shock, should require damage 
control resuscitation and damage control surgery, and these should be identified as 
early as possible.

13.4	 �Penetrating Abdominal Wounds

All patients should be initially managed using the traditional ABCDE/(C)ABCDE 
approach, and it is important to early identify patients who have an immediate indi-
cation for laparotomy. This patient population shall not undergo axial imaging, but 
rather be immediately transferred to the operating theatre.

Gunshot and stab wounds are always contaminated. All patients undergoing sur-
gery should receive tetanus prophylaxis and antibiotic prophylaxis to deal with the 
eventual bacteremia produced by the manipulation of contaminated tissues.

Violation of the peritoneum occurs in between 20% and 80% of patients with 
penetrating trauma, and the peritoneum can accommodate nearly all of a patient’s 
circulating blood volume.

Unlike blunt trauma, injuries to the stomach, duodenum, small intestine, and 
colon are common in penetrating trauma. The small intestine is actually the most 
common site of injury in both blunt and penetrating trauma.

Evisceration of bowel or omentum and bleeding from the wound are indications 
for surgical exploration, regardless of the patient hemodynamic status. All abdomi-
nal gunshot wounds require exploration but anterior abdominal stab wounds are 
best managed following the “Western Trauma Association algorithm for local 
wound exploration and abdominal stab wounds” (Fig. 13.3).

13.4.1	 �Damage Control Laparotomy

For the selected subset of unstable patients requiring immediate laparotomy, the 
whole team should be aware of the surgical goals (and resist the temptation to 
embark into definitive repairs):

•	 Hemorrhage control
•	 Limiting peritoneal contamination
•	 Temporary abdominal closure

N. Olim 
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Hemorrhage control: As soon as entering the abdomen, vascular control of the 
abdominal hemorrhage should be paired with packing of all four quadrants. Vascular 
control can be achieved either by direct digital pressure applied to the abdominal 
aorta or through performing an initial left anterior lateral thoracotomy for proximal 
aortic control before the laparotomy. The later technique is currently subject to 
debate as some authors suggest that the physiologic cost of this thoracotomy is 
greater than direct control or endovascular occlusion techniques. Whatever the 
choice of technique, this initial maneuvers usually improve cardiac and cerebral 
perfusion, thus contributing to the overall resuscitation process.

Bleeding from solid organs should be controlled by either direct compression or 
removal of the organ. In the case of splenic bleeding, the damage control approach 
favors immediate splenectomy instead of time-consuming splenorrhapies. For a 
massive liver hemorrhage, the initial approach can follow the sequence “Push, 
Pringle, Pack,” thus buying some time for further decisions to be taken.

Lateral expanding hematomas of the retroperitoneum are best approached later-
ally to medially through a Mattox maneuver (left-medial visceral rotation) or 
through a Cattel–Braasch maneuver (right-medial visceral rotation). In both cases if 
the kidney is identified as the source of injury, a quick palpation of a normal kidney 
on the contra-lateral renal fossa will give you the peace of mind to proceed with the 
nephrectomy.
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Fig. 13.3  D/C—discharge; 
Cbc—complete blood count
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Shunting is probably one of the best options when leading with a major vascular 
injury, but even major truncal arteries and veins may have to be ligated if no other 
option is available on the table. Vascular repair at DCS Stage 1, should only be 
attempted if time permits and in agreement with the anesthetist.

Limiting peritoneal contamination: Although hollow viscus injuries do not often 
contribute to hemodynamic instability, they are associated with significant morbid-
ity and mortality.

Stool and other enteric content should be washed out. Ongoing leakage from 
non-circumferential holes in the bowel can be easily and quickly repaired with 
3-0 or 2-0 silk sutures, whether major leaks should not undergo any attempt for 
anastomosis and should be addressed with linear stapling devices, umbilical 
tapes, skin staplers, or abdominal clamps that will remain in place until DCS 
Stage 3.

Injuries to the pancreas and duodenum are particularly challenging. Duodenal 
injuries should be simply debrided and closed. In the damage control situation, the 
addition of nasogastric decompression will be enough, and considerations of pyloric 
exclusion can be taken at DCS Stage 3. Pancreatic injuries in this setting are better 
managed by closed suction drainage or a combination of closed suction drainage 
and resection, which is the case of distal injuries with ductal involvement who will 
benefit from a distal pancreatectomy with splenectomy plus close suction drainage. 
Attempting a pancreaticoduodenectomy in a damage control setting defies the 
whole concept of Damage Control surgery.

Temporary abdominal closure: Primary fascial closure is not an option under 
damage control mode and it is important to recognize that the role for an open abdo-
men (OA) is not exclusive to the damage control population. OA has been an effec-
tive treatment for abdominal catastrophes in traumatic and general surgery. Damage 
control surgery, severe abdominal infection, planned second look operation, and 
prevention of abdominal compartment syndrome are all indications for temporary 
closures. Intra-abdominal hypertension (IAH) and abdominal compartment syn-
drome (ACS) have been increasingly recognized as contributing factors for 
mortality.

Historically, abdominal packing, Bogota bags, and towel clip skin closure have 
been used as temporary means to achieve temporary closures. Currently the most 
commonly used techniques derive from the initial vacuum pack technique described 
by Barker et al. In summary, a perforated polyethylene sheet is placed over the intra-
peritoneal viscera and beneath the peritoneum of the anterior and lateral abdominal 
wall. Then, a layer consisting of compressible material, such as sterile surgical 
gauzes, applied over the polyethylene sheet. Two silicone drains positioned between 
the gauzes and connected to an aspiration source at −20 cm H2O. A plastic polyester 
drape to cover the skin surrounding the wound.

Today, different and more efficient, pre-assembled commercial systems are 
available to provide negative pressure therapy, sub-atmospheric pressure or vacuum 
sealing techniques. The underlying principle is the same as the Barker system, and 
availability of resources will probably dictate the method of choice.
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13.5	 �Penetrating Chest Wounds

Penetrating chest injuries account for 12% of all trauma-penetrating injuries, yet 
thoracic injuries account for up to 25% of early trauma related deaths, second only 
to head and neck injuries.

Paradoxically, however, thoracic trauma can uniquely benefit from bedside pro-
cedures like tube thoracotomy, emergency airway creation and emergency depart-
ment thoracotomy, to alleviate the immediate threat of mortality and allow further 
definitive treatment.

All patients should be initially managed using the traditional ABCDE/(C)ABCDE 
approach, and, as in abdominal trauma, it is important to early identify patients who 
have an immediate indication for thoracotomy.

13.5.1	 �Damage Control Thoracotomy

The principles of thoracic damage control are the same as abdominal damage control: 
DCS Step 1 to stop the hemorrhage and limit contamination, DSC Step 2 at the ICU 
unit in an effort to restore physiologic condition, and DSC Step 3 for definitive repair.

For an abbreviated thoracic operation, the patient should be positioned in the 
supine position with the arms extended out at 90° with a slight elevation under the 
left chest to increase exposure. In the event of a nonanticipated emergency laparot-
omy, this is the more convenient position.

For patients who present in extremis, an anterolateral incision is simpler and 
quicker than a midline sternotomy.

Once inside, three main actions can be taken: release of cardiac tamponade, com-
pression of the supradiaphragmatic aorta, and packing of the chest for hemorrhage 
control.

If a pericardial tamponade is found and released (pericardium incision parallel to 
the frenic nerve), then one should focus on the control of the cardiac/great vessel 
bleeding. Digital pressure followed by a quick staple closure or simple suture will 
often work. For bigger defects, a bladder catheter can be inserted an inflated into the 
bleeding cavity to buy some time.

Vascular injuries should also be approached in a damage control manner: either 
lateral repair, shunt placement, or ligation.

Lung injuries are traditionally easier to solve from a technical perspective. In 
cases where the source of a significant hemorrhage is the lung, releasing of the infe-
rior pulmonary ligament, followed by a twisting maneuver of the lung around its 
hilum will compress both the pulmonary veins and arteries. Alternatively, a pulmo-
nary hilar clamp can be placed, with similar results.

Hemorrhage from through and through pulmonary parenchymal injuries are best 
managed by a technique called tractotomy, by which, using a surgical stapler or 
between clamps the “roof” of the tract/channel is opened, exposing the underlying 
bleeding vessels that can now be individually addressed.
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Esophageal injuries are usually very challenging. In a damage control setting the 
best options to deal with esophageal injuries are: primary closure (reinforced with 
pericardium) with wide drainage, or wide drainage alone with two chest tubes 
together with a nasogastric tube placed at the level of injury.

Most upper airway injuries can be managed by passing an endotracheal tube past 
the site of injury.

A subset of patients presenting with penetrating chest trauma with witnessed 
previous cardiac activity which as seen been lost, or patients deteriorating rapidly 
prior to arrest of cardiac activity, are strong candidates for a bedside left anterolat-
eral resuscitative thoracotomy. The primary aim is to release a cardiac tamponade, 
apply digital pressure to the descending aorta, or allow for internal cardiac massage. 
Additionally, this approach also allows for a quick lung twist (180° rotation of the 
lung) or a lung tractotomy with a surgical stapler, in order to temporary control 
pulmonary sources of bleeding. If needed the incision can be extended to the con-
tralateral side over the fifth intercostal space, creating a clamshell thoracotomy and 
allowing for a total chest exposure. Even knowing that the survival rates in these 
cases are quite low (18–33%), these patients are almost always candidates for a 
subsequent thoracic damage control procedure.

It is debatable whether the chest can be definitively closed after a damage control 
operation. Some authors favor the vacuum sealing techniques, while others prefer 
the immediate traditional closure leaving the chest tubes in place. Whatever tech-
nique is used, it is important to remember that the goal is to achieve adequate perfu-
sion and oxygenation while monitoring for any ongoing hemorrhage.

13.6	 �Wound Care

Entry and exit wounds, whether caused by bullets or knifes, require proper debride-
ment. Unless strictly unavoidable, these wounds should not be part of the main 
surgical incision (laparotomy or thoracotomy) and should not be used to pass drains 
(abdominal or chest). Proper debridement of these wounds may however require a 
combination of incision (to extend the wound and expose deeper layers of subcuta-
neous fat, fascia and muscle) plus excision (the removal of all contaminated and 
necrotic tissue). As a rule of thumb, with very few exceptions, all wounds should be 
left open (covered by a dressing) for a period of 2–5 days, when safe delayed pri-
mary closure of the clean wound can then be achieved.
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IVH	 Intraventricular hemorrhage
LOC	 Loss of consciousness
PTV	 Posttraumatic vasospasm
SAH	 Subarachnoid hemorrhage
SDH	 Subdural hematoma
TBI	 Traumatic brain injury

14.1	 �Head Injuries

Traumatic brain injury (TBI) constitutes the main cause of death and long-term dis-
ability in young adults worldwide and its challenging management requires collabo-
ration between many specialties. However, prevention strategies, such as seat belt 
combined with air bags, helmet use, or well-organized pre-hospital care, are the 
most effective means to limit the impact of closed TBI in “developed regions”. 
Nowadays, this impact is particularly high and mortality rates are affected accord-
ingly (from 4% to 8% for moderate TBI until 50% for severe TBI).

Neurotrauma is the most prevalent disorder with two important factors that affect 
the outcome:

	1.	 The primary brain injury, when the initial impact and the transmission of its 
force causes an immediate damage or even shearing of long axons of neurons.

	2.	 The secondary brain injury which refers to the subsequent neuronal damage due 
to pathophysiologic mechanisms such as intracranial hypertension, hypoxia, sys-
temic hypotension, or posthemorrhagic hydrocephalus.

Thus, the neurosurgeon’s involvement in the management of moderate or severe 
TBI, and therefore in prevention of secondary brain damage, is decisive and 
includes, in principle, methods like decompressive craniectomy or multimodality 
monitoring techniques supported by specially trained staff in neurological intensive 
care units (ICU).

Advances in understanding the neurobiology of TBI have shown that most of the 
secondary damage which was long thought to be fully established at the moment of 
impact is actually an evolving process that may be halted, reversed, or repaired by 
therapies.

14.2	 �Classification of Head Injury

Different approaches to classification of TBI exist.
From a mechanistic aspect, head injuries are distinguished in:

	(a)	 Closed (the most common type)
	(b)	 Penetrating [missile (e.g., due to bullets) and nonmissile (e.g., due to knives)]
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	(c)	 Crush
	(d)	 Blast, which has recently been identified as a separate entity and is frequently 

caused by improvised explosive devices used during armed conflicts and terror-
ist activities

Regardless of the mechanism of head injury, its severity can be clinically clas-
sified assessing the patient’s state of consciousness through the Glasgow Coma 
Scale (GCS) score (Table 14.1) [1]. There are, however, restrictions in the applica-
tion of GCS in some patients who arrive at the emergency room (E/R) sluggish 
because of cardiovascular shock, sedation, or other similar causes. In these cases, 
for example, a precise clinical evaluation cannot be performed until the shock or 
the drugs metabolism is overcome. Similar challenges are faced during intensive 
care unit (ICU) management because many intracranial pressure (ICP)-lowering 
therapies render patients heavily sedated, paralyzed, or both. In addition, intuba-
tion or craniofacial injuries which involve orbits can interfere verbal or eye 
response respectively.

Evaluating the initial GCS, TBI can be classified as [1]:

	(a)	 Mild (GCS 13–15)
	(b)	 Moderate (GCS 9–12)
	(c)	 Severe (GCS 3–8)

Table 14.1  The Glasgow 
Coma Scale Score

Neurological responsea Points
Best eye response (E)
Open spontaneously 4
Open to verbal command 3
Open to pain 2
No eye opening 1
Best verbal response (V)
Oriented 5
Confused 4
Inappropriate words 3
Incomprehensible sounds 2
No verbal response 1
Best motor response (M)
Obeys commands 6
Localizing response to pain 5
Withdrawal from pain 4
Abnormal flexion to pain/decorticate 
posturing

3

Extensor response to pain/decerebrate 
posturing

2

No motor response 1
Minimum score (E + V + M) 3
Maximum score 15

Modified after Teasdale and Jennett [1]
aThe GCS is determined by adding the scores of the best neuro-
logical responses in each of three categories

14  Head Injuries



180

Furthermore, two subcategories are:

	(d)	 Minimal [GCS 15, no loss of consciousness (LOC) or amnesia]
	(e)	 Critical (GCS 3–4)

Another classification of TBI based on initial brain computed tomography (CT) 
scan refers to anatomical injury patterns:

	(a)	 Focal (contusions or intracranial hematomas)
	(b)	 Diffuse

and could be used to evaluate patients at high risk of delayed deterioration due to 
secondary brain injury and therefore with poor clinical outcome. The indications for 
initial brain CT scan to determine the severity of a head injury are briefly summa-
rized in Table 14.2.

In 1991, Marshall score [2], and later an alternative version known as Rotterdam 
score (Table 14.3) [3], was introduced to predict the outcome of TBI.

Table 14.2  Indications for 
initial brain CT scan

Indications for initial brain CT scan: (Remember: LOC, PTA, 
VOM, RF, FND, P.A.D.D.)
1. GCS ≤14/15 or progressive headache or deterioration
2. Loss of consciousness (LOC)
3. Posttraumatic amnesia (PTA)
4. Vomiting ≥2 episodes (VOM)
5. �Risk factors (RF) as anticoagulation or/and antiplatelet 

therapy
6. Focal neurological deficit (FND)
7. Psychiatric patient, alcohol, drugs, dementia (P.A.D.D.)
8. �Any sign of basal fracture (raccoon eyes, battle sign, CSF 

rhinorrhea/otorrhea)

Table 14.3  Rotterdam score Initial brain CT findings (Mneumonic: 
“S.E.B.AH.”) Points
Midline brain shift (S)
0–5 mm 0
>5 mm 1
Epidural space lesion (E)
Yes 0
No 1
Basal cisterns (B)
Normal 0
Compressed 1
Absent 2
Traumatic IVH or SAH (AH)
No 0
Yes 1
Minimum score (S + E + B + AH) 0
Maximum score 5

Modified from Maas et al. [3]
CT computed tomography, IVH intraventricular hemorrhage, 
SAH subarachnoid hemorrhage
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This grading system substantially correlates the findings of the initial CT scan 
(e.g., traumatic intraventricular or subarachnoid hemorrhage, midline brain shift, 
basal cisterns, or brainstem compression) with the clinical course and eventually the 
outcome of the patient [4].

Specifically, 6 months mortality in adults with TBI increases with the score as 
follows: 0% for score 1, 7% for score 2, 16% for score 3, 26% for score 4, and 53% 
for score 5 [3].

14.2.1	 �Focal Brain Injury

Focal brain injuries typically refer to (1) contusions and (2) traumatic intracranial 
hematomas.

14.2.1.1	 �Brain Contusions
This entity represents hemorrhagic areas, under the pia matter (supial), owing to 
rupture of small vessels and extravasation or blood into parenchyma. The frontal 
and temporal poles are most often involved because of close contact with bony sur-
faces of the cranial base and vault (Fig.  14.1). Occasionally, these focal hemor-
rhagic regions can produce remarkable mass effect due to their progression to an 
intra-cerebral hematoma (traumatic-ICH) with the concomitant surrounding edema.

A classification of contusions based on anatomical and mechanical criteria is 
usually suggested:

	1.	 Fracture contusions, due to direct contact injuries under a skull fracture.
	2.	 Coup contusions, directly under the site of impact without concomitant skull 

fracture.
	3.	 Contre-coup contusions, in regions distant to but not always opposite the impact.
	4.	 Gliding contusions, representing bilateral focal hemorrhages into the gray and 

the underlying white matter of the parasagittal brain tissue, owing to rota-
tional forces.

Frontal 
contusions

Temporal 
contusions

Frontal contusions 
with surrounding 

edema

Hemorrhagic 
progression (t-ICH)

Fig. 14.1  Brain contusions. CT images from different patients
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	5.	 Intermediary contusions, as punctuate hemorrhages in deep cerebral structures 
(basal ganglia with adjacent thalamus and hypothalamus, corpus callosum, 
brainstem).

	6.	 Herniation contusions, in brain tissue near the tentorial edge or near the foramen 
magnum. The types of brain herniation are schematically represented in Fig. 14.2.

Herniation produces brain injury along free edges of dural reflections and dys-
function in blood supply or white matter pathways, followed by the corresponding 
clinical symptoms in each case. More specifically, in the case of subfalcine hernia-
tion, compression of the pericallosal arteries by the herniated cingulated gyrus 
could cause leg weakness. A tentorial herniation may result in ptosis, ipsilateral 
mydriasis, contralateral hemiparesis, and decreased level of consciousness because 
of compression of the oculomotor nerve and the posterior cerebral artery by the 

1
4

3

5

2

1. Subfalcine/Cingulate: under the edge of falx
 cerebri

2. Tentorial/Uncal: over the tentorial edge
3. Transtentorial/Central: through the tentorial

notches

4. Transcalvarial: swollen brain tissue through
dural and skull defects

5. Tonsilar: through the  foramen magnum

Fig. 14.2  Schematic 
representation of the types 
of brain herniation. (1) 
Subfalcine/cingulate: under 
the edge of falx cerebri. (2) 
Tentorial/uncal: over the 
tentorial edge. (3) 
Transtentorial/central: 
through the tentorial 
notches. (4) Transcalvarial: 
swollen brain tissue 
through dural and skull 
defects. (5) Tonsilar: 
through the 
foramen magnum
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herniated medial edge of the uncus. In massive herniation, the cerebral peduncle on 
the opposite side to the hernia may be indented by the tentorium, producing a 
Kernohan’s notch and a false localizing and paradoxical ipsilateral hemiparesis. The 
most dramatic type of herniation, central herniation, could result in coma with 
respiratory and cardiovascular (bradycardia and hypertension) irregularity because 
of the downward compression of the brainstem and the perforating branches of the 
basilar artery that finally cause its ischemia. In the case of tonsilar herniation, the 
compression of the medulla by the herniated cerebral tonsils through the foramen 
magnum causes apnea.

The indications for surgical treatment of traumatic intracerebral hematomas 
(t-ICH) and/or hemorrhagic contusions are summarized as follows [5]:

	(a)	 In cases with persistent elevated intracranial pressure (ICP) (see below)
	(b)	 T-ICH volume* >50 cm3

	(c)	 Initial GCS 6–8 and frontal or temporal t-ICH volume >20 cm3 on brain CT-
scan, with midline shift ≥0.5 cm or/and compressed basal cisterns

	(d)	 Neurological deterioration due to hemorrhagic progression of contusions (signs 
of mass effect—imminent herniation)

*The estimation of T-ICH volume is based on the ellipsoid volume equation as 
described by Kothari et al. [6] [ABC/2, A = maximum length (in cm), B = width 
perpendicular to A on the same head CT slice, and C = the number of slices multi-
plied by the slice thickness].

14.2.1.2	 �Traumatic Intracranial Hematoma
This entity refers to any posttraumatic hemorrhagic lesion developed into the skull 
and it is divided, according to the location of the bleeding in relation to the menin-
ges, into three types: (1) epidural, (2) subdural, and (3) intracerebral (t-ICH, see 
above). Traumatic intracranial hematoma causes a progressive mass effect, usually 
detected on the initial CT brain scan, which is responsible for the delayed neuro-
logical deterioration and requires surgical evacuation as soon as possible.

Epidural Hematoma (EDH)
EDH develops between the dura mater and the skull and the bleeding source is arte-
rial in most of the cases because of laceration of middle meningeal artery by frac-
ture at the pterion [7]. However, the remainder of cases are due to bleeding from a 
skull fracture or a vein sinus. Incidence: 1–2% of head injury admissions [8], com-
monly in young adults (rare in <2 years and >60 years).

Classification of EDH according to its radiographic progression:

•	 type I (1st day—acute and hyperacute, associated with “swirl” fresh arte-
rial blood)

•	 type II (2nd–4th day—subacute)
•	 type III (7th–20th day—chronic, hemorrhagic elements of different time)
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Clinical presentation (the classic triad):

•	 Initial posttraumatic loss of consciousness
•	 Transient complete recovery (“lucid interval”)
•	 Sudden neurological impairment with rapid deterioration (obtundation, ipsilat-

eral pupillary dilatation, and contralateral hemiparesis, followed by Cushing 
triad due to brainstem compression: (1) respiratory disturbances and (2) arterial 
hypertension with (3) bradycardia, and finally death).

However, this typical presentation occurs only in a limited rate of patients with 
EDH (<10–27%) [9]. Other symptoms or findings could be: headache, seizure, 
vomiting. Although the severity of these symptoms is affected by the hematoma 
size, the postoperative prognosis remains excellent for patients with a “pure EDH” 
(without associated contusions or other hemorrhagic lesions) if there are no delays 
in diagnosis and subsequent treatment. The indications for surgical evacuation of 
EDHs are summarized as follows [10]:

	(a)	 GCS <9 and anisocoria as soon as possible
	(b)	 Volume >30 cm3, regardless of GCS
	(c)	 Thickness >15 mm (Fig. 14.3)
	(d)	 Midline shift >5 mm (Fig. 14.3)

Fig. 14.3  Acute epidural 
hematoma in axial CT
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	(e)	 Establishment of focal neurological deficit
	(f)	 Position: EDH of the middle or posterior cranial fossa needs more “flexible” 

criteria for surgery.

Subdural Hematoma (SDH)
SDHs constitute bleeding collections between the arachnoid and the dura mater 
(subdural space) and occur either due to tearing of bridging veins (Fig. 14.4) that 
drain part of cortical blood directly into superior sagittal sinus or as a result of 
bleeding from superficial brain contusions.

Classification of SDHs:
Clinically, an acute SDH (a) becomes evident within 3 days of injury, subacute 

(b) between 3 and 21 days, and chronic (c) if more than 21 days pass between injury 
and clinical presentation (Table 14.4 and Fig. 14.5).

Acute Subdural Hematoma (ASDH)
This entity, commonly associated with underlying brain injury, account for about 
60% of all SDHs. The majority of ASDHs occur after rupture of cortical veins by 
two distinct pathologies:

–– First type: Accumulation around brain contusion (extension of cortical bleeding 
over the arachnoid membrane). This complex of SDH and damaged-necrotic 
brain is termed “burst lobe” and is more common in the temporal lobe. In this 
type the underlying primary brain injury is usually severe.

–– Second type: Stretching and tearing of bridging veins owing to inertial forces 
causes a low-pressure venous bleeding into the subdural space followed by 

Bridging veins

� Superior Sagittal Sinus (SSS) �
Fig. 14.4  Schematic 
representation of 
cortical veins

Table 14.4  Subdural hematoma classification and changes on CT with time

Type Days Consistency CT appearance
Acute 0–2 Clotted blood Hyperdense
Subacute 2–14 Clotted and fluid blood Isodense
Chronic >14 Fluid blood Hypodense
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secondary brain damage because of the progressive mass effect, the venous out-
flow obstruction, and finally the local cerebral ischemia. However, in some rare 
cases of rapture of a cortical artery, an even more rapid neurological deteriora-
tion is observed.

The severity of initial impact damage is occasionally much higher in ASDH than 
in EDH because of the associated underlying brain injury following subdural hema-
tomas. Without early surgical evacuation of clot (within 4 h), much more in cases of 
“non-pure” ASDH (with concomitant contusions, t-SAH, DAI), the prognosis is 
extremely poor because the mass effect and intracranial hypertension affect the 
cerebral blood flow, causing further cerebral ischemia (secondary brain damage). 
The indications for surgical treatment of ASDHs are summarized as follows [11]:

	(a)	 Every ASDH with a midline shift >0.5 cm or thickness >1 cm, regardless of GCS
	(b)	 ICP monitoring in all comatose patients (GCS <9) with an ASDH and surgical 

evacuation if ICP exceeds 20 mmHg
	(c)	 ASDH with midline shift <0.5 cm or thickness <1 cm should undergo evacua-

tion if GCS drops by ≥2 points from injury to admission and/or if the pupils 
become asymmetric or fixed and dilated.

14.2.2	 �Diffuse Brain Injury

Diffuse brain injury is the most common type of TBI and includes a wide range of 
clinical entities, from concussions to the persistent posttraumatic coma.

14.2.2.1	 �Concussion
Concussion, as a result of rotational acceleration/deceleration head injury without 
mechanical contact, is the mildest type of diffuse brain injury; and patients usually 
experience an impermanent loss of consciousness (LOC). Although previously 

a b c

Fig. 14.5  Appearance of each type (a–c) of subdural hematoma in axial CTs
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thought harmless, concussion is now considered as a brain damage and repeated 
episodes can occasionally cause a significant impairment of neurological status.

Although the pathophysiology of this entity is not clearly understood, the usually 
immediate return to the normal state of alertness suggests that the LOC is a result of 
transient disturbances in the function of diencephalon or brainstem. Whereas brain 
CT-scan and GCS levels may be normal, signs of cytotoxic cerebral edema can be 
observed in the diffusion tensor imaging (DTI).

14.2.2.2	 �Diffuse Axonal Injury (DAI)
DAI occurs after severe rotational or angular acceleration and deceleration that can 
be caused by shear forces to axons. Therefore, DAI is the main reason for severely 
impaired TBI patients even if significant cerebral contusions or intracranial hemato-
mas are lacking. Minimal or mild DAIs can be a result of acceleration/deceleration 
forces in the sagittal or oblique plane, whereas severe DAIs result after the corre-
sponding lateral or coronal forces. The histological characteristics of DAI include 
axonal disconnection and swelling associated with punctuate (“strich”) hemor-
rhages in eloquent areas that undergo maximal acceleration forces during head 
injury (peri-ventricular white matter and adjacent structures, such as corpus callo-
sum, fornix, internal capsule, hypothalamus, basal nuclei, and superior cerebellar 
peduncles).

14.2.2.3	 �Traumatic Subarachnoid Hemorrhage (T-SAH)—
Posttraumatic Vasospasm (PTV)

Traumatic SAH, as a result of rupture of the superficial cortical vessels into the 
subarachnoid spaces due to the initial impact, remains a common brain CT-scan 
sign associated with severe (33–60% of all cases) TBI [12–14]. This entity can be 
followed by posttraumatic vasospasm (PTV), a serious secondary brain damage that 
usually causes permanent neurological deficits and corresponds to a poor outcome. 
PTV typically develops between approximately first and fifth day after TBI and it 
can last from 12 h to 30 days [15], involving both posterior and anterior circulation 
arteries. The major differences between aneurysmal and traumatic SAH involve dis-
tribution and time course. Specifically, t-SAH has a different distribution, mainly 
involving inter-hemispheric, cortical convexity, and supratentorial spaces. Secondly, 
vasospasm following aneurysmal SAH occurs and resolves later on serial CT 
than PTV.

14.2.2.4	 �Intraventricular Hemorrhage (IVH)
Between all the patients with severe TBI, about 25% will develop hemorrhage into 
the brain’s ventricular system. This entity, typically occurring after a powerful head 
injury, is usually accompanied by punctuate hemorrhages in adjacent deep cerebral 
structures, such as basal ganglia and hypothalamus. Post-hemorrhagic communicat-
ing hydrocephalus, due to cerebrospinal fluid (CSF) malabsorption at the level of 
arachnoid granulations, is more likely to occur after traumatic IVH than acute 
obstructive hydrocephalus.
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14.3	 �Management of Severe Head Injury

14.3.1	 �Pre-hospital Management

A well-organized pre-hospital management composed of experienced and well-
trained rescuers and medical staff is crucial to prevent secondary brain injury. Since 
most treatment strategies aim to prevent its disastrous consequences, rapid correc-
tion of hypoxemia and hypotension, the two most important predictors for mortality, 
is recommended [16].

First of all, intubate any patient with a GCS score ≤8 (after immobilization of 
cervical spine) and give controlled ventilation with continuous monitoring of oxy-
genation by pulse oximetry. Management is similar in TBI patients with significant 
impairment or deterioration of neurological status, accompanied even by seizures 
and respiratory, or severe craniofacial and other thoracoabdominal injuries.

The guidelines for the step-by-step pre-hospital management outlined by the 
Brain Trauma Foundation are as follows [16]:

•	 Assessment phase:
–– Continuous oxygen saturation and blood pressure monitoring to prevent 

hypoxemia (<90% O2 saturation) and hypotension (<90 mmHg systolic blood 
pressure), respectively.

–– Estimate the severity of TBI by assessing the GCS score after securing air-
way, breathing, and circulation and before administering sedatives or 
paralytics.

–– Record bilateral pupillary size and reflex after patient stabilization. Note any 
evidence of orbital trauma.

•	 Treatment phase:
–– Establish airway in severe TBI, inability to maintain airway or hypoxemia 

with supplemental oxygen.
–– Avoid hypoxemia (SpO2 <90%) and maintain normocapnia (PCO2: 

35–40 mmHg).
–– Use isotonic fluids to treat hypotensive patients.
–– In a normoventilated, well-oxygenated, and normotensive patient with clini-

cal signs of cerebral herniation (dilated unreactive or asymmetric pupils, 
extensor posturing or no motor response, decrease in GCS score by more than 
2 points from prior best score), hyperventilation (20 breaths/min in adult, 
25  in child and 30  in infant) can be used as a temporary measure until 
hospitalization.

14.3.2	 �E/R Management

The first-line management of the TBI patient (Diagram 14.1), just like the multi-
injured patient, follows a sequential flow according to Advanced Trauma Life 
Support (ATLS) guidelines of the American College of Surgeons (ACS), known as 
the primary survey or “ABCDEs” [17].
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General guidelines for urgent neurosurgical consultation during the primary or 
secondary survey include: open depressed skull fracture, open head injury with vis-
ible brain tissue, lateralizing neurological signs (unilateral third cranial nerve palsy, 
decerebrate or decorticate posturing, hemiparesis, or hemiplegia), any alteration of 
GCS, and abnormal head CT findings.

14.3.2.1	 �Initial Management of Severe Head Injury Outlined by 
the Brain Trauma Foundation

Clinical presentation of raised ICP, such as impaired level of consciousness, head-
ache, vomiting, or nausea, could not be evaluated in comatose patients. Thus, in 
ICU we use ICP monitoring techniques to prevent the catastrophic consequences of 

- Hyperosmolar therapy
 (i.v.Mannitol 1gr/kg)

- Hyperventilation
 (PaCO230-35mmHg)

Resolution?

- Intubation
- Normocarbic ventilation
- Fluid replacement -Crystalloid solutions
- Adequate sedation, analgesia and
 neuromuscular paralysis

ATLS guidelines*

Severe TBI
(GCS 3-8)

Clinacal evidence
of herniation or
deterioration?

CT scan

*Primary survey(ATLS) 

A (Airway): determine its
adequacy or create an airway,
maintaining the spine in a safe
neutral position.

B (Breathing): Administer
high-flow oxygen and
recognize and treat the chest
injuries (pneumo-/ hemo-
thorax)

C (Circulation): stop any
ongoing bleeding and support
the blood pressure by
crystalloid fluids.

D (Disability):Access GCS,
pupillary size and light
response.

E (Exposure): for complete
examination but don’t forget 
to prevent hypothermia

Intensive Care
Unit (ICU)

Operating
room 

** Indications for ICP monitoring,
outlined by the Brain Trauma
Foundation:

a) All salvageable patients with a
    severe TBI (GCS ≤ 8) and an
    abnormal brain CT scan (contusions,
    or hematomas or swelling or
    herniation or even compressed basal
    cisterns)

b) In patients with severe TBI with a
     normal brain CT scan if  ≥ 2 features
     are noted at admission:

- Age > 40 years
- Systolic blood pressure < 90 mmHg
- Unilateral or bilateral motor
 posturing

Hematoma? Lesion?
Mass effect?

Insert intracranial pressure
(ICP) monitoring**

Causal treatment of elevated 
ICP (ntracranial hypertension)

Diagram 14.1  Initial management in severe TBI. (Modified from Aarabi et al. [17])
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secondary brain injury as a result of raised ICP due to diffuse brain swelling or the 
extra volumes of intracranial hematomas or contusions.

14.3.2.2	 �ICP Values
	1.	 Normal-resting ICP is <10 mmHg
	2.	 Sustained ICP >20 mmHg is typically abnormal
	3.	 ICP 20–40 mmHg → moderate intracranial hypertension
	4.	 ICP >40 mmHg → severe, usually life-threatening intracranial hypertension

Although some CT signs, such as compression or even absence of basal cisterns 
and midline shift, are predictive of brain swelling and intracranial hypertension, an 
increased value of ICP could occur without these findings. It is also observed that 
the number and duration of raised ICP episodes significantly correlates with worse 
functional outcome and death after TBI. The recent guidelines [18] for TBI man-
agement recommend treating ICP > 20 mmHg (recommendation level II) or using 
clinical and CT signs in addition to the range of ICP values to decide the appropriate 
treatment (recommendation level III).

14.3.2.3	 �Techniques of ICP Monitoring
	1.	 Intraventricular catheter (IVC): Its tip is preferably positioned into the right 

frontal horn of the lateral ventricle and is connected to an external pressure trans-
ducer via fluid-filled tubing [19].

Advantages of this method: Disadvantages of this method:
(1) �Relief of elevated ICP by CSF drainage (1) �Risk for ventriculitis and intracranial 

hemorrhage
(2) Most accurate (2) Difficult to insert in “slit ventricles”
(3) Lower cost

	2.	 Intraparenchymal catheter (IPC): effective and similar to IVC, but more 
expensive.

	3.	 Extracerebral catheters (epidural, subdural, or subarachnoid): less accurate 
types of monitoring.

Routine catheter exchange or/and systemic prophylactic antibiotics are not rec-
ommended in the recent TBI guidelines.

14.3.2.4	 �Duration of ICP Monitoring
Withdrawal of catheter when ICP values remain normal for 48–72 h.

Attention: Don’t remove the catheter too early, because a secondary rise in ICP 
values is observed between third and tenth day after TBI in about one-third of 
patients with intracranial hypertension due to the delayed development of entities 
such as intracranial hematomas, PTV, posttraumatic hydrocephalus, or even cardio-
vascular reasons.

The surgical steps for ICP catheter placement are discussed in Fig. 14.6.

F. Sotiriou et al.



191

14.3.3	 �ICU Management

Management of severe TBI aims to prevent secondary brain injury by optimizing 
cerebral perfusion pressure (CPP), brain tissue oxygenation, and generally avoiding 
the devastating effects of increased intracranial pressure (Table 14.5). There is good 

Fig. 14.6  Images showing the step-by-step placement of an ICP catheter in the ICU. First of all, 
find and mark Kocher’s point (roughly 11 cm behind the nasion and on the mid-papillary line later-
ally) and then inject local anesthetic with lidocaine. Skin incision is made centered on Kocher’s 
point and a self-retaining retractor is placed (1–2), Burr hole using a hand drill (3), bolt placement 
and fixation (4–5), catheters insertion (6–7), connection and ICP activation (8–9)

Table 14.5  Causes of traumatic intracranial hypertension
*Keep in mind: Traumatic intracranial hypertension, may be due any of the following reversible 
causes:
1. Brain swelling (see below)
2. �Traumatically induced lesions (SDH, EDH, t-ICH, depressed skull fracture, tension 

pneumocephalus)
3. Posttraumatic hydrocephalus (obstruction of CSF circulation or absorption)
4. Sustained posttraumatic seizures (status epilepticus)
5. Hypoventilation (causing hypercarbia → vasodilatation)
6. Systemic hypertension (HTN)
7. Venous sinus thrombosis
8. Increased muscle tone and valsalva maneuver as a result of agitation or posturing
9. Hyperemia (possibly due to vasomotor paralysis—loss of cerebral autoregulation)
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evidence that a standardized treatment protocol system leads to improved outcome 
after TBI [20, 21]. An example of such an algorithm is shown in Diagram 14.2.

**Decompressive craniectomy:
For real brain decompression (Fig. 14.7), the bone flap diameter should be 12 cm 

or more with a reverse C-shaped dural opening (86 ml additional volume for lateral 
craniectomy).

Thus, causal treatment of elevated ICP at any time is demanded [22].

no

noyes

yes

yes

no

Consider
Repeating

Insert ICP Monitoring
(IVC or IPC) 

Maintain Cerebral Perfusion Pressure (CPP) > 70mmHg

Intracranial hypertension? *
(ICP > 20mmHg)

Drain CSF  (in case of IVC)

Hyperventilation 

Maintain PCO230-35mmHg

Intracranial hypertension persists? *

Hyperosmotic therapy
(Mannitol 0.5-1.0g/kg I.V.)

Intracranial hypertension persists? *

Carefully
withdraw ICP

treatment

Intracranial hypertension persists? *

May repeat mannitol if Serum
Osmolarity <320mOsm/L &
patient remains euvolemic

Decompressive Craniectomy
(AP diameter >12cm )  **

High dose Barbiturate therapy
(initially  bolusdose of 2g  (250mg x 4 )

and then 3-8mg/kg/hr

Diagram 14.2  Management of severe TBI in ICU (Modified from Bratton et  al. [16] and  
Aarabi et al. [17])
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14.4	 �Brain Swelling in Head Injury

Some degree of brain swelling is present in most TBIs and may be an important 
contributor the raised ICP. Three main patterns of brain swelling (Diagram 14.3) 
follow head injury:

	1.	 Swelling around cerebral contusions and intracerebral hemorrhages
Called “penumbra,” a combination of vascular damage leading to BBB dis-

ruption and vasogenic edema and ischemic damage resulting in cytotoxic (intra-
cellular) swelling. Osmotic edema may also contribute because of the high 
osmolality of the central necrotic areas of contusions.

	2.	 Diffuse swelling of one cerebral hemisphere

Skin incision Burr hole placement

Craniectomy Postoperative brain CT scan

Fig. 14.7  Decompressive lateral (left) craniectomy
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Diffuse swelling of one cerebral hemisphere unrelated to contusion, intrace-
rebral hemorrhage, or infarction may be associated with an ipsilateral ASDH but 
may also occur with larger epidural hematomas or as an isolated event.

	3.	 Diffuse cerebral swelling of the entire brain
The reported incidence of diffuse brain swelling (Fig. 14.8) following head 

trauma on head CT scanning varies from 5% to 40%. Diffuse cerebral swelling 
occurs more frequently in children than in adults and may occur rapidly. A par-
ticularly severe catastrophic fatal form without obvious evidence of contusions 
or hemorrhages on neuroimaging occurs in young children. The pathogenesis of 
this progressive diffuse swelling unresponsive to treatment is poorly understood.

14.5	 �Conclusion

The primary goals of trauma resuscitation are preventing hypoxia and hypotension, 
maintaining low normocarbia, rapidly assessing and decompressing mass lesions, 
and controlling ICP. When possible, emergency medical technicians should begin 

BRAIN SWELLING

Congestive Brain Swelling
(due to     intravascular blood volume because

of venous obstruction or arterial dilation.

Cytotoxic

Vasogenic

Osmotic

Hydrocephalic -
Interstitial

Hydrostatic 

Ischemic

(or intracellular) Ischemia or direct mechanical injury of mitochondria
®mitochondrial dysfunction ® failure of energy-dependent ion
channels ® intracellular accumulation of Na+ and fluid/water ® 
swelling that affects all cell types, mainly astrocytes.
Tip: because the blood-brain barrier (BBB) remains intact, there is no
enchancement in i.v. contrast CT scan. 

Disruption of BBB ® extravasation (escape of plasma filtrate) and
accumulation of fluid into “hyperosmotic” extracellular. 
Tip: Diffusion-weighted imaging (DWI) is able to differentiate
vasogenic and cytotoxic edema. 

serum osmolality due to SIADH or i.v. hypotonic saline (iatrogenic
hemodilution via D/W 5% )®    intracellular water. 

Uncommon in TBI. High-pressure obstructive hydrocephalus
® periventricular extravasation of water.  

Sudden increase of intravascular pressure ® extracellular
accumulation of protein-poor fluid. Common after a fast
decompression of a mass lesion or due to defective autoregulation. 

Initially cytotoxic followed by vasogenic edema. 

Cerebral Edema
(due to      tissue water of the brain)

Diagram 14.3  Types of brain swelling from a pathophysiological point of view
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these actions in the prehospital setting. In the emergency department, the trauma-
tologist and neurosurgeon must develop an organized approach to evaluating and 
treating these patients. Although some have found that life-saving decompression 
performed by trained general surgeons can be effective, a limited number of studies 
by non-neurosurgeons performing neurosurgical procedures suggest that outcome 
is improved if these procedures are performed by a neurosurgeon and further indi-
cate that there is normally enough time to transfer these patients to a facility with 
specialists. In some very isolated communities, particularly where it is difficult to 
obtain neurosurgical trauma coverage, there may be an increasing role played by 
acute care surgeons.
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Eye and Maxillofacial Injuries

Marilita M. Moschos

15.1	 �“Eye Injuries and Maxillofacial Injuries”

Maxillofacial fractures have been associated with severe morbidity, disfigurement, 
financial cost, as well as vision-threatening ocular injuries. The prevalence of ocular 
injuries, which complicate such fractures, ranges between 2.7% and 94% [1–3]. A 
facial fracture, especially localized at upper face and forehead, makes the presence 
of ocular injuries 6.7 times more frequent [2, 4]. Moreover, fractures that involve 
the posterior third of the orbit are associated with worse visual acuity compared to 
that of the anterior two-thirds of the orbit [5]. According to the literature, ocular 
injuries are more probable in patients with mild (41.2%) or moderate (59.5%) 
orbital trauma compared to those with a severe one [6]. The main causes of such 
fractures are road traffic accidents (64% of all cases), which usually involve motor-
cycles, bicycles, and heavy vehicles, followed by accidental fall and inter-personal 
violence related to alcohol consumption. Sports injuries are also implicated in max-
illofacial fractures [4, 7, 8].

Ocular trauma, induced due to maxillofacial fractures, has been correlated to age 
(lower risk in children under 12 years old), sex (male dominance), pattern, and posi-
tion of maxillofacial fractures and etiology of damage [4]. They are estimated to be 
7% of all body injuries and 10–15% of eye diseases [9]. The consequent impairment 
of vision usually affects occupational and social functions. Vision loss and blind-
ness is apparent in 0.32–10.8% of facial fractures [10, 11].

The major mechanisms of visual impairment involve direct injury to the globe, 
direct or indirect damage on optic nerve, systemic perfusion disturbances, and loss 
of eye integrity [11, 12]. Subsequent to the management of life-threatening 
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problems, a complete ocular examination is mandatory. The latter should include 
visual acuity measurements (if the patient’s general health permits this), tests of 
pupillary reactions and ocular movements, evaluation of globe integrity, and fundus 
examination.

The disturbances on patients’ emotional and financial status, the impairment in 
quality of their life, and the consequent socioeconomic problems explain the impor-
tance of both effective treatment and prolepsis [9, 13, 14]. The collaboration of 
multiple specialties, including ophthalmology, otolaryngology, neurology, plastic 
surgery, trauma surgery, and oral surgery, are needed to evaluate and treat patients 
with maxillofacial fractures [6, 15]. The former would be facilitated by a standard-
ized classification, such as Birmingham eye trauma terminology system (BETTS) 
(Fig. 15.1). The definitions of ocular injuries are presented below:

	1.	 Closed injury is commonly due to blunt trauma, leaving the corneo-scleral wall 
of the globe intact.

	2.	 Contusion is a closed injury due to blunt trauma and the damage can be present 
at the site of impact or at a distant site.

	3.	 Lamellar laceration is a partial-thickness wound caused by a sharp object.
	4.	 Open injury involves a full-thickness wound of the corneo-scleral wall.
	5.	 Rupture is a full-thickness wound caused by blunt trauma, observed at the weak-

est point of the globe (not always at the site of the impact).
	6.	 Laceration involves a full-thickness wound caused by a sharp object at the site of 

the impact.
	7.	 Penetration presents a single full-thickness injury, usually caused by a sharp 

object, without an exit wound. It may be associated with intraocular presence of 
a foreign body.

	8.	 Perforation consists of two full-thickness wounds, being originated from the 
entry and the exit of a missile.

Eye injury

Open globe Closed globe

Rupture Laceration Contusion
Lamellar
laceration

Penetrating
trauma

Perforating
trauma

Intraocular Foreign
Bodies

Fig. 15.1  The Birmingham eye trauma terminology system (BETTS)
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15.2	 �Closed-Globe Ocular Injuries

The most common cause of closed trauma is the blunt one, which results in antero-
posterior compression, expansion in the equatorial plane, posterior displacement of 
the lens–iris diaphragm, rupture of ocular tissues, and severe increase in intraocular 
pressure. Although a blow-out fracture of the orbit (typically inferiorly into the 
maxillary sinus) usually protects the globe, 30 per cent of the cases present ruptured 
globe combined with orbital fracture [13]. Hypahema and retinal detachment seem 
to be the most common manifestations of the anterior and posterior segment, respec-
tively. The prognosis for visual acuity has been related to retinal and choroid lesions, 
along with optic nerve damage. The latter involves avulsion of the optic nerve, trau-
matic optic neuropathy, and optic atrophy [16].

The main causes of blunt ocular trauma are squash balls, elastic luggage straps, 
and champagne corks. Golf-related ocular injuries account for 1.5–5.6% of sports-
induced ocular trauma [17, 18]. The incidence of sports-related ocular trauma in 
children is estimated to be 11–18% of cases. The most common sports related to 
such trauma are cycling, football, tennis, trampolining, fishing, and swimming. 
Children between 10–14 years old and boys are at high risk, due to the competitive 
nature of activities [19]. Although sports are a main cause of ocular damage among 
children, the most injuries seem to take place within the house (48% of all cases) 
[20]. Education and use of eye protection during sports are mandatory for prevent-
ing such accidents, which are implicated in 50% of uniocular blindness in children 
[19, 20]. High explosive and fragmentation power are the main cause of war-related 
ocular injuries. Closed-globe injuries are less common (20–43% of cases) than the 
open-globe ones (29.6–80% of cases), exhibiting better anatomical and visual out-
come and treatment is mandatory [21, 22].

15.2.1	 �Anterior Segment

Corneal abrasion is a default of the epithelium, which is diagnosed with fluorescein 
staining under blue light vision (Figs.  15.2 and 15.3). The symptoms include 
impaired vision, pain, photophobia, tearing, and foreign body sensation. Visual acu-
ity is severely diminished, if the trauma is extended over the papillary area. The 
treatment involves an antibiotic ointment and topical cycloplegia. The former lubri-
cates the eye surface and protects the trauma from any secondary infection, whereas 
the latter reduces the pain. The use of pressure patching does not seem beneficial 
anymore, because it does not promote healing or improve rest symptoms [11–13]. 
Acute corneal edema is subsequent to focal or diffuse dysfunction of corneal epithe-
lium, usually associated with folds in Descement membrane and stromal thicken-
ing. The latter recesses spontaneously [23–25].

Hyphema characterizes the hemorrhage into the anterior chamber, coming from 
iris or ciliary body (Fig. 15.4). Red blood cells form an inferior fluid level, which 
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Fig. 15.2  Corneal 
abrasion observed with 
fluorescein staining

Fig. 15.3  Corneal 
abrasion stained with 
fluorescein under cobalt 
blue light

Fig. 15.4  Traumatic 
hyphaema with inferior 
level of blood in 
anterior chamber
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must be measured and evaluated. The lysis and retraction of the fibrin clot, which is 
present in the bleeding vessel, are implicated in rebleeding. The latter occurs within 
2–5 days post-traumatically, varying in incidence. The consequent complications 
involve glaucoma, iridocorneal angle recession, iridodialysis, optic atrophy, ambly-
opia, corneal blood staining (when the hyphaema is prolonged), optic atrophy, and 
peripheral anterior synechia [13, 26]. Reading disability related to accommodative 
impairment, greater than 2.5 dioptres, has also been observed in post-traumatic 
hyphema [27].

The initial management includes bed rest with 30° head elevation for 4 days to 
prevent rebleeding, discontinuation of electives anticoagulants, topical mydriatics, 
and steroids for 2 weeks. Atropine and steroids are installed daily to prevent further 
hemorrhage and treat associated uveitis. The prevalence of secondary hemorrhage 
can be reduced by the administration of systemic antifibrinolytic agents, including 
E-aminocaproic and tranexamic acid, which is 8–10 times more potent than the 
former. Tranexamic acid prevents plasminogen and plasmin from fibrin binding, 
minimizing the chances for clot lysis. The common dose is 25 mg/kg three times a 
day, whereas the possible side effects involve muscle cramps conjunctival suffusion, 
nasal congestion, headache, rash, pruritus, dyspnea, cardiac arrhythmias, systemic 
hypotension, and gastrointestinal disturbances. Recently, the topical administration 
of 5% solution of tranexamic acid has been suggested as treatment for traumatic 
hyphaema [13, 26]. The incidence of raised intraocular pressure is estimated to be 
30% of cases, due to angle damage. Glaucoma medications are used to lower the 
increased pressure [13]. The elevation of intraocular pressure in the fellow eye, 
related to neuronal control between the two eyes, has also been reported [28]. 
Intracameral injection of tissue plasminogen activator (tPA) has also been associ-
ated with lower incidence of secondary hemorrhage, decrease in intraocular pres-
sure, and diminish of complications [29]. Surgical wash-out of the anterior chamber 
is rarely used.

Pupil damage leads to miosis, which can be accompanied by pigmen deposits on 
the anterior lens capsule (Vossius ring), or mydriasis, usually permanent due to 
trauma to the iris sphincter. The latter are developed as pupillary tears iridocorneal 
angle recession and trabecular meshwork damage, which are associated with sec-
ondary glaucoma (7–9% of cases), as it has been already referred. Annually, follow-
up is demanded. The dehiscence of the iris root from the ciliary body is another 
possible lesion, which is known as iridodialysis. Patients suffer from uniocular dip-
lopia, unless the lesion is covered by the upper lid. The “D” formation of the pupil 
is common and the treatment is surgical [13]. The traumatic detachment of the cili-
ary body from the sclera spur is called cyclodialysis. The symptoms include hypot-
ony, shallow anterior chamber, abnormal architecture of anterior segment, cataract, 
retinal and choroidal folds, hypotony maculopathy, and decreased visual acuity. The 
diagnosis is based on gonioscopy, anterior segment ultrasound biomicroscopy 
(UBM) (Fig. 15.5), and optical coherence tomography (OCT). Conservative treat-
ment involves administration of topical atropine for 6–8 weeks, which leads to reso-
lution. The surgical option combines cyclopexy, phacoemulsification, and transcleral 
Cionni ring [30, 31].
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Cataract is developed due to damage of the lens fibers and capsule, resulting in 
aqueous humor input and opacification. The presentation of opacifications along the 
anterior lens capsule form the Vossius ring, whereas a flower-shaped formation 
occurs within the posterior capsule. The treatment is surgical. Subluxation occurs 
when the zonular support is disturbed and the lens is dislocated into the anterior or 
posterior (when the lens capsule is intact) chamber (Fig. 15.6). Clinical findings 
include iridodonesis (tremble on ocular movements), uniocular diplopia, and len-
ticular astigmatism. The location of the lens can be restored with mydriasis, supine 
position of the patient and corneal indentation [13].

a b

c d

Fig. 15.5.  UBM of an eye with cyclodialysis. (a) The anterior chamber is shallow 1 day after 
blunt ocular injury. (b) Ciliary effusion with anterior rotation, thickening of the ciliary processes, 
and iris bombe are noted. After 7 days, (c) a deeper anterior chamber and (d) partial resolution of 
the subciliary fluid are noted
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15.2.2	 �Vitreoretinal and Optic Nerve Damages

The presence of vitreous hemorrhage due to closed-globe trauma has been associ-
ated with severe pathologies of anterior segment, including hyphema, traumatic 
cataract, and lens dislocation, as well as posterior segment damages. The latter usu-
ally involve retinal tears and detachment, proliferative vitreoretinopathy (PVR), 
submacular hemorrhage, whereas macular hole, choroidal rapture, retinal dialysis, 
and vessels occlusion are less common complications. Early vitrectomy is indicated 
to prevent poor visual outcome, related to posterior segment pathologies [32]. When 
vitreous hemorrhage is developed with subarachnoid or subdural bleeding is known 
as Terson’s syndrome. The prognosis is usually good and the visual acuity is reha-
bilitated, when the intraocular hemorrhage has been absorbed.

Berlin’s edema or commotion retina is a frequent pathology subsequent to closed 
globe blunt ocular trauma. The transmission of trust wave to the retina is probably 
responsible for severe vision loss and the development of the macular whitening 
thickening, which can be accompanied by retinal hemorrhages [33]. Prognosis is 
related to the severity and location of lesions; if the latter are situated in the retinal 
periphery, they are not usually diagnosed. Spontaneous recession can also occur 
[34].Vision loss has been associated with damage or necrosis of photoreceptors [35]. 
Not treatment is effective. The development of peripheral retinal cracks needs to be 
treated with laser or cryopexy [36]. Choroidal ruptures can be occurred after severe 
trauma, which are located as yellowish crescent-shaped lesions (Fig. 15.7). They can 
be direct, situated anteriorly at the site of the impact and parallel to the ora serrata, or 
indirect, which are located at the opposite site [34, 37, 38]. If the situation is compli-
cated with choroidal neovascularization can lead to exudative maculopathy [39].

Fig. 15.6  Traumatic lens 
dislocation
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Optic neuropathy can be subsequent to blunt or penetrating orbital trauma due to 
direct damage from sharp objects (hemorrhage or compression) or transmission 
wave. The visual prognosis is poor, associated with optic nerve atrophy [40].

15.3	 �Open-Globe Ocular Injuries

Open-globe injuries are the leading cause of visual loss for working individuals and 
children. The prevalence among adolescents is estimated to be around 19.8% 
whereas pediatric patients account for 8–14% of all cases [41–44]. The prognosis of 
penetrating injuries has been associated with advanced age, poor initial visual acu-
ity, severity of trauma and development of vitreous hemorrhage, retinal detachment, 
or PVR [9, 44]. The latter is sequel of retinal detachment and exhibits high preva-
lence after trauma, accessing the 43%, 21%, 15%, and 11% of cases in perforation, 
rupture, penetration, and presence of intraocular foreign body, respectively [44].

Scleral lacerations can be developed anterior or posterior. The former have been 
associated with iridociliary prolapse and vitreous incarceration, which can lead to 
fibrous proliferation and consequent retinal detachment. The rehabilitation of uveal 
tissue and vitreous are mandatory for the management of such trauma. Posterior 
sclera lacerations have poorer prognosis, compared to anterior ones, and are com-
plicated with retinal breaks.

The severity and management of corneal open injuries depend on the extent of 
the wound as well as the involvement of iris or lens. Small wounds, which leave 
intact the anterior chamber, can be spontaneously healed or using a soft contact lens. 
Larger corneal traumas, combined with shallow or flat anterior chamber, are treated 

Fig. 15.7  Choroidal 
macular rupture, 
complicated with 
secondary epiretinal 
membrane formation 
(arrows) and retinal 
traction (arrowheads)
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with sutures. Iris prolapsed is managed with abscission, whereas phacoemulsifica-
tion is needed in case of lenticular trauma. The prevalence of intraocular pressure 
elevation or traumatic glaucoma after open-globe injury is estimated to be 32.4% 
and 11%, respectively. Such complications have been related to trabecular mesh-
work damage, hyphema, lenticular damage, iris inflammation, peripheral anterior 
synechiae, vitreous hemorrhage, and topical steroid administration [45]. A wound 
size larger than 6 mm has been correlated to post-traumatic elevation of intraocular 
pressure [46].

Optic nerve avulsion is a rare sequel of extreme rotation or anterior displacement 
of the globe. It is related to entrance of an object between the glob and the orbit. 
There is no treatment and the prognosis depends on the severity of avulsion (partial 
or complete). Isolated third nerve palsy due to penetrating trauma has also been 
reported. Complete recession of subsequent anisocoria, ptosis, and binocular diplo-
pia was noted [47].

Intraocular foreign bodies appear increased incidence among open-globe inju-
ries, estimated to be 18 PVR 41% of all cases [48–50]. The vast majority of them 
remain in the posterior segment of the eye [51]. Organic materials are less tolerated 
then the inorganic ones, including glass, stone, and plastic. However, iron, copper, 
and lead should urgently be removed due to their toxicity [52, 53]. The entrance of 
the foreign bodies is usually through the cornea (65%), while sclera (25%) and 
limbus (10%) are less frequent points of penetration [54]. They are usually detected 
in the posterior segment (58–88%), but they can also be found in anterior chamber 
(10–15%) and lens (2–8%) [50]. Their complications are related to their direct 
effect or can be sequel to chemical reactions of metals, such iron and copper. 
Siderosis bulbi characterizes the consequences of iron deposition, involving iris 
eterochromia, mydriasis, lens opacification, glaucoma, and retinal pigmentary 
lesions [55, 56]. Chalcosis, which is consequence of copper presence in the globe, 
may be apparent as Kayser-Fleischer ring in the cornea (depositions within the 
Descement membrane), refractile particles in the anterior chamber or iris, or even as 
a sunflower cataract [57]. The diagnosis is based on detailed history, ophthalmologi-
cal examination, and imaging with plain X-ray computed tomography (CT), ultra-
sonography, B-scan, and magnetic resonance imaging (MRI) [51, 58, 59].

Early removal predicts the visual outcome, which has been also associated with 
the size of the foreign body (poor vision if it is over 3 mm) and the ocular lesions 
[60]. Vision-threatening complications include endophthalmitis (2.1–17%), retinal 
detachment, PVR, and sympathetic ophthalmia [51, 60]. Increasing pain after injury 
stabilization, progressive visual loss, hypopyon, vitritis, lid edema, conjunctival and 
corneal edema, fibrous papillary membranes, and loss of red reflex are signs of 
endophthalmitis [61–63]. The microorganisms implicated in endophthalmitis are 
mainly gram-positive, including coagulasenegative Staphylococci, which includes 
Staphylococcus epidermis, Streptococcus species, Bacillus species, and 
Staphylococcus aureus. However, gram-negative microbes and fungal can be also 
detected in post-traumatic endophthalmitis [61, 62, 64]. Intravenous antibiotics, 
culture of the wound, and surgical removal of the foreign body are indicated for the 
management of intraocular bodies. The prevalence of postoperative retinal 
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detachment is estimated to be between 6% and 40%, whereas it has been associated 
to foreign bodies over 4 mm [51, 65]. Both retinal detachment and PVR seem to be 
dependent on the size of intraocular foreign body [51].

In conclusion, the visual prognosis of open-globe injuries depends on the type and 
extent of wound, early diagnosis and management, as well as postoperative follow-up.  
In addition, age, initial visual acuity, lens damage, hyphema, vitreous hemorrhage, 
retinal detachment, presence of relative afferent pupillary defect (RAPD) and type of 
intraocular foreign body play a role in the visual prognosis of injuries [66–69].

15.4	 �Ocular Manifestations Related to Maxillofacial Injuries

Periorbital bruise is a common sign of direct trauma, due to blood effusion via the 
subcutaneous tissue. Although the contusion remains for several weeks, no treat-
ment is necessary. Subconjunctival ecchymosis and conjunctival edema (chemosis) 
are additional signs of such fractures (Fig. 15.8). Edema of upper eyelid can lead to 
ptosis (mechanic ptosis), which may be also sequel of traumatic nerve paresis. 
Mechanical entrapment or paresis of extraocular muscles can restrict ocular move-
ments. In this case, the force duction test can discriminate mechanical causes of 
diplopia from neurogenic disorders. Diplopia is the most frequent clinical sign in 
patients with lateral wall fractures [3]. Inferior and posterior displacement of 
zygoma induces enopthalmos, whereas any medial dislocation may lead to exop-
thalmos [3, 8, 12]. The increase in inter-canthal distance (over 38.7 mm in men and 
over 37.5 mm in women) characterizes the traumatic telecanthus, related to disrup-
tion of medial canthal ligament [8]. Le fort fractures are manifested with panda 
facies and bilateral raccoon eyes, chemosis, battles sign (bruising over the mastoid 
process), ecchymosis of the maxillary vestibule, mobile maxilla and nasal bridge, 
palatal laceration, cerebrospinal fluid rhinorrhea, and otorrhoea. Plain X-rays and 
CT are needed for the diagnosis [70]. Proptosis is apparent in up to 3% of major 
trauma patients and is caused by herniated tissue, orbital edema, and retrobulbar 
hemorrhage [71].

Besides open- and closed-globe injuries, which have been already described, the 
main causes of vision loss in maxillofacial fractures include retrobulbar hemor-
rhage, traumatic optic neuropathy, loss of eyelid integrity, and chemical injury [12].

Retrobulbar hemorrhage is usually clinically diagnosed, based on decreased 
visual acuity, pain, ptosis, proptosis, RAPD, progressive ophthalmoplegia, eyelid 

Fig. 15.8  Bilateral upper 
lid tear with circumorbital 
ecchymosis. Coexistent 
sub-conjunctival 
haemorrhage on right eye 
and chemosis on left eye
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and conjunctival edema, and increased intraocular pressure [12, 70–72]. Retinal 
lesions can include pulsations of the central retina artery and choroidal folds [71]. 
The trauma is usually located at orbitozygomatic area. It is an emergency, given that 
irreversible damage can occur, if ischemia lasts over 60 min [12]. The management 
includes immediate surgical decompression along with the intravenous administra-
tion of mannitol (200 ml of solution 20% or 1 g/kg), acetazolamide (250–500 mg), 
and dexamethasone (4 mg/kg bolus and 2 mg/kg six hourly for 24 h). The medical 
treatment should be started before surgery and continued until the globe pressure is 
rehabilitated [12, 70, 71].

Traumatic optic neuropathy accounts for 0.5–6% of closed head injuries. 
Stretching, contusion, or shearing of the optic nerve are the main causes of such 
damage, inducing inflammatory and neurological mediators. The latter result in 
vasospasm and vaso-occlusion, edema and necrosis, mechanisms which interpret 
the permanent visual loss in 50% of the cases. Normal eye with reduced visual acu-
ity and RAPD are signs of optic nerve damage, whereas CT can contribute to diag-
nosis [2, 12]. The immediate administration of intravenous methylprednisolone is 
indicated to eliminate edema and inflammation. The loading dose is 30 mg/kg over 
30 min, followed by 15 mg/kg 6 hourly over 2 days and then an oral dose of 80 mg 
(progressive reduction 20 mg every 3 days) [12].

Chemical injuries are diagnosed in 10% of ocular trauma and are caused by sub-
stances exhibiting different pH from the ocular one (ocular pH = 7.4). The majority 
of chemicals are alkalis, which penetrate lipid membranes and result in greater 
lesions than acids. Necrosis of ocular surface is developed, when conjunctival endo-
thelium and cornea are abrupted. The presence of ischemia in more than three quar-
ters of the limbal induces visual loss, corneal scarring and vascularization, cataract, 
flaucoma, and uveitis. Visual rehabilitation can be achieved by limbal stem cell and 
corneal transplantation [12].

Traumatic globe avulsion characterizes the dislocation of the globe out of its 
normal anatomical position [73]. It is an extremely rare condition, followed by 
severe trauma to the head or orbit, which are complicated with multiple facial and 
orbital fractures [73, 74]. Avulsion of the globe (avulsio bulbi) can be classified as a 
single avulsion of the optic nerve (avulsio incompleta) or combined with disruption 
of the extraocular muscles (avulsio completa), which may cause total luxation of the 
ocular bulbus [74]. They are observed after traffic accidents, firearm projectiles, or 
during sports accidents. Three possible mechanisms of traumatic globe avulsion 
have been described: (1) anterior propulsion of the globe caused by the entrance of 
an elongated object into the medial orbit; (2) anterior luxation of the globe induced 
by a wedge-shaped object; and (3) optic nerve direct transection by a penetrating 
object [75, 76]. Traumatic globe dislocation into the paranasal sinuses is an 
extremely rare condition, reported in the literature (24 cases), present in patients 
mostly involved in traffic accidents (42% of the cases). Among paranasal sinuses, 
the maxillary one was the most affected (87.5%), followed by ethmoid sinus 
(12.5%) [77].

The anatomic restoration of the orbit and globe is mandatory, although primary 
enucleation has also been suggested. The latter is used to avoid sympathetic 
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opthalmia, which develops in 3–5% of all penetrating trauma. It is caused when the 
uveal pigment of the disrupted globe enters into contact with the immune system, 
resulting in immunological reaction against the contralateral eye [74]. The enucle-
ation technique involves the isolation of all extraocular muscles, cleaning and 
debridement of the orbit, cultures taking and fitting of an orbital implant [75]. 
However, repositioning of the globe is related to cosmetic and psychological bene-
fits for the patients, while favoring children’s facial bone development [74]. Overall, 
the anatomic restoration of the orbit and globe is necessary for the protection of 
optic nerve and visual rehabilitation. Direct traction of the globe is the surgical 
technique used in the majority of the cases (50% of the cases), but manual reposi-
tioning of the globe via trans-maxillary approach has also been applied (21% of the 
cases). The main materials used for the reconstruction of orbital wall are titanium 
mesh, silicone sheets, porous polyethylene, and autogenous bone [77]. Titanium 
meshes are most popular due to their properties, which include small thickness, 
easy fitting to the orbital wall, long-term maintenance of its shape, and resistance to 
corrosion, whereas they can be sterilized [3].

15.5	 �Conclusions

The increased traffic accidents and sports injuries, associated with modern lifestyle, 
reflect the significance of maxillofacial fractures. The latter have indisputably severe 
physical, physiological, and socio-economic implications. Vision loss and blind-
ness, which is apparent in 0.32–10.8% of facial fractures, definitely impair occupa-
tional and social functions. The collaboration of multiple specialties, including 
ophthalmology, otolaryngology, neurology, plastic surgery, trauma surgery, and oral 
surgery, is needed to evaluate and treat such patients. As soon life-threatening prob-
lems have been managed, a complete ocular examination is mandatory. The latter 
should include visual acuity measurements (if the patient’s general health permits 
this), tests of pupillary reactions and ocular movements, evaluation of globe integ-
rity, and fundus examination. Imaging techniques are also necessary. 
Ophthalmologists and maxillofacial surgeons should cooperate to restore orbital 
wall and treat ocular injuries. Immediate treatment can protect the globe from per-
manent lesions and improve the visual prognosis.
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Neck Injuries

Antonios Athanasiou

16.1	 �Introduction

Neck consists of multiple vital structures, with significant relationship to each other, 
in a very small space and without bony framework protection. As a result, any 
trauma patient with neck injury is considered to be an acute emergency. Neck inju-
ries (NIs) can be blunt or penetrating and both are considered to have complex and 
challenging management. Even if the trauma patient has not major, superficial inju-
ries, the clinicians must have high index of suspicious due to possible underlying 
injuries. Blunt NIs refer to injuries as a result of motor vehicle accidents, sport 
injuries, strangulation, or blows while penetrating NIs occur after stab or projectile 
injuries as well as penetrating debris. According to the literature, penetrating NIs 
represent approximately 10% of all trauma incidents [1]. Furthermore, the mortality 
rate of penetrating NIs is approximately 10% [2], which means that NIs require 
urgent attention not only by surgeons, but radiologists as well. This chapter will 
discuss the epidemiology, initial approach, and management of any neck injury.

16.2	 �Epidemiology

The two main mechanisms of NIs are penetrating and blunt NIs. Penetrating NIs in 
adults account for approximately 5–10% of all traumatic injuries while stab injuries 
from violent assault are the most common mechanism followed by gunshot wounds 
[3]. Stab injuries from Knife, glass razor, or blades have more predictable damage 
pathway, higher percentage of subclavian laceration, and lower proportion of spinal 
cord damage compared with projectile NIs. On the other hand, NIs caused by 
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projectile, mainly handgun, shotgun and rifle, tend to create serious injuries and 
significantly increased mortality. The distance from the patient and the velocity of 
the projectile are crucial elements regarding the outcome of the injury. High-velocity 
weapons (for example AK 47s) cause more vascular and aerodigestive injuries [4]. 
Furthermore, weapons with high velocity (610–910 M/s) can cause NIs beyond the 
track of the bullet, the so-called cavitation phenomenon [5].

Penetrating NIs have been classified by the anatomical zones according to the 
level of injury (Fig. 16.1). Zone I is described as the area between the clavicles and 
the cricoid cartilage and includes the major thoracic vessels, proximal carotid and 
vertebral arteries, superior mediastinum, esophagus, lungs, trachea spinal cord, and 
thoracic duct. Zone II, between zones I and III, comprises the area between the 
inferior margin of the cricoid and the angle of the mandible. Structures within this 
zone include the jugular veins, vertebral and carotid arteries, trachea, esophagus, 
spinal cord, and larynx. Zone III extends from the angle of mandible and the base of 
the skull. The vertebral and carotid arteries, spinal cord, and pharynx are found in 
this zone [6].

The vast majority of penetrating NIs take place in zone II, mainly due to the 
density of vital structures; however, the surgical access and the proximal and distal 
vascular control are relatively easier compared with Zones I and III [7]. Zone I has 
the highest mortality rate after NIs, approximately 12%, mainly because of the 
severity of vessel injuries, the close proximity of mediastinal anatomical structures, 
and the difficult surgical access [8]. Arterial injury after penetrating NIs is reported 
to be 25%. Furthermore, carotid artery injury range from 6% to 17% [9]. 

Fig. 16.1  Zone 
classification of 
penetrating injuries to 
the neck
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Exsanguination is considered to be the most frequent cause of death [8], while the 
mortality rate post laryngo-tracheal injuries is as high as 20% [10]. Last but not 
least, the mortality rate post pharyngo-esophageal trauma is reported to be 22% [11].

16.3	 �Prehospital Management

Patients with NIs can decompensate quickly and should be monitored very closely 
and transferred directly to a trauma center. Prehospital providers should minimize 
the time that they spent on scene. Movement of any impaled object should be 
avoided in the field. Following the main algorithm of Advanced Trauma Life 
Support (ATLS) is crucial due to the fact that it provides adequate initial manage-
ment. This management includes possible advanced airway intervention such as 
cricothyroidotomy or endotracheal intubation, venous line placement and fluid infu-
sion, cardiovascular monitoring, administration of medications, and diagnostic or 
therapeutic needle thoracostomy [12].

Airway management can be very difficult in trauma patient with NIs because 
direct trauma to the airway structures may require urgent airway protection. 
Endotracheal intubation can be the primary intervention for airway control while 
bag mask ventilation is an alternative option during transportation in hospital, when 
a definitive airway is not needed urgently. Nevertheless, bag mask ventilation may 
cause anatomical distortion if there is airway injury. The main clinical signs that 
suggest that patients with NIs need airway protection are subcutaneous neck emphy-
sema, neck hematoma and active bleeding, hemoptysis, distorted neck anatomy, 
hoarseness, stridor, difficulty when swallowing secretions, dyspnea, and cyanosis 
[13]. Surgical airway (cricothyroidotomy) is generally indicated when orotracheal 
intubation is unsuccessful or when hemoptysis, obstruction above the larynx, 
edema, hematemesis, or severe neck or facial injury is present. Percutaneous needle 
transtracheal can also provide oxygen to trauma patients before establishing a defin-
itive airway [14].

Cervical spine immobilization is strongly recommended only in the presence of 
clinical signs and symptoms that are associated with neurologic deficit, when the 
mechanism of the trauma is correlated with possible column or spinal injury and 
also when a physical examination cannot be completed accurately (unconscious 
patient) [15]. Penetrating neck trauma infrequently causes cervical spine injuries, 
especially after stab wounds. For this reason cervical spine immobilization should 
not hinder management, including airway visualization and protection. Rhee et al. 
showed in a retrospective study that the cervical spine injury is significantly depen-
dent on the mechanism of injury following blunt and penetrating assault. More spe-
cifically, the incidence of cervical spine injury from gunshot wounds was 1.35% 
while the incidence from stab wounds was 0.12% [16].
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16.4	 �Emergency Management

Patients with NIs should be inspected to identify any injury to platysma muscle. If 
this muscle is intact, then the wound is superficial and not penetrated. Platysma 
violation is by definition penetrating or deep neck injury and surgical consultation 
is recommended [17]. During the evaluation of patients with Nis, it is critical to 
check for hard and soft signs of penetrating injury (Table 16.1) [3]. Hemodynamically 
stable patients should be observed closely during the diagnostic studies because 
they may decompensate rapidly. The emergency clinician should focus on delayed 
occurrence of the hard signs of penetrating neck injury (Table 16.1), and the presen-
tation of vascular, laryngo-tracheal, and pharyngo-esophageal injuries. Surgical 
review should always be obtained except if the platysma muscle has not been 
breached [17]. Asymtomatic patients with NIs should be monitored closely for at 
least 24 h.

Hemodynamically unstable patients must be resuscitated (ABCDE approach) 
and transferred to the theater immediately for definitive treatment. The lack of hard 
signs not always precludes underlying injuries such as pharyngo-esophageal inju-
ries. For this reason, the management of these patients depends not only on the 
multidetector computed tomography with angiography (MDCT-A) findings but also 
on their physiological status [18].

16.5	 �Management of Vascular Injuries

Exsanguination is the most common cause of death due to penetrating neck injuries, 
representing approximately 50% of the mortality after NIs [3]. Patients with vascu-
lar injuries need urgent consultation by a vascular specialist. A variety of interven-
tional and surgical treatments are available including stent placement or embolization, 
surgical ligation or primary vascular repair, and also revascularization. The latter 
offers the highest success rate after injuries to the carotid artery [19]. Surgical tech-
niques for carotid repair include vein or polytetrafluoroethylene patch angioplasty 
and transverse arteriorrhaphy [20]. Cardiothoracic surgeon may be required for 

Table 16.1  Hard vs soft signs of neck injury

Hard signs of vascular injury
Soft signs of injuryVascular injury Aerodigestive injury

Expanding hematoma
Shock with response to 
fluids
Severe active hemorrhage
Cerebral ischemia
Absent or decreased radial 
pulse
Vascular thrill or bruit
Hemothorax more than 1 L

Airway compromise and respiratory 
distress
Massive hematemesis or hemoptysis
Air bubbling from a wound

Oropharyngeal blood
Dyspnea, dysphagia, 
dysphonia
Hemoptysis, hematemesis
Chest tube air leak
Focal neurologic deficits
Subcutaneous or 
mediastinal air
Non-expanding hematoma
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vascular injuries in Zone I due to the fact that thoracotomy or sternotomy may be 
needed in order to achieve proximal control to vascular structures. For NIs with 
uncontrollable bleeding after external compression, Foley-catheter balloon for tam-
ponade is recommended. This technique provides temporary bleeding control 
before definitive interventional and surgical treatment [21].

16.6	 �Management of Laryngotracheal Injuries

MDCT is the gold standard for the detection of laryngotracheal (LT) injuries in 
hemodynamically stable patients with NIs. MDCT has high sensitivity and specific-
ity for detecting extraluminal air and cartilaginous fracture [22]. Moreover, bron-
choscopy and panendoscopy are recommended for additional evaluation of 
laryngotracheal injuries prior to any surgical intervention [3]. Immediate repair of 
significant laryngotracheal injuries is crucial in order to avoid long-term complica-
tions including voice change, chronic pain, and strictures.

16.7	 �Management of Pharyngoesophageal Injuries

Cervical esophageal injuries are uncommon due to the anatomic position of the 
esophagus; however, the morbidity and mortality rate is high. These injuries are 
usually asymptomatic without clinical signs; however, hemoptysis, dysphagia, sur-
gical emphysema, and hematemesis suggest the diagnosis. Patients with pharyngo-
esophageal injury need antibiotics and antifungal treatment, nil by mouth and 
nutritional support [23]. Patients who are unstable and demonstrating any of the 
“hard signs,” mediastinitis or empyema due to esophageal leak, need surgical explo-
ration. The patient with esophageal perforation post NIs need surgical debridement, 
primary repair of the injury, drainage, and feeding jejunostomy tube placement.

16.8	 �Conclusions and Recommendations

First of all, neck injuries, which penetrate the platysma, are considered to be pene-
trating neck injuries. Secondly, mortality seems to be highest within Zone 1 injuries 
concerning patients with NIs. Moreover, each and every patient with NIs is recom-
mended to be transported immediately to the closest trauma unit due to the fact that 
he or she can decompensate very quickly. Furthermore, the airway of the patients 
with NIs who are suffering from any obvious distress (for example, severe hemor-
rhage, extensive neck wound, respiratory distress or shock) should be immediately 
stabilized. However, patients with NIs who were initially stable might still require 
airway protection, depending on either the projected course of their injury or some 
evidence of deterioration. A number of signs suggesting that the airway of the 
patients with NIs should be secured urgently include the following: hematoma or 
significant bleeding; subcutaneous emphysema; hemoptysis; bruit or thrill; 
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distorted neck anatomy; neurologic deficit; abnormal voice; and difficulty or pain 
when swallowing secretions.

Additionally, in most cases of patients with NIs, when necessary, a rapid sequence 
intubation (RSI) can be used in order to establish an airway. The RSI should be 
performed under fiberoptic or laryngoscopic visualization. Furthermore, due to the 
fact that the physical examination can miss significant esophageal and venous inju-
ries despite identifying most arterial wounds, additional evaluation is necessary. In 
other words, additional evaluation is recommended for patients with NIs, which not 
only violates the platysma, but also it is connected with either signs of injury or 
signs seen on MDCT-A, which suggest injury.

Laryngotracheal injuries can cause respiratory distress, hemoptysis, anterior 
neck tenderness, stridor, subcutaneous air, odynophagia, or dysphonia. Pharyngo-
esophageal injuries are not common, but connected with high morbidity and mortal-
ity. Clinicians should search for the referred injuries in patients with signs including 
blood in the saliva, dysphagia, subcutaneous air, and hematemesis. Penetrating 
neck injury NIs is possible to involve the central nervous system or the periph-
eral nervous system. According to the research, stable patients with NIs should be 
treated with selective operative management and newer protocols support a no-zone 
approach, which is stratified by the stability of the patient. However, the indications 
for mandatory surgical exploration, especially with Zone II injuries, are surrounded 
by controversy. The definite management of stable patients with NIs differentiates 
from institution to institution and local surgical practice.

Lateral neck radiograph demonstrates the anatomical zones according to the 
level of injury. Zone I is described as the area between the clavicles and the cricoid 
cartilage. Zone II comprises the area between the inferior margin of the cricoid and 
the angle of the mandible. Zone III extends from the angle of mandible and the base 
of the skull.
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Thoracic Trauma

Christo Kole, Michail Vailas, Nikolaos Koliakos, 
and Dimitrios Schizas

17.1	 �Introduction

Thoracic trauma is one of the most common death-related injuries worldwide, 
accounting for 25% of trauma-associated deaths [1, 2]. More specifically, in the 
United Kingdom, it is responsible for 17,000 trauma deaths, 720,000 admissions, 
and over six million attendances to emergency departments annually [3]. Violence, 
falls, and motor vehicle accidents are reported as main causes of thoracic trauma 
[2], while blunt chest trauma incidence reaches 90% [4]. Severity of thoracic trauma 
varies from rib fractures, pneumothorax, lung contusion to thoracic vascular injury 
accounted for 49%, 20%, 12%, and 6% respectively [5]. Potentially life-threatening 
thoracic injuries such as aortic disruption, tracheobronchial disruption, esophageal 
disruption, myocardial contusion, and traumatic diaphragmatic rupture necessitate 
immediate surgical care and treatment [6].

Patient medical history may provide important information and clues concerning 
the severity of injury. Inspection and assessment of patient’s chest movement and 
breathing pattern is of paramount importance during initial evaluation. Reduced 
thoracic movements or instability of the thoracic cage, signs of agony, severe pain, 
and discomfort during respiration may be apparent. Dyspnea, hemorrhagic shock, 
low cardiac output, and prominent intrathoracic bowel sounds indicating diaphragm 
rupture are several clinical signs that may be observed in cases of thoracic injuries 
[7]. Clinical examination of the thorax includes palpation which may reveal 
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localized tenderness and discomfort over the area of injury. Crackling and discom-
fort are associated with rib fractures and/or fractures of the costochondral junc-
tions [8].

Therapeutic approach of thoracic trauma consists of three distinct levels of care. 
During the pre-hospital level [9], hemodynamic stabilization of the patient is a pri-
ority based on the ABCDE (Airway, Breathing, Circulation, Disability, Exposure) 
principles of advanced trauma life support (ATLS) [10], followed by detection and 
treatment or exclusion of immediately life-threatening injuries such as airway 
obstruction, tension pneumothorax, hemothorax, flail chest, cardiac tamponade [6]. 
In the emergency room level, thoracic fractures, pneumothorax, hemothorax, etc., 
may be confirmed by imaging techniques, chest X-ray, contrast-enhanced computed 
tomography (CT) scan [11]. Ultrasound examination is also considered valid in 
clinical entities such as cardiac tamponade, pneumothorax, and hemothorax [12–
15]. Finally, during the third level of care, surgical intervention is essential for the 
management and definite treatment of thoracic injuries.

17.2	 �Thoracic Fractures

Thoracic fracture injuries include rib fractures, sternum fractures, and flail chest 
injury. Fractures may occur due to direct or indirect blunt trauma, falls, and aggres-
sive cardiopulmonary resuscitation efforts [16]. Thoracic fractures cause severe 
pain and tenderness amplified by respiratory movements, deep breathing, or cough-
ing, which eventually could lead to severe shortness of breath. Disorder of breathing 
mechanism due to trauma may be life threatening since it is often associated with 
respiratory disturbance, hypoventilation, hypoxia, and cyanosis [7]. Pneumonia in 
particular can be devastating, especially for elderly patients [17]. Penetrating trauma 
caused by fractured ribs may lead to lung and/or heart contusion, hemopneumotho-
rax, cardiac tamponade, injuries which can progressively cause severe hypoxia [7]. 
Furthermore, prolonged ventilation, increased intensive care support, and hospital 
stay may have a negative impact on patient’s recovery [17].

Flail chest injury occurs when several ribs are broken bilaterally. In trauma cases, 
this type of injury may be associated with sternal fractures. Sternal fracture is usu-
ally accompanied by myocardial contusion which is expressed with typical precor-
dial pain and dyspnea [18]. Inspection of patient’s chest reveals paradoxical 
movement during breathing accompanied by severe pain. This condition leads 
quickly to ventilation disorders since air flow is prevented from entering the lung 
parenchyma. Further examination of the injured patient is important as it may reveal 
head/neck and other organ-associated injuries. CT scan is considered the gold stan-
dard imaging tool used to evaluate thoracic fractures and associated complica-
tions [19].

Treatment in cases of the aforementioned injuries includes the use of analgesic 
drugs, proper treatment and management of other organ injuries, respiratory phys-
iotherapy, and pulmonary toilet. Pain control in severe thoracic fractures is achieved 
by using oral/parenteral or intrapleural catheter analgesia (opiates, NSAIDS), 

C. Kole et al.



225

intercostal nerve block [20] or a non-pharmacological technique, transcutaneous 
electrical nerve stimulation [21]. Chest wall stabilization may be performed using 
mechanical ventilation with positive end-expiratory pressure, while surgical treat-
ment includes internal pneumatic stabilization of the chest wall [22]. Stabilization 
of rib fractures by intramedullary or Kirschner wires or management of sternal and 
rib fractures with the use of plates may be performed if necessary [23].

17.3	 �Lung Contusion

Lung contusion is usually the effect of blunt chest trauma involving injury of alveo-
lar capillaries, resulting in accumulation of blood and other fluids within the alveo-
lar capillaries. Impaired gas exchange due to fluid accumulation at alveolar level 
leads to low level of blood oxygen, hypoxia, and cyanosis [24, 25]. Clinically, 
patients are presented with dyspnea, tachypnea with decreased breath sounds, and 
reactive tachycardia, while laboratory blood analysis may reveal hypoxemia and 
hypercarbia [26]. Most lung contusions will not require any specific surgical treat-
ment, except of supportive care, analgesia, ventilation, and maintenance of adequate 
blood oxygenation [27, 28].

17.4	 �Traumatic Pneumothorax

Pneumothorax is characterized by the presence of air inside the pleural space caused 
by penetrating injury of the chest and/or the lungs [29]. Injuries without exit wound 
usually are associated with rib fractures and may lead to the development of tension 
pneumothorax. On the other hand, open pneumothorax is caused by open chest 
trauma associated with penetrating injuries following insults from firearms, weap-
ons, etc. Tension pneumothorax is a life-threatening condition which needs immedi-
ate diagnosis and treatment. Patients present with ipsilateral chest pain, severe 
dyspnea, and cough due to accumulation of air in pleural space that gradually 
increases, leading to lung collapse and shifting of the mediastinum away from the 
side of the pneumothorax [30]. Tachycardia, cyanosis, hypotension, distended jugu-
lar veins are also present, while air blood gas analysis shows hypoxia. If remained 
untreated, hypoxemia, metabolic acidosis, and decreased cardiac output lead to car-
diac arrest and death [31].

Inspection findings include significant expansion of the affected hemithorax and 
trachea displacement away from the affected site, while clinical examination of the 
patient shows decreased or absent respiratory sounds and tympanism on the affected 
side. Chest X-ray and CT scan may confirm the presence of air in pleural space and 
organ displacements such as trachea and mediastinal structures shifting away from 
the side of pneumothorax, while ipsilateral diaphragm may be lowered due to 
decrease in trans-diaphragmatic pressures [30, 32].

As mentioned above, tension pneumothorax is a medical emergency. It requires 
immediate decompression by the insertion of an intercostal drain or wide bore 
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catheter. Immediately chest decompression must be performed with a large-bore 
needle in the second or third intercostal space in the midclavicular line at the upper 
site of the rib. Following this, tension pneumothorax is converted to open pneumo-
thorax, easier to treat. A chest tube placement must follow [33].

In the event of open pneumothorax, no valve mechanism exists; therefore it is less 
life threatening than tension pneumothorax. Initially, proper treatment of thoracic 
trauma is performed to avoid bacterial contamination of intrapleural space and/or 
mediastinum. Hermetization, sealing of the open wound, is required to prevent the 
development of tension pneumothorax [34]. Ultimately a thoracotomy tube is placed 
ipsilateral to the side of the wound, but at a different anatomic location than the 
wound using a small transverse incision just above rib to avoid vascular injury. After 
tube is introduced into the pleural space, incision is closed with interrupted skin 
sutures. Finally, tube is connected to underwater-seal drainage system [35] while 
needle aspiration is rarely applied for traumatic pneumothorax management [36].

17.5	 �Traumatic Hemothorax

Hemothorax is characterized by blood accumulation within the pleural space. This 
may be caused by penetrating or blunt trauma of the chest, diaphragm, or lungs. 
Hemothorax results in atelectasis of lungs, often leading to respiratory disorders. In 
cases of massive hemothorax, the mediastinum is shifted away from the side of the 
hemothorax. If blood is not drained, coagulated blood can produce a clotted hemo-
thorax, empyema, and fibrothorax, resulting in prolonged disturbance of ventilation, 
leading to life-threatening conditions [37]. Furthermore, hemothorax may cause 
hypovolemic shock due to increased blood lost in the pleural space [38]. More than 
1500 mL (≥20 mL/kg) or 300–500 mL/h of blood loss is considered an indication 
for thoracotomy to manage the source of bleeding [7] (Table 17.1).

Table 17.1  Thoracic 
surgeon involvement due to 
the ATLS guidelines [4]

Recommended thoracic surgical intervention
 � Penetrating chest trauma
 � Blood loss: >1500 mL initially or >200 mL/h more than 

2–4 h
 � Important air-leakage over the chest tube
 � Hemoptysis
 � Massive subcutaneous emphysema
 � Uncertain images on the chest X-ray or CT thorax
Immediate thoracic surgical intervention
 � Blood loss: >1500 mL initially or >200 mL/h more than 

2–4 h
 � Massive contusion-significant impairment of mechanical 

ventilation
 � Endobronchial blood loss
 � Tracheobronchial tree injury (Pneumothorax/Hemothorax)
 � Injury of the heart or large vessels (blood loss/pericardial 

tamponade)
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Patient with hemothorax may have the same clinical symptoms as patients suf-
fering from pneumothorax, i.e., tachypnea, tachycardia, and cyanosis in advanced 
conditions. During physical examination however, percussion on the side of hemo-
thorax shows dullness and decreased tactile fremitus of the lower lung fields, caused 
by pleural effusion in contrast to pneumothorax in which tympanism is apparent 
(see pneumothorax). Breathing murmurs may be decreased or absent depending on 
the amount of blood existing into the pleural space [38].

Hemothorax is confirmed by the presence of pleural fluid in chest X-ray (menis-
cus sign) and/or CT scan which may identify the presence of even small intrapleural 
collections of fluid, differentiating hydrothorax from hemothorax [39]. Furthermore, 
ultrasound may also be used in emergency situations [12]. Patients with thoracic 
trauma should be followed by radiography for at least 6 h after the initial injury in 
order to exclude potentially life-threatening developing hemothorax.

The stabilization of vital signs of the injured patient is imperative. Treatment of 
hemothorax consists of the evacuation of collected blood from the pleural space and 
re-expansion of lungs. Thoracic drainage may suffice in the management of hemo-
thorax, without the need for a thoracotomy, if blood in the pleural space is not 
coagulated [40]. Surgical exploration by open thoracotomy is necessary if 
>1.500 mL of blood has accumulated during the last 24 h and/or an ongoing blood 
production of >200 mL of blood per hour is observed.

17.6	 �Cardiac Contusion

Cardiac contusion is usually injury of myocardium, caused by blunt chest trauma 
occurring by sudden decrease of body speed. Cardiac contusion may cause life-
threatening arrhythmias and cardiac failure [41]; however non-specific ECG abnor-
malities are observed in such patients [42]. Such ECG changes may be also caused 
by non-cardiac factors including abnormal concentrations of electrolytes, hypoxia, 
anemia, and changes in vagal or sympathetic tone [18, 43–45]. Left ventricular 
injury can present with ST segment abnormalities or Q waves in case of extensive 
myocardial necrosis [42]. Damage and/or necrosis of myocardium may be diag-
nosed by the elevation of cardiac troponin I and T, which are highly sensitive mark-
ers [43, 46, 47]. Management of cardiac contusion in severely injured patients 
consists of hemodynamic stabilization and treatment of associated injuries. Surgical 
intervention is performed under general anesthesia [48]. Surgery is performed in 
case of significant effusion and tamponade, significant valvular heart disease, and 
LV dysfunction.

17.7	 �Cardiac Tamponade

Cardiac tamponade is an emergency situation that must be excluded or treated if 
diagnosed [6, 49]. It is caused by external compression of the heart and significant 
blood accumulation into the pericardial sac after blunt cardiac or intrapericardial 
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aorta injury. Accumulation of blood increases intracardiac pressures leading to 
impediment of normal cardiac filling and reduction in cardiac output [50]. In case 
of rapid accumulation, 200 mL is sufficient to cause cardiac tamponade, increasing 
intrapericardial pressure to more than 15 mmHg and leading to compression of all 
cardiac chambers, decreased diastolic filling, and reduction of total venous return 
and cardiac output [51].

Patients may present with chest pain, tachypnea, dyspnea, cool extremities, and 
peripheral cyanosis. Physical examination will often reveal Beck’s triad (hypoten-
sion, jugular venous distension and muted or distant heart sounds). Reactive sinus 
tachycardia presents in almost all patients with cardiac tamponade in order to main-
tain sufficient cardiac output. A narrow difference between systolic and diastolic 
blood pressure (normal pulse pressure is 30–40 mmHg), paradoxical pulse (i.e., a 
decline of 10 mmHg or more in systolic BP on inspiration), and distant (muffled) 
heart sounds may be present. Echocardiogram, two-dimensional and Doppler, is a 
sensitive and specific noninvasive test, which may identify the presence of pericar-
dial effusion, determining its hemodynamic significance. Cardiac chamber collapse, 
dilated inferior vena cava, or respiratory variations in cardiac blood volumes and 
flow rates may occur. Electrocardiogram (ECG) may show electrical alterations 
(amplitude of QRS complexes varies), sinus tachycardia, and low-voltage record-
ings. However, chest radiography is not very sensitive in acute tamponade since 
cardiomegaly is usually absent and size of pericardium is relatively small [51, 52].

Therapeutically, little can be done in the pre-hospital setting other than the initial 
treatment of associated cardiogenic shock. Emergency thoracotomy to remove clots 
in the pericardium caused by a penetrating chest injury may be necessary in some 
cases. However, in most of the cases, pericardiocentesis is considered the sole tool 
for decompression of the cardiac tamponade in the emergency basis. Hospital care 
may include two strategies, pericardiocentesis or pericardial window [53]. 
Pericardiocentesis is performed using local anesthesia.

Pericardial puncture is performed using a needle insertion in the fifth or sixth left 
intercostal space near the sternum or through the costoxiphoid angle. The needle is 
advanced at 45° angle, 1–2 cm left of the costoxiphoid, and then up and backward 
toward the tip of the scapula until it reaches the pericardial sac.

Pericardial window is a surgical procedure in which part of the pericardial sac is 
removed, allowing the excess of fluid to drain, followed by sealing of the source of 
bleeding and repair of pericardium. There are two surgical options most commonly 
used: (1) the surgical (transthoracic or subxiphoid) pericardial window [54, 55] and 
(2) the video-thoracoscopic pericardial window [56, 57].

17.8	 �Mediastinal Organ Injury

Mediastinal organ injury consists of several entities such as esophageal injury, tho-
racic aorta injury, and tracheobronchial injury. Injuries may be caused by motor 
vehicle crash or penetrating trauma such as stab wounds or gunshot injuries. 
Mediastinal organ injuries are usually multiple injuries. Penetrating trauma of 
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trachea may be accompanied by hemopneumothorax in 32% of the cases, with 
esophageal injuries in 11%, with major vascular injuries in 18%, with cardiac inju-
ries in 5% of the cases, and intra-abdominal injuries in 18% of the cases, as well as 
aorta injury and pulmonary artery injuries [58].

17.9	 �Esophageal Injury

The esophagus is a muscular conduit, approximately 25 cm long divided into three 
main anatomical regions: cervical, thoracic, and intra-abdominal esophagus [59]. 
Esophageal injuries (Table 17.2) are caused by tear or lacerations of the wall of the 
esophagus, which subsequently lead to leakage of contents into the mediastinum 
[60, 61].

Patient with esophageal injuries are presented with chest or epigastric pain, 
which may reflect on shoulder tip. Other symptoms such as shock, cyanosis, dys-
pnea, tachypnea, cough, vomiting, hematemesis, dysphagia, and fever may be pres-
ent [62–64]. Accumulation of air or fluid into the mediastinum or even pneumothorax 
may be a result of esophageal injury [65]. Another important diagnostic sign is 
subcutaneous emphysema in the neck.

Clinical evaluation is based on imaging techniques. Chest X-ray will reveal pleu-
ral effusion and/or pneumothorax on the side of the ruptured esophagus, while the 
presence of gastrografin extravasation will confirm the diagnosis and may locate the 
site of the rupture [63]. Computed tomography (CT) scan is useful to evaluate non-
transmural esophageal perforations, which are not detected on esophagogram. 
Findings may include air and fluid around the injury of the esophagus or collection 
in the mediastinum; esophageal wall thickening; and radiographic evidence of 
inflamed mucosa. Finally, pleural effusions, pneumopericardium, and pneumoperi-
toneum may also occur [66].

Esophageal injury is accompanied by a high morbidity and mortality rate, if 
diagnosis and treatment are delayed. Treatment of esophageal trauma is mainly sur-
gical. Primary repair involves the debridement of all affected tissues. Necrotic or 
devascularized tissue must be removed since their presence will endanger the repair. 
Moreover, esophageal trauma repair must be tension free, and mobilization of the 
esophagus should be minimal in order to maintain its blood supply [67–69]. 
Overzealous mobilization can render the anastomosis ischemic, resulting in 

Table 17.2  Esophageal injury 
classification according to the 
American Association for the Surgery 
of Trauma (AAST) [66]

Grade I Contusion/hematoma, partial thickness 
tear

Grade II Laceration less than 50%
Grade III Laceration more than 50%
Grade IV Less than 2 cm disruption of tissue or 

vasculature
Grade V More than 2 cm disruption of tissue or 

vasculature
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postoperative leak. For cervical esophageal injuries, the sternocleidomastoid mus-
cle can be used as a barrier between adjacent structures or to reinforce the repair. 
Due to its abundant blood supply and location, the sternocleidomastoid or platysma 
muscle can be used as a tissue flap [66]. In accompanying tracheobronchial injuries, 
the surgical management of the injury may be performed in two layers. Muscle with 
proper vascularization or tissue flap must be placed between the trachea and 
esophagus.

Diverting cervical esophagostomy should be performed in cases that primary 
repair is not possible [70]. Esophagectomy is performed rarely, only if the primary 
repair fails or cannot be performed after extensive damage. The most common sur-
gical techniques used are transthoracic esophagectomies [71]. Transverse colonic 
interposition or a Roux-en-Y jejunal limb may be also used.

T-Tube diversion is used for smaller, distal injuries in patients who are not can-
didates for primary repair. T-tube is placed directly through the injury into the site 
of injury and kept on constant suction to encourage the formation of a controlled 
fistula. Once stable, the patient will need a gastrostomy tube for decompression and 
a feeding jejunostomy [72].

17.10	 �Tracheobronchial Injuries

Tracheobronchial injury is a life-threatening condition occurring in the area between 
the cricoid cartilage and the tracheal bifurcation [73] caused by blunt and/or pene-
trating trauma [74]. Tracheobronchial injury is linked with a high mortality rate due 
to associated asphyxia, whereas respiratory tract insufficiency may develop as a 
result of lack of injury recognition or incorrect management [75]. Main symptoms 
are respiratory distress and dyspnea [58, 76]. Clinical examination reveals stridor 
during auscultation, a sign of tracheal stenosis [77], while X-ray and CT scan may 
reveal emphysema, pneumomediastinum and/or pneumothorax, over-inflation of 
endotracheal tube cuff or displacement of endotracheal tube, mediastinal air, sepa-
ration in the tracheal or bronchial air column, and respiratory tract deviation [78, 79].

In such cases, it is very important to secure airway since death may be caused 
within minutes induced by asphyxia [75]. Patients in distress and clinical suspicion 
of airway injury must be immediately intubated, while patients with penetrating cer-
vical injury and air leakage are intubated directly through the tracheal lumen [76]. In 
case of a transected cervical trachea retracted into the mediastinum, location of the 
distal trachea is possible by palpation in front of the esophagus and it is followed by 
clamp holding and distal intubation by withdrawing it to the cervical wound [80].

Surgical treatment includes removal of necrotic tissue and debris, and an end-to-
end anastomosis using absorbable sutures using healthy and well-vascularized tis-
sues. In case of serious tracheobronchial damage, all devitalized tissues must be 
debrided preserving as much as viable airway tract is possible [81] (Table 17.1).

During post-operative period, pulmonary toilet is important to clear mucus and 
secretions from the airways. Ventilated patients should be treated with low airway 
pressure sufficient for oxygenation, and should be extubated as soon as possible. 
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Satisfactory healing should be assessed by bronchoscopy 7–10 days after tracheo-
bronchial repair or prior to discharge [75].

17.11	 �Thoracic Aortic Injury

Thoracic aortic injury is another life-threatening condition accounting for 22% of 
blunt trauma [82, 83] or penetrating associated traumas [84].

Thoracic aorta is composed of the ascending aorta which is relatively mobile, 
aortic arch which is fixed, and descending aorta a second mobile aortic segment. 
Areas between these regions such as aortic isthmus, the transition zone between the 
mobile ascending aorta and the fixed descending aorta, the tethered site of the aorta 
at the ligamentum arteriosum and ascending aorta, just proximal to the origin of the 
brachiocephalic vessels, are possible sites of injury [85]. Depending on the location, 
thoracic aortic injury subsequently leads to leakage of contents into the surrounding 
mediastinum or into the pericardial sac leading to cardiac tamponade formation.

Patients usually are presented with severe chest and/or back pain, dyspnea, 
tachycardia, and cough. Moreover, patients may also present with voice hoarseness 
or vocal cord paralysis if there is damage of the left recurrent laryngeal nerve, which 
travels posterior to the distal aortic arch, loops around, and travels back staying in 
an anterior position from the aortic arch. Inspection of the patient may reveal bruis-
ing of the chest wall, while clinical examination presents a faint peripheral pulse 
palpation. Upper limb hypertension or normal upper limb pulses with decreased 
lower limb pulses (acute coarctation syndrome) may be also present. Systolic mur-
mur can be heard during auscultation [86]. Widened mediastinum or left hemotho-
rax, an abnormal aortic outline, opacification of the aortopulmonary window are 
findings in X-ray and CT scan indicative for this type of injury [86]. The gold stan-
dard method for the diagnosis is angiography or CT-angiography, which may reveal 
contrast extravasation outside the aorta [87, 88].

The initial treatment requires strict adherence to advanced trauma life support 
(ATLS) principles and hemodynamic stabilization of the patient. The assessment of 
other injuries will determine the subsequent management of thoracic aortic injury. 
The gold standard procedure for aortic injury treatment is endovascular stent place-
ment [89]; however, such procedure is only available for injuries in which the exter-
nal wall of the aorta is spared. Open surgery is performed in patients with significant 
left hemothorax, pseudocoarctation, or extensive mediastinal hematoma. Delay in 
aortic repair is associated with a high mortality; therefore, urgent and immediate 
repair through thoracotomy is necessary [90].

17.12	 �Ruptured Diaphragm

Diaphragm is a curved muscular structure which separates thoracic from abdominal 
cavity. Ruptured diaphragm represents less than 1% of traumatic injuries, usually 
associated with motor vehicle crashes, penetrating trauma, falls, and crush injuries 

17  Thoracic Trauma



232

[91, 92]. Penetrating injury to the abdomen or chest from the level of T4 to T12 
anteriorly and L3 posteriorly could lead to diaphragmatic injury [93]. 88–95% of 
diaphragmatic injuries occur on the left side [94], including spleen injury.

Apart from severe chest or abdominal pain, clinical features may vary based on 
the mechanism of injury. Ruptured diaphragm is usually associated with severe 
trauma including injuries of other surrounding thoracic organs, such as lungs, heart, 
or abdominal organs such as spleen, stomach, liver [95]. Patients with diaphrag-
matic injury may present with respiratory distress, dyspnea, orthopnea [96], and 
cough [97]. Severe herniation occurs when spleen is injured, whereas tachycardia 
and signs of intestinal obstruction or sepsis in the abdomen may be present [97]. 
Clinical examination shows absent or reduced breath sounds in the affected chest 
area. Bowel sounds may be present in case of bowel displacement into the thoracic 
cavity. Tympanic or dull sounds may be present during percussion in cases where 
intestines or liver migrate, respectively, in the thoracic cavity [95].

Chest X-ray has low sensitivity and specificity [97] since other injuries such as 
pulmonary contusion, hemothorax, or pneumothorax may be present, masking the 
injury on the X-ray film [98]. Chest X-ray findings may reveal the presence of air 
bubbles within the affected hemithorax. Mediastinum may appear shifted toward 
the other side, while the diaphragm may appear higher than normal due to the pres-
ence of stomach in the left hemithorax [95]. CT scan is considered as the gold 
standard technique since it offers a precise evaluation of the size and location of the 
diaphragmatic rapture [95, 99, 100].

Operative repair is required since a ruptured diaphragm cannot heal spontane-
ously. Stabilization of the A-airway, B-breathing, and C-circulation is always a pri-
ority. Surgical repair of ruptured diaphragm is usually performed through open 
abdominal approach involving primary or patch repair of the diaphragm. In case of 
delayed diagnosis, a thoracotomy or combined thoracic-abdominal approach is per-
formed to avoid viscera and chest adhesions [101].

Laparoscopic or thoracoscopic approach may be used in less severe injuries 
including small diaphragmatic defects [102, 103]. In large defects, tension-free syn-
thetic or biologic mesh repair is used. Biological meshes have lower rate of hernia 
recurrence, higher resistance to infections, and lower risk of displacement [104].

17.13	 �Conclusions

Most of the thoracic injuries may be life threatening. The complexity of thoracic 
trauma and associated respiratory failure increase the mortality rates of these inju-
ries. Management should always follow the advanced trauma life support principles 
(Airway, Breathing, Circulation, Disability, Exposure), and rapid identification of 
life-threatening injuries such as airway obstruction, pneumothorax, hemothorax, 
cardiac tamponade is of paramount importance. Other thoracic injuries, such as 
aortic rupture, esophageal disruption, and myocardial contusion should not be 
missed as well, since they are linked with many fatalities.

Patient medical history can provide useful information regarding the type of 
injury, while inspection, clinical examination of the thorax, and imaging when 
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necessary can aid the correct diagnosis and the proper therapeutic strategy 
(Table 17.3). Surgeon’s involvement, as defined by the ATLS guidelines, is neces-
sary during all three different levels of care: the pre-hospital setting, the emergency 
room, and the definite treatment of thoracic injuries in the operating room. Treatment 
depends on the nature of injury (Table 17.3) with the ultimate goal to establish nor-
mal gas exchange and normal hemodynamics, and prevent the development of long-
term complications such as impairment of pulmonary function.

Table 17.3  Clinical features and management of thoracic trauma entities

Thoracic trauma 
entities Clinical features Diagnosis

CT-scanning and 
X-ray findings Management

Thoracic 
fractures

Dyspnea, pain, 
hypoventilation, 
hypoxia, 
cyanosis, chest 
wall paradoxical 
movement

Pain in palpation Thoracic and/or rib 
fractures

Pain control, 
mechanical 
ventilation with 
positive end-
expiratory pressure, 
chest wall 
stabilization

Lung contusion Reduced 
concentration of 
oxygen in 
arterial blood, 
hypoxia, 
cyanosis, 
dyspnea, 
tachypnea, 
tachycardia

Decreased breath 
sounds may be 
also present

No specific findings Supportive care, 
ventilation, and 
maintenance of 
adequate blood 
oxygenation

Traumatic 
pneumothorax

Reduced 
hemithorax 
movement on 
the side of 
pneumothorax, 
tachycardia, 
hypotension, 
distended neck 
veins, ipsilateral 
chest pain, 
dyspnea, 
tachypnea 
cough, hypoxia, 
cyanosis

Decreased breath 
sounds, 
hyperresonance 
to percussion: on 
the side of 
pneumothorax

Shift of trachea away 
from the side of 
pneumothorax, air 
presence air in the 
pleural space thoracic 
cavity

Medical emergency, 
chest decompression 
with a needle (second 
or third intercostal 
space in the 
midclavicular line), 
followed by chest 
tube placement

Traumatic 
hemothorax

Reduced 
hemithorax 
movement on 
the side of 
hemothorax, 
tachypnea, 
tachycardia, 
hypotension, 
distended neck 
veins

Decreased or 
absence breath 
sounds, dullness 
to percussion, 
decreased tactile 
fremitus lower 
lung:
on the side of 
pneumothorax

Shift of trachea 
toward the opposite 
side of hemothorax, 
presence of 
intrapleural collection 
of fluid

Medical emergency, 
evacuation of 
collected blood from 
the pleural space and 
re-expansion of lungs

Cardiac 
contusion

Chest pain, 
arrhythmias, 
cardiac failure

Increased cardiac 
troponin I and T

Hemodynamic 
stabilization and 
treatment of 
associated injuries

(continued)
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Table 17.3  (continued)

Thoracic trauma 
entities Clinical features Diagnosis

CT-scanning and 
X-ray findings Management

Cardiac 
tamponade

Chest pain, 
tachypnea, 
tachycardia 
dyspnea, cool 
extremities and 
cyanosis, Beck’s 
triad 
(hypotension, 
jugular venous 
distension, 
muted, or distant 
heart sounds)

Narrow 
systolic-diastolic 
blood pressure, 
paradoxical 
pulses, distant 
heart sounds

Chest radiography-not 
very sensitive 
potential presence of 
pericardial effusion

Medical emergency, 
pericardiocentesis, 
emergency 
thoracotomy in case 
of clotting in the 
pericardium, 
pericardial window 
surgical procedure

Esophageal 
injury

Chest or 
epigastric pain 
with reflection 
on shoulder tip, 
dyspnea, 
tachypnea, 
cough, vomiting, 
hematemesis, 
dysphagia and 
fever

Pleural effusion and/
or pneumothorax, 
pneumomediastinum 
leak of gastrografin, 
mediastinal air

Tension-free 
esophageal trauma 
repair, mobilization 
of the esophagus, 
sternocleidomastoid 
or platysma muscle 
can be used as a 
tissue flap, 
transthoracic 
esophagectomy, 
stomach mobilization 
or colonic 
interposition, and 
anastomosis end to 
end

Tracheobronchial 
injuries

Respiratory 
distress and 
dyspnea

Stridor Emphysema, 
pneumomediastinum 
and/or pneumothorax. 
mediastinal air, 
separation in the 
tracheal or bronchial 
air column, 
respiratory tract 
deviation

Medical emergency
Maintenance of an 
adequate airway, 
intubation if 
necessary. removal of 
necrotic tissue and 
debris, end-to-end 
anastomosis using 
absorbable sutures 
with healthy and 
proper vascularized 
tissues

Thoracic aortic 
injury

Severe chest 
and/or back 
pain, dyspnea, 
tachycardia, 
bruising of the 
anterior chest 
wall, 
hypotension and 
upper limb 
hypertension

Faint, but 
detectable 
peripheral pulse 
palpation. 
systolic murmur 
on the bottom of 
the heart

Widened 
mediastinum, massive 
left hemothorax, 
abnormal aortic 
outline, opacification 
of the aortopulmonary 
window, deviation of 
trachea to the right of 
midline and 
downward 
displacement of the 
left mainstem 
bronchus
CT angiography: 
contrast outside the 
lumen of the aorta

Medical emergency
ATLS principles and 
hemodynamic 
stabilization of the 
patient, endovascular 
placement of a 
covered stent
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18.1	 �Introduction

The goal of this chapter is to present basic features of abdominal trauma, with a 
special emphasis on situations such as disasters and mass casualties, and the special 
challenges that these may present regarding the management of abdominal trauma. 
The first section of the chapter will present the basic features of abdominal trauma, 
including evaluation, diagnosis, and management for both penetrating and blunt 
injuries. Following that, the second section of the chapter will briefly present and 
discuss certain aspects of disasters and mass casualties, such as triage, blast injuries, 
crush and compartment injuries, wound management, damage control surgery, and 
the overall use of trauma laparotomy. Additionally, special consideration will be 
given to situations involving potentially more vulnerable patients, such as children 
and pregnant women. Although a lot of the points discussed in the second part of the 
chapter will be presented in more detail in other chapters, the goal here is to identify 
how they specifically affect the management of abdominal trauma. The most impor-
tant point that should come out of this chapter is the critical need for a multidisci-
plinary and well-coordinated approach to abdominal trauma in patients in disasters 
or in mass casualty situations.

18.2	 �Basics of Abdominal Trauma Management

Any discussion of abdominal trauma management would be incomplete without 
emphasizing right from the beginning that this is part of the overall management of 
the trauma patient, which means that the first priority always remains the “ABCDE” 
approach. The key point here is that, for example, the abdominal bleeding that a 
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patient may be experiencing from a blast injury, is of secondary importance if that 
same patient does not have a secure airway. Although the “ABCDE” remains the 
first priority, it should not take more than 10 min given the coordination and team-
work that should take place. The primary survey will lead to the identification and 
treatment of those injuries that are considered life-threatening and do that in a 
timely manner, whereas the secondary survey will consist of a general and systemic 
examination to identify all occult injuries, as well as obtain an A.M.P.L.E. (Allergy, 
Medications, Past medical history, Last meal, Event) history. Regarding abdominal 
trauma, the two main types of injuries have their own intricacies and will be pre-
sented separately.

18.2.1	 �Blunt Abdominal Injuries

Blunt injury presents a more complex picture, as the areas or organs injured may not 
always be clear given the lack of entry or exit points. A variety of signs and symp-
toms or elements of the mechanism involved in the trauma or parts of the history of 
the event or of the clinical examination of the patient are criteria for a closer evalu-
ation of the abdomen. Examples include unexplained hypotension, inability to 
obtain a reliable examination or history, inability to observe the patient (need to go 
to the operating room to address a non-abdominal injury), orthopedic injuries rais-
ing possibility of associated injuries, or high velocity injury (i.e., pelvic fracture, 
lower rib fractures, spine injury), among others. Apart from the clinical examina-
tion, and especially given the high potential for lack of reliability of that exam given 
coexisting distracting injuries or changes in cognitive status that can easily occur in 
large-scale disasters, it is imperative to have accurate tools to make the diagnosis of 
blunt abdominal injury. These include abdominal ultrasound (US), CT scan, and the 
use of deep peritoneal lavage (DPL). Each of them has advantages and disadvan-
tages having to do with issues such as accuracy, sensitivity and specificity, ability to 
diagnose particular injuries or not (such as US missing bowel injuries), cost, ease of 
transfer/portability, speed, ability to repeat, invasiveness, dependency on an opera-
tor. Deep peritoneal lavage is a rapid, yet invasive, method of assessing the abdomi-
nal cavity through the placement of a percutaneous catheter and interpretation of the 
lavage results. In the appropriate setting, it can be performed expeditiously, and the 
only real contraindication is the need to go to the operating room for laparotomy, 
whereas relative contraindications include advanced (third trimester) pregnancy or 
multiple previous operations [1]. Ultrasound has been used in trauma in the form of 
Focused Assessment with Sonography in Trauma (FAST), which was first used in 
1996 and is rapid and accurate with a sensitivity of 85–99% [2]. It can detect as little 
as 100 mL of fluid, and its cost-effectiveness and portability make it an invaluable 
companion for the trauma physician. The key aspect and what makes FAST so suc-
cessful is the fact that the operator only has to look at four views (perihepatic, 
peripelvic, perisplenic, and pericardiac) in order to answer only one question: “Is 
there free fluid?” If that is the case in an unstable patient, then the patient has to 
go immediately to the operating room. The major deciding factors are the 
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hemodynamic stability of the patient and the availability of the diagnostic machine/
instrumentation. Specifically, as we can see in Fig. 18.1, a hemodynamically stable 
patient can undergo a CT scan which will provide significantly more detail regard-
ing any abdominal injuries, including any extravasation of intravenous contrast that 
would be indicative of vascular injury. However, a patient who is hemodynamically 
unstable is not fit to be transferred anywhere (but the OR or wherever the definitive 
area of management of the cause of the instability is) and should undergo in the 
receiving area either a DPL or a FAST scan. The latter is preferred given its nonin-
vasive nature and greater speed and ease.

Solid organ (spleen, liver, kidneys, pancreas) injuries are graded based on the 
presence and size of subcapsular hematoma, capsular tear, parenchymal lacerations, 
and avulsion of vascular pedicle. The major threat is bleeding which can be signifi-
cant and in certain cases quite rapid. Certain cases involving a slower ooze may 
warrant careful observation and repeated assessment. Depending on the organ(s) 
injured and the type of the injury, the trauma team will have to decide on whether 
operative or conservative treatment is required.

18.2.1.1	 �Splenic Injury
The spleen is the most common abdominal organ injured (40–50%) with a strong 
association to left lower rib fractures. The grading of splenic injuries can be seen in 
Fig. 18.2. Conservative management of blunt splenic injuries was initiated in the 

Hemodynamic stability

UnstableStable

CT abdomen

Negative

FAST or DPL

Close monitoring
and follow-up

Operating room Angioembolization

Positive

Fig. 18.1  Hemodynamic stability
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pediatric population in order to avoid Overwhelming Post-Splenectomy Infection or 
Sepsis (OPSI or OPSS) [3]. This rapidly became the norm for adults as well, with 
the major criteria being a hemodynamically stable patient, absence of intravenous 
contrast extravasation in CT, and the lack of an associated hollow viscus injury [4, 
5]. Conservative management is possible for Grades 1–3 of splenic injury with a 
success rate >80%. However, it is essential that these patients are monitored closely 
through clinical examination, hematocrit and overall hemodynamic evaluation, and 
if there are any changes then repeating an abdominal CT, or even proceeding to the 
OR in the case of instability is warranted. In the case of operative management for 
capsular tears, compression and application of hemostatic agents may be sufficient, 
whereas for deep lacerations horizontal mattress sutures or splenorrhaphy may be 
needed. For major lacerations not involving the hilum, a partial splenectomy may 
suffice, whereas for those involving the hilum total splenectomy is necessary. 
Grades 4–6 almost invariably require operative intervention, with a success rate of 
splenic salvage of 40–60%. An alternative to operative intervention in the case of 
bleeding is the use of angiographic embolization of the source of the bleeding. This 
obviously necessitates the immediate availability of an aggressive interventional 
radiology department.

18.2.1.2	 �Hepatic Injury
The liver is the largest organ in the abdomen and the second most commonly injured 
one (35–45%). A particular concern in the case of liver injury is that the bleeding is 
usually venous, and as a result the vast majority of patients with blunt hepatic injury 
are initially hemodynamically stable; the other side of the coin is that a significant 
number of hepatic injuries involving venous bleeding will have stopped bleeding by 
the time of the surgery [6, 7]. The grading of hepatic injuries can be seen in Fig. 18.3. 
Similar to splenic injuries, there is a similar tendency to make an effort for conserva-
tive management for hepatic injuries provided that the patient is hemodynamically 

Splenic injury grading scale

Grade I Laceration(s) <1 cm deep
Subcapsular hematoma < 1cm diameter

Grade II Laceration(s) 1-3 cm deep
Subcapsular or central hematoma 1-3 cm 
diameter

Grade III Laceration(s) 3-10 cm deep
Subcapsular or central hematoma 3-10 cm 
diameter

Grade IV Laceration(s) > 10 cm deep
Subcapsular or central hematoma > 10 cm 
diameter

Grade V Splenic tissue maceration or devascularization

Fig. 18.2  Splenic injury 
grading scale
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stable, there are no other intra-abdominal injuries that would warrant an operation, 
and the patient has required less than 2 units of red blood cells. This is usually pos-
sible for Grade I–III injuries, whereas with more advanced ones there is a need for 
operative management (Figs. 18.4 and 18.5). In general, injuries closer to the porta 
hepatis have a higher possibility of requiring operative intervention compared to 
more peripheral ones. The option of angiographic embolization also exists for cases 
with active bleeding, provided that an interventional radiology team is available. In 
cases requiring surgery, the first maneuver is packing of the abdomen and the hepatic 
area as well as using the Pringle maneuver, in order to allow the anesthesiologist to 
resuscitate the patient. Subsequently, a combination of pressure, application of 

AAST grading of hepatic injury

Grade Type of 
injury

Description of injury

I

Hematom
a

Subcapsular, <10% surface area

Laceration Capsular tear, < 1cm parenchymal depth

II

Hematom
a

Subcapsular, 10-50% surface area, intraparenchymal < 10 cm in diameter

Laceration Capsular tear 1-3 parenchymal depth, <10 cm in length

III

Hematom
a

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

Laceration Parenchymal laceration > 3 cm deep

IV Hematom
a

Parenchymal disruption involving 25-75% of the hepatic lobe or 1-3 Couinaud’s
segments

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

Fig. 18.3  AAST grading of hepatic injury

Fig. 18.4  Abdominal CT 
with blunt hepatic injury 
causing complete 
disruption of the 
parenchyma and active 
bleeding as evidenced by 
the free intravascular dye
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hemostatic agents, simple or deep mattress sutures, mesh hepatorrhaphy, and debride-
ment can follow in order to control the bleeding. Techniques such as resection and/or 
liver transplantation, although they may seem appealing, are not likely to succeed in 
an already hemodynamically unstable patient who is in need of immediate control 
and resuscitation. Leaving a drain is good practice, given the high likelihood of bili-
ary leaks from the injured hepatic parenchyma. If the more conservative surgical 
measures fail, then the trauma team should pack the area to temporarily control the 
situation and move the patient to the intensive care unit with a plan to remove the 
packs after 48 h should the situation improve and after the patient has been ade-
quately resuscitated.

18.2.1.3	 �Pancreatic Injury
Pancreatic injury is relatively rare and is usually the result of crushing injuries or 
injuries to the lumbar spine or seatbelt injury or direct blows to the abdomen. Due 
to its anatomic location, pancreatic injury is usually associated with duodenal, vas-
cular, and/or hepatic injury. Essentially, because of its retroperitoneal location, the 
diagnosis requires a high index of suspicion and a careful examination of the 
CT. There are often indirect signs, such as edema with pancreatic enlargement and 
loss of lobulation, peripancreatic fluid or fat infiltration, concomitant duodenal 
injury, or presence of fluid on the dorsal surface with densities indicative of blood. 
The grading of pancreatic trauma can be seen in Fig. 18.6. Interestingly enough, the 
management of pancreatic trauma, irrespective of whether it is the result of blunt or 
penetrating injury, is managed in a similar manner, which is based on a “conserva-
tive operative” approach [8, 9]. Specifically, the location and the extent of the injury 
determine the type of operative intervention needed, with the goal being to do the 
least possible to ensure the safety of the patient, while avoiding further irritation or 

Fig. 18.5  Surgical 
management of extreme 
hepatic injury with active 
bleeding
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trauma to the area. If the pancreatic duct is not involved, then simple drainage of the 
area will suffice, whereas if the distal part of the duct is involved, then a distal pan-
createctomy (with an effort to preserve the spleen) will be enough. The level of 
difficulty is increased when we move to proximal injuries of the pancreatic duct; 
there the issue becomes that of injury to adjacent organs, such as the duodenum. If 
the duodenum is unharmed, the ligation of the proximal duct and anastomosis with 
intestine of the distal one can provide a solution; alternatively, if the duodenum is 
damaged, then the possibility of requiring a pancreaticoduodenectomy is consid-
ered. However, the ideal setting for such a laborious and time-consuming procedure 
is not the first operation, and ideally every effort should be made to stabilize the 
patient and return to the OR after 24–48  h for the more definitive procedure. 
Obviously, in any surgery involving the pancreas, drain placement can be invaluable 
as possible postoperative and post-traumatic pancreatic fistulas can be diagnosed 
and managed.

18.2.1.4	 �Renal, Bladder, and Ureteral Injury
It is easy to overlook renal injury given the retroperitoneal position of the kidneys 
and the variety of reasons that can cause hematuria. It should be suspected in the 
case of lower rib fractures or fractures of the spinous process, abdominal crush and 
pelvic injuries, falls, motor vehicle accidents (MVA), and direct blows to the back 

AAST grading of pancreatic injury

Grade Type of injury Description of injury

I Hematoma Minor contusion without duct injury

Laceration Superficial injury without duct injury

II Hematoma Major injury without duct injury or 
tissue loss

Laceration Major laceration without duct injury 
or tissue loss

III Laceration Distal transection or parenchymal
injury with duct injury

IV Laceration Proximal transection or parenchymal 
injury with probable duct injury (not 
involving ampulla)

V Laceration Massive fragmentationof pancreatic 
head

Fig. 18.6  AAST grading of pancreatic injury
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or the flanks. Diagnosis can be the result of symptoms/signs (pain and hematuria), 
X-ray, and US, as well as CT scan of the abdomen, which will also provide informa-
tion about the vascular pedicle of the kidneys. There is a grading classification of 
renal injury as seen in Fig.  18.7. As renal preservation is a key goal, it is quite 
important that approximately 85% of blunt renal trauma can be managed conserva-
tively [10]. Indications for operative exploration include deep cortico-medullary 
laceration with extravasation, large perinephric hematoma, renovascular injury, and 
uncontrolled bleeding; however, if salvage of the injured kidney is surgically not 
possible, it is important to assess the contralateral kidney before nephrectomy.

In the case of bladder injury, the majority are associated with pelvic fractures, 
given their anatomic proximity. Diagnosis can be made with retrograde vesicoure-
throgram (VCUG) or cystography, and the critical question is, in the case of a rup-
ture, whether it is intra- or extra-peritoneal. In the former case, a transperitoneal 
closure and use of a suprapubic catheter is needed, whereas in the latter a simple 
Foley catheter placement for 2 weeks will suffice.

Ureteral injury is relatively uncommon with blunt injury and mostly associated 
with concomitant intra-abdominal or genitourinary injury. Diagnosis can be made 
with the use of intravenous pyelogram (IVP) or a retrograde VCUG. The treatment 
depends on the diameter, length, and location of the injury. Small and/or short inju-
ries can usually be repaired over the use of a stent. Proximal and mid-ureter injuries 
require an end-to-end anastomosis over a stent, whereas distal ones are best man-
aged with reimplantation of the ureter.

18.2.1.5	 �Diaphragmatic Injury
Diaphragmatic injury, as rare as it is, represents one of the bigger challenges of 
blunt (and sometimes penetrating) abdominal injury, given the fact that it is diag-
nosed early in only half of the cases. The reason for this delayed presentation is that 
it can usually be diagnosed only by indirect signs, such as a nasogastric tube or 
abdominal contents in the thorax, an elevated hemidiaphragm or distortion of the 
costodiaphragmatic angle among others, and as a result requires a high degree of 
suspicion. In addition to the already mentioned diagnostic measures, in this case 
there is a place for diagnostic laparoscopy [11]. Management is surgical repair with 

Classification of renal injury

Grade I Contusion or subcapsular hematoma

Grade II Nonexpanding hematoma, <1 cm deep, no extravasation

Grade III Laceration > 1 cm with urinary extravasation

Grade IV Parenchymal laceration deep tothe corticomedullary 
junction

Grade V Renovascular injury

Fig. 18.7  Classification of renal Injury
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or without the use of a mesh, depending on the extent of the injury and the condition 
of the tissues.

18.2.1.6	 �Hollow Viscus Injury
In the case of hollow viscus injuries in blunt abdominal trauma, it usually involves 
the duodenum, small intestine, and colon and the stomach. The mechanism is usu-
ally one involving a significant force and a crushing injury against the spine or other 
fixed points. Despite the main diagnostic sign being free air in the abdomen or 
contrast extravasation in an abdominal CT, they frequently are characterized by 
delayed diagnosis [12]. Another feature is the coexistence with other intra-abdominal 
injuries, which is not surprising given the significant force required [13]. Primary 
repair and drainage is required in most cases, with resection and anastomosis in the 
case of small intestine. Duodenal injury represents one of the bigger challenges 
given the high risk of postoperative or post-trauma leaks and/or fistula creation. 
Primary repair if possible is a good option with the placement of drains in the sur-
rounding area, while techniques such as pyloric exclusion or gastrointestinal bypass 
or a Thal patch are all options to safeguard the healing process [14].

18.2.2	 �Penetrating Abdominal Injuries

The most frequent scenarios for penetrating abdominal injuries are those involving 
gunshot wounds (GSW) or stab wounds, in addition to those occurring in mass 
disaster and mass casualty situations, which frequently have their own special fea-
tures, as we will discuss later in the chapter. Overall, the most frequently involved 
organs are the small intestine, the liver, and the colon; they are frequently (20%) 
multiple and their management is “simplified” in the sense that deep penetrating 
injuries require operative management, whereas more superficial ones need to be 
investigated to identify whether the fascia has been penetrated. The basic points of 
the surgical management of abdominal injuries have been presented in the previous 
section; in this part the differences having to do with penetrating injuries will be 
discussed.

18.2.2.1	 �Stab Wounds
Stab wounds present the trauma team with a clear mechanism and a clear track for 
the injury. As helpful as this may be, the issue of the depth of the injury frequently 
poses a problem. Specifically, stab wounds to the anterior abdomen create no intra-
abdominal injury in 20–40% of the cases, and as a result exploring all patients with 
these injuries would lead to an unacceptably high negative laparotomy rate. If this 
is limited to patients with hypotension or peritonitis or evisceration, there is still a 
negative laparotomy rate of 10–20%. All of this leads to the question of how to best 
decide which patients should undergo surgical exploration. Diagnostic methods 
such as FAST or DPL are not as accurate from the standpoint that fluid caused by a 
small hepatic or splenic parenchymal tear and which will respond to conservative 
management may lead to a positive diagnostic test. Additionally, they both present 
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limitations when it comes to identifying small bowel injuries in this setting. 
Alternatives such as local exploration of the wound or diagnostic laparoscopy, as 
appealing as they may sound, have the disadvantages of either requiring anesthesia 
or not being sensitive enough [15]. The result is that in patients who are hemody-
namically stable and without any abdominal signs a stab wound to the anterior 
abdomen may be managed conservatively with success, provided that close moni-
toring with serial abdominal exams is possible [16].

Stab wounds to the flank and the back represent more of a challenge in the sense 
that there is a bigger threat to retroperitoneal organs and the diaphragm. Based on 
this and in order to have a clear diagnosis these patients should undergo a triple 
contrast (intravenous, oral, and rectal) CT of the abdomen, and laparoscopy should 
be considered. Again, special emphasis and consideration should be given to the 
possibility of a diaphragmatic injury given the anatomic position and extent thereof 
of the diaphragm. This is a situation where laparoscopy can prove to be both diag-
nostic and therapeutic.

18.2.2.2	 �Gunshot Wounds
The concern with GSWs is that the mechanism involved is more complex given that 
there are differences based on whether it is a handgun, rifle, or shotgun, with the 
degree of injury depending on the amount of kinetic energy imparted by the bullet 
to the victim, the mass and type of the bullet, and the distance. The trajectory of the 
bullet (if it is a single one) is critical as far as being able to identify any associated 
injuries in the path, which however is less important in the case of hollow point bul-
lets as there is no straight path in that case. One of the more interesting develop-
ments with increased understanding of trauma physiology, improvements in CT 
technology, as well as with increased experience from managing war-related 
wounds, has become clear that certain GSW could actually be managed conserva-
tively in certain situations [17].

18.3	 �Abdominal Trauma and Mass Casualty Situations

In the first part of this chapter, we have seen the basic features of the diagnosis and 
management of abdominal trauma, both for blunt and penetrating. This second sec-
tion of the chapter will present a series of special situations having to do with the 
specific challenges involved in the management of abdominal trauma in disaster 
situations with mass casualties. Although most of these will be presented in more 
detail in other chapters of the book, the goal here is to briefly present certain points 
relating to abdominal trauma.

18.3.1	 �Triage

Triage is the critical point where the most injured patients are identified on the scene 
and rapid treatment and rapid transfer to definitive care is provided. It should be 
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stressed that the priorities based on which triage is conducted may differ between a 
civilian mass casualty scene and a combat zone; specifically, in a combat situation, 
priority is given to treating those that can get back to a fighting condition in the 
quickest possible time and with the least effort, something which is exactly the 
opposite from civilian life, where the more severely injured are given priority. 
Triage can be extremely complicated as most patients will have a variety of injuries 
with different mechanisms (heterogeneous bombs) producing unique injury pat-
terns. Additionally, there is little room for errors, as under- or over-triage can either 
lead to unnecessary loss of life or overwhelm the medical system [18]. Moreover, 
triage is an active and evolving process, as patients are reevaluated when they arrive 
at the health care facility by a multidisciplinary, well-coordinated team. This last 
part is key as the arrival of the patients and triage needs to be a well-choreographed 
event where everybody has their role and where a senior member of the trauma team 
has the oversight of the whole situation [19]. The basics of the primary management 
remain the same with the ABCDE, but in the case of disasters and mass casualties 
there are some changes as the fact that although spine precautions should be consid-
ered by first-responders, full spine immobilization may not be always necessary 
given the time it takes. Another example is the effort to provide basic life support on 
the scene, rather than advanced, so that the patient can get to more definitive care in 
a timely fashion. These are examples of choices to be made and changes in strategy 
so that volume, together with the severity of the injuries, can also be accommodated.

18.3.2	 �Blast Injury

With the increasing appearance of bomb blast injuries in a noncombat setting as the 
result of terrorist acts, it is imperative for the health care team to be cognizant of the 
intricacies of these injuries. The specifics can vary depending on the type of explo-
sives (high or low order), the material, the scene and other factors, all of which have 
a common mechanism. Specifically, the detonation leads to an instantaneous release 
of energy, which creates a shock wave blast in the form of expanding gases [20]. 
When these shock waves hit the tissues of the human body, they can have a variable 
effect depending on the density of the tissue of the different organs. As a result, hol-
low organs (stomach, duodenum, intestine) are more easily injured, compared to 
solid ones (liver, spleen), because of the different densities encountered [21]. 
Additionally, the location can also play a role, as in open spaces the velocity waves 
are dissipated in open air and the result is low, immediate mortalities, in contrast to 
closed spaces, where the blast waves can be reflected back, thus leading to repeated 
injuries [22].

Regarding abdominal injury, the most frequent pattern is that of the “blast abdo-
men” which is used to describe abdominal bleeding and perforation caused by the 
pressurized wave. The most frequently injured organ, as discussed in the previous 
paragraph and because of the difference in pressure densities, is the intestine. The 
signs and symptoms may be abdominal pain, emesis, and rectal bleeding, among 
others; however, given the fact that these injuries may not present in full force 
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immediately, a high level of suspicion and close monitoring of these patients is 
needed. In addition to the small intestine, colonic injuries are also quite common, 
and again often with a delayed presentation, as mesenteric ischemia or an infarct 
can develop into full thickness necrosis and rupture [23]. In these cases and given 
the threat to the microcirculation, anastomosis is not the best choice and rather a 
colostomy should be performed [24]. Small, partial colonic tears can be repaired 
primarily, provided that the patient is hemodynamically stable, there has been no 
massive blood transfusion, no hypoxia or reperfusion injury, no other injuries and 
limited local tissue damage.

In the case of the solid abdominal organs (spleen, liver, kidney) in the case of 
significant blast forces, there can be rupture and tissue destruction, as well as hem-
orrhage. In the case of hemorrhagic shock, then the patient needs to go immediately 
to the operating room, or if there is doubt about the abdomen being the source, then 
a FAST can be performed expeditiously. In the case of bleeding from an abdominal 
wound, the initial management on the scene is based on the use of pressure as well 
as hemostatic dressings for nonextremity injuries (such as HemCon or Advanced 
Clotting Sponge, to name a few), which are applied directly to the wound and with 
direct 5 min pressure.

18.3.3	 �Crush Injury

Crush injuries can occur in situations where areas of the body are subjected to very 
high pressures, leading mainly to injuries involving muscles, bones, extremities, 
and the abdomen. The importance of crush injuries lies in the cascade of events that 
is set in motion by the initial insult, potentially culminating to rhabdomyolysis and 
ischemia/reperfusion injury [24]. The basic process of rhabdomyolysis involves the 
rapid breakdown of muscle tissue with the accompanying release of several prod-
ucts such as purines, lactic acid, phosphate, myoglobin, among others into the cir-
culation and fluid entering the damaged cell, leading to intracellular swelling and 
eventually cell damage and death [25]. An electrolyte imbalance prevails with 
hyperkalemia and if the injury is managed in such a way so as to restore circulation, 
then the reperfusion that follows can lead to further cellular damage and swelling 
and ultimately cell necrosis. All of these changes, including the massive fluid shifts, 
the electrolyte abnormalities, the renal dysfunction, the lactic acidosis, and the pos-
sible disseminated intravascular coagulation form what is known as the “crush 
injury” [26]. Management includes excellent coordination between the first-
responders and the receiving health trauma team, with emphasis on fluid resuscita-
tion, as it is the best way to manage rhabdomyolysis.

The abdomen can be affected both from the crush injury itself, as well as from 
the cascade of events that follows and that can end in adverse situations such as a 
compartment syndrome [27]. The main problem with the compartment syndrome is 
that the pressures within a compartment (which is essentially a physiologically 
closed space) exceed the pressures of the circulatory system, thus cutting off circu-
lation to tissues and organs. The abdominal compartment syndrome is an 
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emergency when it occurs as it is associated with loss of renal function, labored 
respiration (due to the intra-abdominal pressure curtailing the movement of the dia-
phragm), and a lactic acidosis. The management includes immediate release of the 
compartment syndrome by a laparotomy to release the pressure. Additionally, disas-
ters such as earthquakes involving crush injuries can lead to direct abdominal 
trauma with the most frequent types being injury to the abdominal wall, hepatic and 
splenic injury [28]. At the same time, the threat of the crush injury and the deadly 
sequence that it entails puts these patients at elevated risk, with a key priority being 
adequate fluid resuscitation.

A common aspect of both blast and crush injuries is the management of the 
abdominal wound. Given the setting and the mechanism involved, it is vital to per-
form wide wound debridement till healthy tissue is encountered, obtain fluid and 
tissue cultures to guide potential antibiotic use, and irrigate the wound sufficiently 
[29]. Abdominal wounds from blast or crush injuries should not be closed primarily, 
not even after the irrigation and debridement, but rather wound vacuum-assisted 
closure techniques should be used.

18.3.4	 �Special Considerations

Children and pregnant women represent groups that are particularly vulnerable 
when in the middle of a disaster or a mass casualty event. Experience from terrorist 
attacks has shown that intra-abdominal injuries in children require immediate surgi-
cal attention, given the fact that in a child a small loss of blood can lead to hemody-
namic decompensation. Children have been shown to require more ICU and hospital 
resources given higher Injury Severity Scores, as well as prolonged hospitalizations 
[30]. In the case of pregnant women, the fetus is somewhat protected in its position, 
although abruption of the placenta can occur in the case of pressure waves from a 
blast injury. In the case of women in the second and third trimester, they should be 
admitted for fetal monitoring and an ultrasound performed to evaluate both the fetus 
as well as the mother’s abdomen [31]. The overwhelming priority remains that in 
order to save the fetus the mother has to be saved first.

18.3.5	 �Damage Control Surgery

Damage control surgery is a key principle and a frequently employed strategy when 
dealing with mass casualties or disaster victims with abdominal injury. The basic 
concept is that “resuscitation takes precedence over surgery” and that “the operating 
room is not the best place to resuscitate a trauma victim.” The decision to proceed 
with damage control means that the main goals of the surgical team are to stop any 
hemorrhage and control intestinal contamination; the latter means that any injured 
intestine is resected or stapled and no anastomosis are performed at this stage. The 
abdomen is closed in a rapid and temporary manner using either wound vacuum-
assisted closure, an intravenous bag or a mesh, and the patient is transferred to the 
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ICU for resuscitation. Once that has occurred, then definitive surgery for any inju-
ries can take place at a later time point with a more stable patient. The main threat 
and what we are trying to avoid is the trauma “triangle of death” which consists of 
hypothermia, lactic acidosis, and coagulopathy, since once that occurs, then there 
are limited options to overcome a critical situation [32]. Interestingly enough, there 
is evidence that damage control surgery may still be somewhat underused, even in 
combat situations [33].

It should be mentioned that a major trend in trauma is the increasing prevalence 
of conservative management of injuries (such as penetrating) that would have been 
immediately operated upon a decade ago. This is the result of improvements in the 
radiological diagnosis, as well as a better understanding of the physiology of trauma 
[34–36]. Although the ultimate goal is to reduce unnecessary laparotomies, patient 
selection should be very careful and strict so as to avoid missing an injury or not 
addressing it with the urgency required [37].

18.4	 �Conclusion

As difficult as the management of abdominal trauma can be, it becomes more of a 
challenge in disasters and in situations with mass casualties. Although the basic 
principles remain the same, as we have seen in this chapter, there are differences 
regarding the frequency and the types of injuries that can be encountered. Critical 
features in these situations are the ongoing triage and the ability to achieve multidis-
ciplinary collaboration, which is no easy task if we consider the scale of these 
events [38].
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Injuries to the Urinary Tract

Michael Chrisofos

Injury to the genitourinary tract occurs in 10% of abdominal trauma [1–3]. The 
kidney is the most commonly affected genitourinary organ during such traumas [1]. 
Ureteral trauma is relatively rare and mainly due to iatrogenic injuries or penetrat-
ing gunshot wounds (both in military and in civilian settings) [4]. Traumatic bladder 
injuries are usually due to blunt causes such as motor vehicle accidents (MVAs), 
and they are associated with pelvic fracture [5], although they may also be the result 
of iatrogenic trauma. The anterior urethra is most commonly injured by blunt or 
“fall-astride” trauma, whereas the posterior urethra is usually injured in pelvic frac-
ture cases, the majority of which usually occur during MVAs [6]. Genital trauma is 
much more common in males due to the particular anatomical considerations and 
also their more frequent participation in physical sports, violent events, and war 
fighting [7].

19.1	 �Renal Trauma

Renal trauma occurs in approximately 1–5% of all trauma cases [8]. The kidney is 
the most commonly injured genitourinary organ at all ages, with a male-to-female 
ratio of 3:1 [9]. It is particularly vulnerable to deceleration injuries as the organ is 
fixed and supported spatially only by the renal pelvis and the vascular pedicle [10]. 
More than 80% of kidney injuries are due to blunt trauma [11]. Penetrating trauma 
is rare but is associated with more severe injury.

The evaluation of renal trauma is based on the patient’s hemodynamic status 
(Grade A, EAU—European Association of Urology (EAU)), mechanism of injury, 
physical examination, and urine analysis [2]. Hematuria is present in 80–94% of 
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all cases [12]. Major injury (e.g., disruption of the ureteropelvic junction, pedicle 
injuries, segmental arterial thrombosis, and stab wounds) may also occur without 
hematuria being present.

Indications for radiographic evaluation are hemodynamically stable patients with 
gross hematuria (Grade B, AUA—American Urological Association (AUA), Grade 
A, EAU), nonvisible hematuria with hypotension, or major associated injuries [13]. 
Microscopic hematuria does not warrant imaging (Grade B, AUA) [1]. Patients with 
penetrating trauma to the torso have a high incidence of significant injuries, and 
imaging should be performed regardless of the degree of hematuria.

An ultrasound can identify who requires a more detailed investigation, and is 
useful for the follow-up of parenchymal lesions, hematomas, and urinomas, but 
cannot accurately assess renal lacerations [14].

Intravenous pyelography (IVP) is inferior to currently available CT imaging 
[15]. It may demonstrate nonfunction or extravasation. During an emergency lapa-
rotomy, a one-shot IVP (bolus intravenous injection of 2 ml/kg contrast followed 
by a single plain film after 10 min) may provide information on the presence and 
function of the contralateral kidney [16].

Abdominal/pelvic CT with IV contrast with immediate and delayed images is 
the imaging technique of choice for defining the location and the severity of injury 
(Grade C, AUA and SIU—Société Internationale d’Urologie (SIU); Grade A, EAU) 
[17, 18], as it provides a view of other abdominal and pelvic organs and also evalu-
ates for pre-existing renal abnormalities. Also, CT provides visualization of the ure-
ters and the contralateral kidney [19].

The American Association for the Surgery of Trauma (AAST) recommends the 
conservative management for Grade 1 or 2 injuries (Table 19.1, Fig. 19.1), with 
observation, bed rest, hydration, serial hematocrit monitoring, and the administra-
tion of antibiotics (Grade B, AUA, and EAU). Conservative management is also the 
recommended treatment for Grade 3 or 4 injuries (Grade B, AUA). The SIU guide-
lines make a specific recommendation of surgical repair for Grade 3 or 4 injuries if 
the patient is undergoing a laparotomy for other abdominal injuries (Grade C, SIU), 
while the EAU guidelines state that Grade 3 injuries should be managed expec-
tantly (Grade B, EAU). With isolated Grade 4 injuries, the EAU states that treat-
ment should be based solely on the extent of the renal injury. For Grade 5 injuries, 
the SIU recommends exploratory laparotomy (Grade C, SIU), while the EAU only 

Table 19.1  American Association for  
the Surgery of Trauma (AAST), organ injury 
severity scale for renal trauma

Grade Description of injury
1 Contusion of subcapsular hematoma
2 Cortical laceration <1 cm deep
3 Cortical laceration >1 cm without 

urinary extravasation
4 Laceration into collecting system, 

segmental vascular injury
5 Shattered kidney, renal pedicle 

injury, or avulsion
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recommends renal exploration in the case of the injury being vascular (Grade B, 
EAU). In contrast, the AUA recommends observation for hemodynamically stable 
patients regardless of AAST grade because of interobserver variability regarding 
the classification of Grade 4 and 5 injuries (Grade B, AUA). Patients diagnosed 
with urinary extravasation in solitary injuries can be managed without major inter-
vention and with a resolution rate of >90% [20]. Unilateral main arterial injuries 
will normally be managed nonoperatively in patients who are stable, while surgical 
repair is reserved only for bilateral injuries or a solitary functional kidney in which 
the whole functioning renal mass is endangered. Conservative management is also 
advised in unilateral, complete, and blunt artery thrombosis, as well as in multiple 
trauma patients [21].

The goal of exploration is the control of hemorrhage and renal salvage. Immediate 
intervention is mandatory for hemodynamically unstable patients (Grade B, AUA, 
SIU and EAU). The SIU recommends only exploratory laparotomy (Grade B, SIU) 

Grade I Grade II Grade III

Grade IV Grade V

Fig. 19.1  Organ injury severity scale for renal trauma
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[17], while the more recent EAU and AUA guidelines also discuss angioemboliza-
tion. The overall exploration rate for blunt trauma is <10% [22]. Absolute indications 
are life-threatening hemorrhage from renovascular injury, ureteropelvic junction 
avulsion, and urinoma unresponsive to ureteral stenting or perinephric drainage. 
Relative indications are laparotomy for other abdominal injuries or large, devascu-
larized segments of the kidney. Unresponsive hemodynamic instability due to renal 
hemorrhage is an indication for exploration, regardless of the mode of injury, the 
existence of inconclusive imaging, or a pre-existing abnormality of the kidney [23]. 
Independent factors that increase the risk of surgical intervention are Injury Severity 
Score >16, increased transfusion needs, perirenal hematoma size >3.5 cm, intravas-
cular contrast extravasation, and Grade 4–5 injuries [24] (Fig. 19.2).

Angiography with selective embolization is the first-line option in the absence 
of other indications for immediate open surgery. The main indications for angi-
ography are embolization for active hemorrhage, pseudoaneurysm, and vascular 
fistulae [25].

The overall rate of nephrectomy is around 13%, usually in patients with penetrat-
ing injury, higher rates of transfusion requirements, hemodynamic instability, and 
higher injury severity scores [26] (Fig.  19.3). Renorrhaphy is the most common 
reconstructive technique. Partial nephrectomy is required when nonviable tissue is 

Fig. 19.2  Grade IV 
renal trauma
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detected. Watertight closure of the collecting system is highly desirable. If the cap-
sule is not preserved, an omental pedicle flap or perirenal fat bolster may be used 
instead.

Gunshot injuries should be explored only if they involve the hilum or if they are 
accompanied by signs of continued bleeding, ureteral injuries, or renal pelvis lac-
erations. Low-velocity gunshot and minor stab wounds may be managed conserva-
tively and with a good outcome [27]. In contrast, tissue damage from high-velocity 
gunshot injuries can be more extensive, and a nephrectomy is often required. If the 
site of penetration by a stab wound is posterior to the anterior axillary line, 88% 
of such injuries can be managed nonoperatively. Stab wounds producing injuries 
of Grade 3 are associated with a higher rate of delayed complications if treated 
expectantly [28].

Iatrogenic renal injuries should be treated conservatively (Grade B, EAU). 
Significant injury is rare but requires immediate intervention with angioemboliza-
tion which has excellent outcomes and lower complication rates when compared to 
surgery (Grade B, EAU) [18, 29].

For pediatric renal trauma, non-surgical conservative management has become 
the standard approach, even for high-grade injuries (Grade B, EAU) [30]. Absolute 
indications for surgery include hemodynamic instability, Grade 5 renal injuries, and 

Fig. 19.3  Grade V 
renal trauma
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expanding hematoma (Grade A). Surgical exploration is also indicated in a chang-
ing abdominal physical examination, which is suggestive of major intra-abdominal 
injury (Grade C, SIU) [17].

Early complications are bleeding, infection, perinephric abscess, sepsis, uri-
nary fistula, hypertension, urinary extravasation, and urinoma. Delayed complica-
tions include bleeding, hydronephrosis, calculus formation, chronic pyelonephritis, 
hypertension, arteriovenous fistula (AVF), hydronephrosis, and pseudoaneurysms. 
The risk of complications following conservative management increases with 
the grade.

Follow-up CT is recommended if the patient has a fever, increasing flank pain, or 
falling hematocrit levels (Grade B, EAU). There is no need for imaging for Grade 
1–3 injuries, while it is suggested that a repeat CT is made 36–72 h after a Grade 4 
injury with damage to the collecting system (Grade C, SIU) [17]. The AUA guide-
lines also recommend follow-up imaging for Grade 4 or 5 injuries at 48 h (Grade C, 
AUA) [1]. Perinephric abscess formation is best managed by percutaneous drainage.

Patients with renal trauma at greatest risk of hypertension are those who have 
Grade 4 or 5 injuries. Patients with renal trauma should have periodic blood pres-
sure monitoring after the injury (Grade C, AUA, SIU, and EAU). The post-traumatic 
hypertension rate is <5%. It may occur acutely due to compression from hematoma 
(Page kidney) or chronically because of scar formation; it is also renin dependent 
and is associated with parenchymal injury. Over the long term, etiologies include 
artery thrombosis or stenosis (Goldblatt kidney), devitalized fragments, and AVFs. 
If hypertension persists, medical management, excision of the ischemic segment, 
vascular reconstruction, or nephrectomy is required [31].

19.2	 �Ureteric Trauma

Trauma to the ureters is rare because they are protected from injury by their small 
size, mobility, and the adjacent vertebrae, bony pelvis, and muscles. Overall, it 
accounts for 1–2.5% of urinary tract trauma [32, 33].

Most ureteral injuries are iatrogenic and occur during open, laparoscopic, or ure-
teroscopic procedures, while less than 25% of ureteral injuries can be attributed to 
other causes [34–36].

Penetrating injuries account for most cases of ureteral injury. Among other 
causes of ureteric injuries are gunshot wounds, with the ureter being injured in 
between 2% and 5% of abdominal gunshot injuries [3]. The most common location 
for ureteral injuries is at the vesicoureteral junction and the upper part of the ureter 
[37]. Findings that increase the suspicion of ureteral injury on CT urography or IVP 
(Grade C, AUA) include delayed excretion of contrast, poor function on one side, 
hydronephrosis, failure to visualize the entire course of the ureter, and extravasation 
of the contrast material [37].

There are no specific signs and symptoms of ureteral injuries. Some of the 
patients may present a few days following the injury with lower abdominal pain, 
prolonged ileus, low-grade fever, nausea, vomiting, persistent hematuria, urinary 
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tract infection (UTI), oliguria, and anuria, with laboratory investigations showing 
leukocytosis and raised inflammatory markers [38].

For children symptoms of a ureteric injury are often vague, so it is important 
to remain suspicious for potential ureteric injury after blunt abdominal trauma. 
The most sensitive diagnostic test to detect ureteric injury is retrograde urography 
(Grade A, EAU) [30].

The management of ureteral trauma depends on the nature, severity, and location 
of the injury. Partial injuries (Grade 2 or 3—Table 19.2) can be repaired imme-
diately by primary closure over a stent [1, 39] (Grade C, AUA). For Grade 3–5 
injuries, repair depends on the location of the injury (Grade C, AUA, and EAU). 
For injuries above the iliac vessels, ureteroureterostomy should be performed over 
a stent, if possible (Grade C, AUA). Injuries below the iliac vessels are typically 
repaired by re-implantation with psoas hitch and/or Boari flap (Grade C, AUA). 
Other less common surgical procedures include transureteroureterostomy, renal 
autotransplantation, and ureteral substitution with the ileum or appendix [40, 41].

In a case of delayed diagnosis or missed diagnosis of ureteral injuries, it is 
important to divert the urine. Surgical repair of the ureters in such cases is deferred 
for 6–8 weeks to allow any edema or inflammation to subside. However, there is 
no evidence to support that there is a worse outcome if the surgical repair is done 
immediately after identifying the injury [36].

Ureteral avulsion is a rare but serious complication; fortunately, its incidence 
is only 0.06–0.45% [42]. Risk factors for ureteral avulsion include symptomatic 
stones persisting >3  months, stones >5  mm, proximal ureteral distention, stones 
tightly encapsulated by granulation tissues, and a strong sense of tightness when 
the ureteroscope is moved. The muscle in the proximal ureteral tissue is weaker, 
and therefore, the use of a stone basket to remove the impacted stone in the upper 
third of the ureter increases the risk of avulsion [43]. For proximal ureteral avulsion, 
end-to-end anastomosis can be a good choice. Boari flap and psoas hitch are recom-
mended for the middle third of ureteral avulsion. For distal ureteral injuries, ureteral 
re-implantation is recommended [44].

19.3	 �Bladder Trauma

Bladder injuries are frequently associated with pelvic fractures [45]. Bladder inju-
ries can be divided into extraperitoneal (60%) and intraperitoneal (30%) (Table 19.3). 
Simultaneous extraperitoneal and intraperitoneal injuries occur in 10% of all trau-
matic bladder injuries [46]. Plain and computed tomography (CT) cystography 

Table 19.2  American Association  
for the Surgery of Trauma (AAST), organ 
injury severity scale for ureteric trauma

Grade Description of injury
1 Hematoma
2 Laceration <50% of circumference
3 Laceration >50% of circumference
4 Complete tear <2 cm of devascularization
5 Complete tear >2 cm of devascularization
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(Grade B, AUA, and EAU), with bladder filling up to 350 mL, are the preferred 
diagnostic modalities for injury to the bladder [47–49]. Cystoscopy is the preferred 
method for detecting intraoperative bladder injuries (Grade B, EAU) [18, 39].

An uncomplicated extraperitoneal rupture can be managed safely via catheter 
drainage alone (Grade C, AUA; Grade B, EAU) [47, 48]. Follow-up cystography 
should be performed to confirm that the bladder injury has healed (Grade C, AUA) 
[50]. In case of bladder neck involvement, the presence of bone fragments in the 
bladder wall, concomitant rectal and/or vaginal injury, or entrapment of the blad-
der wall (e.g., by reduced pubic symphysis), early surgical repair is indicated to 
facilitate healing and prevent the formation of fistulae (Grade B, EAU) [1, 18]. 
Instances of blunt intraperitoneal rupture of the bladder should always be managed 
by surgical repair (Grade B, AUA, and EAU) [47, 51]. The rationale for this is that 
intraperitoneal extravasation of urine can lead to peritonitis, sepsis, and death.

Iatrogenic intraperitoneal bladder injuries can be managed with drainage if there 
is no ileus or peritonitis (Grade C, EAU) [18, 39]. Penetrating injuries to the bladder 
need emergency exploration with debridement of devitalized bladder detrusor and 
subsequent bladder repair [47, 52].

Pediatric bladder injuries can be evaluated by cystography (standard radiography 
or CT) with the bladder fully distended (Grade A, EAU). Management of intra-
peritoneal and extraperitoneal injuries in children (both uncomplicated and compli-
cated) is the same as in adults with one difference: postoperatively, after the repair of 
an intraperitoneal injury, a suprapubic catheter is mandatory (Grade A, EAU) [18].

19.4	 �Urethral Trauma

Evaluation for urethral injuries is recommended for patients with blood at the 
meatus, with perineal or penile hematoma, who cannot void or who have had an 
injury that predisposes a straddle injury (Grade C, AUA) [1, 18].

Most urethral injuries occur in male patients. Blunt anterior urethral injuries 
are associated with spongiosal contusion which makes it more difficult to evalu-
ate the limits of urethral debridement and define the accurate anatomy of adjacent 
structures. Acute or early urethroplasty is therefore not indicated [53]. Therapeutic 
options include suprapubic diversion or urethral catheter placement and delayed 
treatment, as the extent of injury is hard to discern (Grade B, AUA; Grade C, 
EAU) [46].

Table 19.3  American Association for the Surgery of Trauma (AAST), organ injury severity scale 
for bladder trauma

Grade Description of injury
1 Hematoma, partial thickness laceration
2 Extraperitoneal bladder wall laceration <2 cm
3 Extraperitoneal bladder (>2 cm) or intraperitoneal (<2 cm) bladder laceration
4 Intraperitoneal bladder wall laceration >2 cm
5 Intraperitoneal or extraperitoneal bladder wall laceration extending into the bladder 

neck or ureteric orifice
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Penile fractures require early exploration and repair of the tear in the caver-
nosal tunica albuginea and, if involved, the urethra [54, 55]. A small laceration 
of the penis can be repaired by simple closure, while a complete rupture by 
anastomotic repair [55–57].

Immediate exploration of penetrating anterior urethral injuries is advised, except 
when this is precluded by other life-threatening injuries (Expert Opinion, AUA) 
[53, 54, 58]. For small lacerations and stab wounds, simple urethral closure might 
be sufficient [53]. Defects of up to 2–3 cm in the bulbar urethra and up to 1.5 cm in 
the penile urethra can be treated by anastomotic repair [58, 59]. In the case of larger 
defects or apparent infection (especially bite wounds), a staged repair with urethral 
marsupialization and a suprapubic catheter is needed [53, 58, 59], and a delayed 
repair with a graft or flap can occur at ≥3 months after the injury [18].

Pelvic fracture urethral injury (PFUI) is a disorder in urology often found in pel-
vic trauma, with an incidence ranging from 1.6% to 25% [60]. The pelvic fractures 
indicate a considerable strength in the lower abdominal area/pelvis. This energy 
can be transferred to the internal organs in the pelvic cavity including the lower uri-
nary tract. Physical compression occurs, and the prostate is forced into the perineal 
membrane, causing stretching of the urethra, and it can be followed by rupture of 
the posterior urethra [61]. Prompt urinary drainage should be performed, whether 
via suprapubic or urethral catheter (Grade C, AUA).

For blunt posterior urethral injuries, it is important to distinguish between com-
plete and partial rupture prior to proceeding with treatment.

The timing of an intervention is classified as [53, 59]: (1) immediate: <48  h 
after injury; (2) delayed primary: 2 days to 2 weeks after injury; or (3) deferred: 
>3 months after injury.

Although urinary diversion is not essential during the first few hours after the 
trauma, suprapubic catheterization is mandatory in urgent situations unless urethral 
catheterization can be achieved [54, 62, 63].

Therapeutic options for partial posterior urethral rupture are suprapubic or ure-
thral catheterization [64–66]. Injuries may heal without significant scarring [65, 
67]. Subsequent stricture should be managed with internal urethrotomy or urethro-
plasty, depending on the degree of narrowing and the stricture length [68].

Acute treatment options for complete posterior urethral rupture include: (1) 
realignment, with apposition of the urethral ends over a catheter; (2) exploration 
and primary repair; and (3) suprapubic catheterization alone.

The early realignment (ER) in the form of primary suturing/open urethra realign-
ment is the best management for PFUI. Advancement in endoscopic techniques led 
to primary endoscopic realignment (PER) being established as an alternative man-
agement with good results (Grade C, AUA).

Patients with pelvic fractures present a high incidence of complications caused 
by the limited mobilization, and thus a delayed urethroplasty (DU) with cystostomy 
diversion may be preferred.

Treatment with early realignment can be done when the patient’s condition is 
stable and life-threatening injuries have been treated [69]. In patients with vas-
cular injury or other abnormalities that require exploration in the pelvic cavity, 
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prostatourethral severe dislocation, or laceration of the neck of the bladder, early 
realignment could minimize the problems that may occur next [70].

The purpose of the early realignment is to pull down the proximal urethra prop-
erly/parallel to the distal side so that the healing process may occur with mini-
mal strictures [71]. Realignment has a lower stricture rate than suprapubic catheter 
placement alone, for which stricture formation is almost certain. Realignment might 
thus avoid a prolonged period of suprapubic catheter drainage and a second opera-
tion for urethral reconstruction in some patients [48, 65, 68]. After a successful re-
alignment, the catheter should remain in place for 4–8 weeks (EAU) [18].

Early realignment using endoscopic techniques may reduce the frequency of 
advanced urethrotomy procedures, something that provides a great advantage in 
the management of the complications and the costs [72]. Cystoscopy, either rigid 
or flexible, can be performed simultaneously through cystostomy and through the 
urethra in order to facilitate the process of realignment [73]. The success rate of 
realignment using endoscopy is very good, around 72–100% [65, 74].

In the absence of indications for immediate exploration, delayed primary realign-
ment requires placement of a suprapubic catheter at the time of the initial injury, 
with endoscopic realignment performed within 14 days, when patients are stable 
and most of the pelvic bleeding has resolved (Clinical Principle, AUA) [67, 75].

Hemodynamically unstable patients should have suprapubic catheter placement 
and delayed management (Grade C, AUA).

Delayed urethral repair is indicated when the rupture is not complete, the sepa-
ration of the urethra is minimal, there is critical condition of unstable patients, or 
when there is no facility to support it, and/or there is an absence of an experienced 
surgeon [66].

For a complete rupture treated with an initial period of ≥3 months of suprapu-
bic diversion (Grade B, EAU), obliteration of the posterior urethra is almost inevi-
table [63, 67]. The stricture cannot be avoided and will be treated electively several 
months later [76]. The benefit of a delayed repair is that urinary diversion is easily 
done, optimizing the patient’s general condition and management of other injuries 
that are more life-threatening. Exploration of the urethra in the acute phase of injury 
is difficult because of large hematomas, and with a significant loss of blood, result-
ing in a high risk of failure. For these patients, a delayed repair is an option [70, 76].

Treatment options for these posterior urethral stenoses are deferred urethroplasty 
and deferred endoscopic optical incision.

Most posterior urethral-distraction defects are short and can be treated with a 
perineal anastomotic repair. The key objective is to achieve a tension-free anasto-
mosis between two healthy urethral ends. Restricture rates that have been reported 
amount approximately to 10% [53, 77–79].

For large distraction defects and/or complicated cases (bladder neck injuries, fis-
tula, redo-urethroplasty), a sequential step repair with inferior pubectomy or corpo-
ral rerouting, or even a combined abdominoperineal approach, might be necessary, 
with similar results [80].

Deferred endoscopic treatment has been proposed for complete obliteration but 
with disappointing results [81, 82]. For short, non-obliterative strictures following 
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realignment or urethroplasty, direct-visualization urethrotomy can be performed 
[80]. Repeated urethrotomies and/or dilations must be discouraged because these 
do not represent curative treatment [83]. Stents are not recommended for patients 
with strictures following pelvic trauma, as fibrotic tissue tends to grow through into 
the lumen of the stent [53].

The incidence of ED in PFUI patients secondary to pelvic fracture and/or 
perineal trauma ranges from 27.5% to 72% based on diagnostic abnormalities 
observed in nocturnal penile tumescence studies [84, 85]. Penile duplex Doppler 
ultrasound has documented that 48.7% of these patients had arterial ED, 14.6% 
had venous leak, and 36.5% had non-vascular ED, most likely secondary to neu-
rogenic causes [86].

Erectile dysfunction of PFUI can be caused by vasculogenic factors and neuro-
genic factors. Stief et al. explain that impotence occurring after pelvic trauma is due 
to the damage of the autonomic plexus and the erigentes nerve as a result of the dis-
placement of the prostate [87]. Armenakas et al. [88] evaluated the impotent patient 
with disruption of the prostate pars membranous before doing the reconstruction 
using MRI pelvis and ultrasound duplex; and it shows that 80% cases of erectile 
dysfunction are caused by vasculogenic factors. Husmann et al. reported that there 
was no significant difference in the degree of incontinence in patients treated with 
early realignment and delayed urethroplasty [89].

Surveillance strategies with uroflowmetry, RUG, cystoscopy, or a combination of 
these methods are recommended for at least 1 year (Grade C, AUA) [90].

Female urethral injuries are rare. They occur almost exclusively as a result of 
pelvic fractures and often occur together with bladder rupture. Proximal and mid-
urethral disruptions need early exploration and primary repair via the retropubic 
and transvaginal route, respectively, with primary suturing of the urethral ends. 
Concomitant vaginal laceration is repaired transvaginally and at the same time [48, 
59]. Distal urethral injuries can be managed vaginally by primary suturing or can be 
left untreated and hypospadiac.

Catheter placement is the most common cause of iatrogenic urethral trauma [91]. 
Iatrogenic urethral injuries also occur after radical prostatectomy, pelvic radiother-
apy, and other abdominopelvic surgery [92]. The main consequence of iatrogenic 
trauma is urethral stricture. False passages should be treated with urethral catheter 
placement if possible, while strictures should be managed endoscopically with inci-
sion or resection initially, followed by urethral reconstruction, if endoscopic man-
agement fails [18, 39].

The recommended radiographic method for diagnostic evaluation of pediatric 
urethral trauma is RUG (Grade A, EAU). The first step in management accord-
ing to the Pediatric EAU guidelines is to provide urinary drainage. Transurethral 
catheterization can be performed only if the patient can still void and the diagnos-
tic evaluation is not suspicious for urethral rupture; a suprapubic catheter should 
be placed, otherwise. There is no singular accepted method for managing pos-
terior urethral injuries; either immediate suprapubic drainage with late urethral 
reconstruction or immediate primary re-alignment can be performed (Grade C, 
EAU) [18].
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19.5	 �External Genitalia Trauma

The most common injuries involving the external genitalia are penile fracture, tes-
ticular rupture, and penetrating penile injury.

19.5.1	 �Penile Trauma

About 20–30% of penile fractures may involve the corpus spongiosum, while only 
10–20% of penile fractures involve the urethra [93]. It usually consists of the disrup-
tion of the tunica albuginea of one or both corpus cavernosum due to blunt trauma 
to the erect penis during sexual intercourse. It can be accompanied by partial or 
complete urethral rupture, or injury of the dorsal nerve and vessels [94, 95]. Tunica 
albuginea is one of the strongest fascias in the human body. One reason for the 
increased risk of penile fracture is that the tunica albuginea stretches and thins sig-
nificantly during erection: in the flaccid state, it is up to 2.4 mm thick; during erec-
tion, it becomes as thin as 0.25–0.5 mm.

Common clinical findings of penile fracture are penile swelling, hematoma, 
ecchymosis, and deformity; suspicion of urethral injury increases with the presence 
of blood at the external meatus (Grade B, AUA) [1].

Corporal or urethral rupture contained by Buck’s fascia leads to dissection of 
urine and blood along the penile shaft. Rupture through Buck’s fascia results in 
extravasation of blood and urine through superficial layers (scrotum, suprapubic 
area, and perineum).

If the extravasation is contained by Colles’ fascia, it may be shown by a charac-
teristic “butterfly sign” in the perineum [96].

Regarding the role of imaging studies in the diagnosis of penile fracture, there is 
still some controversy. Some studies showed the usefulness of ultrasound, cavernosog-
raphy, and MRI, with a superiority of MRI in identifying corporal injury [97]. When 
penile fracture with suspected concomitant urethral injury is present, an evaluation is 
performed with retrograde urethrography or urethroscopy (Grade B, AUA).

Conservative management with nonsteroidal analgesics and cold compresses is 
recommended for subcutaneous haematoma [18]. Closure of the tunica albuginea is 
recommended (Grade B, AUA, and EAU) to prevent erectile dysfunction and penile 
curvature [98]. Urethral injury should be repaired at the same time as the repair of 
the penile fracture [18].

Immediate intervention has been associated with shorter duration of hospital 
stay, higher levels of patient satisfaction, and improved outcomes including reduced 
incidence of erectile dysfunction, stricture and curvature, and with better functional 
outcome such as voiding capability and sexual activity [99, 100]. A palpable penile 
fibrosis is a common long-term complication with an incidence ranging from 41% 
up to 93% [101, 102].

For penetrating penile trauma, physical examination is sufficient for evaluation. 
Penetrating penile injury is accompanied by concomitant urethral injury in 11–29% 
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of cases [103]. Surgical exploration with conservative debridement and primary clo-
sure of the tunica albuginea is recommended. If there is extensive skin loss, recon-
struction with a full-thickness skin graft is superior to a split-thickness skin graft 
[18, 104].

Animal and human bites are associated with high risk of wound infection. 
Besides debridement and closure, targeted antibiotics according to the most com-
mon associated pathogen should be given. Additionally, the rabies vaccine, hepatitis 
B vaccine, and/or HIV post-exposure prophylaxis should be considered [2, 18].

In case of traumatic penile amputation, the amputated appendage should be 
wrapped in saline-soaked gauze, placed in a plastic bag, and placed in a second bag 
filled with ice during transport. The appendage should then be re-implanted as soon 
as possible (Clinical Principle, AUA), within 24 h of amputation (EAU) [1].

19.5.2	 �Scrotal Trauma

Testicular rupture is found in approximately 50% of direct blunt trauma to the 
scrotum [105]. Testicular rupture is characterized by scrotal ecchymosis and 
swelling and also difficulty in identifying the contours of the testicle on examina-
tion. Scrotal ultrasound is recommended by the EAU for the evaluation of scrotal 
trauma. Surgical exploration is recommended for suspected testis rupture to pre-
vent complications such as ischemic atrophy of the testis and infection (Grade B, 
AUA, and EAU). After conservative surgical debridement of non-viable tissue, 
the tunica albuginea should be closed. The tunica vaginalis can be used for clo-
sure if primary closure of tunica albuginea is not possible (Expert Opinion, 
AUA) [18].

Conservative management is recommended for minor intratesticular hematomas 
with observation, nonsteroidal analgesics, and ice packs [106]. If a major intrates-
ticular hematoma is discovered, surgical drainage is indicated to prevent secondary 
infection or pressure atrophy [107]. If scrotal trauma results in skin defects, primary 
closure is typically possible due to the elasticity of scrotal skin [104]. Debridement 
should be limited to non-viable tissue as the patient may need multiple reconstruc-
tive procedures (Grade B, AUA).

19.5.3	 �Female External Genitalia Trauma

The first step in the evaluation of female external genitalia injury is the consider-
ation of sexual abuse. The most common sign of external genitalia trauma is blood 
at the vaginal introitus. With an injury to the female external genitalia, imaging with 
ultrasound, CT, or MRI should be performed to evaluate for additional injuries. 
Primary closure of vaginal injuries is recommended to prevent fistula formation. 
Conservative management with nonsteroidal analgesics and ice packs is recom-
mended if there is no vaginal tear [18].
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Blunt Abdominal Trauma

Konstantinos Nastos

20.1	 �Introduction: Blunt Force Trauma

Trauma is a major cause of morbidity and mortality, especially in the age group 
under 35 years old. Although trauma patients vary in respect to the presenting sever-
ity, as well as the etiology of injury, blunt trauma seems to be the leading cause of 
the majority of serious traumatic injuries. The most frequent cause of blunt trauma 
is associated with motor vehicle accidents, involving passengers as well as pedestri-
ans. Another major cause of injury associated with blunt trauma are falls, direct 
assaults either in terms of domestic violence or aggressive social behavior, and work 
accidents.

The general classification of blunt trauma involves contusion, abrasion, lacera-
tion, and fracture. The severity of these types of injury vary and is directly related to 
the causing mechanism and the associated impact force.

20.2	 �Liver Trauma

20.2.1	 �Introduction

Liver trauma is the second in frequency site of solid organ injury from blunt trauma 
in the abdominal cavity. Due to the mechanism of injury, liver trauma is most com-
monly associated with other injuries as well, most frequently with thoracic or pleu-
ral injuries. Three basic mechanisms of injury have been described in blunt 
non-penetrating liver trauma: acceleration injury, deceleration injury, and compres-
sion injury [1].
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Acceleration injury is the type of injury that occurs after the force is applied in 
the anterior or lateral chest or abdominal wall. This moves the abdominal wall and 
forces the underlying liver to accelerate. Depending on the exact site and direction 
of the force, there are different resulting injuries associated with this type of trauma. 
The part of the liver most frequently involved in acceleration injury is the right lobe 
in over 60% of cases. This can be explained by the increased mass of the right lobe 
of the liver compared to the left lobe, and usually this type of injury is also associ-
ated with injury to the coastal margin and the rib cage, as in normal circumstances 
the right and the left lobes of the liver are protected by the ribs. When the direction 
of the injury involves the right lateral chest wall, the posterior lobe of the liver 
which is relatively immobilized by the right triangular ligament stays immobile 
while the right anterior lobe of the liver accelerates, thus creating lacerations in the 
margin between the right posterior and right anterior segments of the liver. When 
the direction of the force is from the anterior to the posterior part of the abdomen, 
the right lobe of the liver is accelerated and pushed backwards while the left lobe 
and the right posterior lobe are immobilized by the falciform ligament and the infe-
rior vena cava (IVC), respectively. This creates a laceration along the plane of 
Cantlie’s line. Injuries to the left lobe of the liver are more infrequent as the mass of 
the left lobe is relatively smaller and is in greater part protected by the sternum and 
the ribs. However, when acceleration injury occurs from the anterior of the abdomi-
nal and chest wall, the liver is lacerated in either side of the falciform ligament 
according to the direction of the force.

Deceleration injury occurs during an accident or a fall, when the liver which has 
the same velocity as the whole body continues to move after a sudden stop from 
impact due to inertia. When this happens, there are two distinct phases of the injury: 
the first one is associated with the crushing injury of the liver on the anterior abdom-
inal/thoracic wall during the collision due to its inertia, and the second type of injury 
is associated with the collision of the liver after the impact to the posterior abdomi-
nal wall. In addition, during this sequence, the liver is torn from its ligaments usu-
ally at the right triangular ligaments involving the right posterior lobe of the liver [2].

The third mechanism of injury is crushing injury of the liver, which is associated 
with very high-speed accidents and with accidents of increased violence. Due to the 
increased mass of the right lobe of the liver and its incompressibility, when the rib 
cage is forced into the abdominal cavity, the liver parenchyma is compressed 
between the ribs and the vertebrae, crushing the parenchyma between these two 
structures. All the above mechanisms have been investigated and validated in bio-
mechanical models of blunt abdominal trauma [3].

20.2.2	 �Classification of Blunt Liver Injury

Classification of liver injuries has been a major concern over the last decades, and 
there are multiple scoring systems that have been adopted through the years, includ-
ing Moore’s score  which is based on the organ injury scale of the American 
Association for the Surgery of Trauma, which has been used as the classification 
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system of choice for the description of liver injuries. For a long time, an attempt has 
been made to associate liver injuries with CT findings, in order to be able to classify 
the patients according to their need for immediate operative management or to an 
attempt for conservative nonoperative treatment. To date, the most important param-
eter for deciding if a patient is suitable for nonoperative management is hemody-
namic stability and other concomitant injuries to organs that necessitate immediate 
operative intervention. This has not been incorporated to liver injury classification 
systems until recently [4]. In 2016, the World Society for Emergency Surgery has 
adopted a new classification system that allocates patients based on CT findings, in 
addition to hemodynamic stability and other related injuries.

The old American Association for the Surgery of Trauma (AAST) classification 
of liver injury [5] is depicted in Table 20.1:

The World Society for Emergency Surgery (WSES) has divided hepatic injury 
into three major categories: minor (Grade I), moderate (Grade II), and severe (Grade 
III and IV) hepatic trauma [6]. Table 20.2 summarizes the criteria for staging liver 
injuries according to the new classification system:

Table 20.1  The American Association for the Surgery of Trauma classification of liver injury

Grade
Type of 
injury Description of injury

I Hematoma Subcapsular, <10% surface area
Laceration Capsular tear, <1 cm parenchymal depth

II Hematoma Subcapsular, 10–50% surface area, intraparenchymal <10 cm in diameter
Laceration Capsular tear 1–3 parenchymal depth, <10 cm in length

III Hematoma Subcapsular, >50% surface area of ruptured subcapsular or parenchymal 
hematoma; intraparenchymal hematoma >10 cm or expanding

Laceration >3 cm parenchymal depth
IV Laceration Parenchymal disruption involving 25–75% hepatic lobe or 1–3 

Couinaud’s segments
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

From Moore et al. [5]

Table 20.2  The World Society for Emergency Surgery classification for liver injury

WSES grade AAST Hemodynamic CT scan First-line treatment
Minor WSES Grade I I–II Stable
Moderate WSES Grade II III Stable Yes + local 

exploration in 
SW#

Nonoperative 
management—serial 
clinical/laboratory/
radiological evaluation

Severe WSES Grade III IV–V Stable
WSES grade IV I–VI Unstable No Operative management

From Coccolini et al. [6]
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Minor and moderate hepatic injuries include patients who are hemodynamically 
stable and include injuries classified as Grade I, II, III, according to the AAST clas-
sification system, while severe hepatic injuries  include patients who were previ-
ously classified as Grade IV, V, and VI hemodynamically stable injuries according 
to the AAST grading system, as well as any injury that is associated with hemody-
namic instability of the patient [6].

20.2.3	 �Management of Blunt Liver Injury

Management has shifted during the last decades from an aggressive operative 
approach in the majority of patients to a more conservative approach in most cases 
[7]. Aggressive strategy includes an attempt to stop hemorrhage as soon as possible 
in order to avoid the complications of shock and transfusion and reperfusion injury 
associated with shock liver syndrome. In addition, any possible bile leaks are 
addressed at the time of initial operation. However, evidence has shown that most 
patients with hemorrhage due to lacerations in the liver parenchyma stop bleeding 
spontaneously. In addition, bile leaks are not frequently seen in superficial lacera-
tions, and as a result, patients can undergo conservative treatment, avoiding lapa-
rotomy in suboptimal conditions (hypothermia, acidosis, and coagulopathy). WSES 
classification has made the stratification of patients to either strategy more effective 
[6]. In addition, interventional radiology and the widespread use of endoscopic ret-
rograde cholangiopancreatography (ERCP) with interventions in the biliary tract 
has made nonoperative management even more appealing and successful. Current 
evidence suggests that minor and moderate injuries according to the WSES classifi-
cation can be treated conservatively with very good outcomes (success rates of over 
92% for minor and 80% for moderate injuries have been reported) [8]. In addition, 
the bile leak rates for minor and moderate liver injuries have been reported to be 
from 0% to 12%, respectively [6]. The nomenclature of the recent WSES classifica-
tion system takes into account the hemodynamic stability of patients, as patients 
with minor or moderate injuries can be hemodynamically unstable in some cases, 
and thus should be managed with an emergency laparotomy, whereas some of the 
more severe hepatic injuries can present with hemodynamic stability, and thus, a 
conservative management with the assistance of embolization techniques and ERCP 
interventions can lead to favorable outcomes, avoiding unnecessary hospital stay 
and intraoperative complications.

In a patient who is hemodynamically stable but requires continuous transfusions, 
angiographic embolization could also prevent an unnecessary emergency laparotomy. 
Naturally, conservative management should be employed in centers that can support 
such an approach, where an immediate access to the operating room and surgical 
intervention is possible in a 24-h basis, and when invasive radiology techniques are 
readily available. When a nonoperative approach is selected, the patient should be 
carefully followed up either clinically or radiographically with the use of CT scans for 
early identification of complications, which can occur in a significant portion of 
patients with major liver injuries, such as biloma formation, hepatic abscess, biliary 
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peritonitis, and liver insufficiency [9]. In a conservatively treated patient, all of these 
complications should also be attempted to be treated conservatively.

Operative management of blunt liver trauma should be avoided and only be cho-
sen in cases of severe grade injuries or in injuries accompanied with hemodynamic 
instability and other organ injuries, since the major cause of mortality and death in 
these patients is continuous hemorrhage that cannot be treated efficiently [10]. 
Intraoperatively, the surgeon should try to identify the source of bleeding; many 
times, this can be associated with injuries in multiple foci in the liver, especially in 
deceleration injuries. Minor lacerations and parenchymal tearing can be managed 
with simple techniques, such as manual compression of the liver until hemostasis 
has been achieved, by suturing liver parenchyma and by using energy sources such 
as electrocoagulation, argon beam coagulation, etc. When the liver parenchyma is 
massively injured leading to tearing of major hepatic veins, more advanced tech-
niques are necessary [11]. However, in the setting of an emergency laparotomy, the 
nomenclature of damage control surgery should be applied [12]. The most com-
monly performed maneuver should be immediate packing of the liver if this can 
prevent further exsanguination. In any case, a simultaneous attempt to reverse the 
lethal triad should be pursued by the anesthetic team. In case of successful hepatic 
packing, the patient should be returned to the ICU (intense care unit) and resusci-
tated improving hemodynamical parameters and after 24 to 48 hours a more defini-
tive form of repair should be attempted. If this is not possible during the initial 
operation, then other maneuvers such as emergency ligation of vessels in the level 
of the hepatic veins or the porta hepatis, balloon tamponade, shunting procedures, 
and vascular isolation of the liver either in the form of Pringle maneuver or com-
plete vascular isolation should be performed [11]. Anatomic hepatectomies should 
be avoided in the emergency setting as atypical hepatic resections seem to be safer 
and more easily performed in the acute situation. When arterial hemorrhage cannot 
be managed inside the liver parenchyma, hepatic artery ligation can be performed in 
the porta hepatis. However, this is associated with late complication involving 
hepatic necrosis, abscess and biloma formation, in addition to intrahepatic stenosis 
of the bile tree. In these situations, mortality is high [13].

20.3	 �Splenic Injury

20.3.1	 �Introduction

The spleen is, by most studies, reported as the most commonly injured solid organ 
in trauma patients. The spleen has functions that render it indispensable for patients, 
especially during childhood. It is located in the left upper quadrant of the abdomen 
and protected by the left coastal margin. The splenic capsule is a thin layer and actu-
ally a continuity of the visceral peritoneum. The spleen is immobilized through its 
ligaments, which connect the splenic capsule to the parietal peritoneum. Intrasplenic 
vascular anatomy plays a significant role in the mechanics of splenic injury. In 
detail, arterial branches start from the hilum and enter the splenic parenchyma with 
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a transverse course leading to separate segments within the spleen [14]. If any lac-
eration occurs in parallel with these vessels, then usually there is no vascular injury 
or severe blood exsanguination (vascular blush) seen in the CT scan. If, however, 
the laceration of the spleen is perpendicular to the course of these vessels, then usu-
ally vascular involvement occurs. The spleen has a discrete physiology as it is part 
of the reticuloendothelial system; its role is to store and metabolize erythrocytes 
and platelets and has a major role in the function of the immune system by destroy-
ing encapsulated bacteria. Consequently, patients that undergo splenectomy are 
prone to infectious diseases, may need long-term antibiotic prophylaxis and are also 
prone to severe sepsis, mainly due to Streptococcus pneumoniae, Neisseria menin-
gitidis, and Hemophilus influenza for which patients undergoing splenectomy are 
advised to be vaccinated [15].

20.3.2	 �Mechanism of Injury to the Spleen

The most common type of blunt injury to the spleen are automobile-related acci-
dents, followed by falls and force applied directly on the abdominal cavity with 
physical contact. As in the case of the liver, the exact mechanisms involved vary 
according to the force and direction of the impacting force. Spleen is prone to accel-
eration, deceleration, and compression injury. Most usually, however, it is the result 
of deceleration injury. Injury occurs either in the form of parenchymal laceration 
with an intact capsule, or in the form of concomitant parenchymal and capsular 
rupture. The first type is associated with intraparenchymal hematomas, the second 
one is manifested with the presence of hemoperitoneum. The third type of injury is 
direct injury to the hilar vessels.

20.3.3	 �Imaging and Classification

Clinical diagnosis is based on radiographic findings and on the suspicion of a splenic 
injury based on the mechanism of the accident. The first imaging modality used, 
which is the gold standard for the initial evaluation of a splenic capsule rupture, is 
the ultrasound scan (FAST) which has a high sensitivity to detect splenic trauma 
that causes hemoperitoneum. However, this is not a definite diagnostic modality, as 
it does not describe the degree of the splenic injury and can sometimes not be reli-
able in detecting intraparenchymal injury that does not incorporate capsular tear and 
hemoperitoneum. Further evaluation with a CT scan is warranted, but only in the 
situation where the patient is hemodynamically stable, in order to further evaluate 
the degree of injury and guide further treatment. After the CT scan is performed, the 
patient is classified according to the AAST splenic injury scale as shown in the fol-
lowing Table 20.3:

As in the case of liver injuries, this is a classification which describes anatomi-
cally the injury to the spleen and the extent of this injury, in addition to the participa-
tion of vascular injury, either intraparenchymal or in the hilum of the spleen. More 
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recently, the World Society of Emergency Surgery (WSES) has incorporated their 
own classification in order to further facilitate the management of patients with 
blunt splenic trauma and assign them to either a nonoperative management strategy 
or to immediate operative management [16]. In this more recent classification, the 
hemodynamic stability of the patient has been taken into account, and as a result, 
splenic trauma has been categorized into three categories of injury: minor, moder-
ate, and severe (Table 20.4).

Minor splenic injuries consist of AAST Grade I and II injuries in hemodynami-
cally stable patients; moderate splenic injuries correspond to AAST Grade III inju-
ries, in addition to more severe injuries (Grade IV and V) in patients who are also 
hemodynamically stable; severe splenic injury consists of any type of injury (Grade 
I–V) which causes hemodynamic instability and in which the patient cannot be 
rendered stable after the initial resuscitation. Criteria of hemodynamic instability 
include systolic blood pressure (SBP) <90 mmHg with evidence of shock, altered 
level of consciousness and shortness of breath, and requirement of more than 
4–6 units of packed red blood cells (PRBC) in the first 24 h [16].

Table 20.3  The American Association for the Surgery of Trauma classification for splenic injury

Grade Injury type Description of injury
I Hematoma Subcapsular, <10% surface area

Laceration Capsular tear, <1 cm parenchymal depth
II Hematoma Subcapsular, 10–50% surface area; intraparenchymal, <5 cm in diameter

Laceration Capsular tear, 1–3 cm parenchymal depth that does not involve a trabecular 
vessel

III Hematoma Subcapsular, >50% surface area or expanding; ruptured subcapsular or 
parenchymal hematoma; intraparenchymal hematoma ≥5 cm or expanding

Laceration >3 cm parenchymal depth or involving trabecular vessels
IV Laceration Laceration involving segmental or hilar vessels producing major 

devascularisation (>25% of spleen)
V Laceration Completely shattered spleen

Vascular Hilar vascular injury that devascularizes spleen

From Moore et al. [5]

Table 20.4  The World Society for Emergency Surgery classification for splenic injury

WSES 
class AAST

Hemodynamic 
status

CT 
scan First-line treatment in adults

Minor WSES I I–II Stable Yes Nonoperative management + serial 
clinical/laboratory/radiological 
evaluation

Moderate WSES II III Stable Consider 
angiography-angioembolization

WSES III IV–V Stable Nonoperative management
All angiography/angioembolization + 
serial clinical/laboratory/radiological 
evaluation

Severe WSES IV I–V Unstable No Operative management

From Coccolini et al. [16]
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20.3.4	 �Management of Patients with Splenic Trauma

As in other cases of intra-abdominal blunt trauma, a nonoperative approach has 
been employed gradually during the last decades, in order to avoid the complica-
tions associated with laparotomy. Although the nonoperative management of Grade 
I, II, and III splenic injuries has been established, recently, evidence has shown that 
a nonoperative management should be attempted even in high-grade splenic injury 
(Grades IV and V) as long as the patient is not hemodynamically unstable. This, of 
course, as in any other situation, should be performed only in a specialized hospital 
setting with the facility of interventional radiology providing angiography and 
angioembolization, as well as access to immediate surgical intervention [17].

 During the last decades, studies have attempted to address issues that include the 
criteria for conservative treatment, the possibility of secondary bleeding after con-
servative treatment as well as the role of interventional radiology.  

Recent guidelines from the WSES have attempted to elucidate the above issues. 
Nonoperative management of the majority of splenic injuries has led to a rate of 
success of nearly 90%. Although patient age, grade of injury, the volume of hemo-
peritoneum (260–500 mL), and the presence of vascular abnormalities of the spleen 
during imaging have been associated as risk factors for failure of nonoperative man-
agement, it seems that the findings of the studies addressing this issue are not uni-
form, and consensus cannot be found within the literature [18]. This is reflected in 
the guidelines, where a nonoperative approach is recommended undependably from 
the presence of any of these risk factors [16].

The use of angiography and angioembolization should be adopted when readily 
available in the hospital; however, this has not been shown to be effective for all 
cases of blunt splenic trauma [19]. Routinely performing an angiography after CT 
scan in all patients, including patients with Grade I and II injuries, has failed to 
show significant positive yield and further attempt to angioembolization, which 
seems to be lower than 10%. In contrary, in patients with Grade III, IV, and V inju-
ries, angiography and possibly angioembolization, if a vascular injury is diagnosed, 
seems to be of benefit in increasing the success rate of nonoperative management 
[20]. In addition, it is not yet fully clear if an angioembolization should be per-
formed routinely, even if a contrast blush is not seen during angiography, in patients 
that had a positive finding of contrast blush in the CT scan. Finally, angiography 
should be performed in patients that have been managed nonoperatively and 
although hemodynamically stable have a steady decrease in hemoglobulin or con-
tinue to require transfusions.

Operative management should be decided in patients that are hemodynamically 
unstable or that have other associated injuries that require surgical intervention [21]. 
Of course, an operative management should be decided early if the patient has high-
grade injuries and intensive monitoring is not safe in the center that they are hospi-
talized. During the operation, although splenectomy is the traditional operation 
performed, there are reports of attempts to salvage damaged parenchyma in order to 
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preserve the immunological function of the spleen. There is no evidence to date that 
supports this strategy. Finally, the use of minimally invasive techniques seems to be 
contraindicated in this setting.

In terms of follow-up, patients with moderate and severe lesions should be clini-
cally and biochemically observed with immobilization in bed for at least 3 days. In 
Grade I and II injuries, a repeat CT scan is not always needed if the patient is hemo-
dynamically stable and with no clinical signs of intraperitoneal hemorrhage or labo-
ratory evidence of decreasing hematocrit levels. If these occur, a repeat CT scan 
should be performed in order to evaluate the healing process of the spleen. In addi-
tion, in moderate and severe lesions (AAST Grade III, IV, and V), a repeat CT scan 
seems to be appropriate. The recommended duration of hospital stay is at least 
5 days, and this is recommended due to the fact that most emergency operations in 
patients that are initially treated conservatively occur within this time frame and in 
the majority of cases within the first 3 days. Return to normal physical activity can 
be recommended  3  weeks after operative management of splenic injury or after 
8–12 weeks following nonoperative treatment [22].

20.4	 �Pancreatic Trauma

20.4.1	 �Introduction

Pancreatic injury is rarely seen in multitrauma patients, and its incidence is rela-
tively low. Most commonly, pancreatic injury takes place in penetrating trauma, and 
only a few cases are caused by blunt trauma. The most common related mechanism 
is crushing injury of the pancreas due to compression of the upper abdomen from 
the steering wheel in car accidents upon the bodies of the patient’s vertebrae. Late 
diagnosis is the most common problem associated with pancreatic injury, and this is 
caused by a lack of clinical signs and symptoms due to its location in the retroperi-
toneum. Most common site of injury is the body of the pancreas, followed by the 
head and the tail. Due to its position in the retroperitoneum and its surrounding 
retroperitoneal fat and other organs, blunt pancreatic injury is very commonly asso-
ciated with other organ injuries. Likewise, any patient with multiple organ injuries 
should be considered a candidate for pancreatic injury [23].

20.4.2	 �Diagnosis and Classification of Pancreatic Injury

Apart from the typical pathophysiologic mechanism of injury, there are no other 
clear clinical signs of blunt pancreatic trauma. Diagnosis is made after clinical sus-
picion by the mechanism of injury and elevated serum amylase levels. However, this 
lacks specificity as increased amylase may be absent at the time of patient evaluation.
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The clinical manifestation of blunt pancreatic trauma may vary and involves a wide 
spectrum from acute pancreatitis caused by soft tissue injury, to laceration and tearing 
of pancreatic parenchyma and major pancreatic duct disruption. The most common 
site of pancreatic duct disruption is at the junction of the body and tail, where the 
mechanical force of the impact shears the pancreas upon the bodies of the vertebrae.

Morbidity and mortality from blunt pancreatic trauma are increased due to mis-
diagnosis of injury to this organ. Laboratory investigations are not very helpful in 
diagnosing blunt pancreatic trauma, as raised amylase concentration in blood may 
be associated with injury of the salivary glands, the duodenum, and also be present 
in intoxicated patients that have undergone an accident. On the other hand, diagnos-
tic peritoneal lavage may reveal increased amylase levels due to bowel or duodenal 
injury. Both conventional radiography and abdominal ultrasound scanning are not 
diagnostic of blunt pancreatic trauma. However, computed tomography (CT) scan 
may provide helpful information in order to diagnose this type of injury. CT is the 
examination of choice for any hemodynamically stable patient and can provide indi-
rect signs of blunt pancreatic injury. These may include direct evidence of laceration 
or transection of the pancreatic body, or focal pancreatic edema, and nonhomoge-
neous enhancement in arterial phase. In addition, hematoma formation and fluid in 
the retroperitoneum should lead to the suspicion of this kind of injury. Although 
computed tomography may provide direct or indirect information suggesting pan-
creatic injury, usually it does not provide useful information about the continuity of 
the pancreatic duct [24]. For the diagnosis of major duct disruption, Magnetic 
Resonance Cholangiopancreatography (MRCP) should be used. MRCP has a high 
specificity for the diagnosis of this kind of injury, and if disruption is found, early 
Endoscopic Retrograde Cholangiopancreatography (ERCP) should be performed in 
order to attempt an intraductal stent placement to restore the continuity of a partially 
disrupted or even a fully disrupted major pancreatic duct [25]. This of course has to 
be performed in a hemodynamically stable patient, and in any other case, surgical 
exploration should be performed and pancreatic injury addressed intraoperatively.

The American Association for the Surgery of Trauma has classified pancreatic 
trauma, as shown in Table 20.5:

Although this classification describes the severity of pancreatic injury, management 
of blunt pancreatic trauma is also dictated from coexisting injuries to other organs [27].

Table 20.5  The American Association for the Surgery of Trauma classification of pancre-
atic injury

Grade Type of injury Description of injury
I Hematoma Minor contusion without duct injury

Laceration Superficial laceration without duct injury
II Hematoma Major contusion without duct injury or tissue loss

Laceration Major laceration without duct injury or tissue loss
III Laceration Distal transection or parenchymal injury with duct injury
IV Laceration Proximal transection or parenchymal injury involving 

ampulla
V Laceration Massive disruption of pancreatic head

From Moore et al. [26]
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20.4.3	 �Management of Patients with Pancreatic Injury

Patients who present with intra-abdominal hemorrhage or intraluminal spillage in 
the abdominal cavity should be managed surgically for the coexisting injuries, and 
drainage should also be performed in the retroperitoneal region in the area of pan-
creatic injury. In case of a hemodynamically stable patient and no other major 
abdominal injuries, then pancreatic trauma should be managed according to its 
severity. In simple contusions or superficial lacerations (Grade I), conservative man-
agement should be performed according to the basic principles of pancreatitis man-
agement (bowel rest, nasogastric suction, and nutritional support). In cases where 
injury is more than a simple contusion and the main pancreatic duct has been injured 
(Grade III), then ERCP-guided stent placement is the procedure of choice [28]. 
However, if ERCP-guided stenting is not available, any transection of the pancreatic 
parenchyma involving ductal injury should be treated with surgery, and usually this 
consists of resecting the pancreas or draining the site [29]. Other more complex 
operations, including Whipple’s procedure, could be used in injury of the pancreatic 
head, provided that the patient is hemodynamically stable. Other options in Grade 
III transections include conservation of pancreatic parenchyma, especially if the 
abdominal cavity is clean from any other contamination and there is no peritonitis 
present. In these cases, the patient can be subjected to full transection of the pan-
creas followed by a jejunal Roux-en-Y anastomosis to the distal pancreas. The cen-
tral pancreas is sutured and drained. In Grade IV and V injuries, more complex 
operations involving the pancreatic head may be required. In case of a Grade IV 
injury with no compromise of the duodenum, simple drainage and washup can be 
attempted; however, in pancreatic head disruption, a pancreatoduodenectomy may 
be necessary. Finally, in Grade V injuries, a major parameter that dictates the sur-
geon’s possible steps are the concomitant injuries to other organs, which also pre-
dict morbidity and mortality.

Recent reports have systematically reviewed the existing literature for an 
evidence-based approach to pancreatic injury. All of the above are summarized in 
recent guidelines [30]. It is recommneded that patients with Grade I or II injuries 
should be treated conservatively after diagnosis with a CT scan; patients with Grade 
III and IV injuries should be led to the operating theater, although this is not con-
firmed by all of the studies. If a patient is found to have a Grade I or II pancreatic 
injury during a laparotomy performed for damage control, then the suggestion is to 
perform simple drainage; whereas in patients with Grade III and IV injuries, resec-
tion of the injured pancreatic site should be performed in order to prevent fistula 
formation and septic complications [29]. Finally, in Grade V injuries, it is not clear 
if a formal pancreatoduodenectomy or simple drainage is the preferred treatment of 
choice, as evidence is quite limited for this patient group.
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21.1	 �Introduction

The term “blast” is used to define the anatomical lesions and the clinical syndrome 
caused by the exposure of the organism to the effects of a shock wave resulting from 
an explosion. An explosion is an exothermic chemical reaction that transforms, in a 
very short time, a liquid or solid body into gas, schematically with three compo-
nents: the shock wave, the airflow, and the heat. This sudden release of gases causes 
a large increase in pressure, known as a blast wave, which radiates in all directions 
away from the source.

According to the environment in which the shock wave propagates, blast is dis-
tinguished in air, liquid, or solid environments: The medium in which the wave is 
traveling affects its propagation; liquids transmit a stronger pressure wave over a 
longer distance, thereby giving underwater explosions a different injury pat-
tern [1, 2].

The explosions may be the result of domestic or industrial accidents, but recently, 
most of these events are due to terror acts or war, with blast injuries causing serious 
physical and psychological injuries. Most of the terror acts and war blast injuries are 
events with mass casualties. In such scenarios it is crucial to understand the patho-
physiology of blast injuries to provide a better diagnosis and prompt treatment to 
the victims.
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The knowledge and the early identification of the explosive type and nature can 
also help to provide a better clinical, diagnostic, and management approach.

21.2	 �Classification of Explosive

Explosives are classified as high-order explosives (HE) or low-order explosives 
(LE) due to their speed of detonation:

•	 High-order explosives produce an overpressure shockwave. This type of explo-
sives does not burn, but instead detonates when a shock wave passes through the 
material with a high velocity, generating a substantial blast overpressure, even if 
unconfined. Among the high-order explosives: TNT, C-4, Semtex, nitroglycerin, 
dynamite, and ammonium nitrate fuel oil (ANFO) [1, 2].

•	 Low-order explosives cause a subsonic explosion and lack of shock wave over-
pressure of high explosives. Low-order explosives burn rapidly through a pro-
cess of deflagration and produce large volumes of gas that only explode if 
confined. Among the low-order explosive: bombs, firearms, and most pure oil-
based bombs, like Molotov cocktails [1, 2].

21.3	 �Mechanisms of Blast Injury

The effects of the shock wave are related to different factors like the initial size of 
the explosion, the surrounding medium (water is a dense medium with low elastic 
properties), and the distance from the explosion (the effect is inversely proportional 
to distance) [3].

Furthermore, pressure variations produced by the shock wave are accompanied 
by high-velocity winds that can accelerate light surrounding objects transforming 
them into potentially penetrating objects.

The nature of the blast injuries depends upon the tissue characteristics that are 
exposed to the blast wave phenomenon [4]. When the blast front (which is the lead-
ing edge of the blast wave) reaches an object or the human body itself, it causes an 
almost instantaneous rise in the atmospheric “static pressure” which creates an 
immediate positive pressure shift which is responsible for the tissue damage [4].

The human body tissue damage is directly proportional to the duration of the blast 
wave. As the blast wave moves in the air in the speed of sound, the damage is higher in 
a medium with reduced acoustic impendence such as water and close environments [4].

The following negative phase of the blast wave, called “blast wind,” can also be 
responsible for blast injuries produced by stress and shear waves. Furthermore, in 
this phase, a partial vacuum is created, and air is sucked in. Turbulent movement of 
air following the blast wave can cause debris to be thrown to long distances from the 
explosive source [4].
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The lesions caused by the explosion are categorized into five categories of inju-
ries associated with the shock wave, primary, secondary, tertiary, quaternary, and 
quinary, according to the American Department of Defense Directive [5] 
(Table 21.1).

The victims of a blast trauma usually will present with multiple injuries which 
will haze this classification and will create what has been defined as a multidimen-
sional injury [1, 6].

21.3.1	 �Primary Blast Injury (PBI)

The primary blast injuries are due to overpressure blast wave that affects mainly the 
hollow organs or other body parts that are composed of structures with an interface 
of liquid air or air-filled structures like lungs, blood vessels, gastrointestinal tract, 
and tympanic membrane.

Table 21.1  Classification and mechanism of blast injury

Category Characteristics Body part affected Types of injuries
Primary Unique to high-order 

explosives, results from the 
impact of the 
overpressurization wave with 
body surfaces

Gas-filled 
structures are 
most 
susceptible—
lungs, GI tract, 
and middle ear

Blast lung (pulmonary 
barotrauma), TM rupture and 
middle ear damage, 
abdominal hemorrhage and 
perforation, globe (eye) 
rupture, concussion (TBI 
without physical signs of head 
injury)

Secondary Results from flying debris and 
bomb fragments

Any body part 
may be affected

Affected, penetrating ballistic 
(fragmentation) or blunt 
injuries, eye penetration (can 
be occult)

Tertiary Results from individuals 
being thrown by the blast 
wind

Any body part 
may be affected

Fracture and traumatic 
amputation, closed and open 
brain injury

Quaternary All explosion-related injuries, 
illnesses, or diseases not due 
to primary, secondary, or 
tertiary mechanisms. Includes 
exacerbation or complications 
of existing conditions

Any body part 
may be affected

Burns (flash, partial, and full 
thickness), crush injuries, 
closed and open brain injury, 
asthma, COPD, or other 
breathing problems from dust, 
smoke, or toxic fumes, 
angina, hyperglycemia, 
hypertension

Quinary Morbidity and injuries 
resulting from nonprojectile 
additives to explosives, as 
well as any environmental 
contamination

Any body part 
may be affected

Bacteremia from bacteria-
laded bombs, radiation from 
dirty bombs
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21.3.2	 �Secondary Blast Injuries

Secondary blast injuries are the injuries that are caused by flying objects, debris, or 
bomb fragments physically displaced by the overpressure wave or the wind wave 
and present as a combination between a penetrating organ injury and a blunt trauma 
[1]. These are common to any type of explosions and account for the largest class of 
injuries [4].

The secondary blast injuries are more common than the primary blast injuries 
due the fact that the distance over which the fragments travel is much longer than 
the distance that the blast wave propagates [2]. Therefore, secondary blast injuries 
can be seen in patients located hundreds and thousands of meters away from the 
explosion’s site, while primary blast injury is usually seen in injured patients who 
were at the explosion’s site [7].

21.3.3	 �Tertiary Blast Injuries

Tertiary blast injuries are caused when the person is physically displaced through 
the air and impacts on another standing object by the overpressure wave or the blast 
wind. The resulting injury can be either penetrating or blunt injury, such as skull 
fractures; orthopedic injuries; head injuries; chest, abdominal, and pelvic injuries; 
traumatic amputations; and spinal cord injuries.

Structural collapse and entrapment can cause crush injuries and compartment 
syndrome.

It is clear that the strength of the explosion will determine the severity of the injury.

21.3.4	 �Quaternary Blast Injuries

Quaternary blast injuries include all injuries that are not part of the primary, second-
ary, or tertiary blast injury categories. Those injuries can be caused by exposure to 
resulting fire (burn injuries), toxic substance exposures (e.g., radiation, carbon mon-
oxide poisoning, cyanide poisoning), environmental exposure injury (thermic inju-
ries) asphyxia, and psychological trauma.

21.3.5	 �Quinary Blast Injuries

Quinary blast injuries include illnesses, injuries, and diseases resulting from post-
explosion environmental contaminants (e.g., bacteria, radiation). This category of 
blast injuries was suggested and inserts to the classification ultimately on the basis 
of a case series in which a hyperinflammatory state was seen in patients after a 
bombing in Israel [6, 8]. These patients manifested hyperpyrexia, diaphoresis, low 
central venous pressure, and a positive fluid balance [1].
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21.3.6	 �Blast Injury of Specific Organs

21.3.6.1	 �Pulmonary Injury
“The explosion lung injury” is a direct consequence of the overpressure wave of 
high explosives because of its substantial air-tissue surface area. In consequence, 
the explosion can cause a pulmonary hemorrhage and contusions, vascular air 
embolism, and a direct barotrauma. The manifestation of a lung blast injury is 
caused by disruption of the pulmonary structure (capillary walls, alveolar, lung 
parenchyma) causing hemorrhage and pulmonary edema. Later in time after 
12–24 h, an inflammatory response develops.

Thoraco-pulmonary lesions include hemorrhages and/or pulmonary contusions, 
alveolar rupture, pneumothorax, hemothorax, pneumomediastinum and subcutane-
ous emphysema, air embolism with possible departure of gaseous emboli, and cere-
bral infraction.

The pulmonary blast injury is the most common fatal injury among those who 
initially survive. About 17–47% of victims of explosions forces who died had pul-
monary primary blast injuries. It is has been reported that 71% of critically injured 
patients involved in explosions have a pulmonary injury.

The mortality rates range from 3% to 25%. However, for those who survive, a 
prompt diagnosis and resuscitation efforts are imperative, and long-term prognosis 
seems to be good.

The signs of the pulmonary explosion lesion are generally present admission, but 
in some cases, they were reported even after 48  h from the explosion, possibly 
caused by the late inflammatory response.

The clinical signs of pulmonary explosion lesion are characterized by the clinical 
triad composed dyspnea, cough, and hypoxia, and they are secondary to altered gas 
exchange and vascular shunting.

The other consequence of the blast pulmonary injury is air embolism caused by 
possible disruption of the bronco-vascular tree creating bronco-vascular fistulas. 
Those air embolisms can be fatal if they are massive and can cause a myocardial 
infraction, stroke, bowel ischemia, hemorrhagic, shock and death.

The presence of an explosion lung lesion should be suspected in all cases where 
there is dyspnea, cough, hemoptysis, and chest pain following or evidence of any 
other primary blast injuries. The explosion lung injury is recognizable in chest 
X-ray and characterized by a typical “butterfly” pattern, caused by bilateral pulmo-
nary infiltrates [1]. It is highly recommended to undergo an X-ray to all those who 
have been exposed to an explosion.

A chest CT scan should be considered if manifestations persist to avoid missed 
lesions on X-ray of the chest.

21.3.6.2	 �Auditory System Injury
The main explosion lesions of the ear system cause significant morbidity, but are 
often neglected. Auditory system lesions are the most frequently diagnosed in 
blast trauma.
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The lesion strongly depends on the orientation of the ear relative to the point of 
detonation. Perforation of the tympanic membrane is the most severe injury of the 
middle ear. The signs of the auricular lesion are generally present at the time of the 
initial evaluation and should be suspected in those with reduced hearing, tinnitus, 
otalgia, vertigo, bleeding from the external canal, perforation of the tympanic mem-
brane, or mucopurulent otitis.

A tympanic membrane perforation considered an indication for more prompt 
investigation for other primary blast injuries by either imaging or observation. On 
the other hand, asymptomatic patients without perforation of the tympanic mem-
brane have a very low probability to have other major primary blast injuries.

All patients exposed to an explosion should undergo an otolaryngology visit and 
an audiometric check.

The prognosis of patient with a tympanic membrane perforation is good, and 
usually it does not necessitate any further intervention. However, up to 30% of 
patients with a tympanic membrane rupture will have a permanent hearing loss [9].

21.3.6.3	 �Gastrointestinal Injury
The gastrointestinal tract injuries are less common than auditory and pulmonary 
blast lesions although they have a similar rate of occurrence in open-air blast 
explosions.

Gastrointestinal injuries occur more often in a setting of a closed space explo-
sions or underwater setting as blast waves travel more easily in water than air. 
Lesions of the gastrointestinal tract are commonly associated with thoraco-
pulmonary lesions and tympanic lesions [4]. Generally gastrointestinal injuries 
involve the fixed parts of the colon with perforation but can include any part of the 
gastrointestinal tract, which contains a certain quantity of air [9].

The sections of the gastrointestinal tract that contain gas are the most vulnerable 
to the effects of the explosion, which can cause immediate perforation of the intes-
tine, hemorrhage (from small petechiae and large hematomas) lesions to the mesen-
teric artery, lacerations of solid organs, and rupture of the testicles. The abdominal 
explosion lesions should be suspected in any patient exposed to an explosion and 
present abdominal pain, nausea, vomiting, hematemesis, rectal pain, tenesmus, tes-
ticular pain, hypovolemia without explanation, or any other signs that suggest an 
acute abdomen. Clinical signs may be absent until complications develop.

•	 Lesions of parenchymatous organs such as the spleen, the liver, or kidneys are 
associated with very high explosive pressures in patients placed at close dis-
tances from the source.

21.3.6.4	 �Occular Injuries
The incidence of eye blast injury is relatively high considering the small surface 
area of the eye.

Eye blast injury can be result of primary blast injury and can manifest as ocular 
hemorrhage, a globe rupture, or retinal detachment. However, eye injury is more 
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often a consequence of a secondary blast injury mechanism induced by projectile 
fragments that cause corneal abrasions, lacerations, orbital fracture, etc.

21.3.6.5	 �Brain Injuries
Brain blast injuries are more common than they were thought or diagnosed and 
documented in the past. The mechanism of injury can be the result of diffuse axonal 
injury, shearing, and hemorrhage formation due to a rupture of cerebral vessels.

Primary shock waves can cause concussions or mild traumatic brain injuries 
(MTBI) even without a direct blow to the head.

Injuries that are more significant include subarachnoid hemorrhage, subdural 
hemorrhage, and hyperemia of the brain and meninges.

It is necessary to consider the proximity of the victim to the site of the explosion 
in particular when the injured patient complains of headaches, fatigue, poor concen-
tration, lethargy, depression, anxiety, or insomnia.

21.3.6.6	 �Muscoloskeletal Injuries
Extremity and musculoskeletal injuries are extremely common and can be caused 
by any of the mechanisms of blast injury, but secondary blunt injury seems to be the 
most common cause.

Crash injuries and compartment syndrome are common and can be the conse-
quences of bone fracture, burns, and direct soft tissue damage that can increase the 
compartment pressure. Compartment syndrome if not early diagnosed and treated 
can lead to rhabdomyolysis, acidosis, renal failure, and also death.

Although compartment syndrome classified as tertiary blast injury can be also 
diagnosed in patient without evident injury, this raises the suspicion of primary blast 
injury mechanism as responsible to the syndrome.

Traumatic amputations occur in 1–7% of the explosions victims. The prognosis 
of those is poor especially if the amputation is proximal to the wrist or to the ankle, 
lesions which suggests a concomitant other internal damage.

21.3.7	 �Management

The general approach to all blast injured patients is based on the Advanced Trauma 
Life Support (ATLS) [10]. Also all blast injury patients need evaluation for PBI of 
the lung, abdomen, and ears even in the absence of apparent lesions.

21.3.7.1	 �Pulmonary
Pulmonary blast injuries or “blast lung” can be difficult to manage as it can present 
with a variety of clinical characteristics.

Patients will present with symptoms of cough, dyspnea, chest pain and hemopty-
sis, tachypnea, reduced breath sounds, cyanosis, and subcutaneous emphysema.

The variety of clinical scenarios can be lung contusion that can be treated with 
only supportive care to a dramatic scenario of massive air embolism or acute 
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respiratory distress syndrome (ARDS). The different injuries require a different 
strategy of management.

Oxygen should be given to all patients.
A chest X-ray is mandatory in all blast-exposed patients.
Unstable patients or patient who should undergo an emergent surgery should be 

intubated. In patient who present with pneumohemothorax, immediate thoracos-
tomy is indicated.

A preventive decompressive thoracostomy should be taken in consideration in 
severe injuries that require a positive pressure ventilation or before air transporta-
tion [1].

Severe lung injury may require an elevated positive end-expiratory pressure 
(PEEP) and a positive pressure ventilation that may aggravate the injury of the lung 
parenchyma and may result in pneumothorax [11]. Therefore, it is important to 
consider preventive strategy before utilizing a mechanical ventilation in patient with 
lung injury.

It is highly important to emphasize that aggressive intravenous liquid resuscita-
tion can aggravate the lung edema in patient with already severe lung injury [1, 12].

Acute gas embolism can be manifest with cardiac arrhythmias, cardiac ischemia, 
and central nervous system symptoms and can be detected by fundoscopy findings. 
The management is symptomatic, and a high flow oxygen should be initiated. 
Hyperbaric oxygen therapy has demonstrated to be effective in stable patient even 
after 24 h [13].

21.3.7.2	 �Auditory System
Most tympanic membrane perforation can be treated conservatively. Routine otos-
copy is mandatory for all blast victims [14].

Removal of debris and sterile irrigation can be done in case of TM perforation, 
while surgical treatment is indicated in case of TM rupture of more than one third 
of the membrane [9].

21.3.7.3	 �Ocular Injuries
Eye-penetrating foreign bodies, shrapnels, and particles are common after blasts; 
therefore a routine ophthalmologic evaluation is mandatory in all casualties [14].

21.3.7.4	 �Gastrointestinal Injuries
All patients should be evaluated as in general abdominal trauma according to the 
ATLS [15].

Air and fluid containing organs are at higher risk for perforation and bleeding, 
especially the fixed colon and the mesentery, but also a parenchymatous organ 
injury should be highly suspected.

Patient may present symptoms like abdominal pain, abdominal wall contusion, 
tenesmus, and peritonitis [4].

Bowel contusion may be difficult to detect immediately and can manifest with 
secondary perforation which occurs after 3–5 days [10, 16]. If perforation is diag-
nosed, the management is surgical with laparotomy, and the decisions are based on 
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the general physiology and the extent of the infectious process into the abdomen of 
the specific patient.

In patient who present with chest pain, dyspnea, and subcutaneous emphysema, 
esophageal perforation should be suspected [17].

21.3.7.5	 �Muscoloskeletal Injuries
Tetanus prophylaxis, antibiotics, and X-ray series are advocated in patient with blast 
skeletal injuries for evaluating fracture and debris penetration.

Small foreign bodies (less than 2 cm) that are not involving major structures like 
pleura, peritoneum, and vascular can be treated nonoperatively with irrigation and 
antibiotics. But this approach remains controversial [18].

Compartment syndrome must always be taken in consideration for every extrem-
ity injury for any cause [9]. If diagnosed, fasciotomy needs to be done.
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Basics of Trauma Management:  
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22.1	 �Introduction

Each year, millions of people must contend with earthquakes, cyclones, hurricanes, 
and other natural disasters (tornados, landslides, and flooding) or man-made disas-
ters (wars, terrorist attacks, air and railway crashes, and collapsed poorly con-
structed buildings) [1]. In many of those disasters, people are entrapped and crushed 
in buildings. As a result, a lot of the victims suffered from crush injuries and their 
sequences.

Crush injury is defined as compression of extremities or other parts of the body 
that causes muscle swelling and/or neurological disturbances in the affected areas 
of the body [2]. Typically affected areas of the body include lower extremities 
(74%), upper extremities (10%), and trunk (9%) [3]. This definition avoids mention 
of the duration of crush, degree of pressure, size of muscle involved, or the presence 
of associated symptomatology, which all determines the seriousness of the injury [4].

Crush injuries occur most commonly after natural or man-made disasters such as 
earthquakes, mining, and industrial accidents and in war zones, where falling debris 
can crush hundreds of patients at once [4]. Earthquakes are estimated to have a 
3–20% incidence of crushing injuries [5]. The collapse of a multistory building may 
cause crush injury in up to 40% of the extricated survivors [6]. This number becomes 
more relevant today in the advent of terrorist bombings [7]. Crush injures may also 
be caused by more common events, including vehicular crashes, industrial or min-
ing mishaps, and farming incidents, where extremities become pinned in moving 
machine parts [8]. They can also occur after periods of unconsciousness from drug 
intoxication, anesthesia, trauma, or cerebral events [9].
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It is recorded that up to 80% of crush injury patients die due to severe head inju-
ries or asphyxiation. Of the 20% that reach hospital, 10% make an uneventful recov-
ery. The other 10% go into crush syndrome [10].

Crush syndrome was first reported in 1910 by German authors who described 
symptoms including muscle pain, weakness, and brown-colored urine in soldiers 
rescued after being buried in structural debris [7]. Crush syndrome was not well-
defined until the 1940s when nephrologists Bywaters and Beall provided descrip-
tions of victims trapped by their extremities during the London Blitz who presented 
with shock, swollen extremities, tea-colored urine, and subsequent renal failure [7, 
8, 11, 12].

Crush syndrome is the systemic manifestation of muscular tissue injury (trau-
matic rhabdomyolysis) caused by compression, provoking the releasing of poten-
tially toxic muscle cell components into the extracellular fluid [3]. It is a reperfusion 
injury phenomenon secondary to traumatic rhabdomyolysis.

Previous experience with earthquakes that caused major structural damage has 
demonstrated that the incidence of crush syndrome is 2–15% with approximately 
50% of those with crush syndrome developing acute renal failure and over 50% 
needing fasciotomy. Of those with renal failure, 50% need dialysis [3].

22.2	 �Pathophysiology-Clinical Features

The likelihood of developing acute crush syndrome is directly related to the com-
pression time; therefore victims should be released as quickly as possible, irrespec-
tive of how long they have been trapped [13, 14].

As already noted, most commonly in traumatic crush, the legs are affected and 
less frequently the arms, torso, and head. Many authors believe that crush injury of 
the head and torso significant enough to cause the syndrome is incompatible with 
life due to the inherent internal organ damage. However studies show that up to 10% 
chest trauma is associated with crush injuries [15].

The typical clinical features of crush syndrome are predominantly a result of 
traumatic rhabdomyolysis and subsequent release of muscle cell contents [13]. 
Muscle cells, as a response to the physical stimulus of being crushed, become 
stretched, and the sarcolemmal membranes start to leak contents out of the cells 
into the circulation [16]. These contents include myoglobin which gets converted 
to metmyoglobin and finally acid hematin, which is released into the circulation 
[15]. Muscles also contain potassium, magnesium, phosphate, acids, enzymes like 
creatine phosphokinase (CKMM), and lactate dehydrogenase (LDH), which are 
toxic when released into the circulation in large amounts. The leakiness of the 
sarcolemma membranes also allows passage of water, calcium, and sodium into the 
cells from the extracellular space, causing muscle swelling and intravascular vol-
ume depletion. The results from sarcolemma membranes are hypovolemic shock 
[4], hyperkalemia (which may precipitate cardiac arrest), hypocalcemia, metabolic 
acidosis, compartment syndrome (due to compartment swelling), and acute renal 
failure [13].
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Acute renal failure is caused by hypoperfusion of the kidneys, which normally 
receive 25% of cardiac output [17]. This hypoperfusion compounds the toxicity 
caused by cast formation and mechanical blockage of the nephrons by myoglobin 
and underscores the importance of early, vigorous volume resuscitation to improve 
urine flow, which dilutes and clears toxins [8].

Crush injury also causes hypovolemia by hemorrhagic volume loss and the rapid 
shift of extracellular volume into the damaged tissues [8]. This may cause hypovo-
lemia, as the intravascular volume is depleted. Electrolyte imbalances such as 
hyperkalemia, hypocalcemia, and a metabolic acidosis will have a negatively ino-
tropic effect, and there is also evidence that there is direct myocardial depression 
from other factors released when muscle cells are damaged [13].

Cardiovascular instability is commonly seen as a result of crush syndrome and 
may be multifactorial, firstly as a result of hypovolemic shock either from the mas-
sive fluid shift from the extracellular space into the damaged muscle cells or by 
other associated injuries causing blood loss [4] and secondly from direct myocardial 
toxicity from electrolyte disturbance (hyperkalemia, hypocalcemia, acidemia (lac-
tate), and hyperphosphatemia) [7].

Cardiovascular complications seen are arrhythmias secondary to the hyperkale-
mia and the associated acidosis. Simultaneous electrolyte abnormalities may also 
include hypocalcemia and hyperphosphatemia [7]. Hyperkalemia and its associated 
cardiotoxicity represent the second most common cause of early deaths after crush 
injury from the potassium released and from damaged cells, into the circulation. 
The effects of potassium are the result of cell membrane dysfunction allowing the 
leakage of intracellular potassium. Hyperkalemia at levels >6 mg/dL causes cardio-
toxicity. The high potassium levels lead to dysrhythmias and eventually cardiac 
arrest. The leakage of phosphate from lysed cells results in hyperphosphatemia 
(<6 mg/dL). Levels of phosphate in this range can aggravate hypocalcemia. The 
stretch-activated channels in cell walls allow for influx of sodium and calcium into 
the cell. This results in a drop in the intravascular calcium concentration. 
Postreperfusion there is a calcium influx into cells. This can result in hypocalcemia 
(<8 mg/dL). This is usually asymptomatic and self-correcting but can be cardiotoxic 
and requires replacement. The resulting hypocalcemia may also lead to cardiac dys-
rhythmias. Hyperphosphatemia also follows rhabdomyolysis and exacerbates the 
effects of the hypocalcemia [7].

Another complication of crush injuries is the development of compartment syn-
drome, which occurs when pressures increase within a fascia-encased region, clas-
sically a muscle group or the abdomen. The fascia provides a nonexpendable space, 
and, as fluid is sequestered, the pressure within the compartment rises. With the rise 
in pressure, the microvascular circulation is compromised leading to tissue ischemia 
[8]. Increased pressure within this confined space leads to microvascular compro-
mise and subsequent cellular death. Systemic hypotension, limb trauma, and inter-
stitial tissue pressure of 30 mmHg have been suggested as threshold at which there 
is the diagnosis of compartment syndrome [8].

The signs and symptoms of compartment syndrome in an extremity include pain 
out of proportion to the injury or with passive motion, pallor, paresthesia, 
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pulselessness, and paralysis of the affected extremity. Attempts should be made to 
intervene before there is a loss of pulses, an ominous finding that will almost always 
reflect irreversible tissue necrosis. Compartment syndrome may also occur in the 
abdomen [8].

Physicians must have high suspect of crush syndrome in any victim of crush 
injury. Usually victims appear to be normal at rescue, without complaints of pain 
until after extraction, and then suddenly go into shock, secondary to reperfusion. 
Victims of crush injury may present with petechiae, blisters, and muscle bruising, 
and superficial injuries are seen. Myalgia, muscle paralysis, and sensory deficit are 
common. Fever, cardiac arrhythmia, pneumonia, “tea- or cola-” colored urine, oli-
guria, and renal failure are the sequence of events. Nausea, vomiting, agitation, and 
delirium are seen in the delayed rescue patients [15].

When compression involves the thorax, by direct chest pressure from debris, 
traumatic asphyxia can occur. Traumatic asphyxia can occur by any compression in 
the thorax and upper abdomen. The patient has limited chest extraction, which lim-
its both oxygen intake and CO2 exhalation. The direct pressure increases intratho-
racic pressure and decreases the cardiac pump function [7, 9].

22.3	 �Diagnosis

Crush syndrome can be developed in any patient how had suffered a crush injury. 
High level of suspicion of crush syndrome is essential. Laboratory evaluation 
requires the clinician to monitor the urine myoglobin, serum creatine phosphoki-
nase, and serum electrolytes [7].

A simple but rapid test for rhabdomyolysis can be done with a standard urine 
dipstick. The heme portion of myoglobin causes a positive reading for blood on the 
test strip and, in the absence of any red blood cells on microscopic examination, 
suggests myoglobinuria. However, dipstick findings are positive in only about half 
of patients with rhabdomyolysis. Accordingly, a normal urine dipstick does not rule 
out the condition, and a laboratory evaluation for myoglobin should be performed 
in patients suspected of having crush syndrome [8].

22.4	 �Management

As already mentioned crush injuries tend to present as mass casualty, after an earth-
quake, terrorist attack, collapse of poorly constructed buildings, etc. It is essential 
for the medical and paramedical staff to be familiarized with the diagnosis and 
management of crush injuries and crush syndrome. Because crush syndrome is a 
common cause of death in a mass casualty, hemodialysis facilities and their capacity 
should be identified in advance [18].

Patients crushed under rubble usually suffer multiple injuries, and their manage-
ment must follow the principles of ABCDE paradigm. In a mass casualty setting, 
triage protocols must apply as well. Below, we present the differences or the extra 
precautionary measures that must be obtained for crush injury patients.
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The management of crush injury patients involves rescue, resuscitation, recognition 
of the syndrome, treatment, and rehabilitation [15]. The first priority is volume resusci-
tation and repletion, which is critical to reverse hypovolemic shock, prevent acute renal 
failure, and thereby minimize lactic acidosis and hyperkalemia. The second priority is 
systemic alkalinization as a means to reduce acidosis and hyperkalemia. Reducing intra-
compartmental pressures to avoid compartment syndrome is also important [19].

Treatment of the crushed patient can be divided into two phases. The initial pre-
hospital phase may (on the field), depending on the mechanism of injury, involves a 
prolonged extrication period. The second phase commences on reaching a definitive 
medical care facility [13].

22.4.1	 �Prehospital Management

22.4.1.1	 �Intervention Before Extrication
Safety is the first priority when approaching an accident-disaster scene. Extra cau-
tion is needed in scene with entrapped patients in falling buildings, as the risk of 
further collapse is present, especially in aftershocks [13, 20]. Medical and para-
medical personnel, who is inexperienced in rescue procedures, should not partici-
pate in the direct extrication of victims from partially or totally collapsed buildings 
[20]. All personnel including rescue should be trained to recognize and treat prob-
lems associated with prolonged limb compression and have appropriate fluid and 
medications to treat potential complications [20].

Once the scene has been declared safe and contact is established with the 
entrapped victim, medical assessment should start, even before extrication [20]. 
Twenty percent of deaths after earthquakes happen shortly after extrication, proba-
bly due to consequence of reperfusion of the traumatized limbs and diffusion of 
tissue breakdown products into the systemic circulation [20].

Assessment needs to determine the physical status of the victim either by oral 
inquiry or by direct examination [21].

Fluid resuscitation must start as soon as possible, even before extrication [13, 20]. 
The principles of hypotensive resuscitation do not apply in the setting of extremity 
crush injury requiring extrication [22]. If possible, a large bore venous access in any 
limb should be placed, even while the victim is still under the rubble and fluid resus-
citation should begin. Isotonic saline at a rate of 1000 mL/h for adults and 15–20 mL/
kg/h for children; that is reducing to 500 mL/h in adults and 10 mL/kg/h in children, 
or even lower, is appropriate in most victims [20]. When peripheral venous access is 
impossible, intraosseous infusion using the same rate is possible. Other routes are oral 
intake of electrolyte solution and rectal infusion of electrolyte solution, in combina-
tion with oral intake [22]. Electrolyte solutions that can be used are [22]:

•	 World Health Organization (WHO) oral rehydration salts (ORS): preferred
•	 Pedialyte® (Abbott Laboratories, https://pedialyte.com)
•	 Per 1 L water: 8 tsp sugar, 0.5 tsp salt, 0.5 tsp baking soda
•	 Per quart Gatorade® (Stokely-Van Camp Inc, https://www.gatorade.com): 

0.25 tsp salt, 0.25 tsp baking soda
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Isotonic saline is the first option as it is readily available and highly effective for 
volume replacement [20]. Ringer’s lactate solution contains potassium and has a 
theoretical disadvantage of exacerbating hyperkalemia [13].

Even if though fluid resuscitation is essential in the prevention of acute renal 
failure, fluid administration is and should be individualized based on time spent 
under the rubble, length of extrication procedure, volume status and urine flow, 
dimensions of the disaster, demographic characteristics of the victims, and environ-
mental conditions [2]. Figure 22.1 shows algorithm for fluid resuscitation in crush 
victims of mass disasters before, during, and after extrication.

Before extrication

During extrication

After extrication

A vein is sought in one of the limbs

A vein is not found A vein is found and cannulated

No fluid is given

No fluids given before rescue

Insert
intra-osseous

needle Infuse 0.9% saline at 1 I/h

Continue 0.9% saline at 1 I/h

Start 0.9% saline infusion

Infuse 3–6 I IV fluids (depending on clinical condition and response)

Monitor for 6 h from initiation of fluid resuscitation

Received 0.9% saline during rescue

Continue 0.9% saline infusion

Duration of extrication > 2 h

Reduce IV infusion rate (≥0.5 I/h)

Anuria Adequate urine output

IV fluid (0.5–1 I/day plus
presumed losses of

previous day)

Close monitoring
impossible

Close monitoring
possible

IV fluid (3–6 I/day) IV fluid (<6 I/day)

Fig. 22.1  Algorithm for fluid resuscitation in crush victims of mass disasters before, during, and 
after extrication. IV intravenous. (Modified from Sever et al. [20])
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Pain management is also essential. Appropriate analgesia should be given as 
soon as possible; this may include the use of Entonox® initially, but most patients 
will require intravenous analgesia such as an opiate, titrated against response. The 
use of ketamine, with or without the concomitant use of a benzodiazepine, is also an 
effective means of relieving pain and may aid extrication [23].

22.4.1.2	 �Intervention During Extrication
During extrication (usually 45–90  min), intravenous isotonic saline should be 
administrated at a rate of 1000 mL/h. If extrication takes longer than 2 h, the rate of 
fluid must be reduced so as not to exceed 500 mL/h and adjust its rate depending on 
age, body weight, trauma pattern, ambient temperature, urine production, and 
amount of overall estimated fluid losses [20].

On-site amputation is indicated only for life-saving interventions, i.e. to liberate 
the victim [13, 20]. Amputation should not be used as a prophylactic measure to 
prevent crush syndrome, firstly because amputation is associated with mortality by 
itself [20] and secondly because of reports from the literature which suggest that 
even severely crushed limbs can recover to full function [13].

22.4.1.3	 �General Approach Early After Extrication
After rescue, an initial-primary systematic assessment of the injured patient must be 
done, in order to identify and treat life-threatening injuries and to prioritize urgent 
therapeutic needs [20]. For each individual casualty, an assessment based on 
ABCDEs must be obtained. Patients with crush injuries may suffer from many addi-
tional problems, some of which may be life-threatening. Attention must be given to 
the possibility of spinal injury, and full spinal precautions should be maintained. 
Administration of high flow oxygen by mask should be a priority in treatment. The 
patient should be exposed as necessary to assess and manage injuries. In a hostile 
environment, or where there is a risk of hypothermia, exposure should be as limited 
as possible [13].

For uncontrollable otherwise life-threatening hemorrhage, tourniquet should be 
used. The use of tourniquets for the prevention of reperfusion injury following extri-
cation, or in the prevention of washing of the products of rhabdomyolysis into the 
circulation, is still controversial. The latest guidelines suggest the placement of 
tourniquet if the length of entrapment exceeds 2 h and crush injury protocol cannot 
be initiated immediately [22].

Previous guidelines from the Faculty of Pre-Hospital Care of the Royal College 
of Surgeons of Edinburgh supported that there was no evidence to support the use 
of tourniquet for crush injury [13].

As soon as possible, secondary assessment must perform to diagnose and man-
age any injuries missed during the primary survey, including an inventory of injuries 
as well as prospective follow-up for late signs of crush syndrome.

After extrication, isotonic saline must either continue, or be started in the same 
regime. Urine output must be closely monitored [20]. The aim is to maintain a high 
urine output of 100–200  mL/h [22]. In established crush syndrome, urinary output 
should be at least 300 mL/h [24]. However, evidence suggests that mannitol is not supe-
rior to IV fluids alone, though it is indicated in a setting of compartment syndrome [25].
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Experts advocate the use of urine dipsticks to check myoglobin and subclinical 
rhabdomyolysis [26].

If available, 5% dextrose  +  isotonic saline solution should be administered, 
which may provide the advantage of supplying some calories and attenuating 
hyperkalemia.

Alkalization of urine above 6.5, with the addition of 50 mL of sodium bicarbon-
ate in isotonic solutions, is used to prevent renal tubular deposition of myoglobin 
and uric acid, to improve metabolic acidosis and reduce hyperkalemia [27]. Alkaline 
solutions should be administered to all victims in small-scale disasters, unless 
symptomatic alkalosis, suggested by the presence of neuromuscular irritability, 
somnolence, or paresis, is present [19].

In case of anuria, after hypovolemia is excluded, fluids must restrict to 
500–1000 mL/day in addition to a volume equivalent to all measured or estimated 
fluid losses of the previous day. In the case of urinary response to intravenous fluid 
administration (urine volume above 50 mL/h), fluids must restrict to 3–6 L/day if 
victims cannot be monitored closely. In case of close follow-up, more than 6 L/day 
of fluids can be administered [20].

Hyperkalemia as already mentioned is the second cause of early death after crush 
injury, so it must be diagnosed early in the field. Measurement of potassium in the 
blood is the best option for monitor hyperkalemia, but on the field is difficult, so 
portable electrocardiography (ECG) devices have been used for this purpose, 
although specificity and sensitivity of ECG findings in the case of hyperkalemia 
have been questioned [20]. If portable ECG is not available, close monitoring of 
vital signs and circulatory examination, every 15 min in the first 1–2 h, is essential 
[22]. Specific sings on the ECG that indicate hyperkalemia are sinus bradycardia 
(primary sign), peaked T waves, lengthening of PR interval (early signs), prolonged 
QRS interval, PVCs or runs of ventricular tachycardia, and conduction block (bun-
dle branch, fascicular) are: On clinical examination premature ventricular contrac-
tions (PVCs; skipped beats), bradycardia, decreased peripheral pulse strength, and 
hypotension are all signs of hyperkalemia [22]. Urgent measures for the treatment 
of hyperkalemia are calcium gluconate, insulin + D50, sodium bicarbonate, and β-2 
agonists, while second-line measures are dialysis and kayexalate [20, 22].

Patients with crush injuries should be transferred to a hospital with an intensive 
care facility and the equipment and expertise necessary to provide renal support 
therapy such as hemofiltration or dialysis [13].

22.4.2	 �Hospital Management

In the case of mass disaster, the rules of triage must apply. Patients should be 
assessed following normal Advanced Trauma Life Support (ATLS) guidelines. 
Baseline blood tests should be taken, these will include: full blood count, urea and 
electrolytes, creatinine kinase, amylase, liver function tests, clotting screen and 
group and save (cross match if deemed appropriate). The patient should be catheter-
ized and hourly urine measurements commenced. Central venous pressure and inva-
sive arterial monitoring should be considered [13].
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In hospital, treatment of patients continues, with the involvement of nephrolo-
gists. As already mentioned many of the patients who develop crush syndrome 
needs dialysis. Predictive factors for dialysis are anuria, fluid overload, serum cre-
atinine levels, BUN, and bicarbonate levels. Potassium >7 mEq/L is also an inde-
pendent and important predictive factor of dialysis. At least twice or even thrice 
daily dialysis may be needed for up to 15 days. Prophylactic dialysis may be called 
for in patients at high risk for hyperkalemia [15].

Compartment syndrome is a secondary complication of crush syndrome. The 
traditional treatment of compartment syndrome is fasciotomy, but there is now evi-
dence that initial treatment with mannitol may decompress compartment syndrome 
and avoid the need for surgery [13] (Fig. 22.2).

Mannitol administration reduces muscle edema, intracompartmental pressure, 
and pain. The results of mannitol can be detected within 40 min by the relief of 

What Happens in Compartment Syndrome?

These illustrations show a cross-section of a normal calf and a cross-
section of a calf with compartment syndrome. Compartment pressures
over 30 mmHg often require surgical decompression with a fasciotomy.

Normal calf

Calf with compartmet
syndrome

Fasciotomy

Tibia

Muscle
compartments

Edematous
muscle
compartments

Compressed
nerves and 
blood vessels

Fibula

Fig. 22.2  Compartment syndrome and fasciotomies. (From Sahjian and Frakes [8])
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symptoms, reduction of limb swelling, and recovery of motor function. Therefore, 
unless contraindicated mannitol can be used as a preventive measure in treating 
increasing intracompartmental pressures which have not yet reached critical levels 
[20]. Fasciotomy should be performed if mannitol causes no marked improvement 
within 1 h [20].

Recommendations suggest that fasciotomies should not be performed routinely 
to prevent compartment syndrome, but only when there are physical findings of 
compartment syndrome or when intracompartmental pressure is above 30 mmHg 
[20]. When pressure exceeds 30 mmHg and shows no tendency to decrease within 
6  h, surgical fasciotomy should urgently be performed. In addition, fasciotomy 
should also be performed if compartmental pressure and diastolic blood pressure 
differ by less than 30 mmHg, since this condition will likely cause serious perfusion 
problems. When fasciotomy is indicated, it should be performed early, within the 
first 12 h of muscle swelling [20]. The risks of soft tissue and bone infection, delayed 
wound healing, subsequent amputation, and permanent functional sequelae are 
lower [20].

Wound infections increase the mortality in patients with crush injury, so broad-
spectrum antibiotics are indicated as well as surgical debridement if needed. 
Immunization against tetanus is also indicated. Late complications of muscle con-
tracture require rehabilitation. Rehabilitation should be not only physical but also 
psychiatric and is a long-term process [15].
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Missile and Fragment Injuries
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23.1	 �Introduction

War trauma is not just a physical wound. Its scars are usually exceedingly greater 
than the injury itself. But in order to cure both evident and hidden traumas, an 
understanding of the nature of weapon-related injuries is necessary as well as the 
types of wounds caused in warfare. As war traumas are categorized basically accord-
ing to the cause of injury, an overview of the nature of combat wounds draws special 
attention to their complexity and long-term prevalence.

23.2	 �Weapon Effects and War Wounds

Conventional or traditional warfare refers to an interstate conflict between rival 
armed forces, using:

all types of weapons with the exception of weapons of mass destruction [1].

such as biochemical or nuclear weapons. However, a new type of combat has 
recently been introduced, that of hybrid warfare which is related to the usage of:

coordinated military, political, economic, civilian and informational (MPECI) instruments 
of power that extend far beyond the military realm [2].
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Although a war may be described as traditional, either sides may eventually 
implement unconventional warfare and battlefield tactics.

The typology of weapons in the course of a conventional war includes:

•	 Explosive ordnance consisting of all munitions containing explosives, including 
bombs, guided and ballistic missiles, artillery, mortar, rockets, mines, torpedoes, 
pyrotechnics, electro-explosive devices, as well as all similar explosive items or 
components [3]

•	 Portable firearms encompassing kinetic projectiles including pistols, rifles, and 
machine guns

Armed conflict may provoke blunt injuries and burns as well as traumas related 
to weapons and the circumstances of warfare [4]. The managing of combat wounds 
is challenging taken into account the severity of the trauma, the massiveness of the 
injured, the resources available, and overall working conditions. The International 
Committee of the Red Cross states that:

War wounds are different. The extent of tissue destruction and contamination seen in war 
injuries is nothing like what is seen in everyday trauma practice. [5]

The nature of warfare creates a particular epidemiology of the wounded, but 
basically, injuries are characterized as penetrating, blast, and thermal.

23.2.1	 �Penetrating Wounds

Penetrating (fragment) wounds are mainly caused by munitions both of modern 
warfare and those of a conventional battlefield [6]. Projectiles from such armaments 
may include material that was originally implemented in the device as well as the 
debris propelled as part of the blast effect. The latter may include objects such as 
nails, bolts, shrapnel, flying glass, or other foreign bodies [7], scattered to an unpre-
dictably extended range depending on the type of the explosion or blast. Munitions, 
either highly sophisticated or improvised, release fragments that may vary in size 
and shape and depending on the construction of the weapon may consist of either 
preformed or asymmetrical particles.

Penetrating wounds caused by weapons of war not only are limited to bullets or 
pellets released from handguns, rifles, or other firearms, but also include exploding 
bombs, shells, rockets and grenades, landmines, as well as more sophisticated muni-
tions, which are often referred to as smart or state-of-the-art or next-technology 
armament [8]. Exploding material produces metal fragments that derive from the 
weapon casing once is fired or discharged, usually regular in shape and size and 
weighting less than 1 g [4]. When other, usually improvised, weapons are used, 
nails, bolts, steel pellets, and other metallic debris are released along with the explo-
sive material.

The amount of tissue damage and, consequently, the severity of injuries mainly 
depend on the transmitted energy and velocity of fragments and projectiles which is 
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in turn influenced by the proximity of the wounded to the exposure [9]. Red Cross 
Wound Classification provides a scoring system of the wounds after initial assess-
ment or surgery, which is based on characteristics such as the diameter of the entry 
wound (E), the diameter of the exit wound (X), the cavity (C), the type of fracture 
(F), the injury of the brain, viscera or major arteries (V), and bullet or fragments 
visible on X-rays (M) [10].

Further to war-related wounds, in the US firearm, injuries have a severe public 
healthcare impact as they cost more than 70$ billion annually to the US healthcare 
system [11]. They also make up for more than 32,000 deaths and over 67,000 inju-
ries per annum in the country alone [12]. Morbidity and mortality is high with bal-
listic injuries, depending on the velocity, the efficiency of energy transfer, the 
physical characteristics of the projectile, the kinetic energy, stability, entrance pro-
file and path traveled through the body, as well as the biologic characteristics of the 
tissues injured [13].

23.2.1.1	 �Mechanism of Injury
Bullet placement and the path followed by the projectile are the most important fac-
tors in causing acute injury or even death, depending on the regions of the body 
being hurt. The head and the torso are the most vulnerable parts of the human body 
because of the abundance of vital structures such as the CNS, spinal cord, lungs, and 
other vital organs which can be incapacitated, be destructed, or, once hit, produce 
extensive hemorrhage [14].

Laceration originating by penetration from explosively propelled fragments and 
bullets is common in combat injury [15]. When a moving projectile enters the 
human body, soft tissue damage is provoked through crushing, which, along with 
the release of kinetic energy, causes temporary cavity to the body [16]. The latter 
may either be a penetrating or perforating wound, depending on whether the bullet 
is retained in tissue or exits the body [17].

Once entering the body and shredding the tissue in its path, the bullet produces a 
temporary cavity considerably larger than its diameter [18]. According to existing 
bibliography, “this temporary cavity, which has a lifetime of 5–10 ms from initial 
rapid growth until collapse, undergoes a series of gradually smaller pulsations and 
contractions before it finally disappears, leaving the permanent wound track” [19].

The shape and construction of the bullet shape determine the extent of damage 
when interacting with human tissue. As the bullet moves through the body, the tis-
sue is disrupted, crushed, and stretched; it then follows its path [20]. Certain organs, 
such as the brain and spleen, are prone to permanent damage due to their inelastic-
ity [21].

Ballistic injury has a double effect on the human body as it creates both a perma-
nent and temporary cavity:

•	 Permanent cavity is defined as:
“localized area of cell necrosis, proportional to the size of the projectile as it 
passes through” [22]
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•	 Temporary cavity refers to:
“Transient lateral displacement of tissue, which is also known as a stretch cavity 
and occurs after the passage of a projectile. Elastic tissue, such as skeletal mus-
cle, blood vessels and skin, may be pushed aside after passage of the projectile, 
but then rebound. Inelastic tissue, such as bone or liver, may fracture in this 
area” [23].

Bullet wounds seen in the injured are usually single with a small entry, and there 
may not always be an exit wound, which size is variable. Multiple bullet injuries are 
more likely to kill. According to international humanitarian law as documented by 
the Third Hague Convention of 1899:

all bullets used during armed conflict are supposed to remain intact. [24]

Military bullets with a full metal jacketing tend to pass through the body intact, 
thus producing less extensive injuries since they usually do not fragment in the body 
or shed fragments of lead while penetrating the body [19]. However, bullets used by 
civilian weapons, such as large-caliber shotguns or hunting rifles, do not require full 
metal jacket, and they therefore produce extensive and more severe wounds than 
those in combat [20].

23.2.2	 �Explosive Blast Injuries

Explosions, either accidental or intentional, may be the cause of severe injuries or 
even death on a mass scale, since they are simultaneously inflicting on many people 
[25]. Their effects are categorized in primary, secondary, tertiary, and quaternary 
injuries [26], depending on the type of the explosion (chemical, mechanical, 
nuclear), the material used, its proximity to the victim, the interfering objects, and 
the type of available protection [25].

According to the Federal Emergency Management Agency (FEMA) [27], an 
explosion:

is the rapid release of energy in form of light, heat, sound and shock wave.

When a high-order explosion is initiated, only one-third of the chemical energy is 
released during the detonation process, while the remaining two-thirds are slowly 
released as the detonation outputs mix with air and burn. The shock wave is followed 
by a blast wind which is the flow of superheated air interacting with people and 
objects and is the cause of injury or damage [28]. Research has shown that explo-
sions in confined spaces are associated with a higher prevalence of primary blast 
injuries and a higher mortality rate in comparison with explosions in the open air [29].

A victim of a blast may not bear any external injury. When exposed to explo-
sions, the human body may be subjected to injuries as described below. Primary 
injuries are related to the direct injuries caused by the blast, mainly damaging 

P. Kouridakis et al.



315

air-filled organs (lungs, auditory organs, the eye, brain, and gastrointestinal tract) 
whereas secondary by flying casing fragments or, according to existing literature:

by debris carried by the blast wind and most often result in penetrating injury from small 
shrapnel. The shrapnel can also cause blunt trauma similar to that encountered in motor 
vehicle accidents, gunshot wounds, stabbings, and assaults [30].

Such injuries affect mainly the musculoskeletal system and, on occasion, may be 
the cause of limp amputations.

Tertiary injuries occur when victims are thrown against solid objects due to air 
displacement caused by the explosion, and quaternary are usually induced when 
exposed to fire, fumes, radiation, biological agents, smoke, dust, toxins, etc. and 
also involve the psychological impact of the event [28]. Bone fragments can also 
function as secondary projectiles causing further tissue disruption [31].

By either of the aforementioned type of injuries of a blast, multiple wounds may 
be caused to a single individual; the polytrauma patient is the defined as a casualty:

whose injuries involve multiple body regions and in whom the combination of injuries 
would cause a life-threatening condition. [32]

Fragment injuries predominate in mixed injuries. However, epidemiological data 
referring to the primary injuries and effects of the blast include ear and ruptured 
tympanum, blast lung, arterial air embolism, visceral injury, eye and maxillofacial 
injuries, as well as musculoskeletal injuries mainly involving limps [5].

In addition, the experience of the war in Afghanistan and Iraq has shown that 
although a UN Weapons Convention in 1980 adopted specific rules on the use of 
land mines, antipersonnel landmines are still causing casualties long after the cease-
fire [33]. Civilians, women and children among them, have either been killed or 
amputated since landmines are still to be found in agricultural fields, near water 
supplies, along roadways, and around villages [34].

23.2.3	 �Thermal Wounds

War burns have been recorded for more than 5000 years of written history [35]; the 
liquid fire which dates back in the seventh century BC, the napalm bomb, the white 
phosphate and mustard gas, and modern nuclear weapons consist of documented 
practices of burn threatening artillery used during armed conflicts.

Thermal wound is defined as traumatic injury to the skin or other tissues primar-
ily caused by other acute exposures to thermal sources. Burns occur when some or 
all of the cells in the skin or other tissues are destroyed by heat, electrical discharge, 
friction, chemicals, or radiation [36].

Such wounds are in turn classified into six separate groups depending on the 
mechanism of injury: scalds, contact burns, fire, chemical, electrical, and radia-
tion. These can be provoked by contact with liquid, gas, or grease and can be 
produced by either flash or flame burns [37]. Burn injuries can be extremely 
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complex and severe, depending on the duration of exposure to the source of the 
associated trauma. Inhalation injuries are closely associated with the exposure to 
smoke or chemicals.

Thermal trauma causes injuries to the skin or other tissues, due to the exposure 
to heat, chemicals, radiation, high or other acute thermal sources, resulting to 
destruction of skin cells or other tissues. Burns are mostly classified into three 
degrees [38]:

•	 First degree: Erythema
•	 Second degree: Blistering of the skin leading to superficial ulceration
•	 Third degree: Tissue disorganization leading to a dry yellow crust

Historically, burns account for a 5–20% of combat casualties [39]. Treatment 
on-site consists of bandaging, alleviation of pain, and treatment of the consequent 
shock, along with the respiratory difficulties caused by smoke inhalation. Burn inju-
ries also require fluid resuscitation [40] and occasionally a multidiscipline approach, 
including general, orthopedic, plastic-reconstructive, maxillofacial, ophthalmic, 
and neurological surgeons and general and intensive treatment unit anesthetists 
[35]. Similar corporal reactions are produced by exposure to extreme cold condi-
tions which often results to nonfreezing and freezing injuries, depending on the 
conditions which the person is exposed to. These affect mostly the limbs as well as 
other exposed body parts, nose, ears, etc. [4] and need to be specifically addressed 
to in order to avoid hypothermia and amputation.

In case of combined thermodynamic injuries, the internal body compartments 
may suffer extensive trauma due to the sudden transitions caused by internal or 
external pressure and the direct and indirect effects related to the event itself [41]. 
Treatment is applied according to the severity of burns. The first 24 h are crucial in 
order to stabilize the patient and preserve their organ functions. From Day 3 surgical 
intervention is possible, if their general status allows such procedures and homeo-
stasis has sufficiently normalized [41].

Skin graft may be required in order to avoid infection, when skin cells have been 
damaged and wounds extend deeper into the skin dermal layers where cells that 
would normally heal the wound have been destroyed [42].

When it comes to burn wounds, psychological support is often required, espe-
cially in cases of mass burn injuries where severe long-term impairment may be the 
cause of PTSD or other psychological disorders [43].

23.2.3.1	 �Mental Injury
Mental injury is common among combatants, due to exposure to stressful and 
unusual conditions and may additionally be consequence to the exposure to the 
aforementioned war traumas. Not only does it affect the daily routine after being at 
war, but may also be associated with various psychosomatic reactions. CSR (com-
bat stress reaction) is an acute behavioral disorientation and is evident in cognitive, 
affective, and behavioral reactions [44]. PTSD prevalence is considerable for mili-
tary personnel exposed in combat conditions—analyses have shown that PTSD in 

P. Kouridakis et al.



317

postwar periods increases suicide rates [45], cases of self-injury, and suicidal ideal-
ization, which may worsen the health status of combatants already exposed in com-
bat traumas. The connection between physical impairment and mental injury 
remains close and extensively researched.

23.3	 �Conclusion

War wounds are far more complex than other types of injury encountered in civilian 
practice. They are also treated under stressful conditions and with limited resources. 
A review of the existing literature shows that the types of wounds encountered in 
warfare are generally classified in ballistic, blast, and thermal wounds, depending 
on the typology of weapons used in the course of the combat. Furthermore, somatic 
wounds are also associated with mental injuries and disorders, which may unfold, 
in a postwar period.
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24.1	 �Introduction

The sudden presentation of a large number of injured patients to hospitals to 
such an extent that leads to impaired ability of providing the appropriate treat-
ment is characterized as a mass casualty situation [1]. Similarly, Emergency 
Management and Disaster Medicine (EMDM) Academy Consensus Group 
defines that disaster is the incident in which the medical need exceeds the 
response capabilities in the affected area, mainly due to a large number and/or 
severity of injured or ill victims. Alternatively to the word “disaster,” the terms 
“emergency” and “mass casualty incident/event” are usually used [2]. A mega 
mass casualty situation has two characteristics: first, the large number of casual-
ties which is accompanied by a tremendous medical need overwhelming the 
available local resources, e.g., rescue equipment and medical or nursing person-
nel and, secondly, the emergency event which is associated with dangerous 
environmental conditions that often prevent medical assistance [3]. The man-
agement of a patient during a mass casualty incident includes the follow-
ing stages:

	1.	 “The golden hour” that is defined as the time in the operating room where a 
patient does not exceed its physiologic limits and does not show the characteris-
tic triad of hypothermia, acidosis, and coagulopathy [4]
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	2.	 Damage control philosophy which is defined as the application of the limited 
surgical assistance that is able to save the patient’s life [5]

	3.	 The series of survival processes that are depend on a well-structured care 
approaches from the initial in-hospital management to rehabilitation [6]

24.2	 �Blast Injuries

The wide use of explosives in the combat fields and in terrorist’s attacks on civilian 
targets has become very common recently leading to an increased requirement of 
expertized military personnel and civilians too. Interestingly, 70% of disasters that 
cause more than 20 dead at the scene are associated with explosions. The recent 
conflicts of the USA and their allies in Iraq and Afghanistan have shown that impro-
vised explosive devices (IED) cause an array of very severe injuries to military 
personnel and civilians. Additionally, terrorist actions like Madrid commuter train 
bombing, London underground bombing, Oklahoma City bombing, and Boston 
marathon bombing are well-known examples of noncombat blast injuries. 
Explosives’ mechanism of action is based on the instantaneous release of expanding 
gases unleashing large amount of energy. Consequently the surrounding air is heated 
and compressed by the released gases giving generation to a shock-blast wave [7]. 
These shock-blast waves apply different types of mechanical forces to the human 
body, causing stretching and tearing damages to the human organs [7]. The severity 
of the injury is also associated with the surroundings in which the blast occurs. 
Specifically, blasts in a close room are correlated with more severe injuries and 
increased mortality rate when compared to shock waves in an open environment [7]. 
Mechanism of blast injury is classified into five stages based on trauma physiologi-
cal properties. The “primary blast injury” is the result of the energy from the crash-
ing overpressure wave of the explosion, while the “secondary blast injury” is the 
result of a penetrating trauma caused by projectile fragments. “Tertiary blast injury” 
is the result of falling debris or spread of the casualty against surrounding structures, 
and “quaternary blast injury” is the consequences of the thermal injury or toxic 
inhalation. Finally, radiation exposure or bacterial contamination results in a “qui-
nary blast injury.”

24.3	 �Spinal and Pelvic Injuries

Musculoskeletal injuries are very common among the victims of blast events and 
are responsible for more than 80% of all the surgical procedures. Prehospital man-
agement priorities remain airway and spinal prophylaxis, breathing, circulation, 
stabilization of fractures, and transport.

In general the in-hospital management of blast-induced bony injuries includes 
plain films and CT imaging to evaluate for fractures and foreign bodies, tetanus 
prophylaxis, and broad-spectrum antibiotics in the cases of open fractures [7]. 
Initial evaluation with magnetic resonance imaging (MRI) should be avoided due to 
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the possibility of metallic shrapnel presence that could be overheated or moved by 
the magnetic fields. For the great majority of the blast victims suffering from frac-
tures, early external fixation is highly recommended. We have to underline the fact 
that any injury of the extremities must be examined for signs of compartment 
syndrome.

Concerning the evaluation and management of combat-related injuries, which 
also apply in bombing terrorists actions, the USA Ministry of Defense has pub-
lished more than 25 clinical guidelines focusing on the management of a spinal 
trauma [8]. According to these guidelines, injured military personnel suffering of 
neck pain and demonstrating neurological complications should be immobilized in 
the field with a cervical collar. Moreover, a collar should apply in individuals with 
penetrating traumas from an explosion with the exception of conscious patients 
with isolated injuries without neurological symptoms or neck pain [8]. It must be 
highlighted that moving the injured personnel outside the battle field in a secure 
area takes priority over the cervical immobilization [8]. In the hospital, CT scan or 
three views (anteroposterior, lateral, and odontoid) must be performed. If radiologi-
cal examination does not reveal any cervical pathology, the collar can be removed. 
In the cases of neck pain, limited range of neck motion, or paresthesia, the collar 
should be retained despite the negative radiographic data [8]. If a prolonged cervical 
immobilization is necessary, the collar may be replaced by an orthosis averting the 
ulcer development and providing adequate padding. Furthermore, spinal injuries 
management includes CT examination or orthogonal views of the thoracic and lum-
bar spinal zones [8, 9]. As an MRI is not indicated, a CT myelogram may be neces-
sary in patients with spinal cord compression due to a vertebral fracture, 
post-traumatic disc herniation, or epidural hematoma [8, 9]. Interestingly, adminis-
tration of high doses of methylprednisolone is not indicated, because steroids are 
associated with immunosuppression and thus may prevent would heal [9]. 
Individuals with severe thoracic or lumbar traumas should be immobilized in a vac-
uum spine board (VSB) before transfer despite the referred minor side effects like 
skin disruption, increased anxiety, or claustrophobia [8]. Regardless of the concerns 
about the infections from the implant application in order to stabilize or decompress 
the spine, the decompression and instrumentation in a hemodynamically stable 
patient, without contaminated spinal injury but with progressive neurological symp-
toms, may be performed [8]. Furthermore, in penetrating spinal traumas, surgical 
debridement and decompression is allowed in the cases of progressive neurological 
deficits, cauda equina syndrome, fragment presence within the spinal canal, and 
leakage of cerebrospinal fluid [8].

The beneficial effects of spinal immobilization in the battlefield have been 
described by Comstock et  al. [10]. In their study regarding military personnel 
injured in Afghanistan, 29 patients out of 372 have suffered from spinal fractures 
(8%). Among them, 12 have been diagnosed with unstable fractures (41%) accom-
panied by foreign bodies or bony fragments in the spinal canal or impinging on 
vertebral artery [10]. The improvised explosive devices are linked to high incidence 
of spinal injuries, and the authors support the notion that spinal immobilization 
must be performed in all patients in the Tactical Field Care phase [10]. On the 
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contrary, Bellamy et al. reported that only 1.4% of Vietnam War casualties who suf-
fered penetrating injuries had beneficial effects of spinal immobilization [11]. In the 
survey of Blair et al. [12], a comparison between the severity of penetrating and 
blunt injuries was studied [12]. They reported that, despite the fact that blunt inju-
ries are associated with increased rate of spinal fractures like transverse process and 
compression, penetrating injuries resulted in transverse, lamina, and spinous pro-
cess fractures and accompanied by higher rate of spinal cord injury [12]. Kahraman 
et  al. reviewed a series of 106 military patients with military penetrating spinal 
injuries in Western Europe [13]. In the acute surgical group, a 64% with neurologi-
cal improvement was reported, compared to 60% to nonoperative group [13]. These 
results are in agreement with Klimo et al. that an approximate neurological improve-
ment rate was 50% after the surgical stabilization of military spinal cord injuries. 
Klimo’s study group also recommended that a decompression should be considered 
in hemodynamically stable patients, with incomplete neurological deficits or with 
clear spinal cord compressive pathology [13]. Complications associated with the 
military spine injuries are not uncommon [12], and their frequency is similar to the 
civilian literature [14]. Higher rate of the complication was observed in patients 
treated operatively including neurological deficits, pneumonia, perioperative death, 
wound laceration, deep wound infection, iliac screw malposition, hardware removal, 
instrumental failure, and pulmonary embolism. Both blunt and penetrating traumas 
were associated with complications [14].

Pelvic injuries were also reported during bombing attacks either in battle fields 
or in terrorist’s attacks. Schoenfeld et al. reported that pelvic trauma comprised the 
7% of the musculoskeletal wounds, compared to spinal trauma that was responsible 
for the 14% [15]. Pelvic injuries include acetabular fractures, pelvic fractures 
(Fig. 24.1a, b), and pelvic amputation [15]. Generally, an open blast pelvis is con-
sidered to be the most severe injury within the spectrum of battlefield trauma [16]. 
For these patients immediate transfer to the operation room is deemed necessary. In 

a b

Fig. 24.1  (a) Anterior and posterior column fracture of the right acetabulum 2. (b) Type C (unsta-
ble) (vertical shear) according to tile classification of pelvic ring disruption
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the operation theatre damage control resuscitation must be performed. Ramasamy 
et al. reported that the mean number of units of packed red cells transfused in the 
first 24 h after injury was 28.6. On the contrary, in civilians with open pelvic injuries 
following blunt trauma, the mean number of units of packed red cells transfused 
was 16.0. In these cases, the use of a massive transfusion protocol during the imme-
diate management of severely injured trauma patients has been widely accepted and 
shown to have beneficial effects in the mortality rates [16]. IV antibiotics must be 
administered immediately after the arrival during pelvic packing and pelvic stabili-
zation. External fixation is the preferred management of these fractures [16]. 
Notably, pelvic injuries are accompanied by soft tissue injuries. The most widely 
used classification of soft tissue injuries is the Faringer system that describes the 
anatomical location of the soft tissue injury dividing the body in three zones: Zone 
I includes perineum, anterior pubis, medial buttock, and posterior sacrum; Zone II 
includes the medial thigh and groin crease; and, finally, Zone III includes the pos-
terolateral buttock and the iliac crest. Vascular structures, hollow viscera, and geni-
talia injuries are not uncommon [16]. Therefore, it became apparent that management 
of this injury pattern demands huge resources and remarkable multidisciplinary 
cooperation. The estimated survival is in about the range of 10–33%.

Severe injuries of the pelvic ring may lead to trauma-related hemipelvectomies, 
which are rare but massively destructive open ring disruptions caused by high-
energy mechanism of injury. Hemipelvectomy is indicated in the cases of insuffi-
cient soft tissue coverage, complicated by life-threatening local infection like 
aggressive necrotizing infections of the pelvic girdle and a dysvascular hemipelvis. 
In the study of D’Alleyrand [17], 13 patients after a blast injury underwent hemipel-
vectomy due to vascular injury and associated lower extremity necrosis or ipsilat-
eral vertically and rotationally unstable pelvic ring disruption with an associated 
acetabular fracture [17]. Care of these patients requires an interdisciplinary approach 
involving the orthopedic, general, urological, and plastic surgeon as well as with the 
infectious diseases, psychiatry, and prosthetic and rehabilitation services.

Analysis of data concerning children’s blasts injuries reveals that predominant 
traumas in children younger than 15 years occur in the head and neck [18], while 
children younger than 7 years appears low incident of injury to the extremity or 
pelvic girdle. Additionally, pediatric patients show higher Injury Severity Score and 
prolonged intensive care unit stay. Children 9–14 years of age underwent signifi-
cantly more procedures compared with adults, while children younger than 3 years 
underwent significant fewer procedures [18].

24.4	 �Earthquakes–Tsunamis

Earthquake is a natural disaster which can be characterized as a mega mass casualty 
situation. Compared to other natural disasters, earthquakes are much more harmful 
and unpredictable causing significant loss of lives and assets due to immense amount 
of energy released. It is mostly mechanical energy, and almost all the casualties are 
the result of a single episode concentrated in a very short period of time. Moreover, 
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dramatic rise in the rate of complex injuries and related diseases has been reported 
within the first 72 h. In addition to direct injuries to vital organs, such as the head 
and heart and rupture of large vessels, crush injuries caused by prolonged pressing 
of the body by collapsed buildings are also major causes of death. The acute increase 
of muscle pressure can also lead to compartment syndrome.

The first step in spine, pelvis, and extremity injuries is the proper immobilization 
of the injured region along with an established and secure airway. Wide intravenous 
access is required for immediate hemodynamic stabilization. Spinal injuries of the 
cervical spine are clinically significant. Maintenance of cervical alignment at the 
scene with a cervical collar and a spine board is very important for a positive out-
come. Pelvic fractures management under disaster situations constitutes a great 
challenge. The purpose of the emergency procedures at the scene is to check hemor-
rhage through stabilization of the fracture site by reducing pelvic diameter. This can 
be achieved through the application of anti-shock trousers or external fixation by a 
pelvic clamp. If the necessary equipment, like trousers or external fixation material, 
is not available, an improvised taping technique can be assessed for rigid fixation of 
the torso and pelvis after primary stabilization.

In the catastrophic earthquake at Yashu Prefecture in China on 2010, 3255 
patients were admitted in the hospital [19]. The most frequent injuries were bone 
fractures that were diagnosed in the 55% of the patients. Seventeen percent of the 
patients had spinal fractures, and 15% had pelvic fractures [19]. Among the spinal 
fractures, the most common injuries were observed in the lumbar spine, and the 
majority of the patients (88.46%) had no neurological deficit according to the 
Frankel’s classification. Similar numbers were noted in the Nicaragua, in Guatemala, 
and in Haiti earthquakes. However, many surveys have suggested that increased 
rates of fractures are observed during night earthquakes [19]. General treatment 
guidelines for the management of orthopedic injuries were proposed by the Israeli 
Defense Forces that were involved in the Haiti earthquake on 2010. They suggested 
that first priority has to be the treatment of the life-threatening infections with exten-
sive debridement or by an amputation of unsalvageable limbs. Second all the closed 
fractures, with the exception of femoral fractures, have to be treated nonoperatively. 
Closed femoral fractures must be treated with external fixation, while open fractures 
must be treated by debridement and external fixation. IV antibiotics have to be 
administered immediately, and a second debridement must be performed after 
2–3  days. Closed compartment syndromes may be encountered as chronic. 
Radiographic guidelines are as follows: only one anteroposterior (AP) view may be 
taken, and postoperative radiographs must be applied only in selected cases like 
doubts about a successful fixation.

In the same group study, the majority of the pelvic fractures were categorized as 
lateral compression, just as in Iran’s earthquake in 2003, corresponding to 69.1% of 
the pelvic fractures. Treatment of choice to immobilize an unstable pelvis was the 
application of external fixation, while in a remarkable percentage of patients, stabi-
lization with the application of iliosacral screw was performed [20].

Similarly, in the cases of spinal fractures, a proper immobilization is deemed 
necessary. Studies have shown that immobilization of patients with a board and 
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collar and head immobilization between foam wedges provides the most stable bio-
mechanical immobilization. It has been, also, reported that patients transported 
within 24 h to a proper health facility have better outcome than those who are trans-
ported after 24 h. Furthermore, early catheterization, analgesia, fluid resuscitation, 
and steroid administration are correlated with reduced mortality rate and neurologi-
cal complications.

Tsunami is a natural phenomenon in which a series of large waves are generated 
after a displacement of submarine landslides caused by earthquakes. In 2004 during 
the Indian Ocean tsunami, thousands of people were severely injured [21, 22]. The 
main injuries of the surviving population were salt water aspiration and traumas. 
Orthopedic emergencies like fractures, dislocations, and tendon rupture were very 
common. Mechanism of orthopedic injuries was blunt trauma from floating debris 
or crashes injuries from large masses, e.g., vehicles, trees, or houses etch. Pelvic 
fractures were not common. Contrariwise, spinal fractures represented the 9.5% of 
all fracture types. Skeletal tractions for the extremities and external fixation were 
the treatments of choice. Spinal stabilization with posterior spinal fusion was also 
performed. Poor facilities, operating theatre sharing with other specialties, and 
uncertain hygiene conditions made the application of any implant or intramedullary 
nailing inappropriate. A fact that must be highlighted is that almost all tsunamis 
traumas are severely contaminated due to the body coverage of mud, dirt, and sand. 
Thus, it is proposed that, after a tsunami injury, all the minor wounds should be left 
open while penetrating traumas need detail exploration and lacerated wounds and 
open fractures, emergency dressing, debridement and exhausting cleaning is appro-
priate [21, 22].

24.5	 �Conclusions

Nowadays blast injuries are very common due to the increasing frequency of terror-
ists bombing attacks that led to high-volume pelvic and spinal traumas previously 
seen only in military conflicts. Similarly, natural disasters like earthquakes are asso-
ciated with severe pelvic and spinal injuries. All the above traumas are multidimen-
sional and can affect every organ system. Therefore, it is very important for either 
prehospital providers or emergency doctors to be familiar with the recognition and 
management of the injuries caused during mega mass casualty situations.
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25.1	 �Introduction

The skin, well known as the largest organ in the human body, presents an efficient, 
self-recovery barrier with its main goal being to protect the body from the external 
environment. Burn accidents disrupt the complicated tissue structure by abolishing 
some essential skin functions (Table 25.1) [1].

Burns are a major cause of mortality and morbidity due to the evident physio-
logic and catabolic changes that lead the human body in shock. Twenty-nine thou-
sand patients were admitted to UK burn services between 2003 and 2007 [2]. A 
crucial portion of these patients were admitted to intensive care units upon presenta-
tion where successful management required multidisciplinary approach.
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Table 25.1  Function of 
the skin

• Protection from infection and bacterial invasion
• Control of fluid and electrolyte loss
• Protection from harmful effects of ultra-violet radiation
• Production and synthesis of vitamin D
• Temperature regulation
• �Sensory interface to touch, perception of pain and 

temperature
• Body image and non-verbal communication

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-34116-9_25&domain=pdf
https://doi.org/10.1007/978-3-030-34116-9_25#DOI


330

Burn injury, subsequent ischemia-reperfusion trauma, and sepsis, lead the body 
to a state of cardiogenic, hypovolemic, and distributive shock. Widespread increases 
to microvascular permeability, caused by the release of inflammatory mediators, 
lead to depletion of intravascular volume, interstitial edema and fluid shifts. Due to 
low intravascular colloid osmotic pressure, fluid escaping the vascular system 
results in oxygen utilization becoming impaired causing organ hypoperfusion. 
Adequate fluid resuscitation is marked as the critical therapeutic intervention in 
conjunction with supportive treatment.

25.2	 �Fluid Resuscitation

The most important intervention in the treatment of acute burn injury is appropriate 
fluid management. Burns involving greater than 15–20% of total body surface area 
(TBSA) can cause hypovolemic shock, while delaying resuscitation for longer than 
2 h post-burn injury, increases mortality dramatically (Table 25.2) [3]. The main 
goal is to minimize the disruptive cascade of physiologic events and prevent a state 
of normovolemic hypoperfusion, also known as burn shock.

The use of formulas has been utilized to guide burn resuscitation while avoiding 
over-resuscitation, also known as a “fluid creep,” described as pulmonary edema, 
acute respiratory distress syndrome (ARDS) and compartment syndrome in unburned 
limbs or abdomen. The resuscitation formulas include but are not limited to the 
Parkland and modified Brooke formula (Table 25.3) [4].

Recommendations for use of lactated Ringer’s solution range from 2 to 4 mL/kg/% 
burn over a 24-h period. All the formulas guide resuscitation with the goal of titrating 
fluids to obtain a urine output of 0.3–0.5 mL/kg/h in adults and 1.0 mL/kg/h in chil-
dren. Formula instructions further recommend that pediatric patients require more 
fluid for burns comparable to those of adults due to the increase in body surface area-
to-weight ratio. Maintenance fluids, including a source of glucose, should also be 
added to pediatric patient resuscitation fluid as hepatic glycogen stores will be depleted 
after 12–14 h of fasting [4].

Though there is limited evidence on burn resuscitation, the Parkland formula is 
widely used when initiating treatment. These principles, although useful, are used 

Table 25.2  Estimating Total 
Body Surface Area 
(TBSA) burned

Area Percentage (%) Total %
Head and neck 9 9
Each forelimb 9 18
Each rear limb 18 36
Dorsal trunk 18 18
Ventral trunk 18 18
Perineum 1 1
TOTAL 100
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as a guide and should be adjusted depending on the physiologic needs of the indi-
vidual patient. In particular, patients received 150% of recommended fluid based on 
the emergency department TBSA estimation increasing to 200% after TBSA esti-
mation by the burn unit. Therefore, initial fluid resuscitation is often inappropriate. 
Other parameters such as burn type, inhalation injury as well as onset of resuscita-
tion response may influence fluid requirements.

While correcting acidosis attention should be given to base deficit and lactate 
since there is strong correlation associated with mortality and fluid resuscitation 
volumes. Clinicians should highly regard urine output as it is an essential parameter 
in resuscitation attempts. American Burn Association recommends a urine output of 
0.5–1 mL/kg/h with intensive monitoring of vital signs [5].

To date, there is no single tool to guide resuscitation attempts, making complica-
tions such as over-resuscitation and under-resuscitation a matter of focus by experi-
enced burn teams. Inaccuracies in calculating fluid requirement often results in 
over-resuscitation, causing excess fluid loading. Another matter of consideration is 
the types of fluids administered, colloids vs. crystalloids. No increase in multiple 
organ failure rates or mortality was found following the administration of 5% human 
albumin solution (HAS) for burn shock resuscitation, while patients who received 
albumin resuscitation did not significantly reduce mortality compared with those 
who did not receive albumin [6].

Although there is no gold standard regarding the timing of colloid initiation, 
early administration appears to have a pulmonary volume-sparing benefit, making it 
essential in burn shock management. Further studies could be key in determining 
the necessary type and volume needed to reduce edema related complications and 
over-resuscitation.

Table 25.3  Resuscitation formulas for estimating adult burn patient fluid needs

Colloid formulas Electrolyte Colloid D5W
Evans Normal saline 1.0 cm3/kg/% burn 1.0 cm3/kg/% burn 2000 cm3

Brooke Lactated Ringer’s 1.5 cm3/kg/% 
burn

0.5 cm3/kg 2000 cm3

Slater Lactated Ringer’s 2 L/24 h Fresh frozen plasma 
75 cm3/kg/24 h

Crystalloid formulas
Parkland Lactated Ringer’s 4 cm3/kg/% burn
Modified Brooke Lactated Ringer’s 2 cm3/kg/% burn
Hypertonic saline formulas
Hypertonic saline 
solution (Monafo)

Volume to maintain urine output at 30 cm3/h
Fluid contains 250 mEq Na/L

Modified hypertonic 
(Warden)

Lactated Ringer’s + 50 mEq NaHCO3 (180 mEq Na/L) for 8 h to 
maintain urine output at 30–50 cm3/h
Lactated Ringer’s to maintain urine output at 30–50 cm3/h beginning 
8 h post-burn

Dextran formula 
(Demling)

Dextran 40 in saline—2 cm3/kg/h for 8 h
Lactated Ringer’s—volume to maintain urine output at 30 cm3/h
Fresh frozen plasma—0.5 cm3/kg/h for 18 h beginning 8 h post-burn
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An alternative to colloid is hypertonic saline. Although it is rarely used in routine 
practice due to the unknown risk-benefit ratio, it potentially reduces fluid shift to the 
interstitium.

25.3	 �Inhalation Injury

The nature of respiratory failure is complex in burn patients, therefore airway man-
agement, ventilatory support, and oxygen therapy is a primary concern. Thermal 
inhalation injury can cause primary injury to the lungs and upper airway directly. 
Secondary injury can be immediate due to an inflammatory response or delayed 
following sepsis.

Mechanical ventilation can aggravate any pulmonary injury, so it should be 
adjusted to provide adequate oxygenation at low tidal volumes. Though the exact 
pathophysiological response to inhalation injury remains unclear, the classic com-
plement cascade is thought to be activated, followed by intrapulmonary leukocyte 
aggregation and oxygen free radical release resulting in pulmonary edema [7].

Carbon monoxide poisoning should be considered in all serious burn cases. It 
binds to hemoglobin causing impaired availability for oxygen molecules at the 
local tissue level. When suspected, it should be treated with endotracheal intubation 
and ventilation with high inspired oxygen concentration. There is little consensus 
regarding parameters or indications for hyperbaric oxygen, and availability is 
limited [8].

Heparin can reduce airway obstruction by potentiating antithrombin-III-mediated 
inactivation of thrombin. The effect of nebulized heparin in reducing airway obstruc-
tion is quite confirmed. Further knowledge on the use of pharmaceuticals to treat 
inhalation injury is unavailable due to the lack of commercial access to some agents, 
the lack of human trials and contradicting experimental outcomes.

25.4	 �Blood Transfusion

Over the years a restrictive transfusion strategy has gained popularity, after a 
multiple-center cohort analysis reported an increased mortality in burn patients with 
multiple blood transfusions [9]. It’s worth mentioning that patients receiving more 
transfusions had also more extensive burn injuries. Therefore increased transfusion 
requirements may simply be a substitute for the severity of burn injury.

When planning a large excision where major transfusion is required, the patient 
needs to be prepped for surgery, meaning a low hematocrit level may be ill-advised 
since it can lead to additional blood loss. If patients are entering the rehabilitation 
phase of treatment, anemia compromising pertinent activities should be avoided 
since the consequences of delayed or impaired recovery are immense.

Attempts to minimize perioperative bleeds and transfusion requirements have 
brought focus on tranexamic acid, however there is not enough data to prove con-
clusive benefits when used in this patient group.
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25.5	 �Burn Related Sepsis

Patients exhibiting progressive tachycardia, tachypnoea, and rise in baseline core 
temperature following a severe burn injury, essentially meet the criteria for systemic 
inflammatory response syndrome (SIRS). The American Burn Association has pro-
duced consensus guidelines suggesting modified definitions for utilizing the SIRS 
criteria in burn patients [5]. In addition to the physiologic and metabolic responses, 
additional markers for diagnosing sepsis include, but are not limited to white cell 
count, C-reactive protein and erythrocyte sedimentation rate.

Sepsis prevention is crucial in the management of a burn patient. Early excision 
and skin grafting is now common practice. An analysis of studies comparing early 
debridement vs. conservative treatment showed that the early debridement group 
required a shorter duration of antibiotic therapy and had fewer positive wound 
cultures.

When grafting is limited due to extensive burn damage, wound treatment should 
be optimized using a dermal substitute, synthetic or biological, or a silver dressing. 
Meshing of grafts allows for greater wound coverage, especially when dealing with 
a limited donor area.

In adults, there is no indication for treatment with antibiotics without signs of 
infection, due to the possibility of adverse events and the development of antimicro-
bial resistance. Early detection and utilization of appropriate antibiotics is key in the 
treatment of burn sepsis. With fungal infections and multidrug resistant organisms 
being a major complication of large burns, antifungal or combination therapy with 
topical antibiotics may be required. Physiologic changes following burns may affect 
the efficacy of administered drugs. Adjusted dosage, especially regarding infusions, 
timing, and appropriate monitoring should be considered to ensure therapeu-
tic levels.

There is inconclusive data to support routine use of corticosteroids in burn 
patients with sepsis although it is not recommended due to the possibility it could 
lead to secondary infection. Moreover, the use of enteral glutamine supplementation 
has been recommended for burn patients [10].

25.6	 �Wound Treatment

The first step toward infection prevention, safe healing, and eventually curing a burn 
injury is proper wound cleansing (Fig. 25.1) [11]. All systematic reviews conducted 
to date did not find any significant correlation between the solution used, water 
included, and the rate of infection or healing. The importance therefore lies in the 
method of applying the agent rather than its nature. Mechanical cleansing by irriga-
tion is the factor that was significantly correlated to decreasing the bacterial count 
in the wound as well as promoting sound healing. Even in cases where the swabbing 
and irrigation did not show a significant difference in terms of wound contamination 
and healing, patient satisfaction, and cost-effectiveness were significantly better 
with irrigation [12].
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25.7	 �Nutrition and Hypermetabolism

Metabolism is significantly affected following a severe burn injury. The body enters 
a hypermetabolic state characterized by hyperglycemia, loss of protein and lean 
body mass. This hypermetabolic state ultimately leads to immune dysfunction, sep-
sis and organ failure. Hyperglycemia in the first 2 days after burn injury has been 
demonstrated as a poor prognostic factor [13].

These results, in addition to the additional immunomodulatory effects of insulin 
led hyperglycemia control to become standard care in burn patients. Insulin has 
nourishing effects on mucosal and dermal barriers, improves wound matrix forma-
tion, reduces bacterial invasion, and inhibits proinflammatory mediator production.

When the body’s nutritional demands go unmet, the healing process is abruptly 
interrupted. Since it is essential for calorific needs to be fulfilled, enteral, and paren-
teral nutrition are greatly favored in relation to outcome measures and cost.

Nasogastric and nasojejunal feeding each have their proponents, with the advo-
cates of duodenal feeding citing the ability to continue nourishment during surgical 
procedures without risk of aspiration, although reduced aspiration with intestinal 
feeding has not been proven. After early enteral feeding, aggressive fluid resuscita-
tion and proton pump inhibitors, the incidence of Curling’s ulcer decreased from 
15% to 3%, with a following decrease in mortality of 70% [14].

25.8	 �Acute Kidney Injury

Burn injury is often followed by acute kidney injury (AKI) with an incidence as 
high as 30% associated with a high mortality rate. One-half of patients, particu-
larly those with a severe burn injury, developed AKI during the first week post 
injury and the remaining patients during the second week. In many of these 
patients, AKI was preceded by other organ dysfunction due to over-resuscitation 

Fig. 25.1  An adult male 
patient with a second to 
third degree extended burn 
injury covering about 85% 
of TBSA after initial 
supportive and 
resuscitation interventions: 
intratracheal intubation and 
ventilation, nasogastric 
catheter, urinary catheter, 
venous catheter of left 
femoral vein and arterial 
line. (Under the auspices 
of Plastic Surgeon Marios 
Frangoulis, MD)
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complications such as intra-abdominal hypertension and abdominal compartment 
syndrome. In the past, late-onset AKI has been strongly associated with sepsis, 
though exposure to nephrotoxic antibiotics and intravenous contrast may also be 
contributing factors [15].

25.9	 �Conclusion

Advances in critical care have led to significant improvements in outcome following 
burn injuries. The introduction of fluid resuscitation protocols, early burn excision 
and closure, infection control, nutritional support, and regulation of the metabolic 
response have led to increased survival rates.

Burn management is a rapidly evolving field with treatment options still to be 
explored. Hopefully the numerous studies underway will provide further guidance 
for the management of these critically ill patients.
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Endovascular Damage Control 
and Management of Vascular Injuries

Efthymios D. Avgerinos

Trauma remains the leading cause of death in the 15- to 44-year-old age group in the 
Western World, as a consequence of a motor vehicle accident, unintentional injury, 
terrorism, homicide, and suicide. In many ways, all life-threatening trauma other 
than that to the brain or heart is vascular trauma. One-third of the patients are dying 
from exsanguination driven by major vascular trauma (typically penetrating) and a 
lot more suffer a limb loss [1, 2]. Military experience, damage control (DC) strate-
gies and new technologies, have altered the overall management of both peripheral 
and truncal vascular trauma.

26.1	 �Pathophysiology of Vascular Injury

As noted by the preponderance of penetrating injury in the published medical litera-
ture, the vascular tree, both arterial and venous, appears to have some limited natu-
ral protection from stretching and bending, which results in fewer blunt injuries to 
the extremity vasculature following trauma. The smooth muscle of the arterial 
media protects the patient from both stretch-type injuries and minor puncture 
wounds, which heal spontaneously in most cases. The smooth-muscle layer also 
offers mild protection from death due to ongoing hemorrhage.

When the arterial vessel is transected, vascular spasm coupled with low systemic 
blood pressure appears to promote clotting at the site of injury and to preserve vital 
organ perfusion better than is the case with ongoing uncontrolled hemorrhage. For 
example, not infrequently bleeding from a popliteal or even an iliac artery 
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transection can sometimes self-limit by strong vessel contracture and clotting. This 
partially explains the improved outcomes by limited prehospital fluid resuscitation 
(permissive hypotension).

26.2	 �Trauma Prehospital/Preoperative Damage Control

Trauma DC is an established strategy to optimally manage injured patients targeting 
to minimize morbidity and mortality (Fig. 26.1). It includes DC resuscitation and 
DC surgery. Damage control resuscitation includes rapid hemorrhage control, per-
missive hypotension, and appropriate fluid administration [3]. Damage control sur-
gery in vascular trauma is used to control exsanguinating hemorrhage or temporarily 
reperfuse a threatened ischemic limb till definite repair is feasible.

Existing literature estimates that up to 20% of deaths after trauma are prevent-
able, the majority of these being due to uncontrolled hemorrhage. Hemorrhage can 
be ongoing in up to 25% of trauma admissions due to associated coagulopathy, 
increasing mortality by threefold [4]. The concept of DC resuscitation based on 
infusion of blood products was developed by military physicians in the early 2000s. 
Subsequently, drastic improvement in postoperative coagulopathy and reduction of 
edema made it popular among civilian trauma centers [5, 6].

26.2.1	 �Fluid Resuscitation

Hemorrhage is an etiologic factor of mortality in 30–40% of trauma patients, and 
many of these deaths happen before the patient reaches the hospital. Advanced 
trauma life support recommends the prehospital assessment of a patient’s circula-
tion status and resuscitation with intravenous fluids. Fluid resuscitation is aimed at 
replacing lost volume to maintain perfusion of vital organs until definitive care [7].

Traditionally, the concept of “early and aggressive” fluid administration has been 
applied to patients with severe trauma, in order to restore circulating blood volume 

Damage-control resuscitation

Prevention/treatmentRapid control of bleedingPermissive hypotension

Blood pressure
targeted

Fluid restricted
/controlled

Tourniquets

Hemostatics

Surgery

Endovascular
embolization

Endovascular coverage
of arterial injury

Temporary
intravascular shunt

Hypothermia

Acidosis

HypocalcemiaFFP / Blood
transfusion

Fig. 26.1  Damage control strategy algorithm
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and maintain tissue perfusion. However, this treatment approach may increase 
hydrostatic pressure in injured vessels, dislodge hemostatic blood clots, induce dilu-
tional coagulopathy, and result in hypothermia. The concept of “permissive hypo-
tension” refers to managing trauma patients by restricting the amount of fluid 
resuscitation administered while maintaining blood pressure in the lower than nor-
mal range if there is still active bleeding during the acute period of injury. Although 
this treatment approach may avoid the adverse effects of early and high-dose fluid 
resuscitation, it carries the potential risk of tissue hypoperfusion.

For patients with major trauma, defined as having an Injury Severity Score of 
more than or equal to 16, the American College of Surgeons’ Advanced Trauma 
Life Support guidelines currently advocate “balanced” resuscitation with an initial 
1–2 L of crystalloids before definitive/surgical control of bleeding. The mechanism 
of injury, whether penetrating or blunt, and injury site is not specifically described. 
Permissive hypotension and restricted fluid resuscitation strategies are stated in the 
fourth edition of the European guideline on management of major bleeding and 
coagulopathy following trauma [8].

Fluid therapy can be achieved by administering crystalloid solutions, colloidal 
solutions, or blood products [9]. Aqueous fluids used for resuscitation are termed 
based on additional elements found within the solutions. Fluids which contain elec-
trolytes (crystal-forming elements) are termed crystalloids, while those which con-
tain electrolytes and large organic molecules are termed colloids.

26.2.1.1	 �Crystalloids
Crystalloid resuscitation occurs when electrolytes pass through the endothelial 
membrane followed by water. The flow of water from the intravascular space into 
the extracellular space eventually reaches an equilibrium when concentrations are 
similar in both spaces. Solutions may contain an assortment of organic anions and 
inorganic cations. Organic anions include acetate, bicarbonate, gluconate, lactate, or 
Cl−, while K+, Ca2+, and Mg2+ constitute the commonly used inorganic cations.

Commonly used crystalloids include normal saline (NS), Ringer’s lactate (LR), 
Hartmann’s solution, and Plasma-Lyte. Despite its nomenclature, normal saline is 
not physiologic as an electrolyte solution. The solution contains an equal amount of 
Na+ and Cl− making it hypernatremic, hyperchloremic, and slightly hypertonic. A 
hypernatremic, hyperchloremic, metabolic acidosis can occur with substantial NS 
infusions. Patients at risk of morbidity from these metabolic derangements (e.g., 
compromised renal function) may benefit from an alternative crystalloid solu-
tion [10].

Solutions such as Hartmann’s solution, Plasma-Lyte, and LR more closely 
resemble the electrolyte composition of plasma. A key characteristic of these 
solutions is that they are isotonic relative to blood. Although these solutions are 
more balanced or physiologic, several randomized trials have failed to prove 
superiority in outcomes of acute kidney injury (AKI), major adverse kidney 
events, or mortality [11, 12].
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26.2.1.2	 �Colloids
Large organic macromolecules and electrolytes contained within colloid solutions 
are better maintained within the intravascular space. It is postulated that the large 
size of the macromolecules limits their ability to cross the endothelial membrane. 
Water is thus retained within the intravascular space due to the increased intravas-
cular oncotic pressure.

The oldest and most commonly used solution is albumin. Concentrations ranging 
from 4% to 25% are used clinically. Presently synthetic colloids such as dextran, 
gelatins, and starches (HES) are increasingly being used due to the varying cost of 
albumin solutions. Gelatins and albumin exist in hypo-oncotic concentrations, while 
dextran, HES, and albumin exist in hyper-oncotic solutions [9].

The Saline versus Albumin Fluid Evaluation (SAFE) trial randomized 6997 
patients to receive either 4% albumin or NS resuscitation for 28 days in the intensive 
care unit (ICU). No significant differences in ICU days, hospital days, mechanical 
ventilation days, or renal replacement therapy days were found throughout the study 
period [11]. Similar results have been shown by other studies comparing the two 
resuscitation modalities [13, 14].

26.2.1.3	 �Blood Products
Recent literature has also led to changes in the tenets of hemostatic resuscitation. A 
“1:1” transfusion ratio of fresh frozen plasma (FFP) and red blood cells (RBCs) has 
been shown to reduce mortality in military literature [4]. Several studies have aimed 
at evaluating whether a specific FFP:RBC ratio best reduces morbidity and mortal-
ity in patients with polytrauma, though a consensus has yet to be reached [15]. 
There is a growing body of literature which suggests that in patients requiring mas-
sive transfusion (MT), increased use of FFP and platelets (PLT) improves survival 
and decreases ventilator and ICU days [16, 17]. While increased FFP and PLT 
administration ratios may provide benefit in patients who require massive transfu-
sion, euvolemic patients requiring less than 10 units of RBCs do not seem to gain 
any benefit in survival rates [18, 19].

European guidelines recommend patients with traumatic injuries be maintained 
at target hemoglobin (Hb) levels between 7 and 9 g/dL [8]. Several randomized 
controlled trials (RCTs) have shown that liberal transfusion strategies (Hb ≥9 g/dL) 
are not as safe as restrictive transfusion strategies (Hb 7–9 g/dL) in critically ill 
patients [20, 21]. As of now, no prospective RCTs exist which compare liberal and 
restrictive transfusion strategies in trauma patients specifically.

Adequate tissue oxygenation remains the mainstay of goal-directed resuscita-
tion. Historically, aggressive fluid resuscitation with a normotensive target (systolic 
blood pressure (SBP) above 100 mmHg) was used. This commonly resulted in dilu-
tion of coagulation factors, hypothermia, and reversal of vasoconstriction, thus lead-
ing to the use of a permissive hypotension strategy (goal SBP 50–100 mmHg).

26.2.2	 �Tourniquets

Increasingly available, accessible, and early tourniquet application has limited iso-
lated limb exsanguination from the leading cause of preventable wartime death.
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Subsequently, one of the earliest assessments of penetrating extremity injuries in 
civilians postulated that adequate hemorrhage control, i.e., with a tourniquet, may 
prevent limb loss and deaths. The use of tourniquets in civilian trauma scenarios has 
been increasing since 2008 [22].

For the patient with significant extremity hemorrhage, the failure to place a tour-
niquet and stop bleeding may potentially result in exsanguination within minutes. 
The best evidence for tourniquet use in the prehospital environment comes from the 
experience of military hospitals. A prospective study analyzing 428 tourniquets 
placed on 309 injured limbs showed that early tourniquet use before the onset of 
shock was associated with a 90% survival rate versus 10% survival if the application 
was delayed until the casualty was in shock [23].

Retrospective studies have examined the use of prehospital tourniquets in civil-
ian trauma. In a 2007 review of tourniquet use in the prehospital setting, it was 
found that immediate application of a tourniquet may be justifiable in (a) life-
threatening limb hemorrhage, amputation, or a mangled extremity, (b) life-
threatening limb hemorrhage not controlled by simple methods, (c) entrapment of a 
limb preventing access to a point of hemorrhage, (d) multiple casualties with 
extremity hemorrhage and inability to perform simple methods of hemorrhage con-
trol, or (e) benefits of prevention of death which outweigh limb loss from ischemia 
caused by use of a tourniquet [24].

When studied in the urban emergency medical service (EMS) setting, prehos-
pital tourniquet use appeared to be safe. The Boston EMS experience with prehos-
pital tourniquets reported that 91% (95/98) of cases resulted in successful control 
of hemorrhage, and they were in place for an average of 14.9 min prior to hospital 
arrival. Tourniquets were removed in the emergency department in 54.7% (52/95) 
of cases and in the operating room in 31.6% (30/95) of cases. Of the 30 tourni-
quets removed in the operating room, 14 did indeed have a documented vascular 
injury which required repair. A complication rate of 2.1% was reported in that 
study, showing that effective tourniquet application may be used in the prehospital 
setting safely [25]. Despite this, complications of tourniquet use are well docu-
mented including arterial injury and thrombosis, deep venous thrombosis, and 
neuronal injury. It has been documented in literature that up to 65% of tourniquet 
gauges are inaccurate and inappropriate pressures up to 500  mmHg have been 
applied to limbs improperly [26]. Regardless of these potential complications, the 
use of tourniquets in the prehospital setting has been shown to be effective and 
potentially life-saving. Education on proper tourniquet use is a key to the success 
of this strategy.

Currently, both the American College of Surgeons Committee on Trauma (ACS-
COT) and the American College of Emergency Physicians (ACEP) now recom-
mend that tourniquets be used when extremity hemorrhage presents a threat to life 
emphasizing that tourniquet use should be avoided if the bleeding from an extremity 
injury is minor [27].

Recent initiatives in the United States have aimed at educating citizens to pro-
vide bleeding control for those in need. The “Stop the Bleed” campaign encourages 
citizens to learn how to prevent or slow potentially life-threatening hemorrhage as 
well as have access to and learn to use bleeding control kits.
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26.2.3	 �Hemostatic Agents

Ideal characteristics for hemostatic dressings were previously described as able to 
stop severe arterial and/or venous bleeding in under 2 min, be without systemic or 
local toxicity/side effects, cause no pain or thermal injuries, pose no risk to provider 
applying the dressing, be ready to use, be easily packed into wounds, be inexpensive 
and cost-effective, and have a long shelf life [28]. The use of topical hemostatic 
dressings in the prehospital setting for the control of massive hemorrhage has the 
potential to alter the current standard of care for exsanguinating patients and 
improve the clinical outcome in heavy injured patients.

Prior to Operation Enduring Freedom and Operation Iraqi Freedom, the Army 
Field Bandage (AFB) was the foundation of hemorrhage control. A thick layer of 
cotton wrapped in layers of gauze was the simple premise to the AFB. This could be 
wrapped around an injured extremity to absorb blood as well as compress the 
wound. Since that time many hemostatic agents have been developed including the 
dry fibrin sealant dressing (American Red Cross Holland Laboratory, Rockville, 
MD), Fibrin Patch (Ethicon, Inc., Somerville, NJ), Rapid Deployment Hemostat 
(Marine Polymer Technologies, Inc., Danvers, MA), HemCon Bandage (Oregon 
Medical Laser Center, Portland, OR), and QuikClot (Z-Medica Corp., Wallingford, 
CT). The HemCon bandage consists of freeze-dried chitosan, which appears to 
strongly adhere to wet tissues and seal injured vessels. QuickClot functions as a 
mineral-based hemostatic agent. The zeolite minerals cause rapid water absorption 
which may concentrate clotting proteins and cells into the wound. The newer-
generation mineral-based hemostatic agents QuikClot Combat Gauze (Z-Medica 
Corp, Wallingford, CT) and Celox (MedTrade Products Ltd., Crewe, UK) have 
shown improved hemostatic efficacy over prior topical hemostatic dressings [28]. 
Previously, efficacy and safety concerns arose with the HemCon and QuikClot 
dressings [29]. Improvements in the current formulations of these dressings have 
since made them safer and more effective for clinical use [30–32].

Currently approved topical hemostatic agents can be categorized under four 
functional categories: biologically active agents, fibrin sealants, mechanical barrier 
agents, and flowable sealants (thrombin plus a mechanical barrier). Mechanical bar-
riers block blood flow and create thrombogenic surfaces. QuikClot remains the 
most commonly used of this category [32, 33]. Biologically active agents are indi-
cated for minor bleeding and oozing. Thrombin and fibrinogen-thrombin-containing 
agents do not depend on patients’ intrinsic clotting mechanism. Flowable sealants 
are delivered in a paste-like mixture and combine thrombin with a mechanical 
hemostatic agent. Fibrin sealants combine human fibrinogen with thrombin imme-
diately before use and cause more rapid clot formation than a patient’s own coagula-
tion cascade. Fibrinogen concentrations up to 25 times greater than physiologic 
concentrations may be produced at sites of hemorrhage [34].

The use of topical hemostatic agents in combination as an adjunct to surgical 
bleeding control has been identified as a Grade 1B recommendation in European 
guidelines [8]. Like many tenants of the care of patients with traumatic injuries, 
military experiences in the use of topical hemostatic agents have advanced the care 
of civilians.
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26.3	 �Damage Control Surgery

Surgical intervention for damage control in trauma involves an abbreviated explor-
atory laparotomy in an unstable patient. The triad of hypothermia, acidosis, and 
coagulopathy as well as shock physiology would lead to acute decompensation in 
these patients if not immediately intervened upon.

The damage control laparotomy may be divided into three phases. Phase I is 
based on acute hemorrhage control, repair of visceral injuries using stapling meth-
ods, abdominal packing, and transport to an intensive care unit. Phase II is based on 
aggressive resuscitation as described in previous sections. The basis of Phase III 
involves a return to the operating room within 72 h for removal of packing and rees-
tablishment of intestinal continuity. While indications for damage control laparot-
omy may differ among level 1 trauma centers, institutional algorithms are a mainstay 
of treatment in the trauma population [35, 36].

26.3.1	 �Resuscitative Endovascular Balloon Occlusion of the 
Aorta (REBOA)

Patients with life-threatening hypotension and hypovolemia secondary to hemorrhage 
may require aortic occlusion to facilitate resuscitation. Aortic occlusion is thought to 
preserve coronary filling and cerebral perfusion in the setting of physiologic collapse 
due to hemorrhage although most of the data collected on clinical use has been limited 
and retrospective in nature [37–39]. Traditionally, aortic occlusion was achieved by 
cross-clamping the descending thoracic aorta via thoracotomy; however, newer strate-
gies such as the use of resuscitative endovascular balloon occlusion of the aorta 
(REBOA) have become more common in level 1 trauma centers. Interestingly, 
REBOA has been even suggested as a measure to control torso hemorrhage in the 
prehospital setting by specialized emergency medical services teams.

REBOA is not a definitive hemorrhagic control maneuver but instead works as a 
bridge while transfusions are initiated and the source of bleeding can be identified 
and stopped. In this context, REBOA is used for a brief period of time, either pre- or 
intraoperatively, until open or endovascular hemorrhage control can be accom-
plished. Depending on the source of bleeding, a REBOA catheter can be positioned 
either in the descending thoracic aorta (Zone 1) or the infrarenal aorta (Zone 3). 
Zone 1 deployment is necessary for intraperitoneal sources of bleeding such as 
high-grade solid organ injury (i.e., liver, kidney, spleen) or bleeding from a named 
visceral vessel. Zone 3 deployment is reserved for bleeding and shock associated 
with a high-grade pelvic fracture or from the junctional femoral area. Although the 
exact source of bleeding is often unknown, using the physical exam and a few basic 
imaging modalities can provide enough information to inform the provider whether 
to position the balloon in Zone 1 or 3 (Fig. 26.2).

Use of REBOA has been shown to improve hemodynamics, increase survival as 
compared to historical controls who underwent thoracotomy (21.1% vs. 7.4%), and 
preserve neurological outcome in survivors [40]. Access-site complications and 
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limb-related adverse events remain low, and the use of smaller systems (7 Fr) may 
aid in increasing safety [40–42]. Increasing use of this strategy may require a shift 
in the training paradigm of acute care and trauma providers to include endovascu-
lar skills.

26.4	 �Shunts

The use of temporary intravascular shunts (TIVS) has been well documented in the 
military literature. The civilian sector later caught up with the military experience 
albeit under different circumstances. Due to the widespread availability of Level 1 
trauma centers where definitive management is possible, some controversy exists 
over the use of TIVS in civilian trauma; however, there may be specific patient 
populations or injury patterns in which TIVS may provide benefit. The mechanisms 
of injury, indications, and incidence of use are quite different, and as such it is dif-
ficult to extrapolate data from the military. The incidence of shunt use in civilian 
vascular trauma is otherwise lower and ranges between 3% and 9% [43, 44].

Aorta

Inflated
Balloon

Arterial
Access

REBOA

Femoral
Artery

Fig. 26.2  Resuscitative endovascular balloon occlusion of the aorta
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Temporary intravascular shunting is indicated in (1) open extremity fractures 
with extensive soft tissue injury and concurrent arterial injury (Gustilo IIIC), (2) 
need for perfusion during complex vascular reconstruction, (3) damage control for 
patients in extremis, (4) perfusion prior to limb replantation, (5) truncal vascular 
control, and (6) complex repair of Zone 3 neck injuries. The two most common 
indications are damage control and as a temporizing measure for orthopedic fixation.

The high limb salvage and relatively low complication rates associated with 
shunts make them quite appealing. Compared to ligation, TIVS reduced amputa-
tion, fasciotomy, and mortality rates from 47% to 0%, 93–43%, and 73–43%, 
respectively, in patients with iliac artery injuries [45]. An earlier 10-year analysis 
from a Level I trauma center looking at 99 shunted vascular injuries showed a 9% 
shunt incidence rate. Damage control (44%) and orthopedic-vascular injuries (42%) 
were the most frequent shunt indications. Shunts were more commonly used in 
extremity (65–94%) and arterial (70–100%) injuries compared to truncal and 
venous injuries, respectively. The most commonly shunted extremity vessels were 
the superficial femoral artery (25%) followed by the popliteal artery (19%) [43, 44].

Although no differences among shunt types have been reported, the Argyle shunt 
(C.R.  Bard, Billerica, MA) followed by the Pruitt-Inahara shunts (LeMaitre 
Vascular, Burlington, MA) have been the most commonly utilized conduits [43, 44]. 
Chest tubes have been used for larger vessels with the majority being for truncal 
aortic injuries [44]. Nasogastric tubes were used to fashion shunts in one study from 
South Africa [46]. There was no association between shunt thrombosis and the use 
of noncommercial shunts (chest tube/feeding tube). However, noncommercial 
shunts and “damage control” shunt indication were associated with higher odds of 
subsequent graft failure (OR = 6.2, OR = 3.3, p < 0.05, respectively) [44].

Venous injury adds more treatment heterogeneity to vascular trauma. One study 
reported ligating all venous injuries [46]. There is evidence, however, that vein 
shunting and repair is associated with lower incidences of compartment syndromes, 
fasciotomies, and amputations [47, 48]. Shunt diameter is another critical consider-
ation; oversizing causes intimal injury, while undersizing might cause shunt dis-
lodgement. Shunt dwell time has not been associated with thrombosis; 86.5% of 
shunts were removed at 24 h in one study, while the mean “dwell” time was 24 h in 
another [43, 44]. Current shunt configuration is in a straight position (vs. looped) 
inserted to a depth of 2 cm into the injured vessel [47, 49] (Fig. 26.3).

There is no consensus surrounding the factors associated with shunt thrombosis 
although shunt sizing and vessel caliber have been implicated. One series demon-
strated a shunt thrombosis rate of 5% all occurring in small-caliber vessels (superior 
mesenteric and brachial arteries) [43]. This is relevant since the majority of shunts 
(78%) are placed in larger-caliber vessels [44].

While the aforementioned shunting series portray favorable outcomes, the 
absence of a control group (primary or definitive vascular repair without prior vas-
cular shunting) is a major limitation in most studies describing vascular shunt use. 
While it is true that compared to ligation shunting has superior outcomes, the same 
cannot be extrapolated when we compare shunts to definitive surgical repair [50–
52]. One would assume that shunts would be most needed in small, rural centers 
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with limited access to vascular surgeons and appropriate resources, yet most of the 
literature supporting shunts comes from Level I trauma centers which are well-
equipped and capable of definitive vascular surgical repair.

Trauma societal guidelines recommend minimizing the ischemic time to less 
than 6 h to allow for maximum limb salvage [53, 54]. Restoration of blood flow 
through temporary shunting is suggested in the presence of a concomitant bone 
injury, while immediate vascular repair is advised for “stable skeletal injuries” [55].

26.5	 �Overview of Vascular Injuries

26.5.1	 �Neck Vascular Injuries

Neck trauma is a leading cause of death among younger trauma persons, posing to 
surgeons the dilemma whether to proceed with reconstruction of the vascular inju-
ries in the presence of coma or severe neurological deficit. Most patients presenting 
with vascular neck injuries will pass away during injury or immediately after trans-
portation to the emergency department. For better evaluation and approach of the 
injury, the neck is separated into three anatomical zones: Zone 1 (sternal notch to 
cricoid cartilage), Zone 2 (cricoid cartilage to angle of the mandible), and Zone 3 
angle (mandible to the base of skull). Most injuries are found in Zone 2 (47%), 
whereas a smaller amount of injuries will be found in Zone 3 (19%) and Zone 1 
(18%) [56].

The main vascular structures in this zone are the common carotid artery, the 
internal carotid artery, the external carotid artery, the vertebral artery, and the inter-
nal jugular vein. The patient presents often in the emergency room with “hard signs” 
that require immediate exploration or “soft signs” that need further diagnostic eval-
uation and observation of the patient’s hemodynamic status. Hard signs are defined 
as shock, pulsatile bleeding mass, souffle, expanding hematoma, and loss of pulse 
with stable or developing neurological deficit. Soft signs include stable hematoma 

Fig. 26.3  Poplliteal artery 
and vein transection 
following tibial fracture 
and knee dislocation after a 
motor vehicle accident. 
Patient was transferred to 
thee emergency room with 
a 4 hour delay and an 
ischemic foot. Figure 
indicates arterial and 
venous shunt in place to 
allow time to the 
orthopedic surgeons to 
realign the knee and fixate 
the fracture
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and history of bleeding at the scene of injury. Carotid injury is associated with a 
high mortality rate (~50%) and high incidence of neurological deficit development 
(~80%) [56–58].

The management of Zone II injuries has been an object of debate over the previ-
ous decades. Conventionally, injuries in this zone would mandate immediate surgi-
cal exploration due to the accessible anatomy and high mortality of missed injuries. 
More recently mandatory exploration has been questioned compared to selective or 
nonoperative management with serial examination and further diagnostic testing in 
asymptomatic, hemodynamically stable patients. Several studies from experienced 
trauma centers confirmed that Zone II injuries can be reliably evaluated with physi-
cal examination. An injury to the vertebral artery from blunt trauma or active hem-
orrhage from penetrating wound can be evaluated with CTA in the hemodynamically 
stable patient. The stroke risk is 20% irrespective of lesion grade. Medical manage-
ment has no role for penetrating injuries, but it does have a role for blunt injuries 
identified during the diagnostic evaluation. Injuries to the jugular veins occur in 
20% of penetrating neck trauma. Isolated injuries are manifested with hard or soft 
signs of a vascular injury, but patients are rarely unstable [57, 58].

26.5.2	 �Thoracic Aortic Injuries

Blunt traumatic thoracic aortic injury of the aortic isthmus is the second most fre-
quent cause of trauma-related mortality.

Isthmus is the segment of the aorta affected in the vast majority of blunt thoracic 
injury cases, reaching 80% of these patients. Other aortic segments, such as the 
aortic arch and the ascending and the descending aorta, are affected significantly 
less frequently [59].

Patients who make it to the emergency room have typically a “contained” rupture 
as the ones with free rupture will expire at the trauma scene. Diagnosis is typically 
done with a CT angiogram. In the past, these lesions were routinely treated on an 
emergency basis right after the diagnosis was established, but in recent years, treat-
ment has been shifted toward a more expectant strategy in combination with thor-
ough radiological surveillance and proper pharmaceutical regime, aiming at a strict 
blood pressure control [59–61].

Despite the lack of high-level evidence, endovascular repair with a thoracic aor-
tic stent is considered “standard of care,” as the advantages of this procedure in 
terms of operative complexity, complications, and associated mortality when com-
pared to open surgical repair are clear [60, 61] (Fig. 26.4).

26.5.3	 �Abdominal/Pelvic Vascular Injuries

The mortality rate of abdominopelvic trauma varies widely and may reach 90%. 
More than 70% of deaths can be expected to occur within the first day, whereas late-
stage mortality may be attributed to secondary complications such as sepsis and/or 
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multiple organ failure due to trauma [62, 63]. Blunt injuries predominate in rural 
areas, while penetrating ones are more frequent in urban settings.

Although, the management of acute traumatic vascular injuries was, until 
recently, restricted to traditional open surgical techniques, the use of endovascular 
techniques provides a reliable alternative.

The major sites of hemorrhage in patients are the viscera, following the mesen-
tery, and the major abdominal vessels. For a better estimation and management of 
the injuries, the abdomen is conventionally divided into three zones:

•	 Zone 1: Midline retroperitoneum (extending from the aortic hiatus to the sacral 
promotore). This zone is subdivided into the supramesocolic (suprarenal aorta 
(SA), celiac axis (CA), superior mesenteric artery (SMA), renal arteries (RAs), 
the supramesocolic area of inferior vena cava (IVC), superior mesenteric vein 
(SMV)) area and the inframesocolic area that contains the infrarenal aorta and 
the IVC.

•	 Zone 2: Upper lateral retroperitoneum (left and right, which contains the kidneys 
and their vessels)

•	 Zone 3: Pelvic retroperitoneum (including the iliac vessels)

Abdominal vascular trauma presents as free intraperitoneal hemorrhage, intra-
peritoneal/retroperitoneal hematoma, or thrombosis of the vessel. Under these cir-
cumstances, the hemodynamic status of the patients should be rapidly evaluated in 
order to divide them in two groups, those with ongoing hemorrhage and those with-
out (hematoma/thrombosis). In cases of active hemorrhage, the patients arrive at the 
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Fig. 26.4  (a–c) Advanced traumatic injury of the thoracic aorta at the isthmus,. Large traumatic 
intimal flap, intramural hematoma and periaortic hematoma extending along the thoracic aorta. 
Associated moderate size mediastinal hematoma. Small left hemothorax; (d) aortogram indicating 
the aortic transection / contain aortic rupture; (e) coverage of the injured aorta with a thoracic 
endograft; (f) thoracic aortic endograft TAG Gore Medical (Flagstaff, Arizona, USA)
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emergency department hypotensive and “nonresponding” to fluid resuscitation. 
Immediate transfer to the operating room for definitive repair of their vascular inju-
ries is essential.

Vascular injury is also frequent in pelvic fractures, and it is usually of venous 
origin, but in unstable pelvic fractures and particularly in hemodynamically unsta-
ble patients, arterial bleeding should be suspected. Arterial bleed is typically com-
bined with venous. Percutaneous angioembolization (typically of internal iliac 
arterial branches) is preferred for treatment of hemodynamically unstable pelvic 
fractures. Venous bleeding and hemorrhage from fracture sites are effectively con-
trolled by preperitoneal pelvic packing in conjunction with pelvic stabilization. 
Angioembolization for active arterial bleeding in PI has a high success rate 
(85–100%) and can be repeated in case of ongoing bleeding [64].

26.5.4	 �Extremity Vascular Injuries

Upper or lower extremity arterial injury in trauma patients has the potential to prog-
ress to ischemia and limb loss if not promptly recognized and treated. Lower 
extremity injuries are more frequent than those of the upper extremity, and penetrat-
ing trauma is more prevalent than blunt.

When damage is severe or ischemia has been prolonged, primary amputation is 
often performed at the discretion of the trauma team. Patients who do not require an 
immediate primary amputation, however, may continue on to require a delayed 
amputation as a result of irreversible or progressive ischemia, extensive unrecon-
structable soft tissue, or skeletal damage, or electively for intractable pain or a non-
functional limb.

Outcomes of lower extremity injuries in the global civilian population are diffi-
cult to quantify due to the low rate of injuries in the general population: despite the 
large number of patients in some studies, results have been non-homogenous 
because the injury characteristics of many study populations differ substantially in 
mechanism and injury location, with amputation rates ranging from 2% to 33% [64].

Vascular injuries can be classified clinically into hard signs and soft signs of 
injury on the basis of examination. Classic so-called hard signs of vascular injury 
include the following:

•	 Observed pulsatile bleeding
•	 Arterial thrill (i.e., vibration) by manual palpation
•	 Bruit over or near the artery by auscultation
•	 Signs of distal ischemia
•	 Visible expanding hematoma

Soft signs of vascular injury include the following:

•	 Significant hemorrhage found on history
•	 Decreased pulse compared to the contralateral extremity
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•	 Bony injury or proximity penetrating wound
•	 Neurologic abnormality

In general, hard signs of injury (e.g., a change in pulse quality compared to the 
opposite extremity or a loss of pulse in the extremity) are absolute indications for 
further diagnostic studies (e.g., arteriography or exploration and direct visualization 
in the operating room). Softer signs (e.g., temperature change, color change, delayed 
capillary refill, or neurologic deficit) should alert the clinician to the need for close 
observation and monitoring.

The physical examination may be augmented by measurement of the ankle-
brachial index (ABI).

Imaging studies (e.g., CT angiogram) can be performed when patient is stable 
and/or the limb is not severely ischemic; otherwise the surgeon can perform on-
table angiography in the operating room with minimal risk to the patient.

Treatment is often complex due to the involvement of trauma to multiorgan sys-
tems and concomitant local musculoskeletal injuries. Management of lower extrem-
ity injuries is best accomplished using a multidisciplinary approach among trauma, 
orthopedic, and vascular surgeons. Various scoring systems have been proposed for 
assessing the severity of the mangled extremity, with the MESS score the most com-
monly used in vascular trauma. This score has classically been used with a cutoff 
score of 7 to predict future viability of any limb salvage procedures. Irrespectively, 
the decision regarding whether or not to amputate should be made individually on 
the basis of clinical signs and intraoperative findings of irreversible limb ischemia.

Medical therapy alone is rarely an option in penetrating or blunt trauma to the 
extremity vasculature when hard signs of injury are present. Patients who are 
asymptomatic or who have only soft signs can often be observed, but such observa-
tion is best performed by a surgeon who is prepared to operate if changing circum-
stances require it. The observation must be performed with the understanding that if 
the examination findings change or if hard signs develop, surgical intervention is 
necessary. The timing of surgical intervention can be critical to outcome in extrem-
ity vascular injury. Vascular reconstruction that occurs within 3 h of injury is gener-
ally accepted to have the best outcome [65].

Surgical intervention when suspecting peripheral vascular injuries can be as 
minor as operative visualization of normal vascular anatomy for diagnostic pur-
poses or as extensive as reconstruction and replacement of entire segments of 
injured vessels. As a general rule while arteries need to be reconstructed, veins can 
be generally ligated with minimal morbidity. If patient is too unstable, damage con-
trol by placement of a temporary intravascular shunt can allow time for optimization 
before definite repair (see previous section on shunts).

26.6	 �The Role of Endovascular Techniques 
in the Management of Vascular Injuries

While open surgical management has always been the gold standard, the use of 
endovascular techniques is becoming more prominent for selected indications. This 
trend is in part due to advancements in numerous technologies such as embolization 
materials and covered stents from the aorta to the periphery.
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A full account of endovascular techniques used to manage vascular injuries, 
hemorrhage, and shock is beyond the scope of this article. However, like REBOA, 
catheter-based management of intraperitoneal hemorrhage is best performed by a 
team (e.g., technicians, nurses, physicians) and guided by protocols that standardize 
the rapid evaluation, movement, and treatment of these injury patterns, whether 
treatment takes place in an interventional radiology suite, an operating room, or a 
hybrid endovascular operating room.

The decision for endovascular or open intervention can be difficult and should be 
guided by the patient’s clinical condition and anatomy of the injury. When patients 
are unstable, there is little debate that open surgery takes precedence; however, in 
the reasonably stable patient, the traditional thinking of mandatory surgical explora-
tion is now challenged. Blunt traumatic vascular injuries are largely amenable to 
endovascular therapy, and some previously high-mortality, penetrating injuries like 
those to the visceral vessels can now sometimes be successfully treated with cov-
ered stenting. Thoracic aortic and axillosubclavian injuries are associated with 
favorable endovascular outcomes and have the most robust data supporting their 
use. If solid organ bleeding is amenable to endovascular treatment, it most com-
monly requires selective or semiselective embolization using one or more modali-
ties, such as coils, plugs, or thrombotic material (Fig. 26.5). As such, having the 
inventory and practiced operating or interventional room staff who understand these 
devices is critical to their rapid and effective use. Lastly, because these patients are 
unstable and prone to cardiovascular collapse, use of endovascular devices to con-
trol intraperitoneal bleeding should include preestablished bailout options such as 
REBOA and/or laparotomy if the catheter-based approach is unsuccessful [5, 58, 
62, 63, 66].

Hybrid operating rooms offer several advantages to using portable C-arms, par-
ticularly for complex endovascular aortic or cerebrovascular procedures, and can be 
integrated into the trauma pathway as an alternative to a traditional operating room. 
The hybrid room can be useful with concomitant orthopedic injuries as well as vis-
ceral bleeding amenable to embolization.

Ideally a multidisciplinary team is required to make appropriate treatment deci-
sions and weigh the risks and benefits of available treatment modalities.

a b c

Fig. 26.5  26 year old male who suffered multiple gunshot wounds to neck transported from 
trauma scene. The patient has a 1 cm wound over his right anterior neck at the apex of the sterno-
cleidomastoid triangle. (a) CT scan shows pseudoaneurysm of a right subclavian branch versus 
blast injury to the top of his lung with minimal hemothorax; (b) selective angiogram of the thyro-
cervical trunk showed extravasation from the suprascapular artery and the transverse cervical 
artery; (c) injured arterial branches were coiled embolized and bleeding has been controlled
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26.7	 �Management of Bleeding in Austere Environments

Remote, isolated, and austere locations without the benefit of relying on local medi-
cal infrastructure necessitate development of dedicated medical units and capabili-
ties to provide this care. Current knowledge comes from military practice.

“Remote” or “forward” has been proposed to define the prehospital phase of 
resuscitation, and “austere” or “far-forward” as “the environment where profes-
sional healthcare providers normally do not operate, and basic equipment and 
capabilities necessary for resuscitation are often not available” [10]. The transla-
tion of hospital-based damage control resuscitation techniques to remote and aus-
tere settings forms the crux of remote damage control resuscitation (RDCR). 
RDCR is applicable in a wide range of settings: rural, frontier/wilderness, ships at 
sea, and mass casualty incidents. Given the inherent logistical and resource limi-
tations in these settings, however, translation of damage control to RDCR is chal-
lenging [67, 68].

As discussed earlier permissive hypotension improves outcomes. This holds true 
in urban environments where prehospital transport times are relatively short. In 
remote and austere environments, permissive hypotension will undoubtedly lead to 
some accumulation of oxygen debt.

Plasma is used as the primary volume expander in urban damage control resus-
citation. Storage conditions and therefore immediate availability of plasma products 
differ with implications for RDCR. Fresh frozen plasma and thawed plasma are ill 
suited for RDCR; liquid plasma has fewer constraints, enabling wider use. Freeze-
dried (lyophilized) plasma (FDP) has been “rediscovered” as a more suitable plasma 
product for RDCR. FDP was used extensively during World War II, but production 
was stopped in the United States due to heightened risk of disease transmission. 
Currently, FDP is manufactured by updated processes in France, Germany, and 
South Africa. The French product has been in continuous production since World 
War II, albeit in small quantities. Advantages of FDP include its long shelf life (up 
to 2 years), room temperature storage, rapid reconstitution within minutes, and rela-
tive stability at temperature extremes. The French and South African products are 
produced from pooled plasma. The advantages of pooling include uniform factor 
concentrations and universal ABO compatibility, while transmissible disease risk is 
minimized by pathogen inactivation [67].

Platelets are an important part of hemostatic resuscitation, but logistical con-
straints make platelets essentially unavailable in remote and austere settings. Cold 
storage of platelets, which appears to preserve hemostatic function better than room 
temperature storage without the need for agitation, appears viable. Another hemo-
static resuscitation option when platelets are unavailable is whole blood, including 
fresh whole blood (FWB) obtained as needed from the “walking blood bank.” Being 
fresh, the well-described “storage lesion” of aged RBCs and platelets is avoided. 
Transfusion of bag of FWB in lieu of three to four bags of components is logisti-
cally simpler (reducing risk of administrative error) and reduces donor exposure 
(lowering the risk of disease transmission) [67, 69].
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In the civilian sector, pilot trials have reported successful use of cross-matched 
modified whole blood (leukoreduced, platelets removed) and uncross-matched 
cold-stored whole blood (leukoreduced, containing platelets) in the initial resuscita-
tion of civilian trauma patients. Norwegian Naval Special Operations have pub-
lished their simplified protocol for whole blood “buddy” transfusions in the field, 
and a similar protocol for US forces has been proposed.

Tranexamic acid (TXA) inhibits tissue plasminogen activator and fibrinolysis, 
potentially making it an important damage control resuscitation adjunct. It is rec-
ommended for hospitalized trauma patients within 3 h of injury if possible, and it 
reduces blood loss without increased risk of venous thromboembolism. Prehospital 
TXA is given by several military and civilian aeromedical transport services, at the 
point of injury, so far with no apparent increase in adverse events [70]. A recent 
matched cohort study found that prehospital TXA was associated with reduced 24-h 
mortality (5.8% vs. 12.4%) in 516 patients transported by the German Air Rescue 
Service without increased VTE incidence [71].

As far as mechanical control of hemorrhage is concerned, hemorrhage can be 
classified as compressible (controllable with external pressure) or noncompressible 
(torso hemorrhage). Tourniquets, hemostatic dressings, and sponges and the 
REBOA balloon have substantially reduced exsanguination from torso or extremity 
hemorrhage. These have been thoroughly described in the previous sections of this 
chapter. Finally, specifically for vascular injuries, should damage control surgery is 
performed in the austere setting, use of a temporary intravascular shunt can allow 
reperfusion of an ischemic limb till patient is transferred to an urban facility with 
the appropriate resources.

As the future unfolds, the benefits and detriments of these contemporary strate-
gies are constantly reevaluated targeting optimal care, minimal limb, and life losses. 
Currently, we still do not have enough evidence to make robust recommendations in 
austere situations.
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27.1	 �Introduction

Traumatic brain injury (TBI) is the leading cause of death and disability in children 
and young adults in the United States. TBI is also a major concern for elderly indi-
viduals, with a high rate of death and hospitalization due to falls among people age 
75 and older. Depending on the severity of injury, TBI can have a lasting impact on 
quality of life for survivors of all ages, impairing thinking, decision-making and 
reasoning, concentration, memory, movement, and sensation and causing emotional 
problems (personality changes, impulsivity, anxiety, and depression) [1]. TBI can 
also lead to epilepsy.

Annually, TBI-related injuries cost an estimated $76 billion in direct and indirect 
medical expenses. The US Centers for Disease Control and Prevention (CDC) sta-
tistics for 2010 showed TBIs were a factor in the deaths of more than 50,000 people 
in the United States; more than 280,000 people with TBI were hospitalized and 2.2 
million people with TBI visited an emergency department [1].

A TBI occurs when physical, external forces impact the brain from either a pen-
etrating object or a bump, blow, or jolt to the head. Generally, not all blows or jolts 
to the head will result in a TBI. For those that do, TBIs can range from mild (a brief 
change in mental status or consciousness) to severe (an extended period of uncon-
sciousness or amnesia after the injury) [1]. There are two broad types of head inju-
ries: penetrating and non-penetrating. Penetrating TBI, or open TBI, occurs when 
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the skull is pierced by an object such as a bullet, shrapnel, or a blunt object includ-
ing a hammer or knife. With this injury, the object enters the brain parenchyma. 
Non-penetrating TBI (also known as closed head injury or blunt TBI) is caused by 
an external force that produces movement of the brain within the skull. Non-
penetrating TBIs include falls, motor vehicle crashes, sports injuries, or being struck 
by an object. Blast injuries due to explosions are also a cause of non-penetrating 
TBIs and have been the focus of intense study as this is a common injury sustained 
by soldiers and the underlying injury to the brain is not fully known. Some accidents 
such as explosions, natural disasters, or other extreme events can cause both pene-
trating and non-penetrating TBIs in the same patient.

The most common cause of TBIs, according to data from the CDC, is falls, and 
they occur most frequently among the youngest and oldest age groups. The second 
and third most common causes of TBI are unintentional blunt trauma, followed 
closely by motor vehicle accidents [1]. Less commonly, TBIs can be seen during 
and after natural disasters. Although the frequency and severity of rapid-onset natu-
ral disasters varies spatially and temporally, a review of the historical record dem-
onstrates that earthquakes, floods, hurricanes or typhoons, tornadoes, and tsunamis 
are not rare events globally [2].

In this chapter we will be discussing classifications of TBIs; the pathophysiology 
and effect TBI has on the brain; TBI due to natural disasters, specifically looking at 
earthquakes and hurricanes; and prevention and treatment of TBI due to natural 
disasters.

27.2	 �Classification of Traumatic Brain Injuries

TBI has traditionally been classified using injury severity scores; the most com-
monly used is the Glasgow Coma Scale (GCS) [3]. A GCS score of 13–15 is con-
sidered mild injury, 9–12 is considered moderate injury, and 8 or less is considered 
as severe TBI.  The GCS is universally accepted as a tool for TBI classification 
because of its simplicity, reproducibility, and predictive value for overall prognosis. 
However, it is limited by confounding factors such as medical sedation and paraly-
sis, endotracheal intubation, and intoxication. An alternative scoring system, the 
Full Outline of UnResponsiveness (FOUR) Score, was developed as an attempt to 
obviate these issues, primarily by including a brainstem examination (Table 27.1) 
[4]. However, the FOUR score lacks the long track record of the GCS in predicting 
prognosis and is more complicated to perform, which may be a barrier for care pro-
viders who are not neurologists [5].

Neuroimaging provides an additional modality for TBI grading. Two currently 
used CT-based grading scales are the Marshall Scale and Rotterdam Scale. The 
Marshall Scale uses CT findings to classify injuries in six different categories 
(Table  27.2) [6]. The Rotterdam Scale is a more recent CT-based classification 
developed to overcome the limitations of the Marshall Scale (Table 27.3) [7].
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Table 27.1  Glasgow Coma 
Scale and Full Outline of 
UnResponsiveness Score

Glasgow Coma Scale (GCS)
Eye opening
    – Does not open eyes. 1
    – Opens eyes in response to noxious stimuli. 2
    – Opens eyes in response to voice. 3
    – Opens eyes spontaneously. 4
Verbal output
    – Makes no sounds. 1
    – Makes incomprehensible sounds. 2
    – Utter inappropriate words. 3
    – Confused and disoriented. 4
    – Speaks normally and oriented. 5
Motor response (best)
    – Makes no movements. 1
    – Extension to painful stimuli. 2
    – Abnormal flexion to painful stimuli. 3
    – Flexion/withdrawal to painful stimuli. 4
    – Localized to painful stimuli. 5
    – Obeys commands. 6
Full Outline of UnResponsiveness (FOUR) Score
Eye response
    – �Eye lids open or opened, tacking, or blinking to 

command.
4

    – Eyelids open but not tracking. 3
    – Eyelids closed but open to loud voice. 2
    – Eyelids closed but open to pain. 1
    – Eyelids remain closed with pain. 0
Motor response
    – Thumbs up, fist, or peace sign. 4
    – Localizing to pain. 3
    – Flexion response to pain. 2
    – Extension response to pain. 1
    – �No response to pain or generalized myoclonus 

status.
0

Brainstem reflexes
    – Pupil and corneal reflexes present. 4
    – One pupil wide and fixed. 3
    – Pupil or corneal reflexes absent. 2
    – Pupil and corneal reflexes absent. 1
    – Absent pupil, corneal and cough reflex. 0
Respiration
    – Not intubated, regular breathing pattern. 4
    – Not intubated, Cheyne-Stokes breathing pattern. 3
    – Not intubated, irregular breathing. 2
    – Breathes above ventilatory rate. 1
    – Breathes at ventilatory rate or apnea . 0
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27.3	 �The Pathophysiology of Traumatic Brain Injury 
and the Effect It Has on the Brain

TBI-related damage can be confined to one area of the brain, known as a focal 
injury, or it can occur over a more widespread area, known as a diffuse injury. The 
type of injury is another determinant of the effect on the brain. Some injuries are 
classified as primary, indicating that the damage is immediate. Other consequences 
of TBI can be secondary and will occur gradually over the course of hours, days, or 
weeks. These secondary brain injuries are the result of reactive processes that occur 
after the initial head trauma.

Primary injuries lead to diffuse axonal injury (DAI), concussion, hematomas, 
contusions, coup and contrecoup lesions, and skull fractures. DAI is one of the most 
common types of brain injuries. DAI refers to widespread damage to the brain’s 
white matter. It is the result of shearing forces which stretch or tear the underlying 
axons found in white matter. This damage commonly occurs in auto accidents, falls, 

Table 27.2  Marshall CT classification of traumatic brain injury

Category Definition
Diffuse injury I (no 
visible pathology)

No visible intracranial pathology seen on CT scan

Diffuse injury II Cisterns are present with midline shift of 0–5 mm and/or lesions 
densities present; no high or mixed density lesion >25 cm3 and may 
include bone fragments and foreign bodies

Diffuse injury III 
(swelling)

Cisterns compressed or absent with midline shift 0–5 mm; no high or 
mixed density lesion >25 cm3

Diffuse injury IV 
(shift)

Midline shift >5 mm; no high or mixed density lesion >25 cm3

Evacuated mass 
lesion V

Any lesion surgically evacuated

Non-evacuated mass 
lesion VI

High or mixed density lesion >25 cm3; not surgically evacuated

Table 27.3  Rotterdam CT classification of traumatic brain injury

Predictor value Score
Basal cisterns
    – Normal 0
    – Compressed 1
    – Absent 2
Midline shift
    – No shift or shift ≤5 mm 0
    – Shift >5 mm 1
Epidural mass lesion
    – Present 0
    – Absent 1
Intraventricular blood or subarachnoid hemorrhage
    – Absent 0
    – Present 1
Sum score Total + 1
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or sports injuries and is usually a result of rotational forces or sudden deceleration. 
It commonly results in a disruption of neural circuits and a breakdown of overall 
communication among neurons in the brain. Patients with severe DAI typically 
present with profound coma without elevated intracranial pressure (ICP) and often 
have a poor outcome. The injuries associated with DAI can cause temporary or 
permanent damage and recovery can be prolonged.

A concussion is a type of mild TBI that may be considered a temporary injury to 
the brain but could take minutes to several months to heal. Individuals who suffer a 
concussion either suddenly lose consciousness or have an altered state of conscious-
ness or awareness and can be characterized as being “dazed.” A second concussion 
closely following a first one causes further brain damage and can lead to permanent 
damage or even death in some instances. This is known as the “second-impact syn-
drome” or “second-hit” phenomenon and can occur minutes to weeks after the ini-
tial concussion.

Extra-axial hematomas are generally encountered when forces are distributed to 
the cranial vault and the most superficial cerebral layers. Different types of hemato-
mas form depending on where the blood collects relative to the meninges which 
include (from outer to inner) dura mater, arachnoid mater, and pia mater.

•	 Epidural hematomas (EDHs): Involve bleeding into the area between the skull 
and the dura mater. They are typically associated with torn dural vessels such as 
the middle meningeal artery and are almost always associated with a skull frac-
ture. EDHs are lenticular-shaped and tend not to be associated with underlying 
brain damage (Fig. 27.1).

Fig. 27.1  CT head 
showing left parietal 
epidural hematoma with 
mass effect on the brain
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•	 Subdural hematomas: Involve bleeding between the dura and the arachnoid 
mater. They, like epidural hematomas, exert extra-axial pressure on the brain. 
They result from damage to bridging veins, which drain the cerebral cortical 
surfaces to dural venous sinuses, or from the blossoming of superficial cortical 
contusions. They tend to be crescent-shaped and are often associated with under-
lying cerebral injury (Fig. 27.2).

•	 Subarachnoid hemorrhage: Involves bleeding between the arachnoid mater and 
the pia mater. Effects vary on the amount of bleeding (Fig. 27.3).

•	 Intracerebral hematoma: Bleeding in the brain parenchyma itself with damage to 
surrounding tissue (Fig. 27.4).

Contusions are bruising or swelling of the brain that occurs when very small 
blood vessels bleed into the brain. Contusions can occur directly under the impact 
site, which is referred to as a coup injury, or, more often, on the complete opposite 
side of the brain from the impact, which is a contrecoup injury. These types of inju-
ries are seen in high-velocity injuries, including motor vehicle accidents, and are 
also commonly seen in shaken baby syndrome. Skull fractures are also a common 
primary injury found in TBI patients and can cause damage to the underlying areas 
of the skull including the membranes, blood vessels, and brain.

Secondary injuries in TBI are usually considered a cascade of molecular injury 
mechanisms that are initiated at the time of the initial trauma and continue for hours 
or days. The hemorrhagic progression of a contusion contributes to secondary inju-
ries. A hemorrhagic progression of a contusion occurs when the initial contusion 
from the primary injury continues to bleed and expands over time. This in turns 

Fig. 27.2  CT head 
showing right 
frontoparietal subdural 
hematoma with 
midline shift
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Fig. 27.3  CT head 
showing subarachnoid 
hemorrhage with right 
temporal hematoma

Fig. 27.4  CT head 
showing left 
parietotemporal hematoma 
with surrounding edema
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creates a new or larger lesion. Subsequently, this causes increased exposure to 
blood, which is toxic to brain cells through oxidative stress and leads to more swell-
ing and further brain cell loss.

Breakdown in the blood-brain barrier (BBB) may also lead to secondary dam-
age. Once disruption of the BBB occurs through a TBI, blood, plasma proteins, and 
other foreign substances leak into the space between neurons in the brain and trigger 
a chain reaction which causes the brain to swell. It also induces over activity of 
multiple biological system processes, including the systemic inflammatory response, 
which are harmful to the body and central nervous system if they continue for an 
extended period. Additionally, neurotransmitter mediation injury can occur caused 
by glutamate excitotoxicity and free radical injury to cell membranes. These molec-
ular processes ultimately lead to apoptosis and cell death and eventually worsening 
of cerebral edema and ICP elevation, which will decrease cerebral perfusion pres-
sure and further perpetuate the cycle.

27.4	 �Traumatic Brain Injury Due to Natural Disasters

As was previously discussed, the most common cause of TBIs is falls, particularly 
in the youngest and oldest age groups. However, natural disasters are a unique cause 
of TBIs which may occur more commonly than expected. The World Health 
Organization collaborating center for research on the epidemiology of disasters 
maintains an Emergency Events Database (EM-DAT) that contains information 
about the occurrence and effects of more than 18,000 mass disasters that have hap-
pened in the world since 1900 [2]. A search of the EM-DAT reveals that the total 
number of rapid-onset natural disasters and slow-onset crises (drought and armed 
conflict) reported each year, which either kill ≥10 people or leave ≥100 people 
injured, homeless, displaced, or evacuated as well as events that result in a country 
formally declaring a natural disaster and/or requesting international assistance 
reported each year, has been steadily increasing in recent decades. For example, 
tropical cyclones are estimated to have caused 1,330,000 deaths between 1900 and 
2014. Within that overall period, approximately 1080 tropical cyclones occurred 
between 1980 and 2014, resulting in 412,644 deaths and 290,654 injuries. In part, 
the change in deaths and injuries reported reflects patterns of population migration 
to, as well as population density in, disaster-prone areas within developing countries 
in Africa, Asia, and Oceania. Rapid onset natural disasters have also caused signifi-
cant damage in developed countries. This is illustrated by the fact that in the United 
States, there were approximately 58,169 tornadoes between 1950 and 2014 result-
ing in 6697 deaths and 104,597 injuries. Globally, there were 125 earthquakes that 
are known to have caused more than 1000 deaths per event between 1900 and 2014. 
The total number of deaths caused by these 125 earthquakes is estimated to be 
2,309,716 [2].

Injury from rapid-onset natural disasters occurs due to high kinetic energy 
released, resulting in traumatic injuries that occur due to overpressure, penetrating 
wounds, and crushing including mild, moderate, and severe TBI.  Chaotic 
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environments as a result of the aftermath of major natural disaster, poses more chal-
lenges to diagnosis and treatment of TBI [2]. Providing immediate emergency care 
to disaster victims helps reduce development of secondary brain injuries. While it 
seems plausible in some of the developed countries, it seems to be fairly difficult in 
developing countries to provide such specialized care. Patients who survive rapid-
onset natural disasters and sustain a mild or moderate TBI frequently require long-
term care, thus increasing demand for more specialty medical care and also 
increasing demand for general medicine and nursing care while increasing utiliza-
tion of mental health services as well [2]. It is also noted that the incidence of 
inflicted and non-inflicted childhood TBI can increase in regions affected by natural 
disasters such as earthquakes, tornadoes, hurricanes, and floods. The non-inflicted 
injuries were particularly attributed to increase in risk associated with driving, envi-
ronmental hazard, and lodging displacement and a possible decrease in the quality 
of adult supervision. Child abuse was also seen to be higher in certain areas with 
natural disasters [8, 9].

Earthquakes are among the most devastating natural disasters, and this is exem-
plified by the earthquake which struck the Sichuan Province of China on May 12, 
2008, registering a 7.8 on the Richter scale. More than 85,000 people were killed or 
reported missing, with >370,000 injured [7]. Thirty days after the earthquake, the 
medical records of 242 patients with seismic craniocerebral trauma were retrospec-
tively analyzed, and their clinical features were summarized. In the entire cohort, 
there were 137 men and 105 women. More than 85% of patients were injured by 
falling objects. Most of the patients suffered mild head injuries (GCS score, 13–15), 
constituting 172 of the cases. For moderate head injury (GCS score, 8–12), there 
were 42 cases. Fifteen cases were severe head injury, and another 13 patients suf-
fered from extremely severe head injuries with a GCS score < 5 [7]. The survival 
rate of the patients with a GCS < 5 was zero. The two leading causes of death were 
asphyxiation and intracranial injuries, which may cause immediate death on site and 
minimize the time window for rescue. Therefore, people seriously injured could 
hardly undergo proper treatment and survive [7]. One hundred sixty-six patients had 
scalp lacerations and contusions, which was reported to be associated with roofing 
materials and falling clay tiles. Another cause of injury was falling precast concrete 
planks, which caused fracture of skull bones and intracranial injuries [10].

A second earthquake struck Athens, Greece, on September 7, 1999. The earth-
quake was reported by the National Earthquake Planning and Protection Organization 
as 5.9 on the Richter scale, with its epicenter 17 km deep. The magnitude of the 
earthquake and its shallowness and close proximity of the epicenter to the city were 
the main factors implicated in the massive loss of human life and damage to prop-
erty. One hundred and forty-three lives were lost, and more than 700 citizens were 
injured [11]. The vast majority of the deaths were consequent to the collapse of 32 
buildings, including 3 factories leading to blunt injuries, asphyxia, and myocardial 
infarction. Long extrication times precluded treatment of most of the victims. These 
delayed extrication times were due to relatively limited rescue forces at the initial, 
but critical, time of the earthquake. A combination of blunt fatal injuries is a typical 
feature in individuals buried or trapped in collapse buildings. In Athens, 22.5% of 
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the victims had head injuries not compatible with life. The most common fatal inju-
ries were blunt injuries to the head, thorax, and abdomen. Those injuries affecting 
the face and neck commonly threaten the airway. Additionally, minor chest injuries, 
pneumothorax, rib fractures, and hemothorax are common and impair ventilation.

The temporal relation of TBIs and natural disasters, at times, can be unusual, as 
many of the injuries occur after the natural disaster has occurred. On September 16, 
1999, Hurricane Floyd, a storm extending 300  miles with sustained winds of 
96–110 miles per hour, made landfall in North Carolina. The hurricane dropped 
20 in. of rain in eastern regions of the state, affecting an estimated 2.1 million peo-
ple [8]. To monitor illness and injury related to the hurricane and subsequent flood, 
emergency department surveillance was established at 20 hospitals in 18 flood-
affected counties in Eastern North Carolina. The medical examiner determined that 
52 deaths were associated directly with the storm. The leading cause of death was 
drowning. However, comparing a week 1 month after Hurricane Floyd with same 
period in 1998 showed a significant increase in violence, particularly toward 
children.

The flooding and subsequent loss of, and disruption to, lives, property, and com-
munity ties may have contributed to an increase in parental stress and depression, 
thus contributing to an increase in child maltreatment [9]. Physical child maltreat-
ment is the leading cause of death from injury among infants [12]. Inflicted TBI is 
a common form of child abuse in the first year of life, estimated at about 30 per 
100,000 infants and approximately 17 per 100,000 child-years in the first 2 years of 
life [9]. Families at highest risk appear to be those with a first child, low maternal 
education, and minority status. During a 40-month study period following Hurricane 
Floyd, a total of 245 children were identified as having a TBI. Incidentally, the rate 
of both inflicted and non-inflicted injuries rose dramatically in the first 6 months 
after Hurricane Floyd in the counties which were severely affected. The rate of 
inflicted injuries returned close to baseline in the same counties 6  months post-
hurricane. However, the rate of non-inflicted injuries appeared to remain elevated 
for the entire post hurricane period. This persistent elevation in non-inflicted inju-
ries may reflect increased injury risk due to prolonged stress. These findings are 
consistent with a study of mental health effects performed following the Mt. Saint 
Helen’s eruption. This study showed that patients in a high exposure group, mean-
ing those who had experienced significant property loss or death of a family mem-
ber, exhibited more psychiatric morbidity (generalized anxiety disorder, major 
depression, and post-traumatic stress disorder) when compared to low-exposure 
groups [13].

Ultimately, natural disasters can cause immediate and delayed TBIs to patients, 
similar to the ones seen during the Sichuan Province and Athens earthquakes and 
following Hurricane Floyd in North Carolina. Commonly, during earthquakes, TBIs 
are caused by blunt injuries. Many of the injuries sustained during earthquakes 
cause immediate death and minimize the time window for rescue. Whereas many 
injuries occur immediately in the wake of a natural disaster, there are also patients 
who sustain TBIs in a delayed manner, after the natural disaster has stopped or 
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passed. This is an unfortunate consequence of natural disasters which causes 
increased stress and disrupts the social fabric of communities. Many of the victims, 
as in the aforementioned example of Hurricane Floyd, are children.

27.5	 �Prevention and Treatment of TBI 
Due to Natural Disasters

The immediate diagnosis and treatment of natural disaster victims with head inju-
ries is essential to minimize the development of secondary brain injuries. This is the 
premiere challenge associated with delivery of emergency medical care when that 
category of natural disasters happens, especially in developing countries with lim-
ited communication means, roads, and medical infrastructure capacity that may be 
further degraded by the disaster [2]. This reality becomes clear in the event of a 
major rapid-onset natural disaster where neurosurgeons will be overwhelmed by the 
surge in injured patients requiring specialized care [2]. For example, there are 
approximately 140 neurosurgeons for 250 million people in Indonesia, whereas in 
the United States, there are 3500 neurosurgeons for a population of 299 million [2].

As a potential remedy to dampen the injuries caused by natural disasters, coun-
tries, such as Indonesia, have created interfaces to deliver telemetric, point-of-care 
treatment to help natural disaster victims with TBIs [14]. This interface allows neu-
rosurgeons, surgeons, general practitioners, and nurses to evaluate patients and fill 
in the knowledge gaps of emergency first responders. The development and use of 
telemedicine allows for treatment of patients in remote areas, and it has its greatest 
impact when it is used to deliver highly specialized care that may otherwise be 
unavailable.

Long-term care also presents a challenge for those patients who have suffered 
TBIs during natural disasters. As described earlier in this chapter, many patients 
during natural disasters do not survive their injuries. However, those that do gener-
ally have suffered a mild to moderate TBI and, in some instances, a severe TBI. These 
injuries lead to an increase in  local demand for neurological specialists who are 
capable of delivering long-term care for these types of nonlethal injuries [2]. This 
demand is likely to persist across the lifespan of the local TBI population, especially 
if the affected region experiences multiple disasters [2]. In addition to the need for 
neurological care, there will also be an increase in need of physical therapy, occu-
pational therapy, nursing care, and mental health services for those patients who 
have suffered post-traumatic stress disorder.

A specific subset of patients who are particularly affected by the psychosocial 
stressors or natural disasters are children. The aftermath of Hurricane Floyd likely 
produced an increase in psychiatric symptoms as well as financial hardship and loss 
of social ties for families caught in the worst flooding [8]. Unfortunately, children 
become susceptible targets to physical abuse during times of social stress and this 
abuse, in turn, can lead to TBIs. To prevent excess financial burden and social stress, 
interventions should take place immediately after the disaster when families are 
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gathered at shelters or are applying for assistance. When initiated prenatally, pro-
grams of intensive home visitation by nurses that address both the social and physi-
cal environments have been found to be efficacious in preventing child abuse and 
neglect, as well as childhood injury, in disadvantaged populations [8]. These inter-
ventions, if implemented appropriately and promptly, may be effective in prevent-
ing the number of TBIs suffered by children following a natural disaster.

27.6	 �Summary

This chapter has shown that natural disasters, although less common than falls, 
blunt trauma, and motor vehicle accidents, are a unique and common cause of TBIs. 
It has also shown the use of injury severity scores to classify TBIs. The most com-
mon is the Glasgow Coma Scale which can categorize the injuries as mild, moder-
ate, and severe. Traumatic brain injuries can also be graded through neuroimaging, 
using both the Marshall and Rotterdam Scales. Patients who suffer TBIs can have 
both primary injuries, which include diffuse axonal injury, concussion, hematomas, 
contusions, coup and contrecoup lesions, as well as secondary injuries that are pro-
duced by a cascade of molecular injury mechanisms initiated at the time of the ini-
tial trauma and continued for hours or days.

Injury from rapid-onset natural disasters occurs due to high kinetic energy 
released, resulting in traumatic injuries that occur due to overpressure, penetrating 
wounds, and crushing. These injuries can be devastating and occur at the time of the 
natural disaster as seen during the earthquakes in China and Greece. However, 
patients can also suffer TBIs in the aftermath of a natural disaster. This was seen 
following Hurricane Floyd in North Carolina. The financial and social impact of the 
hurricane lead to increased parental stress and depression which subsequently lead 
to increased child maltreatment.

A few methods may be employed to minimize the injuries sustained and the 
debility caused by natural disasters. Telemedicine can provide point-of-care treat-
ment for patients in remote areas, and it has its greatest impact when it is used to 
deliver highly specialized care that may otherwise be unavailable. Employing neu-
rologists and providing adequate nursing care and mental health services for patients 
who live in areas where natural disasters are prevalent may be beneficial in reducing 
the morbidity associated with natural disaster injuries, including TBIs. Furthermore, 
programs which address both the social and physical environments following a 
natural disaster would be efficacious in preventing child abuse and neglect, as well 
as childhood injury. Future research on these models of disaster intervention may be 
worthwhile as the total number of rapid-onset natural disasters and slow-onset cri-
ses that result in countries formally declaring a natural disaster and/or requesting 
international assistance has been steadily increasing in recent decades.
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Hemorrhage Control

David L. Carter, Patrick D. Melmer, 
and Christoph R. Kaufmann

Hemorrhage from traumatic injuries remains one of the most frequent reasons for 
loss of life in both military and civilian populations. The morbidity and mortality 
from hemorrhage come not only from blood loss itself but also from the physiologic 
derangements that occur as a consequence of that blood loss. Thus, hemorrhage 
control continues to be a mainstay in the preservation of life and remains challeng-
ing even with modern advances in surgery.

Hemorrhagic injuries are second only to brain injuries as the leading cause of 
death from trauma in the United States [1]. Proper management of the trauma 
patient from the time of injury through the hospital setting includes early identifica-
tion of bleeding source (external, internal, or both), measures to stop or minimize 
continued bleeding, definitive control of bleeding, and restoration of blood flow to 
tissues to return hemodynamic stability to the patient.

“The fate of the wounded lies in the hands of the ones who apply the first dress-
ing,” as Dr. Nicholas Senn, founder of Association of Military Surgeons of the 
United States, so astutely pointed out in 1897 [2]. Many injured victims die from 
hemorrhage before they can reach a higher level of care. Thus, improving hemor-
rhage control at the scene of injury should improve the proportion of patients reach-
ing the next level of care. Hemorrhage is the leading cause of death in the first hour 
of arrival at trauma centers. Furthermore, in trauma patients who survive to receive 
hospital care, hemorrhage is responsible for 80% of operative deaths and nearly 
50% of all deaths during the first 24 h.

Bleeding noted from open wounds is either arterial, venous, or both, with regard 
to source. Precise identification of the exact source is not necessary in the field; 
rather, the focus should be on stopping the bleeding. To ensure optimal outcomes, 
familiarity with multiple techniques is required. Application of direct pressure at the 

D. L. Carter · P. D. Melmer · C. R. Kaufmann (*) 
Grand Strand Medical Center, Myrtle Beach, SC, USA
e-mail: zerotrauma@icloud.com

28

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-34116-9_28&domain=pdf
https://doi.org/10.1007/978-3-030-34116-9_28#DOI
mailto:zerotrauma@icloud.com


374

bleeding site is always an appropriate first step. Tourniquets are a mainstay in the 
management of external bleeding from extremities. Compression at proximal pres-
sure points (such as the femoral or brachial artery) is a technique that can be lifesav-
ing, while large bleeds from the scalp or head may require temporary suture or 
staple closure until more definitive fixation is performed in the operating room. 
Neurosurgical Raney clips can also be useful for control of bleeding scalp wounds, 
even in the emergency department setting.

Physical exam remains the mainstay of the rapid assessment of the bleeding 
trauma patient. The pulse rate and character (slow, strong, and easily palpable ver-
sus rapid, thready, and difficult to palpate), color and temperature of the skin (warm 
versus mottled, cool, or cyanotic), and mental status (alert versus somnolent or 
lethargic) are all used to assess adequacy of perfusion. Blood pressure should be 
taken at the outset to define a baseline, with frequent rechecking every 5–10 min as 
clinically indicated. Hospital adjuncts such as central venous catheters can help 
assess central venous pressure, and monitoring of urine output over a time interval 
can further define adequacy of perfusion.

The first vital sign to classically change in the bleeding patient is the pulse rate. 
Tachycardia suggests hypovolemic shock until proven otherwise. Several factors 
may blunt the normal tachycardic response to bleeding, including rate-controlling 
cardiac medications and cardiac disease requiring a pacemaker. The pulse character 
is suggestive as well, with strong, regular pulses indicative of a relatively higher 
cardiac output as opposed to a thready pulse. Peripheral vasoconstriction, as medi-
ated by catecholamines, can be present as a response to hypovolemia, so cyanotic, 
pale, and sweaty or clammy skin should also be presumed to represent bleeding 
until proven otherwise. Normal mentation implies adequate cerebral perfusion, 
whereas decreased mentation can be the result of several etiologies, ranging from 
shock to brain injury or other metabolic imbalances. Of note, blood pressure can be 
a misleading number in the assessment of a possible bleeding patient, as vasocon-
strictive compensatory forces may be present. Up to 30% of the circulating blood 
volume may be lost before a noticeable drop in blood pressure occurs. A clue may 
be provided by the narrowing of the pulse pressure, the numeric difference between 
the systolic and diastolic pressures.

Advanced Trauma Life Support® (ATLS) defines four separate classes of hemor-
rhage based on blood loss both in terms of absolute volume and percent blood vol-
ume [3]. Many signs and symptoms are typically noted in the bleeding patient based 
on blood loss depending on class of hemorrhage. Class I hemorrhage represents the 
least blood loss, up to 15% or approximately 750 mL for a 70 kg man. Vital signs 
are essentially normal, with perhaps a mild anxiousness noted in the patient. Class 
II hemorrhage, 15–30% blood loss (750–1500 mL), is the first class of blood loss 
with noted changes in vital signs, tachycardia, and decreased pulse pressure. Class 
III hemorrhage continues with 30–40% loss and more significant derangement 
including increased tachycardia, tachypnea, and hypotension. Class IV hemorrhage, 
>40% blood volume loss (greater than 2 L), demonstrates effects including lethargy 
and profound hypotension. Table 28.1 highlights these distinctions [3].
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Shock is currently defined at the level of cellular oxygen delivery and utilization. 
Aerobic metabolism, the physiologic set point, is replaced by anaerobic metabolism 
in the setting of poor oxygen delivery to tissues. Q × SaO2 × Hg defines oxygen 
delivery to tissues, based on cardiac output (Q), oxygenated hemoglobin percentage 
(SaO2), and hemoglobin g/dL (Hg). Physiologic mechanisms exist to augment oxy-
gen delivery during periods of homeostatic derangement secondary to blood loss. 
These include the ability for hemoglobin to increase unloading of O2 to starving 
tissues. Central or mixed venous oxygen saturations are approximately 70% at rest, 
but can decrease as oxygen utilization is increased in accordance with the oxygen-
hemoglobin dissociation curve. Cardiac mechanisms themselves can help affect this 
change as well. As heart rate and/or stroke volume increases, so does cardiac output 
and thus O2 delivery. Reserve exists in that the average resting heart rate is approxi-
mately 50% that of the maximum [4]. Catecholamines and other biochemical medi-
ators can augment the heart rate in response to hemorrhage. At the more distal 
portions of the cardiovascular system, peripheral vascular resistance is altered to 
preferentially shunt blood flow to more central, vital organs, most obviously noted 
in the cool and clammy extremity skin indicative of intravascular depletion. Oncotic 
forces also shift as bleeding ensues, such that interstitial and intracellular fluids are 
drawn into the intravascular space to help maintain volume. Renal mechanisms via 
antidiuretic hormone and the renin-angiotensin system decrease the amount of fluid 
removed in urine. These hallmarks of compensation also allow the physician to 
monitor response to resuscitation, the so-called endpoints. Normalization of cardiac 
function, warmth of extremities, increase in urine output, normal mentation, and 
other such evidence can signify restoration of the physiologic set point.

The first step in hemorrhage control should be identification of the location of the 
injury and the type of bleeding. Differentiating an arterial bleed from venous 

Table 28.1  Signs and symptoms of hemorrhage by class. Adapted from American College of 
Surgeons Advanced Trauma Life Support Student Course Manual, Tenth Edition. Chicago: 
American College of Surgeons; 2018. p. 49

Parameter Class I
Class II 
(mild)

Class III 
(moderate) Class IV (severe)

Approximate blood 
loss

<15% 15–30% 31–40% >40%

Heart rate ↔ ↔/↑ ↑ ↑/↑↑
Blood pressure ↔ ↔ ↔/↓ ↓
Pulse pressure ↔ ↓ ↓ ↓
Respiratory rate ↔ ↔ ↔/↑ ↑
Urine output ↔ ↔ ↓ ↓↓
Glasgow Coma Scale 
score

↔ ↔ ↓ ↓

Base deficita 0 to 
−2 mEq/L

−2 to 
−6 mEq/L

−6 to 
−10 mEq/L

−10 mEq/L or less

Need for blood 
products

Monitor Possible Yes Massive Transfusion 
Protocol

aBase excess is the quantity of base (HCO3
–, in mEq/L) that is above or below the normal range in 

the body. A negative number is called a base deficit and indicates metabolic acidosis
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bleeding is a crucial step in control of hemorrhage. Bleeding from an artery is typi-
cally bright red in color and should spurt or pump blood from the wound. This type 
of bleeding can be immediately life-threatening, with complete exsanguination pos-
sible in as little as 3 min. A venous bleed can be differentiated as usually dark red in 
color, with a steady flow from the wound. Venous bleeding may also be life-
threatening if a large vein is damaged. Capillary bleeding is the third type and can 
be seen as dark red in color with an ooze from the injury site. Serious bleeding from 
an extremity is the most frequent cause of preventable death from injury. As such, 
life-threatening bleeding always warrants immediate intervention.

After identification of external bleeding, the first responder should quickly con-
trol the hemorrhage. The most basic and sometimes most successful control of 
bleeding is manual pressure. The wound should be exposed, and a clean cloth or 
piece of clothing can be used to help cover the bleeding area as focused manual 
pressure is applied. A common mistake is to believe that larger bleeding requires a 
larger area of pressure for control. If the blood is seen to be coming from a single 
specific visible blood vessel, a fingertip judiciously applied to the correct spot can 
stop the bleeding. One common circumstance seen that responds well to single fin-
ger hemorrhage control is bleeding from a dialysis fistula source. This bleeding can 
be impressive because this is an arterial-equivalent bleed. But a fingertip placed 
very gently exactly on the bleeding site easily stops the bleeding and allows for 
vascular surgery consultation and repair. This is much more comfortable for the 
patient than a tourniquet for this specific source of bleeding.

An excellent method for controlling exsanguinating extremity hemorrhage is the 
tourniquet. Reports of tourniquets date to the fourth century BC with Alexander the 
Great’s military conquest, where tourniquets were reportedly used to stop the bleed-
ing of wounded soldiers. They were used frequently throughout history up until 
World War II, at which time their use began to become controversial. Many of the 
medical practitioners of the time condemned the use of tourniquets due to unneces-
sary applications and prolonged tourniquet times from delayed evacuations, which 
led to unnecessary amputations of limbs. After World War I, Major Dwight Tuttle of 
the Army Medical Corps described a set of rules for the use of the tourniquet which 
are still accurate today: “Never cover over or bandage a tourniquet; write plainly on 
the emergency medical tag the word ‘tourniquet’; if the injured man is conscious, he 
should be instructed to tell every medical officer with whom he comes in contact 
that he has a tourniquet on; and if the tourniquet is left on for greater than 6 hours 
the limb shall surely die [5].”

The tourniquet is a simple and efficient method to adequately control active 
extremity hemorrhage and can be effectively placed by responding personnel [6]. 
The tourniquet should be applied immediately if life-threatening bleeding is seen on 
an arm or a leg. Clothing can be left in place, and the tourniquet should be applied 
well above the site of bleeding. The tourniquet should be tightened until all bleeding 
has stopped. Tourniquets should neither be applied directly over joints nor should 
they be applied over pockets that contain bulky items. The patient should be aware 
prior to placement if at all possible that the tourniquet will cause a considerable 
amount of pain. Pain does not indicate a mistake, rather that the tourniquet is being 
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applied effectively. Limb ischemia can be caused by a tourniquet applied too long, 
though it is important to note that no amputations have been caused by tourniquets 
that have been left in place for less than 2 h and limb salvage has been successful for 
some applications up to 6 h [7]. With proper use under the right conditions, a tour-
niquet may save a life [8].

Some common mistakes seen with tourniquet use are not applying a tourniquet 
when life-threatening bleeding exists, waiting too long to apply a tourniquet, using 
a tourniquet for minor non-life-threatening bleeding, or placing the tourniquet distal 
to the injury. Some tourniquet failures have been because the tourniquets were not 
applied tightly enough to stop arterial outflow, but were only tight enough to obstruct 
the large superficial veins that return blood to the heart. This results in increased 
bleeding from the extremity rather than decreased. A tourniquet is a commitment 
and must be tight enough to stop flow through the arteries which may be deep within 
the extremity. Other causes of tourniquet failure include (1) when providers periodi-
cally loosen the tourniquet to allow blood flow to extremity, which only serves to 
waste red cell mass, and (2) not using a second tourniquet adjacent to the first if 
bleeding remains uncontrolled (typically only required when tourniquets are used 
on the thigh).

Junctional hemorrhages are those that occur in places where standard tourniquets 
do not work: the groin, perineum, axilla, base of neck, and buttocks. Techniques to 
control junctional wounds begin with pressure. Additional techniques include pack-
ing the wound with gauze or hemostatic dressings. Hemostatic dressings include 
substances that are designed to help blood rapidly clot to help stop bleeding. They 
are not definitive answers for bleeding but can provide additional time to allow for 
definitive control or as adjuncts for use with vascular control within the operating 
room. Multiple commercial hemostatic dressings, utilizing incorporated agents 
such as kaolin or chitosan, are available today.

To pack a junctional hemorrhage site, the clothing around the wound should be 
removed, and the wound should be rapidly cleaned without removing any formed 
clot. The site of the most active bleeding should be focused on first, with packing 
the dressing directly at the source of bleeding. Pressure should be held for a mini-
mum of 3 min with hemostatic agents and 10 min with plain gauze. The wound 
should be reassessed, and if initial packing fails, a second layer should be applied 
and pressure repeated. The packing should remain in place and wound secured with 
compression bandage or roll of gauze.

Once brought to the trauma bay by emergency medical trained personnel, the 
resuscitation of the bleeding trauma patient continues. The trauma bay vitally allows 
for assessment by a traumatologist where the patient’s extent of trauma and poten-
tial for ongoing hemorrhage is assessed. The physician will be able to assess the 
extent of traumatic injury taking into account the mechanism of injury, anatomical 
injury pattern, and the patient’s response to initial resuscitation to help guide the 
best possible care for the patient. As part of the initial “ABCs of trauma,” vascular 
access must be rapidly established. Two large bore peripheral lines should be estab-
lished. As fluid flow is directly proportional to the fourth power of the radius and 
inversely to the length of the intravenous catheter, the largest bore and shortest IVs 
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will result in the potential for the most rapid fluid resuscitation. Typically, upper 
extremity lines are placed, ideally one in each arm. A 16 gauge catheter will flow 
approximately twice the volume over time as will an 18 gauge catheter of the same 
length (30 mm), 220 vs. 105 mL/min, respectively. Sometimes, peripheral access is 
not possible for various reasons. In these cases, central venous catheters can be 
lifesaving. It is important to note that a single large bore central catheter is preferred 
to a multi-lumen central venous catheter because of the potential need for high flow 
rates in a trauma patient—multi-lumen catheters flow slowly.

In some circumstances, less common vascular access adjuncts are used. 
Intraosseous access is useful particularly in children 6 and under and is usually 
placed in the proximal tibia about one fingerbreadth below the tibial promontory 
and can also be placed in the proximal humerus for adults. Venous cutdown is often 
a method of last resort given the considerably longer period of time needed for 
access. Greater saphenous venous cutdown may be performed at the ankle anterior 
to the medial malleolus or at the groin.

The standard ATLS® approach to resuscitation of the adult trauma patient with 
hemorrhage has been to begin with two liters of intravenous crystalloid (LR or NS). 
The physiologic response to this initial bolus of fluid places the patient in one of 
three groups: responders, transient responders, and nonresponders. This response is 
primarily in terms of the patient’s blood pressure and heart rate. Mental status, 
respiratory rate, and urine output are also indicators of response to fluid resuscita-
tion. Nonresponders do not show a difference in their shock state following a crys-
talloid bolus of 2 L and remain in shock. These patients need blood which should be 
administered without delay. Continuing resuscitation with crystalloids has been 
associated with comparative poor outcomes in patients with severe hemorrhage [9, 
10]. Responders are usually patients who have lost an aliquot of blood and then 
stopped bleeding; a typical example is the patient with a femur fracture that has 
been splinted. Intravascular repletion with crystalloid is all that is required. Transient 
responders are difficult to manage. The primary problem is the rapid and accurate 
diagnosis of the patient’s injuries. If they respond to the first fluid boluses and later 
blood administration, they have either a larger than expected initial blood loss or, 
more likely, ongoing slow bleeding; this bleeding must be localized.

Resuscitation importantly includes replacing what is lost in the bleeding patient. 
Given that blood is the fluid lost in hemorrhagic shock, it is the most logical replace-
ment fluid. The current concept for the trauma patient suspected to be suffering 
from hemorrhagic shock is to start resuscitation with blood rather than crystalloid, 
if blood is immediately available. This logic is mitigated by inconsistent availability 
of blood in the emergency department and also by potential problems with infec-
tious agents, cost, compatibility, and shelf life. When possible, the mantra “the 
patient is bleeding whole blood, therefore the ideal replacement is whole blood” is 
ideal. Although whole blood has not been routinely available in US hospitals for the 
past 30 years, there are now US blood banks making whole blood available to their 
local trauma centers.

Depending on the mechanism, blunt vs. penetrating, bleeding can be obviously 
external, insidiously internal, or a combination of both. The chest, abdomen, pelvis, 
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and even certain parts of the extremities can hold a large proportion of the body’s 
total blood supply. In addition to paying close attention to the patient’s physical 
exam as detailed above, imaging modalities can provide a clue as to the source of 
bleeding. Chest and pelvic radiographs and abdominal/chest ultrasound (FAST 
exam) can quickly be completed in the trauma bay [11]. The FAST exam in the 
trauma bay has been shown to be effective with larger prospective observational 
studies showing high specificity and low sensitivity in adults and children [12, 13]. 
A stable patient can be taken to the CT scanner for a more definitive look.

Beginning in the ED, the physician should also begin to determine if additional 
resources should be considered to control hemorrhage. For example, a trauma 
patient with pelvic fractures and extravasation in the pelvis on CT scan may benefit 
from embolization by an interventional specialist. Known vascular injuries may 
benefit from vascular surgery involvement. These decisions should be rapidly made, 
and not delay a patient that requires operative intervention. Of note, for the mori-
bund patient in whom an intra-abdominal or intrathoracic hemorrhagic catastrophe 
is suspected, ED thoracotomy or the newer-modality resuscitative endovascular bal-
loon occlusion of the aorta (REBOA) may be required in an effort to save a life 
[4, 14].

If initial attempts to identify the sources of hemorrhage and to control them are 
not rapidly successful in the emergency department and neither ED thoracotomy 
nor REBOA are considered appropriate in the current clinical scenario, the patient 
must be immediately transported to the operating room. Patients not responding to 
initial resuscitation efforts require operative control of hemorrhage and simultane-
ous resuscitation that is best achieved in the operative suite. It has been clearly 
demonstrated that there is a survival benefit from decreasing the elapsed time 
between traumatic injury and the time the patient is placed on the OR Table [15, 16].

In the operating room, the trauma patient should be prepped and draped from 
chin to knees. For known or suspected abdominal hemorrhage, a generous abdomi-
nal midline incision should be made, typically from xiphoid to pubis. It should be 
noted that when opening the abdominal cavity, the release of elevated intra-
abdominal pressure that may have served to tamponade bleeding may result in 
immediate increased hemorrhage and more severe hypotension. Immediate bleed-
ing control is necessary, and this can be facilitated by four-quadrant packing with 
multiple readied abdominal packs. Once all four quadrants are packed, the main 
source of bleeding should be identified and controlled. Control of bleeding may 
require organ removal, such as splenectomy, or packing of the pelvis or liver. Many 
specific hemostatic agents, both topical and intravenous, are available to surgeons to 
aid in intraoperative hemostasis, but are too numerous to be described here. 
Additionally, specific blood vessels frequently need to be ligated or repaired. In the 
most severely injured and unstable patients, a vascular shunt may be left in place to 
maintain flow and oxygen delivery to vital organs while the patient is rewarmed and 
his/her acidosis and coagulopathy are corrected.

Over recent decades, the surgical community has developed a new appreciation 
of factors that increase mortality, the trauma “lethal triad.” Understanding the lethal 
triad of hypothermia, acidosis, and coagulopathy has led to a change in the initial 
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operative goals of the trauma surgeon when providing operative care for the most 
critically injured patients. The operative goal today is to accomplish definitive man-
agement in a calculated stepwise fashion based on the patient’s physiological toler-
ance. Stone was the first to describe a technique for abbreviated surgery; he described 
the techniques of abbreviated laparotomy, packing to control hemorrhage and 
deferred definitive repair until normal coagulation was re-established [17]. This has 
led to the concept of damage control surgery: a brief initial laparotomy, subsequent 
ICU resuscitation, and planned definitive reoperation. The simple concept of ending 
up with a live patient above all other priorities is the driving force behind damage 
control procedures. This philosophy includes rapidly achieving hemostasis and pre-
venting ongoing contamination from within the gastrointestinal tract by the fastest 
means possible, including staple closure of bowel ends without restoration of conti-
nuity. The abdominal fascia should not be closed during the initial damage control 
procedure. Rather the peritoneal cavity contents should be protected using methods 
such as a silo bag or commercial vacuum-type dressing device until reoperation [18].

Definitive vascular repair and restoration of bowel continuity is typically per-
formed at 24–36 h, after the patient has stabilized. Damage control surgery is sup-
ported by retrospective studies which have shown reduced morbidity and mortality 
rates in selective populations [19, 20].

Once the initial operation is completed, the patient is taken to the ICU for con-
tinued resuscitation with planned definitive reoperation, ideally within 36 h or less. 
The goal for the resuscitation in the ICU is restoring circulating volume and red cell 
mass, correcting coagulopathy, restoring normothermia, and reversing acidosis, 
again, correcting for the lethal triad. If the patient has additional bleeding while in 
the ICU, the patient may require prompt return to OR.

Trauma remains a major public healthcare issue faced by modern society, and 
better public awareness is needed. Uncontrolled bleeding is the leading cause of 
potentially preventable death among trauma patients [21, 22]. The management of 
the massively bleeding trauma patient includes the early identification of bleeding 
sources followed by prompt measures to minimize blood loss. Sometimes the initial 
response to the severely injury patient is by civilian bystanders who have minimal 
to no medical training. It has recently been recognized that training nonmedical 
personnel in simple techniques such as application of pressure to a bleeding wound 
or application of a tourniquet will save lives. To that end there is now a nationwide 
initiative in the United States to teach just such techniques. Among the first targeted 
“students” are policemen and teachers. The “STOP THE BLEED” campaign is a 
campaign with simple primary principles of trauma care response aimed at the gen-
eral public. The campaign teaches the ABCs of bleeding control: (1) alert proper 
authorities; (2) bleeding, identify where the bleeding is coming from; (3) compress, 
apply pressure to the bleeding through direct pressure with hands, tourniquet, or 
packing with gauze or clean cloth. While basic, the “STOP THE BLEED” campaign 
hopes to teach early life-saving measures that can be provided by civilian bystand-
ers to help decrease prehospital deaths from hemorrhage. In fact, according to the 
Stop the Bleeding Coalition, 35% of prehospital deaths are a result of bleeding [23].
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Hemorrhage remains at the forefront of concern for the injured patient as it 
always has. As evidenced above, history is replete with examples of surgeons, sci-
entists, and many other involved parties focusing on the study of bleeding, how to 
stop it, and how to prevent it. Furthermore, its interrelationship with shock contin-
ues to be an area of much research. Nearly 100 years later, Dr. Walter B. Cannon’s 
dictum (passed along to him by those surgeons who trained him) that “shock is 
hemorrhage and hemorrhage is shock” continues to ring true [24]. From the prehos-
pital provider to the attending surgeon, the nature of bleeding and its effect on the 
critically injured patient is a matter of great importance.
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Trauma Management in Children

Elias Degiannis and Aidona Tsepelaki

29.1	 �Introduction Epidemiology: Differences from Adults

Trauma is the leading cause of death in children aged 1–14 years in the developed 
world; it is estimated that it is responsible for approximately one million deaths of 
children under the age of 18 years [1, 2]. According to most reports, so-called acci-
dental injuries account for the vast majority (90%) of these cases, while the remain-
der (10%) is estimated to be due to violence or maltreatment [3]. Traffic-related 
accidents account for the majority of trauma resulting in death childhood and 
account for 48% of mortality from accidental trauma. The child can be injured as 
pedestrian, as a bicyclist, or as poorly secured motor vehicle passenger. Falls are 
also very common cause for trauma but less frequently result in death. Burns, sports, 
gunshot wounds, and child abuse are less frequent events with the latter being a 
significant cause of morbidity and mortality and especially important in children 
less than 1 year old where it accounts for the majority in deaths [1–4].

Due to the child’s body habitus, greater force is applied per unit of body area 
leading to more multisystem injuries; therefore, in a child with significant trauma, 
assume that all organs are injured [4]. There are also other differences of the child’s 
anatomy and physiology that the attending physician needs to be aware. Τhe ratio 
body surface area/mass is large placing the child at greater risk for hypothermia and 
dehydration. Head injury is the most common cause of morbidity and mortality in 
pediatric trauma due to the relatively large head size, less neck control, and plastic-
ity of brain tissues [5]. The pediatric skeleton has not fully calcified yet therefore 
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remains elastic, and internal injuries are possible without external injuries or frac-
tures. This is true particularly for pulmonary contusion which can be significant 
without rib fractures, and when rib fractures are seen in a child, that means a mas-
sive amount of force has been applied [4].

Tongue and tonsils in children are large and may obstruct airway and make intu-
bation difficult. Epiglottis is less stiff (risk of esophageal intubation), and larynx is 
funnel shaped and lies more cephalad and anteriorly. The narrowest point of the 
child’s airway is at the cricoid cartilage providing a natural seal of the endotracheal 
tube. Trachea is short, and extra care should be taken not to intubate the right main 
bronchus [1, 4]. When resuscitating the pediatric patient, remember that its blood 
volume is 80 mL/kg [4, 6].

29.2	 �Primary Survey

Initial assessment of the injured child follows the same pattern as for adults, and 
adherence to the ABCDE protocol is important. Knowledge of the “normal” vital 
signs according to the age group (Table 29.1) is essential in order to recognize any 
compromise [1–4].

First priority is the child’s airway. Do not forget that the child’s occiput is larger 
and when placed like an adult on a spinal board, passive flexion of the cervical spine 
occurs. In order to correct this, spinal malalignment backboards modified with 
occipital recess or reinforced with a mattress pad under the child’s body only (not 
the head) should be used [4]. This way the midface is parallel to the spine board in 
the “sniffing position” which is the proper position to maintain a patent airway.

Due to the anatomic differences mentioned earlier, handling pediatric airway 
requires expertise. Initially the child should be placed in the “sniffing” position and 
use standard airway maneuvers (chin lift or jaw thrust) to keep airway open while 
maintaining cervical spine alignment and immobilization. Always assume cervical 
spine injury, especially if there is head injury, until proven otherwise. If the child is 
unconscious, the oropharyngeal airway can also be helpful and should be gently 
inserted using a tongue depressor. If a patent airway cannot be maintained with the 
above and the child’s ventilation may compromise, endotracheal intubation is indi-
cated. The size of the endotracheal tube can be calculated by using the formula, ETT 
internal diameter = age/4 + 4 (>1 year), or by approximating the child’s little finger 
to the tube diameter [1, 4]. Until the age of 9 uncuffed endotracheal tubes are used, 

Table 29.1  Vital signs according to age

Age
Weight 
(kg)

Heart rate (beats/
min)

Blood pressure 
(mmHg)

Respiratory rate (breaths/
min)

0–1 <10 120–160 >60 <60
1–3 10–14 <150 >70 <40
3–5 14–18 <140 >75 <35
6–12 18–36 <120 >80 <30
>12 >36 <100 >90 <30
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and nasotracheal airway should not be performed [4, 6]. Before attempting endotra-
cheal intubation, always oxygenate the child. Most trauma centers have a protocol 
for intubation in major trauma referred to as rapid sequence intubation.

Orotracheal intubation is the method of choice for establishing an airway in an 
injured child, but when it cannot be achieved and the obstruction is not complete, a 
laryngeal mask airway can be used until expert help is available. When airway 
obstruction is complete and ventilation of the child cannot be accomplished other-
wise, needle cricothyroidotomy should be considered [1, 4]. Needle jet insufflation 
through a cannula connected to a three-way tap and oxygen at 15 L/min via the 
cricothyroid membrane is a temporary measure (max 2  h) until tracheostomy is 
established. Surgical cricothyroidotomy is contraindicated in children younger than 
12 years old [4].

Evaluation of breathing is next. High-flow supplemental oxygen should be 
administered to all children with major trauma. When examining the chest, keep in 
mind that rib fractures are rare in children, but there could be significant pulmonary 
injury without rib fracture [1–4]. Respiratory rate according to age is listed in 
Table  29.1. Tachypnea, agitation, and nasal flaring are signs of hypoxia which 
should be addressed aggressively by identifying the chest injury that is causing it 
[2]. Pneumothorax of hemothorax should be identified during the primary survey. In 
small children tension pneumothorax is better tolerated due to increased tissue elas-
ticity, but once the clinical signs develop, the cardiovascular collapse is imminent. 
Any pleural disruption should be managed with the insertion of chest tube [4]. 
Smaller pediatric chest tubes should be easily available in the emergency depart-
ment. The point of insertion is the same as in adults, the fifth intercostal space in the 
anterior axillary line [1, 4]. The skin incision should be placed one intercostal space 
below the intended space of chest entry to ensure a tunneled subcutaneous tract.

Next priority is the evaluation of circulation. Children have increased cardiac 
reserve, and 30% of their blood volume could be lost until any signs of hypovolemia 
appear. Pay close attention to the first signs of hypovolemic shock which are tachy-
cardia, lethargy, peripheral shut down, and narrowing of pulse pressure. By the time 
hypotension appears, more than 45% of blood volume has been lost, and the child 
has decompensated [1, 2, 4]. If tachycardia changes to bradycardia, the situation is 
grave, and rapid infusion of both crystalloid and blood should take place. Therefore 
fluid resuscitation starts early with the first signs of shock. A warmed fluid bolus of 
20 mL/kg should be administered, and if the child fails to hemodynamically nor-
malize, a second 20 mL/kg bolus should follow. If after the second bolus the situa-
tion does not improve, a third bolus should start and consider giving blood (packed 
red blood cells 10 mL/kg) [4]. The blood should be warmed, and it is best if it is type 
specific, but if there is not enough time, group O-negative blood can be given. In the 
latest edition (10th) of ATLS, the initial 20  mL/kg bolus of isotonic crystalloid 
should be followed by weight-based blood product resuscitation with 10–20 mL/kg 
of RBC and 10–20 mL/kg of FFP and platelets. Because children have small blood 
volumes, they can lose significant amount of blood usually from scalp or other lac-
erations which can be controlled easily by applying direct pressure on the wound.
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Peripheral venous access in a hypovolemic child can be particularly challenging. 
If after two or three attempts peripheral venous access cannot be established, the 
intraosseous route is an excellent alternative. Fluids and drugs can be given, but 
when venous access becomes available, it should be discontinued. The preferred 
site for cannulation is the proximal tibia distally to the tibial tuberosity, but if the 
tibia is fractured, it can be placed into the distal femur [1, 2, 4]. Central venous 
access should be attempted by personnel with expertise in children.

After clearing the ABC, next is assessing disability (D). In children the AVPU 
scale is used which stands for alert, responsive to verbal stimuli, responsive to pain-
ful stimuli, or unresponsive. Also note pupillary size and reaction to light.

To complete primary survey, exposure should take place. While undressing the 
child to inspect the whole body, care should be taken to maintain normal tempera-
ture. Children are very prone to hypothermia due to the increased ratio of body 
surface area to body mass, thin skin, and decreased subcutaneous tissue. Fluids 
should be warmed, and warm blankets and overhead heat lamps can be used. Do not 
expose a child longer than needed.

29.3	 �Secondary Survey

During the secondary survey, the child is examined from head to toe. Complete his-
tory should be obtained. The child should be thoroughly examined for any injuries, 
and any further investigations needed apart from the standard trauma X-rays (chest 
and pelvis) should be obtained. Specialist examination and advice should take place. 
At the same time resuscitation and monitoring should continue, and if any deteriora-
tion occurs, the secondary survey should be abandoned and return to the ABC.

29.4	 �Management of Specific Trauma and Other Situations

29.4.1	 �Abdominal Trauma

The majority of abdominal injuries are a result of blunt trauma. Penetrating trauma 
is less frequent and usually the result of accidental gunshot discharges in small chil-
dren or homicide attempts during adolescence. In children with a gunshot wound in 
the abdomen, laparotomy is mandatory, whereas stab wounds can be initially man-
aged nonoperatively provided:

	(a)	 The child is hemodynamically stable and cooperative.
	(b)	 No signs of peritonitis exist.
	(c)	 No intestinal of omental evisceration [4, 6].

Laparoscopy can also be an option in a stable child to evaluate the presence of 
intra-abdominal extension of a penetrating wound or diagnose a hollow viscus 
injury when diagnostic uncertainty remains despite radiology studies [3].
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Intravenous contrast-enhanced CT (computer tomography) is the preferred diag-
nostic modality following abdominal trauma. It does require the child to be hemo-
dynamically stable, cooperative, or sedated [1, 2, 4, 7].

CT allows expeditious evaluation of abdominal injuries. In children with solid 
abdominal organ injury, the preferred management is nonoperative which is now the 
standard of care. Children do better than adults when managed conservatively for all 
grades of splenic injury and the majority of liver and renal injuries with excellent 
outcomes. Nonoperative management is particularly important for spleen preserva-
tion to avoid the risk of overwhelming post-splenectomy sepsis [7, 8]. When man-
aging nonoperatively a child who stabilized after having suffered hypovolemia, a 
pediatric ICU bed should be available.

On the other hand, when hemodynamic stability cannot be achieved despite 
aggressive resuscitation and blood in the abdomen has been confirmed by CT or 
FAST (focused assessment with sonography for trauma), a prompt laparotomy is 
indicated. No published prospective studies have identified a maximum transfusion 
volume at which children fail nonoperative management and need laparotomy. 
Consensus studies suggest that 40 mL/kg is a reasonable breakpoint at which failure 
is more likely. Other indications for urgent laparotomy are hollow viscus rupture 
and diaphragmatic rupture.

Very few children fail nonoperative management. In a retrospective study by 
Holmes [8] and colleagues, the rate of failure for nonoperative management at pedi-
atric trauma centers was overall 5%. For isolated injuries the rate of failure for 
nonoperative management was 3% for liver and kidney, each respectively, 4% for 
spleen and 18% for pancreas. Failure of nonoperative management typically 
occurred within the first 12 h after injury and associated with injury severity and 
multiplicity, as well as isolated pancreatic injuries.

Transcatheter embolization techniques, first popularized in the early 1970s, are 
now a key component in the treatment of traumatic vascular injuries to solid abdomi-
nal organs in adults and can increase the proportion of patients treated nonopera-
tively. There have been reports of children with solid abdominal injury treated with 
angiography and embolization to achieve nonoperative management, but evidence-
based guidelines for its use in the pediatric population have yet to be established [6, 7].

Conservative management includes hospital admission for 2–5 days of bed rest, 
intravenous hydration, antibiotic therapy, and monitoring of hemoglobin and vital 
signs. Young children and infants swallow large amounts of air when distressed. 
Even in minor trauma, significant gastric distention can occur which can cause 
abdominal tenderness and complicate the abdominal examination. Therefore, 
decompression of the stomach with a gastric tube is important due to the increased 
likelihood of vomiting and aspiration as well [2, 4, 7].

29.4.2	 �Head Trauma

More than 50% of deaths from trauma in the pediatric population result from head 
injury [5]. The disproportional large head and weak neck of children puts them in 
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greater risk of head injury even in low velocity. Nevertheless the functional outcome 
is better in children than in adults [4].

Primary brain injury is the injury that occurs at the time of impact and it cannot 
be altered. Secondary brain injury is caused by the complications of primary brain 
injury (hypoxia due to cerebral edema) and exacerbated from hypoxia/hypovolemia 
caused by other injuries in the body. Secondary brain injury is preventable, and its 
prevention is of paramount importance for the outcome of the injured child [3, 5]. 
Therefore, to minimize brain damage, resuscitation should start the earliest possible 
and should be aggressive to ensure adequate blood volume circulation and oxygen-
ation of the injured brain. Early intubation and ventilation is indicated to avoid 
hypoxia and progressive brain damage [4, 5]. Four to five percent of head injuries 
have an associated cervical spine injury, most often at C1–C3, so cervical spine 
should be immobilized until a C-spine injury has been excluded [2, 4].

In the initial assessment of child with a head injury, the Glasgow Coma Scale 
(GCS) should be measured to determine the severity of brain injury and monitor any 
deterioration with an objective scale. In young children the V (verbal) component 
has been modified as in Table 29.2. Emergency CT scan and early neurosurgical 
consultation should be sought if brain injury is suspected.

Hypoglycemia may also cause further brain damage especially in infants and 
should be monitored and corrected. Children are more susceptible to post-traumatic 
seizures even after minor trauma, and antiepileptic medication should be easily 
available [2, 4].

In infants bleeding into the subdural or epidural space can be significant enough 
to cause hypotension. This happens due to the open cranial sutures and fontanelle. 
Initial treatment is to restore the circulating blood volume as if the infant was bleed-
ing from other body parts [4]. Subdural hematomas in infants generally have a poor 
outcome and many times are due to nonaccidental injury.

Despite adequate resuscitation brain edema and raised intracranial pressure 
(ICP) can take place. If this is the case, measures to decrease ICP should be taken. 
Most recommendations for the treatment of raised ICP are supported by level of 
evidence (III) and some by level of evidence (II). These include ICP monitoring in 
infants and children with severe brain injury (GCS < 9) and moderate hypothermia 
(32–33 °C) beginning within 8 h after severe brain injury for up to 48 duration and 
hypertonic treatment with hypertonic saline 3%. (Dosing range is 6.5–10 mL/kg h), 
Prophylactic hyperventilation is not recommended, and normocarbia should be 

Table 29.2  Pediatric verbal 
score of GCS [4]

Verbal response Score
Appropriate words, 
smile, fixes and 
follows

5

Cries but consolable 4
Persistently irritable 3
Restless, agitated 2
None 1
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maintained with PaCO2 > 30 mmHg, particularly during the first 48 h after injury 
[5]. Hyperventilation should be reserved only for patients with refractory intracra-
nial hypertension, and when used, advanced neuromonitoring for evaluation of 
cerebral ischemia may be considered [5].

Other medications used to reduce ICP include diuretics (Mannitol 0.5–1.0 g/kg). 
Mannitol may worsen hypovolemia and therefore should be used with extreme cau-
tion in the early phases of resuscitation [4]. Also, high-dose barbiturate therapy may 
be considered in hemodynamically stable patients with refractory intracranial 
hypertension despite maximal medical and surgical management [9]. The use of 
corticosteroids is not recommended to improve outcome or reduce ICP [5]. 
Prophylactic use of antiseizure therapy is not recommended for preventing late 
post-traumatic seizures in children with severe brain injury but may be considered 
as a treatment option to prevent early post-traumatic seizures in young pediatric 
patients and infants. CSF drainage through an external ventricular drain may be 
considered for management of elevated ICP. Decompressive craniectomy can also 
be considered in intracranial hypertension resistant to medical therapy, but evidence 
supporting it is still limited [5]. Intracranial hematomas which can be extradural, 
subdural, and rarely intracerebral if producing a mass effect will need surgical 
drainage. Note that children may suffer intracranial hematoma, and at the time of 
injury, they may not have had any alteration in consciousness which is common 
in adults.

29.5	 �The Abused Child

Nonaccidental trauma is increasingly being recognized as a major mechanism for 
childhood injury and accounts for more than 1000 deaths annually in the United 
States. In the first year, nonaccidental injury is the commonest cause of major head 
injuries, and although nonaccidental trauma occurs in children of all ages, children 
between the ages 0 year and 3 years are at the greatest risk for death. Intentional 
injury should be considered in all children who present with trauma and have no 
clear history of accidental injury. No care provider wants to miss nonaccidental 
trauma and potentially expose a child to additional harm, but unfortunately a signifi-
cant proportion of child abuse cases remain undetected placing the child at risk. 
Half of the abused children who return to the hospital dead were examined before, 
but the abuse was not reported [4].

Red flags for nonaccidental trauma should be raised if one of the following 
applies:

•	 Delays in seeking treatment.
•	 Inconsistent stories between historians.
•	 Caregivers who have an inappropriate affect.
•	 A pattern of injury that does not match what caregivers say happened.
•	 History of repeated trauma treated in different emergency departments.
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If the physical exam reveals any of these symptoms, care providers should be 
suspicious and conduct a very detailed exam [4, 9]:

•	 Retinal hemorrhage.
•	 Torn frenulum, perioral injuries.
•	 Bruises, bite marks, burns.
•	 Multiple fractures, especially in long bones in children younger than 3 years.
•	 Subdural hematoma especially without skull fracture.
•	 Trauma to the genital or perianal area.
•	 Fractures of the ribs, skull, scapulae, or sternum.
•	 Metaphyseal corner fractures.
•	 Visceral injury without previous major trauma.
•	 Telltale marks to the skin from instruments or burns [4].

When child abuse is suspected, the child should be thoroughly examined, and 
documentation should be detailed. To protect the child, admit him or her to the hos-
pital, and report the case to the police and the child protection services.
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Trauma Management in Pregnant 
Women

Elias Degiannis and Aidona Tsepelaki

30.1	 �Introduction

When dealing with a pregnant trauma patient, the challenge is great since the 
orchestration of trauma care has the addition of obstetric complications. Every 
female trauma patient of reproductive age should be considered pregnant until 
proven otherwise [1]. Once the patient is identified as pregnant, the doctor must 
remember there two patients that need proficient evaluation and management. 
Nevertheless, initial treatment priorities for an injured pregnant patient remain the 
same as for the nonpregnant patient. During pregnancy physiologic and anatomic 
changes occur in the body, and familiarity with these normal changes is essential 
since they can mimic or mask an injury making diagnosis difficult. Except the 
maternal complications of trauma, there are also unique pregnancy-related compli-
cations including abruptio placentae, fetomaternal hemorrhage, and the possibility 
of isoimmunization, preterm labor, fetal injury, and death.

30.2	 �Incidence and Etiology of Injury

Trauma in pregnancy is the leading nonobstetric cause of maternal death and the 
most common cause of fetal demise [2, 3]. Up to 6–7% of pregnancies are compli-
cated by some degree of trauma, 0.4% will require hospital admission, and 0.1% of 
cases will be victims of major trauma. Fetal mortality is also a considerable issue, 
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with 3–7 fetal deaths per 100,000 live births as a result of trauma [3]. The most com-
mon causes of trauma during pregnancy are motor vehicle accidents (49%), falls 
(25%), assaults (18%), guns (4%), and burns (1%) [4]. Fetal deaths have a different 
etiology: motor vehicle accidents (82%), gunshot (6%), and falls (3%) with mater-
nal death accounting for 11% of the fetal deaths [5].

In a retrospective analysis of 321 pregnant trauma patients, blunt trauma was 
noted to be ten times more common than penetrating trauma. However, maternal 
mortality was noted to be higher in the penetrating trauma group (7%) than the blunt 
trauma group (2%) [3, 6]. The fetal mortality difference in penetrating and blunt 
trauma was even more pronounced at 73% and 10%, respectively [3, 6]. Penetrating 
trauma should immediately raise concern for impending fetal demise. Fetal loss is 
much less common with minor injuries (1–5%), but these injuries are much more 
common than major trauma. As a result, the majority of fetal losses follow relatively 
minor trauma.

30.3	 �Anatomic and Physiologic Changes in Pregnancy 
(Table 30.1)

30.3.1	 �Anatomic

The uterus is limited to the pelvis only for the first 12 weeks of gestation. By week 
20 it is at the umbilicus, and at 34–36 weeks, it reaches the costal margin (Fig. 30.1). 
As the gravid uterus enlarges, the bowel is pushed cephalad encased by the lower rib 
cage and lying anterior to the retroperitoneal organs. This results to the bowel being 
protected, whereas the uterus and its contents are more vulnerable [1]. However, 
penetrating trauma to the upper abdomen during last weeks of gestation can result 
in more complex intestinal injury [1]. During the second trimester of pregnancy, the 
uterus rises above the pelvis, but the fetus is well protected by a generous amount of 
amniotic fluid. If the amniotic fluid gains access to the intravascular space because 
of trauma, it can be a source of amniotic fluid embolism and disseminated intravas-
cular coagulation. During the third trimester, the uterus is large and thin walled, and 
the fetal head is usually within the pelvis which can be injured if pelvic fractures 
occur [1].

The dextrorotation of the enlarging uterus can cause right-sided ureteral dilation, 
and the bladder is also pushed superiorly, and this can cause bilateral ureteral dilata-
tion [1]. Other anatomic alterations include the slight widening of the pubic sym-
physis and an altered center of balance which predisposes to falls. The diaphragm is 
raised approximately 4 cm, and the thoracic anteroposterior diameter increases [7].

The enlarged uterus can cause aortocaval compression reducing venous return 
and consequently cardiac output. This diminished cardiac output may result in sig-
nificant hypotension, which often results in vasovagal-type symptoms. To avoid 
this, it is important to remember placing the pregnant woman in the left lateral 
decubitus position during her evaluation and monitoring.
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30.3.2	 �Changes in Physiology

30.3.2.1	 �Cardiovascular
One of the most prominent changes during pregnancy takes place in the cardiovas-
cular system. First there is decreased peripheral vascular resistance due to 
progesterone-related smooth muscle relaxation. During the second trimester, blood 
pressure gradually declines by 5–15  mmHg and returns to normal prepregnancy 
values at the end of third trimester [7]. There is an increase in heart rate by 10–15 
beats per minute due to increase in alpha receptors of the myometrium stimulated 

Table 30.1  Alterations during pregnancy

Parameter Change during normal pregnancy
Normal range during 
pregnancy

Systolic blood pressure Decreases by an average of 5–15 mmHg 110–110 mmHg
Diastolic blood 
pressure

Decreases by 5–15 mmHg 50–70 mmHg

Mean arterial pressure Decreases  by 10 mmHg 80 mmHg
Central venous pressure Slightly decreases or no change 2–7 mmHg
Heart rate Increases by 10–15 beats/min 75–95 beats/min
Cardiac output Increases by 30–50% 6–7 L/min at rest
Blood volume Increases by 30–50% 4500 mL
Red blood cell volume Increases by 30%
Hematocrit Decreases 32–34%
White blood cell count May increase 5000–15,000 mm−3

Fibrinogen Increases 300–600 mg/dL
Factors I, II, V, VII, X, 
XII

Increases

Upper airway Increased edema; capillary engorgement
Diaphragm Displaced 4 cm cephalad
Respiratory rate Slightly increases in the first trimester
Oxygen consumption Increases 15–20% at rest
PaCO2 Decreases 27–32 mmHg
PaO2 Increase 100–108 mmHg
Tidal volume Increases 40% 600 mL
Minute ventilation Increases 40% 10.5 L/min
Functional residual 
capacity

Decreases 20–25%

Intra-abdominal organs Compartmentalization and cephalad 
displacement

Gastrointestinal tract Decreased gastric emptying; decreased 
motility

Peritoneum Small amounts of intraperitoneal fluid 
normally present

Musculoskeletal system Widened symphysis pubis and sacroiliac 
joints

Kidneys Mild hydronephrosis (right > left)
Renal blood flow and 
GFR

Increases by 60%

Serum creatinine Decreases 0.6–0.7 mg/dL
Serum urea nitrogen Decreases 3–3.5 mg/dL
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by estrogens [1]. The decrease in vascular resistance of the uterus and the placenta 
along with the increase in plasma volume results in an increased cardiac output up 
to 45% than normal. During labor there is an additional increase in cardiac output 
as each uterine contraction results in blood transfer from the uterus back into circu-
lation. Electrocardiographic changes include flat or inverted T waves in leads III, 
aVF, V1, and V2 and Q waves in leads III and aVF [1, 8] . All the above changes 
mimic the first stages of shock, making the distinction from the normal physiologic 
changes of pregnancy challenging. However, do not be misled into attributing 
tachycardia or hypotension in the pregnant trauma patient to normal physiologic 
changes until a thorough workup for traumatic injury is complete.

30.3.2.2	 �Hematology
Blood volume increases during pregnancy by 30–50%. However, the increase in 
plasma volume is greater than the increase in red cell mass, and that results in the 
physiologic anemia of pregnancy (hematocrit of 31–35%). A pregnant woman can 
lose up to 1500 mL of blood and exhibit no signs of hypovolemia, but the fetus 
might be in distress since the uterine blood flow which comprises up to 20% of 
maternal cardiac output has no autoregulation and is totally dependent on maternal 
mean arterial pressure [1, 6, 8].

There is also an increase in white blood cells and in nearly all coagulation fac-
tors. This hypercoagulable state helps to protect from hemorrhage during delivery 

Fig. 30.1  Uterine size by 
week of gestation
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but on the other hand predisposes to thromboembolism or disseminated intravascu-
lar coagulation in case of massive hemorrhage or infection [6–8].

30.3.2.3	 �Respiratory
Oxygen consumption increases by 15–20% [1, 7, 8] during pregnancy, so it is cru-
cial during the resuscitation process to keep the patient adequately oxygenated. The 
diaphragm is pushed cephalad, and the rib cage adjusts by increasing its anteropos-
terior and lateral diameters. Functional residual capacity decreases, but tidal volume 
and minute ventilation increase about 40% as the respiratory rate, which slightly 
increases in the first trimester, returns to baseline. Due to hyperventilation caused 
by progesterone, PaCO2 decreases (at about 30 mmHg), but despite the slight respi-
ratory alkalosis, pH remains normal due to metabolic compensation by the renal 
tubules excreting bicarbonate [1]. Keep in mind that a normal PaCO2 of 40 mmHg 
in a pregnant patient may indicate respiratory failure, and since the pregnant patient 
has little oxygen reserve, rapid hypoxia can occur when respiratory stress is intro-
duced. Fetal oxygenation remains constant provided the maternal PaO2 remains 
above 60 mmHg. Below this PaO2 level, fetal oxygenation drops precipitously [7].

The mucosa throughout the respiratory tract is swelled including that of nasal, 
oropharynx, larynx, and trachea putting the pregnant patient at a greater risk for 
airway management problems and difficult intubation than the nonpregnant 
patient [7].

30.3.2.4	 �Urinary
As mentioned before there is dilatation of the ureters and renal pelvises usually 
more pronounced on the right side due to the dextrorotation of the uterus [1]. Due 
to the increase of blood volume, renal perfusion increases and so does the glomeru-
lar filtration rate resulting in a significant decrease in serum creatinine and serum 
urea nitrogen [8]. Therefore if the values of creatinine and urea nitrogen are “nor-
mal,” this should alert for a possible renal compromise.

30.3.2.5	 �Gastrointestinal
Smooth muscle relaxation induced by progesterone leads to delayed gastric empty-
ing and lower esophageal sphincter tone [8]. This along with the cephalad displace-
ment of the stomach places the pregnant patient at high risk for aspiration [1]. 
Therefore, placement of nasogastric tube early is important. Due to the gradual 
growth of the uterus and the chronic stretching of the parietal peritoneum, it is 
desensitized to irritation, and physical examination may not reveal tenderness and 
guarding despite intraperitoneal bleeding.

30.4	 �Assessment and Management

When managing the pregnant patient, it is recommended to early and aggressively 
resuscitate the mother to achieve the best outcome for her and the fetus. Assess the 
fetus after finishing primary survey of the mother.
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30.4.1	 �Primary Survey

The ABCDEs of the initial assessment are the same as for the nonpregnant trauma 
patient [1].

Assuring a patent airway is essential, and keep in mind that pregnant women 
with an unsecured airway are at increased risk for aspiration of gastric contents. 
Intubation is more difficult in pregnant patients, with failed intubations being eight 
times more likely [2]. Adherence to the algorithm is essential, immediate adminis-
tration of high-flow oxygen is very important, and ensuring adequate ventilation 
and circulating blood volume for oxygenation of the mother and fetus is of para-
mount importance. Log roll the pregnant patient to the left lateral position, and 
manually displace the uterus to the left side to relieve pressure from the inferior 
vena cava. If you need to insert a chest tube, this should be done one or two inter-
costal spaces higher due to the cephalad displacement of the diaphragm and the 
increase in the anteroposterior diameter of the rib cage [8]. Due to the increased 
maternal blood volume, signs of hypovolemia may not be present until one third of 
blood is lost; therefore fluid resuscitation must be aggressive, and if transfusion is 
indicated, it should be done with type-specific packed red blood cells. If there is not 
enough time, O Rh (−) blood can be used [8]. Remember that the fetus might be in 
distress even when the mother is hemodynamically normal. Because of their adverse 
effect on uteroplacental perfusion, vasopressors in pregnant women should be used 
only for intractable hypotension that is unresponsive to fluid resuscitation. The 
abdominal portion of military anti-shock trousers should not be inflated on a preg-
nant woman because this may reduce placental perfusion [5, 7].

Abdominal pain, tenderness, and guarding can suggest abruptio placentae or 
uterine rupture. The above situations can be accompanied by shock. Abnormal fetal 
position, palpation of fetal parts, and inability to palpate uterine fundus suggest 
uterine rupture which mandates operative exploration. Uterine tenderness and irri-
tability, vaginal bleeding, and preterm labor are signs of abruptio placentae. 
Abruption may follow even minor trauma, and treatment should never be delayed 
for ultrasound confirmation because ultrasonography is not reliable in diagnosing 
the lesion [1, 4, 7].

30.4.2	 �Adjuncts to Primary Survey and Resuscitation

In pregnant women with a viable fetus (≥23 weeks) and suspected uterine contrac-
tions, placental abruption, or traumatic uterine rupture, urgent obstetrical consulta-
tion is recommended. All pregnant women at 20 weeks’ gestation or longer should 
have cardiotocographic monitoring for 2–6 h after a traumatic injury which should 
be prolonged if uterine contractions are occurring [2]. Fetal heart rate ranges from 
120 to 160 beats/min. Any abnormality in the fetal heart rate or frequent uterine 
activity may be a sign of fetal distress and maternal decompensation [1].

X-rays should be performed without delay as indicated with the uterus shielded. 
Focused assessment with sonography in trauma (FAST) examination is useful in 

E. Degiannis and A. Tsepelaki



397

pregnancy [1, 2]. Most studies have been able to report a sensitivity of approxi-
mately 80% and a specificity of 100% for detecting major abdominal injury [6]. 
Direct peritoneal lavage using an open technique is feasible during pregnancy and 
appears to be without any specific pregnancy-related complications; the catheter 
should be placed above the umbilicus.

30.4.3	 �Secondary Survey

The pregnant secondary survey should be thorough, and in addition to the routine 
history, obstetric history should be included. During physical examination all body 
parts of the pregnant trauma patient should be exposed and thoroughly examined, 
and an evaluation of the pregnancy should be included with a pelvic examination to 
identify vaginal bleeding, ruptured membranes, or a bulging perineum. In cases of 
vaginal bleeding at or after 23 weeks, speculum or digital vaginal examination 
should be deferred until placenta previa is excluded. Vaginal bleeding may indicate 
disruption of the placenta, preterm labor, or uterine rupture [1].

Further X-ray imaging and CT scan, if indicated, they should be performed. 
There have been no reported adverse fetal outcomes with regard to less than 5 rad 
of exposure, and all common trauma imaging falls well below this threshold 
(Table 30.2) [7]

Laboratory testing in the pregnant trauma patient should include hemoglobin, 
hematocrit, coagulation studies, typing and cross matching, and urine test [2, 4, 9]. 
Fibrinogen values are often more than 400 mg/dL during pregnancy; therefore the 
normal values of 250–300 mg/dL for a nonpregnant patient may actually signify 
mild hypofibrinogenemia, and levels below 200 mg/dL may indicate disseminated 
intravascular coagulation which develops rapidly after extensive placenta separa-
tion or amniotic fluid embolism. Treatment consists of rapid uterine evacuation and 
replacement of platelets, fibrinogen, and clotting factors [2, 4, 9]. Kleihauer-Betke 
test should also be obtained for patients in their second or third trimester to deter-
mine if there is any fetal blood in the maternal circulation. A negative Kleihauer-
Betke test does not exclude minor degree of fetomaternal hemorrhage which is 
capable of sensitizing the Rh (−) mother, so Rh immunoglobulin therapy should be 
administered to all Rh (−) negative women following abdominal trauma. In 
Rh-negative pregnant trauma patients, quantification of maternal-fetal hemorrhage 

Table 30.2  Radiation  
exposure to an unshielded 
uterus/fetus [8]

Examination Fetal exposure (rad)
Chest X-ray 0.000045
Pelvis X-ray 0.04
Cervical spine X-ray 0.002
Abdomen CT 1–4
Head CT <0.05
Chest CT <0.01
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by tests such as Kleihauer-Betke should be done to determine the need for addi-
tional doses of anti-D immunoglobulin [2, 6, 7].

Hospital admission and cardiotocographic monitoring is recommended for preg-
nant patients who exhibit the following: uterine tenderness, significant abdominal 
pain, vaginal bleeding, sustained contractions (>1/10  min), rupture of the mem-
branes, atypical or abnormal fetal heart rate pattern, high-risk mechanism of injury, 
or serum fibrinogen <200 mg/dL [2].

30.5	 �Additional Considerations for Etiologies of Trauma 
and Other Conditions

30.5.1	 �Penetrating Trauma

Penetrating trauma in pregnancy is caused mainly by gunshot or stab wounds. Stab 
wounds tend to have better prognosis as in the nonpregnant population. As the 
gravid uterus enlarges, the bowel is pushed upward; therefore penetrating injury to 
the abdomen can result in more complex bowel injury if it is in the upper abdomen, 
but on the other hand, the uterus provides protection to the mother from anterior 
penetrating wounds [1, 2, 7, 8]. The uterine musculature can absorb great amount of 
the projectiles velocity, and it is rare to penetrate the posterior wall of the uterus; 
therefore the maternal viscera are often not involved [8]. Unfortunately, with pene-
trating trauma the fetus more often sustains significant injury (60–70%) and subse-
quently dies (40–65%) [1, 2, 8]

Management and resuscitation of pregnant women with penetrating trauma fol-
low the same principles of ATLS and everything described previously in the chap-
ter apply.

Nonoperative management should be considered if the following criteria are 
fulfilled:

	1.	 Stable maternal vital signs
	2.	 No evidence of fetal distress in the case of a viable fetus
	3.	 Anterior entry wound below the level of the uterine fundus
	4.	 Radiographic visualization of the foreign body, if any [8]

Close monitoring of both mother and fetus in an intensive care setting is required. 
A viable fetus demonstrating evidence of distress is an indication for immediate 
caesarean delivery regardless of the site of injury. Such an approach should be car-
ried out only in high-level trauma centers.

The same indications for laparotomy apply as in the nonpregnant patient. If the 
decision made is to proceed with laparotomy, that does not mean that Caesarean 
section should be carried out at the same time. If it is known that the fetus is dead 
because of the penetrating trauma, it is better to proceed by inducing labor and 
deliver vaginally several hours later because Caesarian section spends time and 
blood at the time of laparotomy [8]. If, however, the fetus is in distress, the uterus 
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has significant injuries that need repair, or the gravid uterus prevents surgical expo-
sure for repair of maternal injuries, Caesarean section should be considered. The 
decision to proceed with Caesarean section should be weighed against the likeli-
hood for fetal survival and long-term complications of prematurity and should be 
made in consultation with the trauma surgeon, neonatologist, and pediatric surgeon 
[8]. Tetanus vaccination is safe in pregnancy and should be given according to the 
usual protocol.

30.5.2	 �Domestic Violence

Domestic violence is common during pregnancy, and its incidence is clustered in 
the third trimester [2]. A pregnant woman is more likely to suffer domestic abuse 
than preeclampsia. The most commonly struck body area is the abdomen. These 
attacks can result in death and disability [6, 7]. When managing a pregnant woman 
with trauma, particularly penetrating abdominal trauma, there should be a high 
index of suspicion of domestic violence, and the woman should be asked specifi-
cally and in the absence of the partner. The most effective strategies for identifying 
domestic violence are screening questionnaires followed by in-person interviews by 
highly trained individuals [1, 6, 7]. Everything should be documented carefully and 
with detail. If domestic violence is suspected, consultation with social services 
should not be delayed [1].

30.5.3	 �Perimortem Caesarean Section

Perimortem C-section is defined as a Caesarean section performed in the face of 
maternal cardiac arrest. Unfortunately, there is little evidence regarding the peri-
mortem C-section in pregnant trauma patients, and recommendations are mostly 
based on expert opinions and experience [1]. It should be emphasized that many 
studies and case reports relate to nontraumatic cardiac arrests in which the maternal 
resuscitation efforts were the major indication for delivery. Trauma patients with 
cardiac arrest are less likely to respond to resuscitation; in these cases, perimortem 
Caesarean is performed primarily for fetal salvage. Considering the fact that the 
fetus can be in distress due to hypovolemia even when the maternal vital signs are 
normal, by the time there is maternal cardiac arrest, the fetus has suffered prolonged 
hypoxia [1, 2, 5, 8].

A perimortem Caesarean section is recommended for viable pregnancies (≥23 
weeks, or fundal height 2 or more fingerbreadths above the umbilicus), and this 
should be performed within 4 min of maternal cardiac arrest and properly performed 
cardiopulmonary resuscitation for any acceptable outcome [1, 2, 8]. After 5 min of 
maternal cardiac arrest, perimortem C-section is unlikely to result in a viable nor-
mal infant, and since it is an extremely emotional practice, much consideration 
should be taken when acting outside this time frame [2]. No fetal survival has been 
reported in the absence of fetal heartbeats before the perimortem C-section.
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Blood Transfusion in Trauma

Panteleimon Vassiliu

31.1	 �The Problem

Trauma is the leading cause of death in ages until 44 years. Exsanguination is 
responsible for many of those deaths, accounting for >80% of deaths in the operat-
ing room and half of the deaths within 24 h from injury. When blood loss is >150 mL/
min or 50% of blood volume in 20 min, mortality peaks. Fortunately 90% of trauma 
patients will not require any transfusion and their mortality is less than 1%. For this 
majority, blood transfusion is required only as an exception, and with the leisure 
that hemodynamic stability offers. We focus on the 3–5% of trauma patients that 
bleed massively (MB) (>10 units of PRBC within 24 h) and require massive transfu-
sion (MT) (replace 100% of patient’s blood in <24 h, or administration of 50% of 
the patient’s blood volume in 1 h) [1].

31.2	 �How You Identify Patients Needing MT Early?

Definition of MB requires 24 h before establishing the criterion, and this is far 
too late for action. Early identification of these patients is feasible with clinical 
judgement coming with experience, which lacks from the readers of this book. 
Objective criteria to identify on admission the patient in need for MT have been 
proposed [2]. Assessment of Blood Consumption (ABC) [3] is a simple and 
effective score:

•	 Heart rate on arrival >120 bpm (no = 0, yes = 1)
•	 Blood pressure on arrival <90 mmHg (no = 0, yes = 1)
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•	 Penetrating mechanism (no = 0, yes = 1)
•	 Positive abdominal fluid (blood) on ultrasound (no = 0, yes = 1)

If two or more of those criteria are met, a MT protocol (MTP) should be initiated.

31.3	 �What Is Massive Transfusion Protocol (MTP)?

An algorithm of coordinated action from many hospital departments (surgery, blood 
bank, ICU, anesthesiology) activated upon arrival of a MB trauma patient. The pro-
tocol provides roles for the personnel, actions to be taken, medications and blood 
products to be transfused. Target is the increase of survival of the MB patient. 
Fountain of MTP is the recently acquired knowledge in modern battlefields, which 
has dramatically changed the way we manage these patients. Some of this knowl-
edge is exposed at this chapter.

31.4	 �What Should We Transfuse?

It took half a century and a couple of wars to understand the self-evident: “Humans 
bleed FRESH WHOLE BLOOD (FWB), and not starch (also known as colloid, 
transfused for its oncotic effect on depleted intravascular space) or other fluid.”

Logistics rather than choice compelled us to break blood into components 
[Packed Red Blood Cells (PRBC), Fresh Frozen Plasma (FFP), Platelets (PLT)] and 
store it, to have it available on demand.

31.5	 �Why WHOLE blood?

Human is O2 depended organism and O2 depletion creates within minutes major 
damage due to hypoxia. Thus, naturally, we prioritize hypoxia reversal in an exsan-
guinating patient, so we transfuse massively PRBC. Lethal mistake. Evidences from 
the Iraqi war and recently from studies in civil trauma, highlighted the advantage of 
FWB in the resuscitation and survival of the exsanguinating patient [1]. The rational 
behind it is that blood has more functions than O2 carrier:

•	 Oncotic pressure (from plasma, stored FFP)
•	 Coagulation function (clotting factors in FFP, and PLT)
•	 Temperature homeostasis (warm circulating fluid)

Our practise to transfuse excessively crystalloids and PRBC dilute native clotting 
factors causing hypocoagulation [4]. This aggravates the coagulopathy initiated 
from the moment of injury due to:

	1.	 The injury itself, and in proportion to its extent: (Hypoperfusion → ↑activated 
protein C → ↑tissue plasminogen activator → ↑fibrinolysis)

P. Vassiliu



403

	2.	 Loss of warm blood and replacement with cooler fluid → ↓ body temperature
	3.	 Hypoperfusion → Anaerobic metabolism → Lactate production → ↓pH

Biochemical reactions within the body need specific, narrow temperature and pH 
range to proceed. Coagulation cascade doesn’t proceed even in the presence of all 
the clotting factors, when tissue pH and temperature are out of that range.

This is defined as Acute Coagulopathy of Trauma-Shock (ACoTS) [5], and dif-
fers from Disseminated Intravascular Coagulopathy (DIC), which may develop 
after hours or days, when the septic component adds its consequences to trauma.

FWB offers warmth, and PRBC, FFP, PLT in natural proportions to cover the 
need of the exsanguinating patient for oxygen, oncotic pressure, and blunt most of 
the ACoTS. A 500 mL unit of FWB has a hematocrit of 38–50%, 150,000–400,000 
fully functional PLT/mm3, and 100% activity of clotting factors diluted only by the 
70 mL of anticoagulant. In addition, the viability and flow characteristics of fresh 
RBC are better than their stored counterparts that have metabolic depletion and 
membrane dysfunction [6]. FWB unless in a military environment with a lot of 
healthy, screened, young blood carriers, it is not available. What is available is blood 
components. So next quest is what are the optimal proportions of those components 
to be transfused. No class I evidences on that. Military clinical research [2, 6] and 
newer studies on civil trauma [2] suggest transfusion of PRBC:FFP:PLT in a pro-
portion of 1:1:1. Consider the mixture of one PRBC unit (335 mL) with a hemato-
crit of 55%, one unit of platelets (50 mL) with 5.5 × 1010 platelets, and one unit of 
FFP (275 mL) with 80% coagulation factor activity. This combination results in 
660 mL of fluid with a hematocrit of 29%, 88,000 PLT per microliter, and 65% 
coagulation factor activity [6]. Comparison favors largely FWB but the blood com-
ponents transfusion is the best feasible alternative.

31.6	 �Why FRESH Blood?

	1.	 FWB if warm can be transfused within 24 h. It is considered still fresh if stored 
at 4 °C for 48 h [4]. If less than 8 h old can be refrigerated for 3 weeks [6], 
remaining transfusable but not fresh.
	(a)	 Levels of clotting factors V and VIII decline quickly for 24 h after collection. 

The rate of decline slows until clinically subnormal levels are reached within 
7–14 days. It is because FWB contains these factors that it is recommended 
for massive transfusion and is so effective in correction of ACoTS. The other 
clotting factors remain stable in stored blood.

	(b)	 FWB has lost most of its platelets after 3 days of storage.
	2.	 Stored PRBC (max 42 days with current FDA-approved storage solutions) [4] 

develops defects, proportionate to the duration of storage, that assume greater 
clinical significance when transfused rapidly, or in large quantities, that is in 
critically ill patients:
	(a)	 ↓ ATP
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	(b)	 Degradation of 2,3Diphosphoglycerate (2,3DPG), after 7–10 days in stor-
age. 2,3DPG is an enzyme affecting Hgb affinity to O2. After 7 days of stor-
age Hgb oxygen transporting ability drops by 2/3. Adenine added to PRBC 
may restore levels of 2,3DPG in vivo after transfusion, although no level 1 
evidences on that.

	(c)	 Red cell membrane instability leading to cell rupture.
	(d)	 ↑ potassium (K+) release, hyperkalemia after 5–7 days of storage: Serum 

potassium levels rise in stored blood as the efficiency of the Na+/K+ pump 
decreases. Transfused blood may have a potassium concentration of 
40–70 mmol/L. Transient hyperkalemia may occur as a result.

	(e)	 ↑ ammonia release, due to release of intracellular protein.
	(f)	 Age of PRBC >14–28 days independently relates with [4]:

•	 Increase of microaggregates (platelet/leukocyte/fibrin thrombi) in buffy 
coat (a 1% fraction of the whole blood laying after centrifugation between 
red cells and plasma, containing white blood cells, usually contaminating 
PRBC) which cause:
–– Impaired pulmonary gas exchange, adult respiratory distress syndrome 

(ARDS), TRLI (transfusion related lung injury)
–– Reticulo-endothelial system (RES) depression
–– Activation of complement, coagulation cascades, DVT
–– Vaso-active substances, impaired vasoregulation, perfusion issues
–– Inflammatory mediators, immune dysfunction, infections
–– Antigenic stimulation
–– Acute phase response
–– MOF
–– DVT
–– DEATH

	3.	 FFP. Contains all clotting factors of the coagulation cascade. Thawed plasma is 
FFP brought to 1–6 °C and stored for 5 days. This timeline is based on lifetime 
of factors V and VIII. Recent study shows that thawed plasma stored at 4 °C 
retains significant clotting function for up to 14 days [4].

	4.	 PLTs have also minimal lifetime and usually are lost after 3–5 days of storage.

Despite above evidences, average age of PRBC in the USA is 21 days [2], while 
in combat theatres of Southeast Asia is >30 days [2].

31.7	 �Other RISKS of Blood Transfusion

	1.	 PRBC
Transfusion transmitted infections
	(a)	 Hepatitis A, B, C, and D
	(b)	 HIV “window period”
	(c)	 CMV
	(d)	 Atypical mononucleosis and swinging temp 7–10 days post transfusion
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	(e)	 Malaria
	(f)	 Brucellosis
	(g)	 Yersinia
	(h)	 Syphilis
Hemolytic transfusion reactions
	(a)	 Incompatibility: ABO, Rh (Type), and 26 others (Screen)
	(b)	 Frozen blood, overheated blood, pressurized blood
	(c)	 Immediate generalized reaction (plasma)
Immunological complications
	(a)	 Major incompatibility reaction (usually caused by “wrong blood” due to 

administrative errors)
Post-transfusion purpura.
Graft-versus-host disease.
	(a)	 Transfusion-related acute lung injury
Immunomodulation
	(a)	 Reports on transplant and oncology patients have provided evidence that 

transfusion induces a regulatory immune response in the recipient that 
increases the ratio of suppressor to helper T cells.

	(b)	 These changes may render the trauma patient more susceptible to infection.
Hemostatic Failure
	(a)	 Hypothermia (1 unit 4 °C → 37 °C) = 1255 kJ
	(b)	 Acidosis (Citrate, Lactate)

	2.	 FFP [4]
	(a)	 Allergic reactions
	(b)	 Transfusion-associated acute lung injury (TRALI)
	(c)	 Transfusion-associated cardiac overload (TACO)
	(d)	 Acute respiratory distress syndrome (ARDS)

	3.	 PLT [4]
	(a)	 Bacterial contamination
	(b)	 DVT
	(c)	 Febrile reactions
	(d)	 Transfusion of pooled platelets carries a greater risk of infection, as several 

donors have contributed to a single pack of platelets

Despite the aforementioned extensive list, there are no level 1 evidences regard-
ing PRBC transfusion risks. There are level 2 evidences that PRBC transfusion is 
independent risk factor for [7]:

	1.	 Increased nosocomial infection (wound infection, pneumonia, sepsis) rates.
	2.	 MOF and SIRS.
	3.	 Longer ICU and hospital length of stay, increased complications, and increased 

mortality.
	4.	 There is no definitive evidence that prestorage leukocyte depletion of RBC trans-

fusion reduces complication rates, but some studies have shown a reduction in 
infectious complications.

	5.	 There is a relationship between transfusion and ALI and ARDS.
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So blood is “bad” but there is no alternative so far. The less “bad” blood is the 
WFB, and is surrogate the components transfusion to reconstitute whole blood.

31.8	 �How You Monitor Your MT Effort?

It is evident so far that reversing hypoxia and acidosis is as important as to reverse 
coagulopathy. Blood gas analyzer at bedside is a valuable device that gives within 
1 min the value of Hgb, pH, Lactic acid.

Regarding coagulation status things are not that simple. The classical coagula-
tion panel that evaluates quantitatively intrinsic and extrinsic clotting paths and 
fibrinogen is of little practical value in the exsanguinating patient. The limita-
tions are:

	1.	 Time consuming. Blood specimen is centrifuged for 10 min, and then is intro-
duced in the analyzer. Modern analyzers have the ability to process up to 120 
specimens within 10–120 min. Result is a quantitative estimation on pT, aPTT, 
and INR. An equally time-consuming procedure evolving simultaneously gives 
a quantitative result on fibrinogen concentration and PLT number (not function). 
Utilizing an apparatus that can process 120 specimens for only 1 is not cost 
effective but it is ethical in a case of exsanguination. The complete coagulation 
panel including transportation of blood specimens requires 20–30 min to give 
result. This is equivalent to “light years” for the critically ill, and in addition the 
result is obsolete as the coagulation status changes every minute due to the 
evolving coagulopathy, and the resuscitation efforts.

	2.	 Thermal effect. The coagulation panel is performed by warming the specimen at 
36.6 °C. The effect of hypothermia on the coagulation enzymes is reversed, and 
as long as all clotting factors are present in the blood specimen, the blood clots 
in the lab, while fails in vivo due to the hypothermia.

	3.	 Quantitative result: Number of platelets even if normal do not contain the infor-
mation on their ability to clot. Qualitative, functional result is more important 
that the absolute numbers and classic metabolic panel don’t give this result.

In practice your options for effective monitoring of coagulation status are two:

	1.	 If MT criteria are fulfilled and have no way to measure coagulation status real 
time, you transfuse empirically:
	(a)	 Control during a damage control operation all surgical bleeding.
	(b)	 Start from the first moment, with 2 U of PRBC.
	(c)	 For every additional PRBC, give 1 unit of FFP (+/−2 mL/kg), and one sim-

ple unit of PLT. The adult dose of PLT transfusion is 6 simple units, or the 
equivalent, 1 apheresis Mega unit derived from concentration of 6 simple 
PLT units. If apheresis PLT is available, transfuse it after 6 units of PRBC, 
and 6 units of FFP (6:6:1).
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	(d)	 If bleeding continues, because clot is not formed clinically (surgical bleed-
ing has been controlled), give 10 units of cryoprecipitate (concentrated clot-
ting factors, carrying in a unit of 15  mL: 100  IU of factor VIII, 250  mg 
Fibrinogen, additionally factor XIII, and von Willebrand factor (vWF)).

	(e)	 When the result of the classical coagulation panel arrives (after 30  min), 
you may:
	 i.	 If PT or aPTT >1.5 * normal give 4 U of FFP.
	ii.	 If fibrinogen is <1 g/mL, give 10 U of cryoprecipitate (the only blood 

product containing fibrinogen). If cryo is not available, and you want to 
avoid loading the patient with FFP, Beriplex® is an alternative contain-
ing concentrated human prothrombin, the “father” of fibrinogen in the 
coagulation cascade.

	iii.	 Give in addition 1 A Cacl2 10%, if (i) and (ii) are required, or if calcium 
is low in serum. Calcium is previously known as IV factor, which stimu-
lates as a coenzyme every single step of the coagulation cascade, and 
also activates platelets.

	iv.	 Platelet number is indicative, while function is crucial for the coagula-
tion. In the presence of ongoing bleeding and if PLT count is <70,000/
mm3, give additional units of PLT. Options are:
•	 A simple PLT unit with a volume of 50–70 mL, which carries 5.5 * 1010 

PLT and increases PLT count upon transfusion by 5–10,000 PLT/mm3.
•	 An apheresis mega unit of PLT, which in a volume of 150 mL carries 

3 * 1011 platelets and increases PLT count in blood by 35,000 PLT/mm3.
Thrombocytopenia is defined as <50,000 PLT/mm3. If you plan to operate 

on such a patient have PLT available. Spontaneous bleeding rarely occurs if 
the platelet count is greater than 30,000/mm3. Petechiae (dry bleeding) 
appear when PLT is <10,000, and spontaneous (wet) bleeding when PLT is 
<5000. Thrombocytopenia appears after the replacement of 1–2 times the 
whole blood volume, and results from dilution. Despite this, the tissues seem 
to have large reserves of PLTs, which deployed to the blood stream in a 
bleeding patient. Platelet counts required after transfusion of every ten units 
of blood.

Adjuncts: The following medications have no routine use in trauma. 
Physician should be aware of their specific indications and give them accord-
ingly when bleeding continues:
•	 Aprotinin has no indication in trauma, and it’s out of market since 2008.
•	 Tranexamic acid is indicated for prolonged bleeding (empirically) or with 

evidences of hyperfibrinolysis (measured with TEG, see below). Dose 
10 mg/kg, every 6 h.

•	 Desmopressin (DDAVP), indicated only for functional PLT disorder (aspi-
rin), renal or hepatic failure, hemophilia-A and von Willebrand’s disease.

•	 Recombinant factor VIIα [8]; Factor VII starts the extrinsic coagulation 
cascade and its active form (VIIα) actuates directly factor X, the last step 
before thrombin. The idea is that if you give the activated form you bypass 
steps of the coagulation cascade going directly to the final product, the 

31  Blood Transfusion in Trauma



408

thrombin. Works with hemophilics and this is the official indication. There 
are evidences that reduce transfusion requirements in trauma (specifically 
blunt) [8], if you give it early (in presence of pH >7.1, hypothermia, 
thrombocytopenia does not work) that is after control of surgical bleeding, 
and the first 2–3 U of PRBC transfused. Recent strategies of transfusing 
FWB or components have diminished transfusion requirement either way, 
so the patients needed to prove the efficacy of factor VIIIα are much more 
than initially anticipated making the cost of such a study leaden.

	2.	 Use of thromboelastography (TG or ROTEM) [9]. A portable bedside device that 
gives qualitative result on the coagulation function. Accept one specimen at a 
time and process it immediately in room temperature before the natural tempera-
ture of the specimen changes. The result is available within 3–10 min, at a form 
of a curve (see Fig. 31.1). Clinician is informed if the bleeding is surgical or 
pathological, which clotting factors are missing, the function of platelets, if fibri-
nolysis evolves normally. Transfusion of blood components, coagulation factors, 
and additional medications is elective based on these results (Table 31.1).

31.9	 �Additional Ways to Preserve Blood

	1.	 Reduce the need for transfusion. Blood is a scarce (and expensive) resource 
and is also not universally safe. Reducing the need for transfusion is the best way 
to limit the complications.
	(a)	 Hypotensive resuscitation: SBP of 90 mmHg, effectively perfuse neural tis-

sue, while protects from dislocation the fresh blood clot and rebreeding. 
Before the surgical control of bleeding it is advisable the resuscitation effort 
to target the limit of 90 mmHg, and not a normal SBP.

	(b)	 Treat the cause, i.e., urgent surgery to stop bleeding, avoid hypothermia and 
acidosis.

	(c)	 In the MB patient we do not rely on Hgb/Hct values. In a human with steady 
metabolic rate, a Hgb of 9 (Hct 27) gives rheological advantage in the circu-
lating blood, while it covers all needs on O2 demand. Hg 3 (Hct 10) is the 
limit where oxygen delivery (DO2) marginally covers the needs of myocar-
dium in a steady metabolic rate of a healthy individual. A patient in hemor-
rhagic shock is by definition metabolically unstable and need to be transfused 
with other criteria. Rapid and simple indicator of efficiency of oxygen deliv-
ery and uptake is cell’s anaerobic metabolism by-products like the lactate. 
Decisions based solely on Hgb level for the rescusitation of trauma patients, 
apply only in stable patients [10].

	(d)	 Follow a restrictive transfusion policy in ICU.  A recent multicenter trial 
documented a significantly lower mortality rate for critically ill patients 
managed with a restrictive transfusion strategy. However, this assumes nor-
movolemia, absence of ongoing bleeding, and the absence of pre-existing 
cardiovascular disease. In such cases, transfusion indications are based on 
Hgb levels [7]. Intensivists favorable number to initiate transfusion in 
patients with the aforementioned status, is Hgb of 7 g/dL.
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Fig. 31.1  The qualitative coagulation evaluation with the thromboelastogram (TG) [9]
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	2.	 Develop a capacity for cell salvage: Autotransfusion.
There are level 2 evidences that intraoperative and postoperative blood sal-

vage and alternative methods for decreasing transfusion may lead to a significant 
reduction in allogenic blood usage [7], which rises up to 45% reduction in the 
use of banked blood [2]. The cell saver device has been introduced since 1990. 
Autotransfusion is generally contraindicated in the presence of bacterial or 
malignant cell contamination (e.g., open bowel, infected vascular prostheses, 
etc.) unless no other red blood cell source is available and the patient is in a life-
threatening situation. Practically bleeding from the chest seems ideal for auto-
transfusion as contents of thoracic cavity are sterile. In the contrary, abdominal 
bleeding were hollow viscous injury and contamination may co-exist, autotran-
fusion is used with causion or contraindicated. Modern autotransfusion devices 
are basically of two types:
	(a)	 Collection of blood, mixing with an anticoagulant, typically citrate, and 

returned.
	(b)	 The blood is collected, anticoagulated with heparin, and then run through a 

system in which it is washed and centrifuged, before being re-transfused.
To a degree, the simpler the system, the less likely it is that problems will 

occur. In elective situations, nurses, technicians, or anesthesia personnel can par-
ticipate in the autotransfusion process. In emergency situations without addi-
tional personnel, such participation may not be possible.

Table 31.1  Primary and secondary treatment options for TEG-directed hemostatic resuscitation 
for children with traumatic injuries and significant bleeding [9]

Abnormal TEG 
valuea Primary treatment Secondary treatment
R-time
8–10 min FFP (10 mL/kg)
10–14 min FFP (15 mL/kg) rFVIIa (90 μg/kg)b

>14 min FFP (20 mL/kg) rFVIIa (120 μg/kg)b

K-time
>4 min Cryoprecipitate (0.1 units/kg) FFP (10–15 mL/kg); rFVIIa 

(90 μg/kg)b

Alpha angle
<45° Cryoprecipitate (0.1 units/kg) FFP (10–15 mL/kg); rFVIIa 

(90 μg/kg)b

Maximum amplitude
49–54 mm DDAVP (0.3 μg/kg) or apheresis platelets 

(10 mL/kg)
40–48 mm Apheresis platelets (10 mL/kg) Cryoprecipitate (0.1 units/kg)
<40 mm Apheresis platelets (15–20 mL/kg) Cryoprecipitate (0.1 units/kg)
Lysis at 30 min
>7.5% and G < 6 Consider Amicar (200 mg/kg IV)

TEG thromboelastography, FFP fresh frozen plasma, rFVIIa recombinant activated factor VII, 
DDAVP desmopressin acetate
aAbnormal values reported for kaolin activated samples. Secondary treatment may be given with 
primary-treatment if immediate life threatening injury
bThe use of rFVIIa should be reserved for life-threatening bleeding only. If bleeding not resolved 
clinically repeat TEG 30 min after treatment given
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Reinfusion after filtration is less labor intensive and provides blood for trans-
fusion quickly. Whole blood is returned to the patient with platelets and proteins 
intact; but free hemoglobin and procoagulants are also reinfused. A high propor-
tion of salvaged blood is returned to the patient and the most recent devices do 
not require mixing of the blood with an anticoagulant solution. In-line filters are 
essential when autotransfusion devices are used. These filters remove gross par-
ticles and macroaggregates during collection and reinfusion, thus minimizing 
microembolization [11].

The simplest effective method is to use the sterile chest drain container. Use 
saline to create the fluid valve at the end of a chest draining tube, and add 1000 U 
of heparin. Collect 1500 cc (if you delay to collect more, DIC is on the way) of 
drained blood, reverse the container, and using a microfilter to collect microag-
gregates, reintroduce immediately IV.

	3.	 Red blood cell substitutes
Significant effort has been made to find a suitable substitute, which, essen-

tially, should be treated as an artificial O2 carrier. The ideal blood substitute is 
cheap, has a long shelf life, is universally compatible, has low viscosity, minimal 
infectious risks or concerns about immunogenicity and has an oxygen-delivery 
profile identical to blood. These products may also deliver more oxygen per unit 
mass than an equivalent amount of Hb from RBCs, providing the potential to 
sustain life in certain clinical situations. A number of problems remain, includ-
ing short biological half-life, which may limit the application to times when the 
patient is most acutely anemic (i.e., in the intraoperative or immediate periopera-
tive period) or for emergent use.

Artificial O2 carriers can be grouped into perfluorocarbon emulsions (PFC), 
which showed discouraging results, and Hgb-based oxygen carriers (HBOCs).

Hemoglobin-based oxygen carriers (HBOCs) are undergoing investigation 
for use in critically ill and injured patients but are not yet approved for use in the 
United States. (Level 2) [7]. Two HBOCs are evaluated with clinical trials:
	(a)	 PolyHeme (human HBOC derived from outdated human RBCs) has been 

studied in Phase II and Phase III in-hospital clinical trials [12]. Comparisons 
were performed between HBOC vs. PRBC. There was no significant differ-
ence between 30-day mortality, prevalence of MOF, adverse events, except 
MI (3% MI in HBOC vs. 1% PRBC group among 714 patients). Never the 
less the benefit/risk ratio of PolyHeme is favorable when blood is needed but 
not available [13].

	(b)	 Hemopure (bovine HBOC) has completed Phase II and Phase III in-hospital 
clinical trials, which confirmed the reduction of allogeneic transfusion 
requirement [14].

The nanotechnology currently produces nanobubbles of O2, which can dis-
solve in a liquid solvent. This innovation may be capable to transfer oxygen in a 
different way than the two currently patented by nature (the red blood cell and 
the oxygen dissolved in arterial blood). If research proves the efficiency of nano-
bubbles to oxygenate hypoxic tissue a new era in resuscitation rises, allowing 
oxygen to be injected directly in blood stream.
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31.10	 �When Do You Stop Transfusion?

Endpoint of transfusion is when bleeding stops, so it’s a clinical decision.
If you insist on numbers, and with the prerequisite of hemodynamic stability:
When Hgb is >8 g/dL, PT, aPTT <1.5 times normal, fibrinogen >1.5 g/L, pH>7.3, 

temperature >35 °C.

31.11	 �What You Need to Establish an Effective MTP 
in Your Hospital?

Quoting pioneers on this effort [2]: “To make this system work requires the coop-
eration and input of multiple specialties [2].The trauma patient will rapidly move 
through the system from emergency department (ED) to the operating room and if 
still alive, finally settle in to the intensive care unit. Physicians from each of these 
departments should be actively involved in the development of MT protocols. It is 
also essential that personnel from the BB are involved from the protocol’s inception; 
this should include personnel from the hematology and pathology departments as 
well as BB technicians and managers.” Although the MTP is established within the 
last 5 years in more than 80% of the USA hospital in most of them conditions are 
not mature to function properly [15] . This raises the issue of evaluation of compli-
ance and “real-time” protocol adjustments from the MTP hospital team [2].

Trauma Surgeon calls BB to activate TEP

Surgeon provides BB with Stat name, gender,
approximate age, & O.R. number

BB calls OR to notify team that first round
of TEP ready

BB begins preparation of next
round of products

Type & screen
sent to BB

Tech retrieves
products &

bring to O.R.

Tech retrieves
products &

bring to O.R.

First box preprared
and released:

10 U RBC
6U plasma

2 apheresis platelets

Next box preprared
and released:

6 U RBC
4U plasma

2 apheresis platelets

Surgeon notifies BB & stops TEP if:
1) hemostasis achieved,
2) case is completed, or
3) patient expires

If “YES”

If “NO”

BB calls the OR within 15-20 minutes to:
1) Notify team that next round of TEP ready
2) Ask team if TEP is to continue

Unless specified, BB releases prepared box
and ceases preparation of future boxes

TEP discontinued & unused products
returned to BB

 

Algorithm 31.1  Flow diagram of massive transfusion protocol activation [2]
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32.1	 �Introduction

A pre-pandemic survey of acute care surgeons performed by the American 
Association for the Surgery of Trauma (AAST) Disaster Committee in the summer 
of 2019 indicated that they felt significantly less prepared to deal with pandemics as 
compared to mass trauma events [1].

At the time of writing, the coronavirus disease 2019 (COVID-19), a contagious 
disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
had infected over 65 million people causing 1.5 million deaths with continued expo-
nential growth in case numbers in many parts of the world. The front line of hospi-
tals’ defense against COVID-19 is staffed by anesthesiologists, pulmonologists, 
infectious disease physicians, epidemiologists, and allied nursing and technologist 
disciplines. However many surgeons have been involved in the management of 
COVID-19 patients, using their experience either in looking after critically ill 
patients or in managing complications of COVID-19 disease.

Surgeons may anticipate responding to man-made disasters such as terrorist 
bombings or mass shootings, where the acute disruption to local trauma system 
processes may last several hours, or natural disasters such as earthquakes or 
cyclones, where regional disruptions may last for weeks or months. However, 
pandemics are global by nature and last for years. The COVID-19 pandemic has 
had economic, health, social, and cultural impacts on the entire world’s popula-
tion. The impact of surgical care delivery has been profound. Surgeons have been 
called on to perform leadership roles in reorganizing surgical care in the face of 
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shortages of personnel and equipment and increased risks of disease transmission 
to perioperative staff.

32.2	 �Surgical Considerations

32.2.1	 �Aerosol-Generating Procedures

In the first months of the pandemic, there were significant gaps in knowledge of 
COVID-19 disease effects, diagnostic testing, therapeutics, and outcomes. Even 
whether the disease was transmitted by droplet or airborne spread remained a public 
controversy for months. As in the 2003–2004 SARS outbreak, inadequate use of 
personal protective equipment (PPE) or inadequate PPE was blamed as the cause of 
many healthcare workers contracting COVID-19 [2, 3]. This has now again been a 
principal cause of transmission of COVID-19 to healthcare workers (HCWs) [4]. 
An area of great concern was aerosol-generating procedures (AGPs) such as intuba-
tion, tracheostomy, endoscopy, laparoscopy and use of electrocautery, which were 
known since the 2003–2004 SARS outbreak to have significant risk of transmission 
of coronavirus to HCWs. In general, those performing and assisting in AGPs require 
higher levels of PPE.

Initial advice on AGPs and surgery was sometimes contradictory or changed 
rapidly—for instance, the American College of Surgeons (ACS) in March 2020 had 
first recommended avoidance of laparoscopic surgery, or any surgery in COVID-19 
patients. This included IV antibiotic management of appendicitis and percutaneous 
cholecystostomy for acute cholecystitis not responding to nonoperative manage-
ment. This was surprising news to many surgeons as percutaneous cholecystostomy 
actually has worse outcomes with longer stays and simply shifts the risks and use of 
PPE from the operating room to interventional radiology suite [5]. Within 2 days, 
after feedback from acute care surgeons some responding via social media, the ACS 
policy was revised with the understanding that AGP risks were manageable and 
early surgery and discharge would avoid prolonged hospital stays and was a better 
use of resources. Paranoia about AGPs led to many initially perceived “good ideas” 
such as construction and distribution of intubation boxes, which actually made 
endotracheal intubation more difficult without any proven risk reduction and while 
possibly increasing risk to the HCW [6–8]. Similarly, much effort was expended on 
creating devices to allow two patients to use one ventilator, or to create expedient 
ventilators, neither of which saw significant use in the USA.

Tracheostomy is another example where several studies attempted to address 
fears over AGP by modifying usual techniques or creating physical barriers such as 
plastic tents to improve the safety of the procedure. Others advocated delay or com-
plete avoidance of tracheostomy in intubated COVID-19 patients, despite known 
benefits of early tracheostomy over prolonged ventilation [9]. Over 230 articles on 
tracheostomy in COVID-19 were published in 2020. In actual fact, most of these 
mitigation attempts actually made the procedure more difficult. Subsequently a 
clinical study in 164 patients showed, independent of the severity of COVID-19 
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illness, that 30-day survival was higher and ICU stay shorter receiving standard 
early tracheostomy, without any HCW infections occurring [10].

In a similar fashion, there was concern regarding laparoscopic procedures on 
COVID-19 patients. Theoretically, laparoscopic port exhaust gases and smoke 
could contain infectious particles. Editorials appeared for and against laparoscopy 
in COVID-19 [11, 12]. The controversy erupted despite no prior reports of transmis-
sion of disease to HCWs from laparoscopic smoke or gases. Several reviews have 
subsequently suggested there is no apparent increased risk of laparoscopic versus 
open surgery for COVID-19 [13–15]. It is recommended to use filtered smoke and 
gas evacuation systems, especially for desufflation to avoid smoke exposure accord-
ing to guidelines, but there is no prohibition of laparoscopic procedures in COVID-19 
patients [16].

The AGP procedures most associated with risk of COVID-19 transmission are 
intubation and endoscopic procedures such as bronchoscopy, which are procedures 
performed in the operating room and intensive care unit by anesthesiologists and 
surgical intensivists. In the 2003–2004 SARS outbreak, transmission of coronavirus 
to HCWs was significantly associated with performance of intubation [17]. However, 
with appropriate PPE and technique, there have been a least one series of intuba-
tions of COVID-19 patients without any nosocomial infection of proceduralists 
[18]. Guidelines exist for the safe performance of endoscopy for COVID-19 patients 
with considerations what appropriate PPE should be worn and when immediate 
versus delayed procedures should be done [19, 20]. Unfortunately, in many regions 
there have been severe shortages of required PPE, which increases risks for HCW 
infection [21].

32.2.2	 �COVID-19 Surgical Presentations

The typical illness produced by SARS-CoV-2 is a viral upper respiratory infection, 
sometimes complicated with pneumonia, However, predominantly gastrointestinal 
presentations of COVID-19 have been described. About 61.5% of hospitalized 
COVID-19 patients had gastrointestinal symptoms at hospital admission, and 14.5% 
had abdominal pain [22]. There was also a significant association between anosmia 
and gastrointestinal symptoms at presentation. In some cases, the gastrointestinal 
symptoms of COVID-19 may mimic surgical conditions such as acute cholecystitis, 
requiring careful evaluation and preoperative SARS-CoV-2 testing to avoid a non-
therapeutic procedure and increased risk of postoperative complications due to 
COVID-19 [23].

Increased postoperative morbidity and mortality in COVID-19 surgical patients 
was noted early in the pandemic when testing for SARS-CoV-2 was not available or 
timely. A review of 4 studies showed 14 postoperative deaths in 51 asymptomatic 
surgical patients (27.5%) and severe, mostly pulmonic complications [24]. In 
another series of 34 asymptomatic elective surgical cases, there was a 20% postop-
erative death rate, 44% ICU admission rate, and 100% rate of postoperative pneu-
monia [25]. These alarming results led to calls to delay elective surgery and obtain 
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screening tests for SARS-CoV-2 for asymptomatic adult preoperative cases when-
ever possible [26]. However, safe performance of urgent EGS procedures, even with 
positive SARS-CoV-2 tests, is possible, especially when operating room workers 
are properly trained and have appropriate PPE. Most facilities designated at least 
operating room as a COVID-19 OR to avoid exposing patients to SARS-CoV-2-
contaminated spaces and equipment.

32.2.3	 �COVID-19 and Emergency General Surgery

Given the high prevalence of COVID-19 cases, it should not be surprising that some 
COVID-19 positive patients will present with acute abdomens and other acute sur-
gical issues, including burns and trauma. In these cases, delay of surgery is usually 
not feasible.

An early international cohort study of 235 hospitals in 24 countries included all 
patients undergoing surgery who had SARS-CoV-2 infection confirmed within 
7 days before or 30 days after surgery. It included 1128 patients, 835 (74.0%) had 
emergency surgery, and 280 (24.8%) had elective surgery. SARS-CoV-2 infection 
was confirmed preoperatively in 294 (26.1%) patients. Thirty-day mortality was 
23.8% overall. Pulmonary complications occurred in 577 (51.2%) patients; 30-day 
mortality in those patients was 38.0%, accounting for 81.7% of all deaths. The 
authors recommended that thresholds for surgery during the COVID-19 pandemic 
should be higher than during normal practice, particularly in men aged 70 years and 
older [27].

Such results could lead to fears of performing EGS during the pandemic; how-
ever later published results indicate that conventional approaches to EGS can lead 
to reasonable survival. A UK retrospective study of 103 EGS patients aged 17–88, 
49% of whom had a preoperative COVID-19 test, all negative, had only 1 death 
(1%). Morbidity was 16%, with 11/16 having non-pulmonary complications. 
Postoperatively, 7% tested COVID-19 positive; these patients had longer lengths 
of stay.

A study of 141 patients with severe ARDS and COVID-19 showed that they were 
more likely to develop gastrointestinal complications compared with those without 
COVID-19 (74% vs. 37%; P < 0.001; OR 2.33 [95% CI, 1.52–3.63]) [28]. Four 
patients (3.8%) developed bowel ischemia, three went for laparotomy, and pathol-
ogy findings demonstrated fibrin thrombi in the microvasculature underlying areas 
of necrosis of the intestine. Patients with severe COVID-19 disease develop a highly 
inflammatory and prothrombotic state that leads to increase death and complica-
tions, including thrombotic complications. A meta-analysis of thromboembolism 
(TE) in COVID-19 patients identified 42 studies enrolling 8271 patients. The over-
all venous TE rate was 21%, the deep vein thrombosis rate (DVT) was 20%, and the 
pulmonary embolism rate was 13%. Arterial TE rate was seen in 2%. The mortality 
rate among patients with TE was 23% versus 13% among patients without 
TE. Clinical trials are underway to determine the impact of thromboprophylaxis on 
TE and mortality risk of COVID-19 [29]. Careful assessment of coagulation status 
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and stratification of VTE risk with appropriate prophylaxis is prudent in periopera-
tive COVID-19 patients.

Trauma surgery has been successfully performed, before and after the availabil-
ity of rapid preoperative SARS-CoV-2 testing. A trauma patient with persistent 
fever, thrombocytopenia, elevated transaminases, or diarrhea could be SARS-CoV-2 
positive, as the usual leukopenia and hypoxia may arrive in a delayed fashion [30]. 
Universal testing should be done for all trauma patients and appropriate PPE worn 
until tests return negative. Rapid (<1 h) RNA amplification tests for SARS-CoV-2 
unfortunately have limited availability in many areas and may suffer from some-
what decreased sensitivity (80–90%) compared to batched reference RT-PCR tests 
(97%) [31].

Cancer surgery cannot be delayed indefinitely during the pandemic but can be 
completed successfully. A series of 520 cancer procedures, 494 of which were elec-
tive, was accomplished in March and April 2020 in an area of moderate COVID-19 
prevalence in India without any deaths [32].

32.3	 �Systems of Surgical Care

32.3.1	 �Impact on Trauma Center/EGS Access

An unfortunate phenomena in many US cities during the 2020 pandemic was an 
increase in trauma center admissions due to interpersonal violence, including gun 
violence [33]. While many types of elective surgery were on hold to allow hospitals 
to deal with COVID-19 admissions, the spike in gun violence cases was tragic and 
most unhelpful. Possible reasons for the escalation include increased unemploy-
ment, increased alcohol consumption, and increased gun sales. The initial shutdown 
of many surgical services and lockdown orders was accompanied by a significant 
decrease in overall trauma admissions during March–June, 2020, in many US cities, 
especially for elderly falls, road traffic accidents, and non-intentional mechanisms 
[34, 35]. However trauma admissions increased to pre-pandemic levels in most US 
centers by September, 2020. Any hope that later lockdowns would decrease utiliza-
tion of hospital resources by trauma patients during the November–December 2020 
surges has not been realized.

Another tragic effect on the pandemic seen in trauma centers was an increase in 
intimate partner violence (IPV). Nine US cities reported increases in IPV from 20 
to 30% and as high as 60% [36]. There is serious concern about mental health issues 
during the pandemic, and the risk of further health crisis including depression, sui-
cide and homicides. Child abuse and neglect is another concern. With the prolonged 
closure of schools, children are often confined at home with potential abusers, and 
may not have access to teacher witnesses, nurses, or school-based social workers. 
Increased vigilance by trauma surgeons and allies treating injured children is war-
ranted [37].

Delays in presentation of EGS patients were seen early in the pandemic and led 
to increased morbidity with increased postoperative complications. A Spanish study 
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noted a monthly decrease in EGS presentations of 58.9% and an increase in time 
between symptom onset and presentation, with morbidity increasing from 34.7% to 
47.1% of cases [38]. Many surgical patients expressed fear of going to the hospital 
due to a perceived risk of exposure to COVID-19. However, hospitals were quick to 
implement masking, social distancing, and limited visitation resulting in a rather 
safe environment. As such, many centers performed outreach efforts in the media to 
encourage patients to feel safe seeking care.

Elective surgeries were canceled by public health agencies to preserve PPE and 
to allow for development of processes surrounding the operating rooms both in the 
inpatient and ambulatory settings. In many facilities, these areas have physical 
space overlap, and the operating rooms have common space where healthy and 
COVID-19-infected patients have potential to overlap. Active management was 
required to both cancel and track patients affected by OR shutdowns; to ensure 
postoperative care was delivered, new consultations were triaged, and canceled 
cases were rescheduled. Surveillance of cancelled cases was necessarily re-evaluated 
to ensure no change in clinical status during the delay.

As clinics and elective surgery were re-established, prioritization of the backlog 
of cases needed to be addressed. Telehealth practices were developed in the clinic 
and postoperative environment, and surgeons began to utilize videoconferencing 
technologies for postoperative visits to assess wounds and clinical course. Selected 
patients also had telehealth preoperative visits via video visit. A potential advantage 
of telehealth was the ability to evaluate the patient in their own home environment 
with family or caregivers present.

Many of the prior barriers for telehealth were removed by lifting of restrictive 
federal regulations and the allowance of billing for these services. Previous to 
COVID-19, these types of visits were not reimbursed or supported from hospital IT 
platforms. The urgent deregulation of these restrictions allowed expeditious 
response of hospital IT programs. Rapid training of large numbers of surgeons and 
physicians was necessary to adapt to this newly available outpatient care tool 
[39, 40].

32.3.2	 �COVID-19 and Social Disparities

There is a significant body of literature that indicates that there are significant dis-
parities in outcomes in the US for trauma, EGS, and cancer surgery patients due to 
racial, social, and structural issues. It is also true that COVID-19 spread and out-
comes are also affected by these same factors. Many comorbidities that lead to 
increased risk of COVID-19 complications and death, such as obesity, hyperten-
sion, diabetes, and chronic kidney disease, are more common in Black Americans 
and other groups. Overall, Black Americans have double the mortality of COVID-19 
compared to Whites and Asians, and Black Americans aged 35–44 have 9 times the 
mortality from COVID-19 than their White peers [41]. The pandemic has placed a 
spotlight on these disparities. The data represents an overdue opportunity for 
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surgeons to advocate to improve the access to care, strengthen our trauma and EGS 
systems, and remove barriers for these populations of patients.

32.3.3	 �Impact of Trauma Center Processes

The impact of the pandemic on the typical US trauma center was significant. Trauma 
Medical Directors and the ACS faculty had to adapt to finding and using PPE for all 
admissions, and using rapid SARS-CoV-2 testing when available, and prioritizing 
tests when there was limited test availability. Each facility required designation of 
at least one dedicated operating room for suspected and known COVID-19-positive 
surgical patients. OR, ED, and ICU rooms frequently required modification to con-
trol air flow, to generate negative pressure, and to create restricted access. ICUs had 
to be reorganized and redesignated for COVID-19 or non-COVID-19 cases [42]. 
Elective surgery was cancelled initially both to allow development of new processes 
and procedures and also to preserve PPE. However, increased demand pushed their 
reopening once these were created [43]. Staff, faculty, and residents all needed to 
learn proper use of PPE and how to perform procedures, including AGPs, safely 
[44]. Transferring suspect and known COVID-19 patients within the facility and 
designating spaces and corridors for their transport was another issue to be solved. 
In many locations, alternate ICU spaces had to be opened, such as in post-anesthesia 
care units or disused hospital wards [45].

Acute care surgery teams in some institutions have used their intensive care 
skills to relieve pulmonologists, sometimes to run additional ICUs. In other centers, 
they formed central line insertion teams, performed tracheostomies, or assisted with 
prone positioning. Assistance in providing family communications became a criti-
cal task as families and visitors were largely banned from the hospital. 
Multidisciplinary rounding on patients became more frequent during surges, and a 
larger in-house presence for surgical and critical care services was required. Tele-
presence and tele-critical care were used in some centers to avoid excess PPE use 
and room entries, especially in ICUs [46].

Leadership by surgeons and their teams was needed to manage fatigue. Lack of 
adequate PPE, fear of infection, frequent decontamination, donning and doffing of 
PPE, lack of usual pastimes, isolation from friends and families, and even being 
called a “hero” can take a significant emotional toll on HCWs [47, 48]. Burnout is 
a significant problem for surgical residents and surgeons dealing with this pandemic 
[49, 50]. Surgeons should anticipate these effects, be prepared to provide leader-
ship, and demonstrate care and concern for their colleagues, trainees, and allies 
during the crises. In some cities, particularly in the northeast US early in the pan-
demic, volunteer, military, or federal HCWs were able to provide some relief to 
hospitals, but as more regions were affected, there were general shortages of many 
types of HCWs.

Other leadership skills needed by surgeons are those to negotiate with other 
departments and administration to ensure adequate staffing, space, testing, PPE, 
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immunizations, and budget to maintain the trauma center and acute care surgery 
services. Support of the overall mission of the institution by surgeons must also be 
evident to maintain good relations with senior administration.

Many physicians not involved with their hospital’s emergency management 
committee are surprised by the appearance and role of the Hospital Incident 
Command System (HICS), which is required by federal mandate and is delegated 
the responsibility for the hospital’s specific response to an emergency. A better 
understanding of HICS and its responsibilities can be accomplished by taking online 
Federal Emergency Management Agency (FEMA) courses or the ACS Disaster 
Management and Emergency Preparedness (DMEP) course [51].

A concern about surges that threatened to overwhelm facilities with COVID-19 
patients was whether resource allocation of ventilators, extracorporeal membrane 
oxygenation (ECMO), or other devices would be needed. Under a crisis standard of 
care, a triage process is proposed to determine which patients would achieve benefit 
and which patients would be excluded from being allowed to being placed on a 
ventilator [52, 53]. This triage process would have to apply to all patients in the 
hospital, not just COVID-19 patients, and would need to be performed in a stan-
dardized manner by a committee and not the bedside clinicians. Federal and state 
guidelines indicated how this crisis standard of care would be applied, but as of 
December 1, 2020, no facility has had yet to allocate ventilators under such as 
scheme. Concerns existed over the criteria used to for resource allocation, including 
whether disabled persons, aged persons, patients with cancer, and persons of color 
would be treated equitably [54, 55].

Education of surgical trainees was disrupted during the pandemic, sometimes 
unnecessarily. Medical students from many schools were initially banned from hos-
pitals out of an abundance of caution, but eventually were returned to the wards. 
Medical students can be involved in COVID-19 patient care, including trauma and 
EGS care, if properly trained and equipped. Surgical residencies and fellowships 
were sometimes severely affected by the cessation of elective surgery [56]. 
Residency and fellowship interviews became virtual [57]. It is hoped that virtual 
learning, videoconferencing, social media, and telemedicine can replace some lost 
educational opportunities. Consideration of trainees’ mental health is an issue and 
is an area where surgeon leadership is needed.

32.3.4	 �Trauma Systems Responses

Urban, Level 1 trauma centers are uniquely poised to be “command centers” for 
trauma care. It is essential trauma centers reach out to regional institutions by way 
of Trauma Medical Directors and Trauma Program Managers to provide resources 
and expertise, ensuring that regional trauma system’s capacity is preserved. Level 1 
trauma centers are also often burn centers and regional centers for EGS. The trauma 
center is a component of the trauma system, which itself has important interactions 
with the emergency medical system (EMS) and the public health system.

The trauma system is usually able to manage multiple casualty surges lasting a 
few hours. In some US states, the trauma system is also designated the disaster 
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response system. However the COVID-19 pandemic is an event of broad geographic 
impact, lasting years, with multiple surges and that also provides direct risks to the 
HCWs themselves. Trauma systems are not specifically designed to manage pan-
demics alone. Instead, regional coordination of multiple hospitals is needed.

A Regional Medical Operations Center (RMOC) is a center that can provide situ-
ational awareness of hospital and EMS conditions, distribute patients, manage EMS 
resources, identify alternate care sites, ensure trauma and non-stroke emergencies 
are considered, provide consensus on crisis standards of care, and identify outbreaks 
in high-risk populations. The RMOC can coordinate the response of the emergency 
management (disaster) system, public health system, and acute care hospitals. The 
RMOC uses the framework of the EMS and trauma systems to operate. Formal 
agreements are made to insure collaboration, and representatives of all stakeholders 
are present physically or virtually. The RMOC has robust communications, includ-
ing the Emergency Operations Center (EOC) for the region. It can monitor hospital 
capacity and EMS dispositions and distribute resources and patients across the sys-
tem. The RMOCs in western Washington state and other areas have been success-
fully used to coordinate the health system’s pandemic response [58, 59]. 
Unfortunately many parts of the USA lack such a well-integrated system resource 
as the RMOC.

32.3.5	 �Leadership and Advocacy for the Next Time

It is obvious that the health care system of the USA was not optimally prepared for 
a pandemic such as COVID-19. There was initially poor intelligence about the 
nature of SARS-CoV-2. Despite many states’ stockpiles and the federal Strategic 
National Stockpile (SNS), there was a prolonged shortage of PPE and ventilators. 
COVID-19-positive patients were returned to their nursing homes, ill-advisedly. 
Many members of the public were reluctant to wear masks or perform social dis-
tancing. Messaging from Public Health and governmental authorities about how to 
protect oneself from COVID-19 was sometimes inconsistent. Some facilities were 
overwhelmed during surges with state or federal help arriving too late or not prop-
erly utilized. Many members of the public are now mistrustful of COVID-19 vac-
cines, which may limit participation. Surgical patients had prolonged delays in 
receiving care, leading to worsened outcomes, and vulnerable populations suffered 
disparately poor outcomes.

All these problems have been now been revealed, despite some prior efforts to 
prepare, plan, and stockpile for pandemic. Surgeons have an opportunity to lead 
advocacy efforts to ensure the next pandemic or disaster will be better managed by 
our healthcare system:

Nationally:
•	 We should demand the SNS is properly equipped to manage pandemics and mass 

trauma events, including adequate PPE and ventilators.
•	 There needs to be national trauma and emergency response system, which can be 

created by integrating military and civilian trauma systems to achieve zero 
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preventable deaths after injury, such as described by the National Academy of 
Medicine [60].

•	 Provide support to states and regions to create RMOCs.
•	 A system to rapidly increase manufacture PPE.
•	 Improve communication and education with the public to understand the nature 

of viruses and how to control pandemic spread.
•	 Provide consistent public health messaging before, during, and after pandemic.

Statewide:
•	 The state disaster stockpiles must be maintained to manage pandemics and mass 

trauma events, including adequate PPE and ventilators.
•	 Support for RMOCs to cover the state and coordinate disaster responses.
•	 Support for regional or hospital equipment caches for PPE and ventilators.

National professional organizations such as the American College of Surgeons 
and the American College of Physicians undertake significant advocacy efforts with 
state and federal governments. They can also provide advocacy training and oppor-
tunities to meet policymakers. Volunteer surgeons are a key component in advocacy 
for surgical patients. As surgeons are constituents and professionals who have 
worked on the front lines of this pandemic response, they have a credible message 
and can be effective in creating the needed changes in our health system for the next 
pandemic or disaster.

32.4	 �Conclusion

There were a number of lessons learned by acute care surgeons during the first 
year of the COVID-19 pandemic (Table 32.1). Challenges existed in providing 
both trauma, emergency, and elective surgery during the early pandemic due to 
mandated closures and inadequate supplies of PPE, ventilators, and tests. Acute 
care surgeons were challenged to provide surgical and critical care to COVID-19 
patients despite these shortages and also supported their fellow pulmonary inten-
sivists in the ICU. Lessons learned for the next time included issues in prepara-
tion, training, planning, provider wellness, burnout, surgical disparities, testing, 
PPE, operating rooms, cancellations of elective surgery, regional coordination, 
and information technology. Surgeons should be now ready to engage in advocacy 
efforts to ensure that the next pandemic can be better handled by the health-
care system.
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Table 32.1  Lessons learned by acute care surgeons in COVID-19

Preparation:
• Surgeons will be involved considerably in response to pandemics.
• They must manage surgical complications of the pandemic disease.
• They must perform surgery on patients with active viral disease.
• �They may need to assist pulmonary critical care teams by performing bedside procedures, or 

provide critical care for COVID-19 or non-COVID-19 patients.
Training:
• �Acute care surgeons previously reported lower levels of pandemic personal preparedness 

compared to mass trauma; they should obtain training in disaster management that includes 
pandemics.

• Future hospital exercises and plans should incorporate lessons learned from COVID-19.
Planning:
• �Surgeons must be involved in surge capacity planning. The American College of Surgeons 

trauma center verifications standards requires that a surgeon be a member of the hospital 
disaster (emergency management) committee.

• �Surgeons should assist efforts to augment healthcare workforce contingency plans, including 
emergency credentialing of surgical personnel across states, retiree, volunteer, and military.

Provider wellness/burnout:
• �Burnout, decreased wellness, and poor self-care were observed by surgeons and trainees 

during the pandemic.
• �Surgeon wellness and self-care must be a priority for the profession and hospitals, a need 

reaffirmed by the COVID-19 pandemic.
Surgical disparities:
• �The COVID-19 pandemic further exposed significant racial and social differences in disease 

prevalence, complications, and death.
Testing:
• �Preoperative testing for SARS-CoV-2 is essential to maintaining adequate surgical services, 

including elective surgery.
• �Rapid tests for SARS-CoV-2 significantly improve the ability to safely perform emergent 

surgical procedures.
• �Employee/physician testing for SARS-CoV-2 should be mandatory for surgical personnel and 

should be performed on a regular basis, i.e., weekly.
• Some regions were able to create successful public-private.
PPE (personal protective equipment):
• �Perioperative and surgical personnel must be given access to adequate PPE and training for 

appropriate PPE usage.
• Surgeons should be represented in decisions to allocate PPE resources within the hospital.
Operating rooms:
• �The hospital should set aside at least one operating room for operating on COVID-19-positive 

and suspected cases.
• �The COVID-19 operating room requires that the OR staff be educated in the safe performance 

of surgery on COVID-19-positive patients.
Cancellation of elective surgery:
• �The decision in many regions to cancel elective surgery was made by public health officials, 

largely to maintain PPE stocks and reduce the number of persons entering hospitals.
• �The cancellation of elective surgical cases during acute surges of COVID-19 admissions 

reduced consumption of PPE, personnel requirements, and permitted initiation of routine 
testing.

• �However, cancellation of elective surgical cases also resulted in a backlog of cases and delays 
in surgery. This was associated with patients presenting with more advanced disease and 
worse outcomes.

(continued)
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33.1	 �Introduction

Natural disasters are major incidents caused by natural phenomena and are catego-
rized mainly as geological, hydrological, meteorological, climatological, and bio-
logical disasters [1]. The amplitude of natural disasters has increased in recent years 
as well as their impact on morbidity and mortality [2]. Medical management of 
immediate and delayed injuries is of paramount importance in reducing reversible 
life-threatening causes. This chapter covers the medical management of the follow-
ing natural disasters listed below (Fig. 33.1).

33.1.1	 �All Hazard Approach of Disaster Medical Management

Although there are a plethora of natural disasters with different characteristics, an 
all the hazard approach provides a valuable tool to medical disaster management. 
The Incident Command System (ICS) adopted by United Nations remains a flexible 
framework for efficient communication and effective coordination [4], which can be 
modified to meet the medical service’s special needs (Fig. 33.2).
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33.2	 �Disaster Management Medical Responders

Often in the management of natural disaster, more than one medical agency is 
included. Although the number of medical responders is progressively increasing, 
their setting remains the same. Governmental agencies, NGOs, national or interna-
tional Red Cross, private sector, donors, academic institutions, the United Nations, 
and foreign states usually respond to disasters (Fig. 33.3).

33.3	 �Natural Disasters Medical Care

Although natural disasters have common characteristics that mandate a standard all 
hazard approach, they differ in their consequences in human health, requiring indi-
vidualized medical response (Fig. 33.4).

33.4	 �Geological Disasters

33.4.1	 �Earthquakes

33.4.1.1  Introduction
Earthquakes are considered among the most disastrous natural phenomena. 
Approximately 500,000 earthquakes occur every yer, most of them in the Pacific 
Ring of Fire. During the last 20  years, more than one million deaths have been 
caused by earthquakes. Risk factors of their impact are the magnitude, the depth, 
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Tsunami

Volcano

Hydrological Flood
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Fig. 33.1  Classification of natural disasters. (Modified from [3])
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and their proximity to human habitat. Due to increasing urbanization and techno-
logical infrastructure, the number of casualties and deaths is raised to thousands [6]. 
Concomitant disasters are tsunamis, landslides, avalanches, fires, and floods. 
Hazards associated with earthquakes are collapse of buildings, falls, electrocution, 
smoke, dust, hypothermia, and prolonged entrapment.

33.4.1.2  �Short-Term Management
The majority of patients seek medical care between 12 h and 3 days after the disas-
ter and emergency departments reach their surge capacity within 24–48  h [7]. 
Children, the elderly, and the disabled are among those most affected [8]. The pri-
mary cause of injury is collapsed structures such as buildings, bridges, and infra-
structure. The number of casualties depends on the severity of the injury, the 
duration of entrapment, and stamina until medical care is provided. Among other 
causes of injury are falling debris, flares, and smoke or dust inhalation. Collapsed 
buildings lead to immediate death or entrapment. Delayed extrication results in 
compartment syndrome as well as crush syndrome. Falling debris results in head 
and body injuries, impaled objects, massive bleeding, orthopedic, and soft tissue 
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injuries. Destroyed electricity or gas networks may result in fire, which, in turn, 
causes burn injuries. A number of patients suffer from asphyxiation and pulmonary 
edema due to inhalation of smoke, dust, asbestos, or even burn inhalation. The loss 
of shelter makes patients vulnerable to hypothermia. The majority of patients sus-
tain minor wounds, like superficial trauma, lacerations, sprains, and bruising, 
requiring out-patient care. A small percentage of casualties need hospitalization due 
to multiple fractures, head trauma, upper and lower limb injuries, internal wounds, 
crush syndrome, sepsis, and multiple organ dysfunction. Healthcare professionals 
need to provide effective pain and fracture management, perform a variety of surgi-
cal as well as medical interventions such as debridement of contaminated wounds, 
fasciotomy, or amputation in case of compartment syndrome, fluid administration, 
as well as renal dialysis to crash syndrome and rhabdomyolysis [9]. Rapid search 
and rescue is of paramount importance. When entrapment is prolonged, the death 
toll is increased due to delays in provision of lifesaving medical care. After 1–3 days 
death can result from myocardial infarctions and failure of medical technological 
infrastructure.

Population 
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Fig. 33.3  Disaster management medical responders. Genuine
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33.4.1.3  �Long-Term Management
Post-disaster physiologic and psychological stress precipitates the deterioration of 
existing chronic conditions or provokes new illnesses. Existing research reveals an 
increase of BMI, serum lipid levels, smoking habits, and cessation of physical activ-
ity [10]. Among prevalent delayed post-disaster diseases are cardiovascular inci-
dents, such as myocardial infarctions, heart failure, hypertension [11–13], as well as 
asthma and severe wheezing [14]. Poor glycemic control and abnormal HBA1c 
values are widely documented among survivors [15, 16]. Furthermore, basic sur-
vival needs are affected such as nutrition, sleep patterns, access to water, food, 
clothes, and shelter. Compromised hygiene conditions, ineffective refrigerators, and 
contaminated water supplies give rise to gastroenteritis and other infectious dis-
eases. Loss of social networks may lead to depression and posttraumatic stress dis-
orders. Delayed death is caused due to hypo-, hyperthermia, dehydration, crush 
syndrome, wound infection, and sepsis.

33.4.1.4  �Hospital Medical Response
In the aftermath of an earthquake, hospital operation may be compromised. Fixed 
infrastructure of power and water supply may be disrupted, advanced equipment 
like renal dialysis devices, radiologic equipment, ventilators, blood analyzers, oxy-
gen reservoirs may be destroyed and healthcare personnel may be injured. All these 
discontinue the function of specialized units at the emergency department, intensive 
care unit, and operation room at a moment when they are most needed. A basic 
medication inventory should include anesthetic, analgesic medications, respiratory 
management resources, hemodynamic management, and antibiotic prophylaxis 
(Table 33.1). In case of shortage, extra resources can be mobilized upon interhospi-
tal cooperation and private sector agreements in times of MCI [17].

Table 33.1  Essential resources for MCI response. (Modified from Rubinson et al. [17])

Number Type Drugs
1 Bronchodilators Anticholinergic, beta-agonist
2 Crystalloids 0.9% NaCl, LR
3 Vasopressor Upon hospital preference
4 Analgesics Benzodiazapines
5 Analgesics Opiods
6 Sedatives Succinylcholine
7 Sedatives Non depolarizing agents
8 Antibiotics Guidelines of Infectious Disease Society of America or American 

Thoracic Society
9 Anticoagulant Upon hospital preference
10 Hormone Insulin
11 Hormone Hydrocortisone/fludrocortisone
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33.4.2	 �Tsunamis

33.4.2.1  �Introduction
Tsunamis are giant waves, which are usually the result of earthquakes occurring in 
oceans with enormous human and social impact. Between 1700 and 2000, approxi-
mately 420,000 people were killed because of tsunamis and thousands others were 
injured or went missing. Vulnerable communities are those who lack defense infra-
structure, resistant buildings, and evacuation lines based on early warning sys-
tems [18].

33.4.2.2  �Short-Term Management
Most casualties suffer respiratory, orthopedic, and soft tissues injuries. Cases of 
drowning or near-drowning due to waves are common, followed by dislocation, 
fractures, lacerations and blunt injuries. Wound contamination from Clostridium 
tetani is due to flowing debris and low sanitation conditions [19]. Prompt identifica-
tion, effective disinfection, wide debridement, delayed primary closure, fracture 
stabilization, follow-up controls, tetanus immunization, and wide spectrum antibi-
otic coverage are of paramount importance, since 67% of contaminated wounds 
were found to be infected within the first 24 h. Among commonly used antibiotics 
are third and fourth generation cephalosporins, quinolones, and aminoglycosides 
[20]. Medical management also relies on effective vertical and horizontal commu-
nication via various means such as runners, walkie-talkie, TETRA, Tannoy, satellite 
systems etc. Coordination among services is facilitated through common ICS pro-
tocols or pre-established response frameworks [21].

33.4.2.3  �Long-Term Management
Compromised living conditions and loss of transportation and social network give 
rise to exacerbation of chronic diseases, spread of communicable diseases, and 
deterioration of psychological health [21]. Poor glycemic and blood pressure con-
trol, exacerbation of asthma, COPD, renal insufficiency, and alcohol and tobacco 
abuse have been documented among displaced people [15]. In transitional shelter, 
the close proximity of large numbers of people creates conditions conducive to the 
spread of influenza, malaria, and gastroenteritis outbreaks [22]. Psychological prob-
lems may develop among casualties, family members, or even rescuers, ranging 
from sleep deprivation, to changes in behavior, or even depression and PTSD. In the 
survivor’s resting area (SRA), medical services can provide Psychological First Aid 
(PFA). Challenges may be presented by the management of dead bodies due to 
increased mortality, shortage of holding areas, difficulty in identification, and com-
promised transport.
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33.4.2.4  �Hospital Medical Response
In tsunamis, hospitals usually accept most casualties within the first 24–48 h after 
the disaster and should have the resources as well as the humanpower to operate 
autonomously for 48–72 h. Healthcare centers provide medical and nursing care as 
well as meet basic survival needs by providing shelter, nourishment, and hydration. 
Interdisciplinary drills should train personnel in mass casualty incidents in 
advance [23].

33.4.3	 �Volcanos

33.4.3.1  �Introduction
Nowadays, nearly 1500 volcanos are considered to be active, affecting potentially 
500 million people who reside close to them. Most active volcanoes are found on 
the Pacific Ring of Fire. During the last 300 years, 270,000 people lost their lives 
due to volcanic eruptions. Volcanic eruptions pose many hazards to humans, such as 
lava, pyroclastic flow (27% of volcanic fatalities), rocks, debris, tephra, gases, 
lahars (17%), and other concomitant threats like tsunamis (17%), earthquakes, and 
lighting [24].

33.4.3.2  �Short-Term Management
Although lava looks apocalyptic, very few deaths are attributed to it. The majority 
of fatalities are due to pyroclastic flow, where a mass of hot gases, tephra, and 
debris travel up to 15 km, not always preceded by fierce eruptions. Hot pyroclastic 
flows of 600–900 Celsius if not lethal, still result in severe burns. Upon eruption, 
fragments travel with great speed, resulting in secondary blast injuries [25]. Ash 
clouds, usually containing tephra of less than 2 mm, are under investigation for 
causing acute silicosis (Fig. 33.5). However, causalities with asthma and bronchitis 
exacerbation is well documented, even lasting up to 3 weeks after high particle 
concentration is counted in the air [27]. The most common gas emission is water 
vapor followed by carbon and sulfur dioxide, carbon monoxide, hydrogen (chlo-
ride, fluoride, sulfide), helium, etc. Colorless and odorless carbon dioxide and 
monoxide increase after volcanic eruptions, resulting in respiratory distress, 
asphyxiation, and death, primarily affecting those found in low-lying places like 
parking areas and cellars. Hydrogen fluoride affects humans via respiration (irri-
tant of respiratory tract) and via ingestion (livestock consumption). Fluorosis can 
be avoided by preventive measures. The “rotten egg” smell of hydrogen sulfide is 
a red flag for those living in low-lying places, resulting in eye irritation, pulmonary 
edema, and asphyxiation [28]. Volcanic lahar result from eruption, heavy rainfall, 
or earthquakes and may travel up to 50 km/h, destroying infrastructure potentially 
resistant to other disasters. There are documented cases were lahars happened 
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months after eruption by sudden breakout of formerly blocked volcanic deposits 
[25]. Volcanoes may cause concomitant threats like earthquakes and tsunamis 
when found underwater.

Since the majority of volcanic fatalities occur during the first 24 h, prompt medi-
cal care is important. Acute medical care consists of early transport to temporary 
evacuation sites in order to avoid pyroclastic flow, effective management of burn 
patients via adequate fluid administration, efficient wound care, and broad antibiotic 
coverage. Medical services should be prepared for mass casualty incidents and 
enable preexisting emergency operation plans. Respiratory care includes sufficient 
management of asthma and COPD exacerbations, early recognition of CO2, 
CO-poisoning, oxygen administration, and the prompt use of hyperbaric chambers. 
Search and rescue personnel should evacuate people in low-lying areas [29]. 
Secondary orthopedic and soft tissue blast injuries should be splinted and manage-
ment according to basic wound care principles. As in many disasters, provision 
should be taken for crush injuries, compartment syndrome, blunt head trauma, and 
amputations. Food and potable water should be checked for elevated fluoride levels 
in order to avoid fluorosis through ingestion.

33.4.3.3  �Long-Term Management
Tephra fall and toxic gas concentrations may last for weeks or months, polluting air, 
water, and food supplies. Air pollution destabilizes chronic respiratory diseases. 
Compromised water and sewage systems lead to improper waste disposal, low sani-
tation conditions, poor vector control, and the spread of infectious diseases. 
Communicable diseases are commonly documented among disposed people in tem-
porary evacuation centers. After the initial disaster, dead bodies may be exposed to 

Fig. 33.5  Silicosis from 
volcanic ash [26]
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weather conditions, posing a threat to public health. People with chronic respiratory 
problems are advised to stay indoors, wear masks, and use air-purification devices. 
Bottled water or water containers brought from other places solve the problem until 
the water system is repaired.

33.4.3.4  �Hospital Medical Response
Healthcare providers deployed prehospitally should have access to N-100 or N-95 
NIOSH respirators and CO-monitoring devices. Personal protective equipment 
should include glasses, gloves, boots, and hats. Hospitals close to volcanoes should 
have pre-established emergency operation plans and trained personnel in mass casu-
alty incidents. In case of volcanic eruption, disruption of power and water supply 
should be expected, where generators should support medical activities for a mini-
mum of 72 h. Prolonged tephra fall compromises air as well as land medical evacu-
ation due to reduced visibility. Flexibility to overcome shortage of resources and 
personnel is imperative.

33.5	 �Hydrological Disasters

33.5.1	 �Floods

33.5.1.1  �Introduction
Floods are usually caused by massive rainfall, deforestation, and melting of snow. 
They present the highest frequency (40%) and mortality among other disasters [30]. 
The affected population is located in lowlands, close to water reservoirs, or down-
hill from a dam. Most communities experience a flood within 6 h after heavy rain-
fall, provoked by sudden release of debris dam, known as flash floods.

33.5.1.2  �Short-Term Management
Around 0.2–2% of casualties seek immediate medical aid. Causes of injury are 
flowing debris, crossing floodwater more than 6 in. by foot, or more than 2 ft by car. 
Injuries sustained from debris result in orthopedic and soft tissue trauma. There 
should be a high index of suspicion for cervical spine trauma and spine immobiliza-
tion techniques should be undertaken. Wounds are assumed to be contaminated and 
should be treated with irrigation, disinfection, and closure by secondary healing. 
Patients in shock due to hypothermia should receive extensive resuscitation and 
rewarming efforts even for 40 min, since similar cases are documented with suc-
cessful recovery after prolonged submersion in cold water [30]. Displaced animal 
(dogs, insects, snakes, arthropods) may pose a threat for bites [31]. The primary 
cause of death is drowning, associated mainly with vehicle entrapment. Bodies are 
recovered when flood waters recede. Near-drowning cases are very unusual due to 
limited access during the active phase. Unfortunately human loss is also docu-
mented among prehospital healthcare professionals [31].
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33.5.1.3  �Long-Term Management
Collapse of electrical network may hinder access for people with chronic illness to 
vital support devices (ventilators, dialysis machines, etc.) or may lead people to use 
fossil fuels for heating, which in turn increases the rate of carbon monoxide poison-
ing. The contaminated water supply and low hygiene conditions due to spread of 
debris and chemicals lead to infectious diseases and vector-borne illnesses (E. coli, 
Salmonella, Shigella, Hep. A virus, etc.) [32]. Humidity and mold in houses increase 
respiratory illnesses. Loss of property and loss of human support networks are iden-
tified as cause of mental health deterioration and alcohol and drug abuse [33].

33.5.1.4  �Hospital Medical Response
Hospitals located in risk areas should develop disaster management plans, identify 
possible transport routes, evacuate their patients prior the disaster, store supplies 
(water, oxygen, food, generators, etc.) for 72 h autonomy, and establish alternative 
communication lines [34].

33.6	 �Meteorological Disasters

33.6.1	 �Storm

33.6.1.1  �Introduction
Based on their location and strength, storms may be referred to as hurricanes, 
cyclones, and typhoons. They have been responsible for 1.9 million fatalities during 
last two centuries, raising the death toll up to 10,000 people per year [35]. Storms 
ranging from 100 to 2000 km in diameter with velocity up to 350 km/h create a 
hazardous threat to human communities. Storms are associated with primary haz-
ards such as ferocious winds, flying debris, storm tides, and landslides. Secondary 
threats include fires and floods. Tertiary hazards consist of potable water, food 
shortage, and infectious diseases.

33.6.1.2  �Short-Term Management
Strong winds and flying fragments result in lacerations, fractures, dislocations, con-
cussions, and penetrating injuries. Medical care includes splinting, wound care, 
antibiotic coverage, tetanus immunization, and delayed primary closure. Storm 
tides and landslides have the highest death toll. Drowning occurs to persons trapped 
in buildings and vehicles or offshore on ships. In hilly areas, landslides destroy 
buildings and structures. Other causes of death are electrocution due to broken 
power lines and carbon monoxide poisoning due to indoor use of heaters [36].

33.6.1.3  �Long-Term Management
After storms, wells, and other water deposits can be contaminated. The risk of chol-
era and diarrheal diseases outbreaks are imminent as a result of fecal-oral transmis-
sion [37]. Displaced populations are susceptible to depression, alcohol and drug 
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abuse, and post-trauma stress disorder. In the short-term, sleep medication accom-
panied by effective psychotherapy have been proved to be beneficial.

33.6.1.4  �Hospital Medical Response
Medical personnel deployed prehospitally in search and rescue operations are 
exposed to deleterious air participles such as dispersed chemicals from stored 
facilities, biological agents from sewage system failure, or mold from flooded 
facilities, or even asbestos and lead from collapsed buildings. Whereas prehos-
pital, post-disaster injuries are caused by demolished structures, collapsed elec-
tric cables, and passing vehicles [38]. In anticipation of storms, hospitalized 
patients should be dismissed or transported to other facilities far away. Hospitals 
in affected areas should have active, preexisting emergency operation plans 
deploying sandbags against storm tides. Additional medical resources, foods, 
and water should be stored and protected from winds and floods. Generators 
should be fuelled and set in standby mode. Hospitals should be autonomous for 
72  h. During a storm, a mass casualty influx of casualties is not expected in 
hospitals due to reduced outdoor circulation as well as temporarily ceased 
search and rescue operations. Hospital personnel may face fatigue due to pro-
longed shifts, sleep deprivation and mental stress, increasing the risk of injury, 
while hindering decision-making. Hospitals should mobilize resources to pro-
vide temporary shelter to non-medical displaced people, meeting their basic 
survival needs until the storm has ceased. Systems regulating temperature may 
be compromised, resulting in diagnostic device malfunction, threatening hospi-
talized patients’ health or resulting in suboptimal staff performance [39]. 
Heating systems and air-conditioning devices should be deployed, in order to 
assure a comfortable working environment [40]. Air- conditioning devices 
should not be placed close to heating devices or generators, since that results in 
the accumulation of CO and potential poisoning [41]. Shutters in windows pro-
vide safety to staff as well as patients from flying debris and wind [42]. During 
disasters, resources packed in special supply carts can be deployed wherever 
there is need. These carts contain equipment for resuscitation, monitoring, and 
wound care [43].

33.7	 �Climatological Disasters

33.7.1	 �Wildfires

33.7.1.1  �Introduction
Wildfires can be initiated by natural causes such as lightening, volcanoes, dry cli-
mate, or human causes such as arson, cigarettes, controlled burning, or power line 
arcs. Up to 90% of wildfires are attributed to human activity. Among documented 
hazards during a wildfire are thermal burns, smoke, dust, hazardous chemicals, 
falls, heat related illnesses, fatigue, cuts, electrocution, animal bites, unstable struc-
tures, and rhabdomyolysis [44].
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33.7.1.2  �Short-Term Management
Burns result from thermal injury, radiation, chemical exposure, and electrocution. 
In thermal burns, the first priority is to stop the burning process by extinguishing 
flames, removing smoldering clothes, and removing chemical substances. Prolonged 
exposure at the scene of wildfire exposes firefighters, healthcare professionals, vol-
unteers, and other agencies to burns. Collapsed power lines remain a cause of elec-
trocution. Smoke and dust containing ash and silica lead to inhalation injury, 
bronchial edema, bronchospasm, and pulmonary shunting. Carbon dioxide results 
in cellular hypoxia through the formation of carboxyhemoglobin, nausea, vomiting, 
headache, decreased level of consciousness, and death. Hydrogen cyanide poison-
ing leads to changes in the cellular level, altered levels of consciousness, neurotox-
icity, seizures, and death. Strenuous and long working shifts, sleep deprivation, 
dehydration, and individual risk factors lead to heat exhaustion, cramps, and heat 
stroke. Medical personnel working outdoors during forest fires should be aware of 
bites from displaced wild animals, orthopedic injuries, as well as soft tissue injuries 
from collapsing buildings and falls from unstable structures [44].

Burn patient assessment should focus on the ABC approach. Management of 
airway includes high-flow oxygen, setting patients on a Semi-Fowler, or position of 
comfort, airway monitoring, prompt intubation for impending airway failure. 
Escharotomies for circumferential thoracic burns that compromise ventilatory func-
tion. Fluid administration with Ringer’s Lactated via intravenous or intraosseous 
line. Burn Surface Area calculation can be based on rule of nines, rule of palms, or 
Lund-Browder chart. However BSA calculation seems inaccurate at the scene, since 
up to 62% of cases present inconsistencies among healthcare professionals [45], 
reducing the effectiveness of Parkland Formula. Mean arterial pressure and urine 
output are more reliable values for fluid resuscitation. Wound management prehos-
pitally includes covering burns with dry, sterile dressings, whenever available. 
Analgesia is achieved with intravenous opiates. Evacuation to specialized burn cen-
ters should follow local protocols or American Burn Association referral criteria 
(Table 33.2) [46].

33.7.1.3  �Long-Term Management
Ash and other air participles remain on the ground for many weeks and months. 
Until the first rains wash the land, people with chronic respiratory problems are 
susceptible to asthma and COPD exacerbations. The elderly, children, smokers, and 
pregnant women are also vulnerable, even if exposure is at low air participle con-
centration and for short periods of time. Maternal stress affects birth weight and air 
pollution during pregnancy leads to development of asthma [47]. In the long run, 
burn patients are susceptible to hypothermia, dehydration, and contamination.

33.7.1.4  �Hospital Medical Response
The majority of patients either die or survive with minor injuries. Few patients 
reach hospitals with major injuries [48]. Hospital patient management follows 
the same patient approach as prehospitally. Furthermore, more accurate TBSA 
calculations should be performed. Restrictive clothes and jewelry should be 
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removed, avoiding potential compression and tissue ischemia. At the same 
time, casualties should be protected from hypothermia, resulting from compro-
mised thermoregulation due to burn injuries [49]. If there is a suspicion of 
CO-poisoning, in addition to high-flow oxygenations, accessory laboratory 
tests should be ordered, and upon meeting inclusion criteria the use of hyper-
baric chamber should be considered [50]. In the treatment of hydrogen cyanide 
poisoning, the administration of hydroxocobalamin remains the preferred 
choice of therapy [51]. The dispatch of medical personnel to the scene is under 
criticism, as it leads to injuries among healthcare personnel and delay of casu-
alties to definitive treatment [52]. The transfer of local burn personnel to bigger 
overloaded burn centers is also counter-productive since the majority of burn 
patients may never reach a burn center, as they receive treatment by the receiv-
ing hospital [53]. However, it is advisable that an evaluation by a burn surgeon 
occurs within the first 24  h after a major incident. Burn ICU is expected to 
receive burn patients within an “intermediate” time of a burn disaster (6–120 h) 
through interhospital transfer [54]. Smoke and low visibility hinders medical 
evacuation and staff mobilization. Many healthcare providers may be not reach 
hospitals, since they decide to stay and protect their families. Photographic 
documentation of injuries at scene or in emergency department can speed up 
the preparation of operating theaters and ICU admittance. Burn patients need a 
multidisciplinary approach, since they will most likely need extensive surgery 
and ICU management [55].

Table 33.2  American Burn Association Burn Center Referral Criteria. http://ameriburn.org/wp-
content/uploads/2017/05/burncenterreferralcriteria.pdf

Burn injuries that should be referred to a burn center include:
1.  Partial thickness burns greater than 10% total body surface area (TBSA).
2.  Burns that involve the face, hands, feet, genitalia, perineum, or major joints.
3.  Third degree burns in any age group.
4.  Electrical burns, including lightning injury.
5.  Chemical burns.
6.  Inhalation injury.
7.  �Burn injury in patients with preexisting medical disorders that could complicate 

management, prolong recovery, or affect mortality.
8.   �Any patient with burns and concomitant trauma (such as fractures) in which the burn injury 

poses the greatest risk of morbidity or mortality. In such cases, if the trauma poses the 
greater immediate risk, the patient may be initially stabilized in a trauma center before 
being transferred to a burn unit. Physician judgment will be necessary in such situations and 
should be in concert with the regional medical control plan and triage protocols.

9.   �Burned children in hospitals without qualified personnel or equipment for the care of 
children.

10. �Burn injury in patients who will require special social, emotional, or rehabilitative 
intervention.
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33.8	 �Summary

Between 1990 and 2013, natural disasters affected 4.8 billion people around the 
world, causing 1.6 million deaths, 5.3 million injuries, while leaving 109 million 
people homeless [1]. Natural disasters are a part of human existence on earth and 
while human understanding over natural disasters increases, humans should con-
tinue to develop and incorporate preventive measures to palliate their disastrous 
impact on everyday life. Medical response is a health service’s responsibility, but it 
is not limited to it. Communities and individuals should play an integral role through 
awareness, training, and mitigation.
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34.1	 �Introduction

A mostly demanding process in disaster management is resource allocation in space 
and time, while planning towards safety against all types of hazards, be they natural 
or man-made, technological or other. All efforts to protect life, property and the 
environment, in that order, especially during emergencies, need to be based on valid 
information about the stakes and their dynamic at any given time. One of the essen-
tial processes in logistics of planning and emergency action for natural disasters, is 
disaster and hazard mapping [1].

Mapping technologies have a significant role in disaster management [2] and 
have been used in a variety of hazard oriented contexts [3, 4] since as early as the 
late 1870s. Advances in computing and GIS have boosted the sector in recent 
decades [5, 6]. Zoning and microzonation are techniques used as the basis of geo-
graphic decision support systems that help outline spatially referenced safety guide-
lines and assign measures of risk mitigation, according to a rational prioritization 
based on a multi-criteria analysis. Multilayer data and multihazard/multirisk analy-
ses are developed. In this context, thematic risk mapping is implemented from a 
local (e.g. municipality) to regional, national and global scale, leading to a continu-
ous improvement of long term design of institutional measures and resource alloca-
tion, throughout global organizations, national governments and local authorities.
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Post-disaster mapping of phenomena and impacts is incorporated into the record 
of the affected area and risk is then reassessed, to be taken into account for the 
upgrade of safe planning and better designing. In the past, mapping disasters was 
generally a time consuming procedure, whose results were only available long after 
the response and recovery operations were completed. Recent advances in technolo-
gies have made it possible for disaster scene investigators to collect and analyze data 
and distribute critical information, depending on the conditions of the incident, in 
near real time or real time. This can be considered a breakthrough for disaster man-
agement, because it is now possible to provide to responders critical information 
during emergencies. These new capabilities upgrade not only resource allocation 
and operations design, but also the safety of operators and emergency responders 
themselves, allowing accurate outlining of crisis zones.

In recent years the field of UAV (Unmanned Aircraft Vehicles), RPAS (Remotely 
Piloted Aircraft Systems) or UAS (Unmanned Aircraft Systems), popularly known 
as drones, has seen a significant rise. It is not so long ago (2007) when satellite 
relayed UAV’s (Unmanned Aircraft Vehicles) and live transmission of data world-
wide was referred to as “a not too farfetched idea” by Scanlon [7]. Recent advances 
have made it possible to involve these tools into disaster mapping. As a result, an 
increasingly large number of applications are available. Humanitarian action, 
impact mapping, damage assessment in various cases are only a fragment of what is 
readily available by groups of responders and researchers. Urban damage assess-
ment seems to be a field with great potential ([8–10]) for many different disaster 
types like earthquakes [11], cyclones, typhoons and hurricanes [12, 13], etc. A few 
more examples worth mentioning are use in humanitarian action in Haiti post-earth-
quake and post hurricane Sandy [14, 15], damage assessment and landslide map-
ping in the Amatrice earthquakes [16], flash flood magnitude assessment [17] and 
post-flood mapping after flash floods in Greece [18].

In the following cases we present three post-disaster mapping applications aided 
by the use of state of the art technologies and techniques. Aerial imagery, remote 
sensing, Unmanned Aircraft Systems, GIS, GPS and online platforms were the 
main categories of tools of the mapping inventory. Depending on the type and tim-
ing of the incident, these were deployed and used for mapping of effects, impacts, 
computations, visualization, presentation and distribution of data and results.

34.2	 �The Case of June 12, 2017 Lesvos (Northeastern Aegean 
Sea, Greece) Earthquake

On June 12, 2017, a shallow crustal strong earthquake with magnitude 6.3 occurred 
offshore, south of Lesvos (12:28 GMT), 35.8  km SSW of the capital of Lesvos 
Island, Mytilene, causing one fatality and severe structural damage in the SE part of 
the island [19]. The southeastern part of Lesvos Island suffered the most by the 
earthquake in its natural environment, building stock and infrastructure.

Building damage was observed in the southeastern part of Lesvos. Very heavy 
structural damage was limited in the traditional village of Vrissa [19]. Taking into 
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account that Vrissa is located inland, further from the epicentre than other settle-
ments with less damage, this village looks like an earthquake impact paradox. To 
interpret this paradox, a rapid field macroseismic reconnaissance was conducted 
performing not only classical methods of earthquake damage assessment (e.g. 
building-by-building inspection), but also modern and innovative techniques, which 
comprise the use of Unmanned Aerial Vehicles (UAV) and Geographic Information 
Systems (GIS) online applications as the basis of a rapid post-earthquake damage 
assessment, before any intervention was made in the settlement. Thus, all earth-
quake effects on the natural environment and the building stock of Vrissa were col-
lected and saved with maximum accuracy for further processing and analysis.

34.2.1	 �UAS Deployment and Processing of Earthquake-Induced  
Damage

The UAS performed two flights designed for 3D modelling comprising scanning of 
the affected area along two sets of paths aligned perpendicular at a height of 90 m 
above ground in the research area (Fig. 34.1a). Moreover, real-time video streaming 
was provided through YouTube for all viewers interested and all agencies competent 
in civil protection and disaster management. The flight areas were overlapping so 

a b c d

e f g

a b c d

e f g

Fig. 34.1  (a) Camera positions during the flights of the DJI Phantom 4 Pro over Vrissa village, 
deployed on June 13th, the day following the 2017 Lesvos earthquake. (b) Digital Surface Model 
processed with Pix4D software. (c) Digital Terrain Model (processed with Pix4D Mapper Pro 
software). (d) Orthophotomap (orthomosaic) processed with Pix4D Mapper Pro. (e) Classified 
object raster into three categories (lower than building range: green, building range: yellow and 
higher than building range: red). (f) Final edit of building polygons, according to the EMS-98 
vulnerability classes. (g) C class building damages in Vrissa over the DSM hillshade
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that they would be intercalibrated. Four hundred forty images of Vrissa were 
acquired, and they were input for processing in the Pix4D Mapper Pro software. 
Processing in Pix4D software created a point cloud, a mosaic orthophotomap, a 
Digital Surface Model (Fig. 34.1b), a Digital Terrain Model (Fig. 34.1c) and a 3D 
model of the settlement (Fig. 34.1d). The difference between the two raster surfaces, 
DSM and DTM, is the recognized objects including trees, buildings, cars etc. The 
uniformity of Vrissa buildings, as the village is a traditional settlement, essentially 
enabled classification of objects into groups based on their shape and their height. 
After subtracting DTM from the DSM, the resulting raster contained only recogniz-
able objects, which were then grouped into the three mentioned groups, and more 
specifically, building range between 2.5 and 10.7  m tall, shorter and taller 
(Fig. 34.1e). In order to refine and reassess damage grades, all objects above ground 
surface were isolated. Then, adjusting the histogram of the objects raster, large 
trees, poles, etc. were excluded, resulting in a raster containing all building surfaces 
and some of the trees, which were then converted to polygons in ArcGIS and finally 
edited manually. Damage assessment was re-run on final building polygons, apply-
ing field observations, but also editing errors of the field work, revisiting the site 
through the 3D model and with use of all footage available for any point on demand, 
in Pix4D. A review of damage grade and vulnerability class took place once more 
(Fig. 34.1f, g), using all 440 images. Once for every point of the model there is a 
number of images from different angles, field observations were actually supple-
mented by aerial observations.

34.2.2	 �Results from UAS

The resulting damage assessment is shown in Fig. 34.1g. This detail and spatial 
distribution allows for calculations of damage grade percentages and classification 
of areas with similar statistics of damage grade, and zonal application of the EMS-98 
intensity scale in the area. Because the majority of buildings (>99%) belong to C 
Class, a map presenting damage grade of C class vulnerability buildings is shown 
(Fig. 34.1g). Most of the high grade damage is concentrated in the flat NW part of 
the village, consisting of loose alluvial sediments, along the terraces of the nearby 
river (visible at the north part of all maps).

34.3	 �The 2017 Mandra Flood

On November 15th 2017, a high-intensity convective storm reaching more than 
280 mm in 8 h locally, hit the western part of the region of Attica in Greece, caus-
ing flash floods with catastrophic effects in the towns of Mandra and Nea Peramos 
and the tragic loss of 24 people. The study area is situated around the east and 
southeast foothills of Mt. Pateras. On its east side, the town of Mandra is situated 
on the western margin of the Thriassion plain within the catchment of Soures tor-
rent and its main tributary (Agia Aikaterini). The river network flows eastward, 
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reaching the Thriassion plain just downstream of the town of Mandra and turns 
south, towards the sea. High-resolution rainfall estimates from the X-band polari-
metric radar of National Observatory of Athens were used to analyse the space-
time dynamics of triggering rainfall, showing that the basin-average rainfall, was 
153 and 194  mm total accumulation for Ag. Aikaterini and Soures catchment, 
respectively.

The research team carried out several flights of an Unmanned Aerial Vehicle 
(UAV) monitoring the ground situation during and after the flood. Using a combina-
tion of aerial and ground observations the team developed a detailed record of the 
physical characteristics of the flood along with impacts across the hit area. Evidence 
collected through this field investigation made possible an accurate delineation of 
flood extent, derived by digitizing the boundaries at the contrasting land surface/
water boundary (Fig. 34.2).

Furthermore, the study used the slope-conveyance method [20] to estimate peak 
discharge. The research team surveyed to selected cross sections (one in Soures and 
one in Agia Aikaterini) and applied the Gauckler-Manning formula, using the uni-
form flow assumption. In these two locations a detailed Digital Surface Model 
(hereafter DSM), with a resolution of 2.7 cm, was created using the Structure from 
Motion technique (SfM) (Fig. 34.3) and imagery from a UAV. The detailed DSM 
was used to extract a cross section vertical to flow and calculate the cross sectional 
area as well as the wetted perimeter. To estimate the Manning n coefficient using the 
Arcement and Schneider [21] approach. Different checks were carried out to vali-
date findings and reduce uncertainty [22]. Results showed that the flood caused 
inundation of a noteworthy extent (4.03 km2), in comparison with the catchment 
area of the two tributaries (35.84 km2) (Fig. 34.4). Floodwaters within the urban 
area moved along two axes of flow (one for each tributary), despite the lack of a 
formed riverbed and the complexity of the urban environment, following the local 
geomorphology.

Peak discharges in the two ungauged sections were estimated at 169.9 m3/s for 
Soures and 198.9 m3/s for Agia Aikaterini. To account for the uncertainty inherent 
in the discharge estimation [22], the research team provided a range of discharge 
values (141–203 m3/s for Soures and 157–257 m3/s for Agia Aikaterini), using mini-
mum and maximum n coefficient calculations.

Fig. 34.2  Example of 
flood extent delineation 
based on UAV-
captured imagery
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Unit peak discharge in both basins reached a value of approximately 10m3/s/km2, 
close to the values reported for other extreme Mediterranean flash flood events. 
The collection of evidence testifies on the extremity of the event and further high-
light the great potential of UAV sensors for the detailed mapping of similar 
hazards.

Particularly in the Eastern Mediterranean, recent inventories have shown the 
scarcity of information and observations regarding flash floods. Well-described 
events are rare and instrumentation usually sparse and inadequate despite the rich 
record of extreme storms and flash floods in the area. The combination of ground 

Fig. 34.3  Digital surface models (left) and orthophoto maps (right) of the Soures (up) and Agia 
Aikaterini (down) torrents at the locations of the studied cross sections. Green circles denote the 
flood marks (HWMs) identified from ground observations

Fig. 34.4  Maximum flood 
extent created around 
Mandra during the flood of 
15 November 2017, 
illustrating critical culverts 
(A, B, C) that failed during 
the high water flow
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with aerial observation for post-flood mapping provides a useful tool for both esti-
mating the extent of flooding and one of the most important physical characteristics 
(i.e. flood extent).

In the course of this survey, the UAV provided also (a) a faster overview of the 
flooded area in comparison with the traditional ground-based survey, (b) a rapid 
mapping of impacts (e.g. road closures and collapses, levee breaches, property dam-
age assessment on a plot-by-plot or building-by-building basis), (c) an imagery 
from locations, where access was restricted or risky (e.g. in steep canyons), (d) 
maps of erosion and sediment deposition processes that were not possible from 
ground- and satellite-based observations (the latter due to time- and resolution-
related issues), such as the mapping of sediment loads in the coastal area or the size 
of geomorphic effects (e.g. erosion of river banks). The survey highlighted also 
certain weaknesses inherent in the use of UAVs including restrictions in their use 
due to weather conditions, safety considerations, legal framework, licensing and 
permissions or battery use.

34.4	 �The 2016 Chios Island Fires

On July 25 and August 262,016 wildfires erupted in the south-western part of Chios 
Island (Aegean Sea, Greece). The first affected an area of approximately 47 km2 and 
burned through almost 90% of olive groves and mastic trees, while the second broke 
out in a forested area a few kilometres to the north and affected approximately 
6.6 km2 of forest and farmland.

A research aiming at the post-fire landslide susceptibility (LS) mapping of both 
areas was conducted [23–25] using thematic layers in GIS environment and by ana-
lysing ten factors known to control landslide phenomena [26–28]:

	(a)	 Morphological data, which derived from a 5 m-DEM model of the study areas 
provided: (a) the slope gradient, (b) the slope aspect (which affects water 
accumulation and soil moisture), (c) the curvature factor (which affects the 
acceleration or slowing of flow on a surface) and (d) the drainage network. 
For the drainage network a distance map was developed to represent the 
decrease in probability of mass movement phenomena as the distance from 
rivers increases.

	(b)	 Lithological and geological data (including tectonic structures). The presence 
of scree, as well as of clastic formations found in some areas is an aggravating 
factor for landslide phenomena. Active faults form areas with intense morphol-
ogy and zones with fragmented and unstable carbonate and clastic formations 
as well as unstable scree along which landslide phenomena can occur.

	(c)	 Land cover derived from Worldview-2 satellite images before and after the fire 
events. Where the root systems are strong, the slopes have greater stability and 
thus the susceptibility to landslides phenomena is reduced. Severity was used 
instead of Land Cover for the post-fire susceptibility map.
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	(d)	 Soil thickness: Areas with increased soil cover thickness (>60 cm) are charac-
terized by more favourable conditions for landslides phenomena along slopes. 
Soil thickness was derived by field survey observations.

	(e)	 Post-fire burn severity data was collected from field survey and satellite image 
processing, road network from OpenStreetMap corrected using satellite 
images and

	(f)	 Annual rainfall data (as a factor that affects landslide occurrence) derived from 
neighbouring meteorological stations.

	(g)	 Road network: In areas with high geological heterogeneity and reduced coher-
ence combined with inadequate technical works for hydraulic road protection, 
roads can exacerbate the already disturbed balance and favour landslides 
phenomena.

Post-fire landslide inventory was created after an extensive field survey, 
enriched with data from pubic archives before the beginning of the rainfall period 
(October 2016) and before the end of winter season (February 2017) together 
with a map showing their distribution. Data classification of each factor accord-
ing to its estimated LS followed, by using the reverse ranking method, where 1 is 
the least susceptible and 10 is the most one. Each category was normalized to 
100% and the final raster thematic maps of landslide controlling factors were 
produced.

Finally, using numerical weight for each factor, which was assigned by the 
Analytic Hierarchy Process [29] using Pairwise Comparison Method and according 
to the weighted linear combination, a map was generated where each cell has a 
certain post-fire LS index (LSI) value [30–33]. The higher the LSI value, the higher 
the LS. This procedure was repeated twice, first using pre-fire land cover and sec-
ondly using the severity of the fire events.

The resulting maps, classified with natural breaks method, constitute the final 
pre- and post-fire LS maps of the affected areas with five LS categories: very low, 
low, moderate, high and very high. Comparison of these two final maps showed, 
that forest fires that occurred did not affect the spatial distribution of areas of high 
to very high risk of landslides susceptibility, but they burdened already existing ones 
(Fig. 34.5). Also, the model created is considered to be well accepted as the high to 
very high risk areas are identified with the positions of recorded landslide phenom-
ena before and after the fires.

In the North fire-affected area landslide risk map, two major regions of high to 
very high landslide susceptibility can be distinguished, one in the northern part and 
one around Sidirounda settlement having an E-W direction. In these high slope 
gradient areas, alternations of clastic formations and limestones occur, while exist-
ing road network have impacted slopes’ stability. On the landslide risk map of the 
South fire-affected area, two major high to very high landslide areas are identified, 
one heading NE-SW and one N-S. In these areas, clastic formations, tectonic struc-
tures, high slope gradients and road network occur.

Both the model created and field survey have identified three main causes of 
landslide phenomena: (a) the characteristics of lithologies involved, (b) the 
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existence of an aquifer between the permeable carbonate formations and the rela-
tively impermeable classical formations and (c) the high morphological gradients. 
Road network considered as triggering factor.

34.5	 �Conclusions

Results on the above cases, suggest that the systematic use of UAV-aided aerial map-
ping combined with ground observations in the investigation of a flash flood had 
important advantages. Firstly, the UAV allowed to capture imagery in a rapid way 
from an extensive area during flood flows despite that a large portion of it was inac-
cessible due to road closures. Especially for flash floods were inundation presents a 
rapid rise and withdrawal, it is virtually impossible for a field survey team to reach 
different parts of the inundated area and capture imagery during the flood. These capa-
bilities can lead to obtaining very valuable information on flash flood events, as shown 
in this study and others (e.g. [17]), including videos with evidence on maximum water 
level and velocity [22]. In addition, combining UAV with the structure from motion 
technique provides detailed DSMs, suitable for measuring cross sectional areas on 
demand. These capabilities fit to the opportunistic approach of studying flash flood 
events in the sense that UAVs can rapidly collect information within the short time 
frame that these information is available (e.g. evidence on flow velocity), making 
UAVs a useful tool in flash flood event investigations.

Nevertheless, it has to be noted that the accuracy accompanying ground observa-
tions (for instance in capturing water level) cannot be substituted completely by 

Fig. 34.5  Landslide susceptibility maps of South fire-affected area before (left) and after (right) 
the July 25 and August 262,016 wildfires
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aerial observations. Thus, based on the experience of this case study, UAV should be 
an additional source of evidence for a field survey team in the field, rather than a 
substitute for ground observations.

Finally, findings of this study suggest that UAV can be considered more suitable 
than other aerial photography sources such as manned aerial vehicles or satellites 
in the case of flash flood investigations. The reasons are that manned aerial vehicles 
take longer to prepare their flight plans and normally fly in higher altitudes than 
smaller and more agile UAVs. Given that flights of a large manned aircraft for these 
purposes is difficult to plan under emergency circumstances, especially when aer-
ial search and rescue operations are underway, readily deployable and very low-
flying UAVs have a better chance to capture the desired imagery in short timeframes. 
In higher altitudes sight may be severely limited by persistent cloud cover. 
Furthermore, vertically captured imagery from higher altitudes, is often unable to 
portray flood limits and water stage below vegetation canopy and other man-made 
covers. On the contrary, low-flying UAVs are able to capture imagery with a rela-
tively small angle to the horizontal or even from multiple angles, reducing this 
problem. In addition, the rapid withdrawal of water may limit their captured mate-
rial to only post-flood imagery, rather than picturing floodwaters during the flood. 
However, this disadvantage may not apply in all cases, as intense deposition of 
mud during the flood, may leave a clear trace even days after the withdrawal of 
flood waters.

Nevertheless, as shown in the third case from Chios, when it comes to extensive 
affected areas across several sq. kms, satellite imagery is irreplaceable, especially in 
cases such as wildfires (or large riverine floods), where multispectral imaging can 
rapidly outline and map the complete patchwork of severity and extension with reli-
able results.
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CBRNE and Decontamination

Bernd Domres, Yasmeen M. Taalab, and Norman Hecker

35.1	 �Introduction

CBRNE is an acronym for Chemical, Biological, Radiological, Nuclear, and high-
yield Explosives. These agents hold the potential to initiate mass casualties and 
disaster and thus societal mass disruption. They are either deliberately or acciden-
tally liberated during technological malfunctions, through the use of weapons of 
mass destruction, or terrorism [1, 2].

Weapons of mass destruction (WMD) are partially banned according to several 
international treaties and conventions; however a number of countries have not 
signed nor ratified them [3, 4].

Those treaties are:

	1.	 Nuclear Non-Proliferation Treaty (NNPT)
	2.	 Biological and Toxin Weapons Convention (BTWC)
	3.	 Chemical Weapons Convention (CWP), etc. [3, 4]

CBRNE defense consists of mitigation, passive protection measures (e.g., per-
sonal protection garment, environment independent respiratory devices), contami-
nation avoidance, detection, and decontamination. Decontamination is defined as 
removal or neutralization of CBRNE agents from the body surface to prevent fur-
ther harm caused by continuous absorption following exposure [5–8].
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35.2	 �Chemical Hazards

Toxic chemicals are chemicals that can pose a wide range of health hazards includ-
ing irritation, sensitization, and carcinogenicity and furthermore are often associ-
ated with death, temporary incapacitation, or permanent harm to humans [9]. 
Additionally, they can induce other hazards such as fire, corrosion, and explosibil-
ity. In general, 11 million different chemicals are identified, and around 70,000 
different chemicals are in use in modern-day industrial states. Every year, more than 
600 million tons of these 70,000 chemicals are produced of which 10,000 agents are 
known to be toxic to both humans and the environment. Furthermore, since the year 
1900, 70 agents were used as warfare and in terrorism [10–13]. Chemical weapons 
use toxic chemicals to induce intentional harm to humans during war. They were 
first used on a large scale during World War I, causing enormous casualties [14, 15]. 
They are prohibited by the Chemical Weapons Convention (CWC), which was 
signed in 1997. There are currently 193 states committed to the CWC [16]. The 
CWC specifies “allowed purposes” for toxic chemicals, such as for industrial or 
research usage [17–20]. Many toxic chemicals and precursors are “dual use,” mean-
ing they have permitted uses but could also be used as weapons [17]. For example, 
chlorine is used for water purification but can also be used as a choking agent [21–
23]. The Organization for the Prohibition of Chemical Weapons (OPCW) monitors 
certain toxic chemicals and precursors to ensure that they are only used for “allowed 
purposes.” Chemical warfare agents are categorized depending on their conse-
quences [13].

35.2.1	 �Types of Chemical Toxins and Related Toxidromes

	1.	 Nerve agents attack the victim’s nervous system. Mostly caused by chemicals 
known as “organophosphates.” Many common pesticides belong to this sub-
stance group. Examples of the nerve agents are however also sarin gas and 
Nowitschok, both causing cholinergic crisis, which have been used in terrorist 
attacks.

	2.	 Blister agents also known as vesicants attack the skin of the victim resulting in 
blisters and skin burns. Mustard gas and lewisite are common blister agents and 
also known as corrosive toxins. Mustard gas, for example, was used during 
World War I.

	3.	 Blood agents interfere with the blood oxygen-carrying capacity and its ability to 
deliver oxygen to organs. Therefore, they are so-called hemoglobin toxins result-
ing in knockdown syndrome due to suffocation and in the end disrupt the cellular 
oxygen delivery and/or utilization. Cyanide gases such as hydrogen cyanide 
(HCN) are the most common type of these agents.

	4.	 Choking/lung/pulmonary agents are chemicals that attack the lungs causing 
them to fill with fluid. Chlorine gas and phosgene are typical choking agents and 
known as respiratory toxins resulting in inhalation or irritant gas syndromes.

B. Domres et al.



465

	5.	 Incapacitating agents/riot control agents usually irritate the skin, mucous mem-
branes, airway passages, eyes, nose, lips, and mouth. Contact with these agents 
may cause vomiting or often intolerable pain, and they may lead to serious medi-
cal conditions. Their use is often permitted by law enforcement agencies to tem-
porarily incapacitate individuals, but they are not originally designed to kill or 
cause permanent harm. For example, tear gas or pepper spray belongs to this 
group [24–26].

	6.	 Central nervous system (CNS)-acting agents cause unclear thoughts or alter con-
sciousness, with symptoms including paralysis and hallucinations. Examples 
include anesthetics. They may cause temporary incapacitation but can be fatal 
too [27–31].

	7.	 Herbicides damage plants or crops [32]. The use of herbicides in warfare is pro-
hibited [33]. However, herbicides are classed as chemical weapons if used for 
intentional harm to humans [10, 25].

	8.	 Toxins are naturally occurring chemicals that can be classified as both biological 
and chemical weapons. For example, ricin and saxitoxin are listed in the CWC 
[9, 34]. To date, there have been two prosecutions under the Chemical Weapons 
Act 1996 for the production or purchase of chemical weapons, both involving 
ricin [35].

35.2.2	 �Special Aspects Regarding Chemical Agents 
in Terrorism and War

	1.	 High toxicity (acute: LD50, LD75).
	2.	 Ease of synthesis and dissemination.
	3.	 Light availability.
	4.	 Threat analysis and incident management may lack at first.
	5.	 Release environment (wind, rain, snow, height, population density).
	6.	 Antidote often lacking.
	7.	 Decontamination (highly cost-intensive).
	8.	 Risk perception and public preconception.

35.2.3	 �Modes of Delivery

Chemical weapons deploy the toxic chemicals [13] by different methods including 
explosion as in bombs or grenades, dispersal as in sprays, or contamination by gels 
or creams [36, 37]. The method of release is particularly dependent on the proper-
ties of the chemical, for example, its persistence (how quickly it disperses) [13]. 
Nonpersistent agents disperse quickly on release. They include volatile liquids that 
readily evaporate, such as sarin, and gases, such as chlorine [17]. While persistent 
agents, such as VX, are less volatile, they cause long-term contamination and reten-
tion [17]. “Binary weapons” are stored as two less toxic precursors that are mixed 
together when needed to form the toxic agent [13]. This reduces the risk of detection 
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or unintended exposure. For example, some sarin munitions hold two precursors in 
separate compartments until deployment [10].

35.2.4	 �General Principles of Chemical Emergencies

The hot zone is the area of immediate contamination. Entry into a hot zone requires 
special equipment. It is imperative that the hot zone is isolated as soon as possible 
and entry is restricted, while threatened areas have to be evacuated. Chemical agents 
are especially likely to spread downwind, creating an additional risk area. Notably, 
dispersion dynamics of gases are such that “downwind” is rarely a straight line but 
more likely to be an expanding cone. Keep in mind that gases spread differently in 
the atmosphere during day and night. Meteorological conditions, population den-
sity, communication capabilities, the specifics of the agent involved, and the con-
centration released are factors that will define evacuation routes. The hot zone 
should be approached from an upwind direction by rescue forces. However this area 
is also the potential evacuation and treatment area.

35.2.5	 �Decontamination of Chemical Agents

Timely response is considered the most important factor. The most important and 
effective decontamination after any chemical exposure is done within the first 2 min. 
This is the “personal decontamination.” Early action by the injured to decontami-
nate himself will make the difference between survival, or minimal injury, and 
death. Depending on the agent involved, simple means such as soap and water can 
save lives. Early administration of antidotes is also a life-saving measure. When 
clothes are contaminated, undressing them early on is furthermore an absolute must. 
However extreme care must be taken when undressing to avoid transferring chemi-
cals. If necessary contaminated clothes are simply removed cutting them. During 
subsequent treatment, ensuring that the patient is decontaminated is also essential to 
avoid the risk of exposing medical staff [38]. Besides the “personal decontamina-
tion,” “spot decontamination” by professional forces is considered the second most 
important measure. Eyes, nose, mouth, and face are usually decontaminated by nor-
mal saline solution, while other contaminated areas of the body are decontaminated 
by Na-hypochlorite. Wounds are addressed by hydrogen peroxide. The basic prin-
ciple of spot decontamination is as follows: Rinse for 2  min, wipe by use of a 
sponge for 2 min, and then rinse for another 3 min.

The sequence of measures therefore is:

	 1.	 Personal decontamination
	 2.	 Rescue
	 3.	 Antidote
	 4.	 Registration
	 5.	 Undressing
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	 6.	 Triage
	 7.	 Spot Decontamination
	 8.	 Wound dressing
	 9.	 Basic life support, antidote atropinization
	10.	 Retriage, advanced life support
	11.	 Hospital admission
	12.	 Definite care

Example for a stock of antidotes:

Stock of antidotes
Agent Antidote Dose
Alkyl phosphates Atropine sulfate  1% 0.1 mg/kg body weight

Obidoxime Toxogonin 750 mg/24 h
Benzodiazepine 10–50 mg

Mustard Na-thiosulfate 10–15 g
N-Lost
HCN (+fire) Na-thiosulfate 100 mg/kg body weight

Flumicord spray 5 sprays/h
HCN (−fire) 4-DMAP 100 mg

4-Dimethylaminophenol

35.3	 �Biological Hazards

In general biological hazards have been part of human civilization since its very 
beginnings and have often decimated large parts of the global population. Basically 
they are known as epidemics, alas the outbreak of infectious diseases (e.g., bird 
virus influenza, cholera, HIV, measles, plague, tularemia, typhoid fever, and many 
more). Biological hazards, especially in our globalized world, have the potential to 
easily affect a large number of people within a short period of time. For example, 
traveling with modern technology, like plane, is faster than the typical incubation 
time of most agents. Also biological agents have been used regularly in warfare 
since ancient times. Just think of sieges when beleaguering troops used to catapult 
infected bodies over city walls, or contamination of fresh water reserves by cadavers.

35.3.1	 �Indications for Biologic Agents

	1.	 An unusual temporal or geographic clustering of illness (e.g., persons who 
attended the same public event or gathering) or patients presenting with clinical 
signs and symptoms that suggest an infectious disease outbreak (e.g., patients 
presenting an unexplained febrile illness often imposing serious conditions like 
sepsis, pneumonia, respiratory failure)

	2.	 An unusual age distribution for common diseases (e.g., an increase in what 
appears to be a chickenpox-like illness among adult patients, but which might be 
smallpox)
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	3.	 Many cases of acute flaccid paralysis with prominent bulbar palsies, suggestive 
of a release of botulinum toxin

35.3.2	 �Categorization of the Bioterrorism Agents/Diseases

Centers for Disease Control and Prevention (CDC) has categorized biological 
agents into groups according to:

	1.	 Ease of dissemination and transmission
	2.	 Potential for major public health impact
	3.	 Potential for public panic and social disruption
	4.	 Requirements for public health awareness and preparedness (diagnostic capac-

ity, surveillance)

35.3.2.1	 �Category A
These are agents that can be easily disseminated or transmitted from person to per-
son; they result in high mortality rates and have the potential for major public health 
impact and thus might cause public panic and social disruption.

Agents/Diseases
	1.	 Anthrax (Bacillus anthracis)
	2.	 Botulism (Clostridium botulinum toxin)
	3.	 Plague (Yersinia pestis)
	4.	 Smallpox (Variola major)
	5.	 Tularemia (Francisella tularensis)
	6.	 Viral hemorrhagic fevers, including filoviruses (Ebola, Marburg) or arenaviruses 

(Lassa, Machupo)

35.3.2.2	 �Category B
Second highest priority agents include those that are moderately easy to disseminate 
and usually result in moderate morbidity rates and low mortality rates. They require 
specific enhancements of CDC’s diagnostic capacity and enhanced disease 
surveillance.

Agents/Diseases
	 1.	 Brucellosis (Brucella species)
	 2.	 Epsilon toxin of Clostridium perfringens
	 3.	 Food safety threats (Salmonella species, Escherichia coli O157:H7, Shigella)
	 4.	 Glanders (Burkholderia mallei)
	 5.	 Melioidosis (Burkholderia pseudomallei)
	 6.	 Psittacosis (Chlamydia psittaci)
	 7.	 Q fever (Coxiella burnetii)
	 8.	 Ricin toxin from Ricinus communis (castor beans)
	 9.	 Staphylococcal enterotoxin B
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	10.	 Typhus fever (Rickettsia prowazekii)
	11.	 Viral encephalitis (alphaviruses, such as Eastern equine encephalitis, Venezuelan 

equine encephalitis, and Western equine encephalitis)
	12.	 Water safety threats (Vibrio cholerae, Cryptosporidium parvum)

35.3.2.3	 �Category C
Third highest priority agents include emerging pathogens that could be engineered 
for mass dissemination in the future because of availability, ease of production, and 
dissemination. They hold the potential for high morbidity and mortality rates and 
major health impact.

Agents/Diseases
Emerging infectious diseases such as Nipah virus and Hantavirus.

35.3.3	 �An Alternative Classification Groups the Agents According 
to Their Impact

Agents of allergenic and toxic nature that form bioaerosols and are harmful for the 
respiratory tract, eyes, and/or skin of humans include viruses, bacteria, and fungi 
and their integral constituents’ endotoxins, β-glucans, chitin, as well as plant parti-
cles, pollen, and protein sensitizers. Agents that cause infectious and parasitic dis-
eases through one or more routes of transmission including disease vectors like 
insects and plants, direct or indirect physical contact (i.e., dermal exposure), air 
inhalation, and/or ingestion. Examples of agents belonging to this group include the 
zoonotic pathogens methicillin-resistant Staphylococcus aureus (MRSA), Coxiella 
burnetii (causative agent of Q fever), and Bacillus anthracis (anthrax) and the non-
zoonotic bacterium Legionella.

35.3.4	 �The “Dirty Dozen” of Bioterrorism

Agent Disease
Bacillus anthracis Anthrax
Clostridium botulinum Botulism
Brucella Brucellosis
Yersinia pestis Plague
Coxiella burnetii Q fever
Ricin seed of castor oil plant Lethal dose 22 μg/kg body weight
Variola major Smallpox
Staphylococcus Enterotoxin B
Fungi Colonized with crops producing several toxins
Francisella tularensis Tularaemia
Alphavirus EEE, WEE, VEE Viral equine encephalitis
Filovirus and arenavirus VHF, Ebola hemorrhagic fever, Lassa fever
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Symptoms
Degree
1 2 3 4 5 6 7 8 9 10 11 12

Dermal symptoms
Acral gangrene +
Ulcer + +
Gastrointestinal symptoms
Diarrhea + + + + + + +
Melena + +
Neurological symptoms
Ataxia +
Coma + + +
Diplopia + +
Mydriasis +
Dysphagia +
Systemic symptoms
Pancytopenia + +
Uremia + + +

35.3.5	 �Biological Emergencies

Biological emergencies are those in which the microbes are released in the air caus-
ing illnesses and death. During biological emergencies, the decontamination proce-
dures include all the universal safety precautions and procedures that are required to 
maintain sanitized environment in and around wards and especially diagnostic labo-
ratories. External decontamination in such cases is to maintain sanitation and 
hygienic environment.

35.3.6	 �Standard Precautions for Biological Emergencies

During medical management of biological emergencies, the standard precautions to 
be followed by health workers include (a) hand wash after patient contact; (b)wear-
ing gloves when touching blood, body fluids, secretions, excretions, and contami-
nated items; (c) wearing a mask and eye protection, or a face shield, during 
procedures likely to generate splashes or sprays of blood, body fluids, secretions, or 
excretions; (d) handling used patient care equipment and linen in a manner that 
prevents the transfer of microorganisms to people or equipment; and (e) care when 
handling sharp objects.

35.4	 �3. Radio-Nuclear Hazards

35.4.1	 �Types of Radiation

The types of radiation are:

•	 Alpha radiation, emitting a helium nucleus consisting of 2 protons + 2 neutrons.
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•	 Beta radiation results from either transformation of a neutron into a proton of the 
atomic nucleus by the emission of a negative loaded electron or the transforma-
tion of a proton in a neutron by the emission of positive loaded electron with the 
result of production of beta-negative or beta-positive radiation.

•	 Gamma radiation, it is an electromagnetic radiation like X-rays, but with a much 
shorter wavelength and greater energy.

35.4.2	 �Effects of Radiation on Living Organisms

Alpha and beta radiation have the effect of ionizing elements; however the effect of 
alpha radiation is only dangerous for a few centimeters distance, while beta radia-
tion is effective only for a few meters. Distance is the best protection in these cases. 
The greatest danger arises when they act as but internal radiation sources, e.g., when 
they are incorporated in the organism. The track of gamma radiation on the other 
hand is much longer, up to 3 km distance, and has much more energy involved. It 
can pass through solid materials. Radiation entering an organism displaces elec-
trons from stable atoms with radicals being released. The two most significant 
radiosensitive organ systems in the body are the hematopoietic and the gastrointes-
tinal systems. The relative sensitivity of an organ to direct radiation injury depends 
upon its component tissue sensitivities. Cellular effects of radiation, whether due to 
direct or indirect damage, are basically the same for the different kinds and dose of 
radiation. The simplest effect is cell death. Of course, then the cell is no longer pres-
ent to reproduce and perform its primary function [39], thus posing the danger of 
(multi-)organ failure. Of course changes in cellular function at lower radiation doses 
than those that cause cell death may happen, too. These effects include delays in 
phases of the mitotic cycle, disrupted cell growth, permeability changes, and 
changes in motility [39–42]. In general, actively dividing cells are most sensitive to 
radiation. Radiosensitivity also tends to vary inversely with the degree of differen-
tiation of the cell. The severe radiation sickness resulting from external irradiation 
and its consequent organ effects is a primary medical concern. When appropriate 
medical care is not provided, the median lethal dose of radiation, the LD50/60 
(which will kill 50% of the exposed persons within a period of 60 days), is esti-
mated to be 3.5 Gy. Contamination may happen externally or internally. External 
contamination will occur when contaminated areas are being entered without appro-
priate protection. The simple removal of outer clothing will, in most instances, 
effect a 90% reduction in the patient’s contamination. Internal contamination will 
occur when radionuclide material is ingested and inhaled, or wounds get contami-
nated. The skin itself is impermeable to most radionuclides. Wounds and burns 
however also create a portal for contamination to bypass the epithelial barrier. All 
wounds must therefore be meticulously cleared and debrided, if they occur in a 
radiological environment. Any fluid in the wound may hide weak beta and alpha 
emission from detectors. Once a radionuclide is absorbed, it crosses capillary mem-
brane through passive and active diffusion mechanisms, and then it is distributed 
throughout the body. The rate of distribution to each organ is related to organ 
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metabolism, the ease of chemical transport, and the affinity of the radionuclide for 
chemicals within the organ. The liver, kidney, adipose tissue, and bone have higher 
capacities for binding radionuclides because of their high protein and lipid makeup. 
Within the respiratory tract, particles less than 5 μ in diameter may be deposited in 
the alveolar area. Larger particles will be cleared to the oropharynx by the mucocili-
ary apparatus. Soluble particles will be either absorbed into the blood stream directly 
or pass through the lymphatic system. Insoluble particles, until cleared from the 
respiratory tract, will continue to irradiate surrounding tissues. In the alveoli, fibro-
sis and scarring are more likely to occur due to the localized inflammatory response 
[39, 40].

35.4.3	 �Whole-Body Radiation/Radiation Syndrome/
Radiation Illness

Dose (Gy) Onset Symptoms
>2 2 days Hematopoietic syndrome, hemorrhage, and 

infection
>6 Hours Severe gastrointestinal hemorrhage and death
>30 Minutes Cardiovascular and central nervous system, 

fatal within 4 days

35.4.4	 �Comparable Levels of Radiation Exposure

Chest X-ray: 10 mrem
CT abdomen: 1000 mrem
Air travel Lima–Madrid: 4 mrem

35.4.5	 �Dosimetry

The transformation of an atomic nucleus is defined as disintegration and its measur-
ing unit is 1 Becquerel (1 Bq) = 1 disintegration of one atom nucleus per second. 
The unit for the total absorbed doses of the body is Gray (Gy). The exposure of 
4.5 Gy is the so-called lethal dose of radiation.

The equivalent dose of the biological effects on the body due to radiation is mea-
sured in Sievert (Sv), 1 Sv = 100 rem.

The annual natural radiation dose is 2.1 mSv = 210 rem, which is caused by ter-
restrial radiation and cosmic radiation. An annual dose of 250 mSv increases the 
risk of cancer by 1%, while the general risk to die of cancer is approximately 25%.
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35.4.6	 �Acute Radiation Syndrome (ARS)

After exposure to ionizing radiation, the four early reacting organ systems (neuro-
vascular (N), hematopoietic (H), cutaneous (C), and gastrointestinal (G) system) 
express different signs and symptoms. After very high doses, the prognosis of ARS 
depends mainly on the extent of damage to organs other than the bone marrow (e.g., 
lung, gastrointestinal tract, skin) with the risk of multiple organ failure as the maxi-
mal consequences. The METREPOL system of categorization uses a method of 
describing signs and symptoms and rating them with a degree of severity between 1 
and 4. Zero is used when a given sign or symptom is absent, while four describes the 
maximal damage.

35.4.7	 �Considerations for Medical Assistance Teams’ 
Personal Protection

	1.	 Iodine protection of thyroid tissue
	2.	 Special protection equipment
	3.	 Full face respirator
	4.	 Dosimeter

35.4.8	 �Considerations for Decontamination

	1.	 Evacuation and rescue from the hot zone
	2.	 Registration
	3.	 Disrobing
	4.	 Triage
	5.	 First aid
	6.	 Spot decontamination
	7.	 Waterproof dressing of wounds
	8.	 “External decontamination”: using water, soap, H2O2, 0.5% Na hypochlorite, 

diethylenetriamine pentaacetate acid (DTAP)
	9.	 “Internal decontamination”: magnesium sulfate, chelate, alginate

35.5	 �Explosive Hazards

Explosives are intentionally used as military ordnances like bombs, grenades, land 
mines, and improvised explosive devices, or as commercial explosives, such as 
devices used during material extraction like in mineral mines. Furthermore explo-
sions may occur unintentionally by a large variety of means.
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35.5.1	 �Types of Blast Injuries

	1.	 Primary blast injuries result directly from the effects of the abnormal ambient 
pressure generated during the blast wave. The magnitude of the energy resulting 
from the shockwave and the duration of the blast wave correlates with the risk of 
primary blast injury. The air around the blast is displaced by the wave of over-
pressure resulting in high-velocity blast winds. Middle ear, lungs, and gastroin-
testinal tract are most susceptible to primary blast injuries. Resulting injuries 
encompass blast lungs, tympanic membrane rupture, abdominal hemorrhage and 
perforation, globe rupture, and traumatic brain injuries without physical signs of 
head injury.

	2.	 Loose objects are displaced and form projectiles that have the potential to cause 
both blunt and penetrating injuries. These secondary blast injuries are the most 
common type of injuries following an explosion and encompass all thinkable 
types of injuries. Remember that wounds can be grossly contaminated, and 
delayed primary closure and tetanus vaccination might be needed.

	3.	 Tertiary blast injuries are the result due to the impact of people being thrown 
against other structures when displaced by the blast wave or winds. These are 
usually blunt injuries but may include impalement. Typical for tertiary blast inju-
ries are the crush syndrome with damage to the muscular system and subsequent 
release of myoglobin, urates, potassium, and phosphates which lead to oliguric 
renal failure and the compartment syndrome which results in decreased tissue 
perfusion and ischemia.

	4.	 The quaternary (or miscellaneous) blast injuries include those injuries not attrib-
utable directly to the blast itself but which result from the effects of the blast. 
They may include burns; inhalational injury; contamination with chemical, bio-
logical, and radio-nuclear agents; as well as exacerbations of a chronic disease.

35.6	 �Protective Equipment

Dealing with CBRNE agents necessitate using personal protective equipment (PPE) 
that is originally designed to provide protection against injuries and illnesses effect-
ing the respiratory system, skin, eyes, face, hands, feet, head, body, and hearing. 
These illnesses usually result from interaction with chemical, radiological, physical, 
electrical, mechanical, biological hazards and airborne particles. No single combi-
nation of protective equipment and clothing can protect against all hazards; how-
ever, achieving total individual protection requires an integrated approach.

In general, the personal protective equipment is divided into two major groups: 
respiratory protective devices and body surface protective equipment. Both groups 
have relatively complex additional internal division. Additional protective clothing 
which may be required to safely complete a task may include, but is not limited to, 
the following:
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	 1.	 Environment independent respiration from contained pressurized air.
	 2.	 Whole-body water- and gas-proof protective garment, including the head, arms, 

and legs, is required in highly contaminated areas when there is a potential for 
encountering moisture or where excessive perspiration is likely to occur. For 
example, rainwear, plastic suits, veterinarians’ gloves, canners gloves, water-
proof boots, and latex gloves.

	 3.	 When it is anticipated that moisture and heat stress conditions are to be encoun-
tered, GORE-TEX suits should be used.

	 4.	 Canvas, cotton, or leather gloves should be worn as the outer pair of hand pro-
tection when working with duct tape.

	 5.	 Leather gloves should be worn as the outer pair of hand protection when work-
ing with sharp objects or heavy work that may penetrate rubber gloves during 
normal activities.

	 6.	 Rubber knee boots if working in areas with standing water.
	 7.	 Welders’ coveralls if a rescuer is doing any cutting, grinding, or welding.
	 8.	 Helmet.
	 9.	 Two-way communication tool.
	10.	 Autoinjector of antidotes.
	11.	 GPS sensor.
	12.	 Dosimeter.

35.6.1	 �Grading of Personal Protection Equipment

The primary protective mechanism against chem-bio agents is to protect the respira-
tory and contact protection of the skin. A properly fitted protective mask, when 
combined with an over garment, gloves, and boots, can provide excellent protection. 
The primary protective equipment to use against radiological agents are respiratory 
protection along with skin coverage, consisting of properly fitted protective mask 
combined with 100% cotton over garment, gloves, and boots. PPE should also be 
used in conjunction with other protective methods, including exposure control pro-
cedures and equipment. Several designs have been proposed to convey the levels of 
protection; however, some of the generally accepted designations for levels of pro-
tection are the following:

35.6.1.1	 �Level A
This consists of a SCBA or supplied-air respirator with an escape cylinder, in com-
bination with a fully encapsulating chemical protective suit capable of maintaining 
a positive air pressure. The ensemble includes both outer and inner chemical-
resistant gloves, chemical-resistant steel-toed boots, and two-way radio communi-
cations. It provides the highest level of protection for the skin, eyes, and the 
respiratory system. It also makes rapid and effective decontamination easier because 
the breathing apparatus is contained within the protective suit.
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35.6.1.2	 �Level B
This has the same respiratory protection as Level A plus hooded chemical-resistant 
clothing, outer and inner chemical-resistant gloves, chemical-resistant steel-toed 
boots, and other, optional, items. It should be used when the highest level of respira-
tory protection is necessary, but a lesser level of skin protection is needed.

35.6.1.3	 �Level C
This is similar to Level B, except that a full- or half-face air-purifying respirator is 
worn, instead of the SCBA or “supplied-air” respirator. This should be used when:

	1.	 The concentration and a type of an airborne substance is known
	2.	 The criteria for using air-purifying respirators are met
	3.	 The atmosphere is breathable

35.6.1.4	 �Level D
Protection is primarily a work uniform and is used for nuisance contamination only. 
It requires only coveralls and safety shoes/boots. Other PPE is based upon the situ-
ation (types of gloves, etc.). It should not be worn on any site where respiratory or 
skin hazards exist.

Keep in Mind
Personnel working under circumstances of protection level A are only able and 
allowed to work continuously for a short time, often only 30 min. Working under 
Level A conditions is mentally and physically demanding.
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Medical Care during Civil Unrest, 
Protests and Mass Demonstrations

Frederick Lough

Summary: Physicians, nurses, and hospital administrators need to prepare for the 
unexpected. Civil unrest, protests, and mass demonstrations are increasingly famil-
iar worldwide events, stressing all aspects of society. Dedicated preparation by hos-
pitals and healthcare workers is critical in order to save lives during these 
challenging events.

Introduction: Civil unrest, protests, and mass demonstrations are worldwide 
events, occur primarily in cities, and are increasing in frequency. They represent 
major challenges to local and national governments, fire and rescue resources, and 
healthcare leaders and organizations.

These events can be planned or occur spontaneously. The numbers of partici-
pants are unpredictable and can increase or decrease with time. Social media has a 
significant role in amplification of the number of individuals who are involved and 
in their behavior. The duration of the protests may be predictable or not. The loca-
tion of the event may be limited or there may be multiple protests occurring simul-
taneously, and this too can change with time. Command and control of these events 
are dependent upon police and/or military resources, and these resources can be 
overwhelmed by circumstances. The response to the protests by police and military 
can also inflame and promulgate these situations.

Communication by police, fire and rescue, and healthcare leaders in dealing with 
these events is critical to limiting property damage and human injury. Dealing with 
the television and print media can also be a challenge.

There are many medical issues during mass demonstrations. They include secu-
rity for the medical personnel, keeping accurate records of those treated, what was 
done, and the ultimate disposition of the patients. Use of physical space is also a 
major issue. An established hospital may be the treatment facility, or if not, other 
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buildings may need to be adapted to care for patients. Designation of triage areas, 
operating rooms, and ICU and extended care areas, as well as locations for the 
deceased also need careful consideration. Re-supply of medical units is an ongoing 
challenge as resources are consumed. Coordination of hospital assets, such as phy-
sicians and nurses, blood banks, pharmacy, and operating rooms, is critical. Other 
medical support available may include volunteers, street medics, fire and rescue 
personnel, police and military units, and fixed and flexible facilities. Crowd control 
agents, such as tear gas, have varying effects depending on atmospheric conditions 
and if the agents are used in a confined space [1, 2]. Patients exposed to these agents 
may have few symptoms, or they may be severely ill. Basic principles of triage and 
advanced trauma life support are fundamental to dealing with the casualties that can 
result from mass demonstrations. Flexibility, adaptability, and practice are the key 
to being able to deal effectively with these events.

36.1	 �Examples from the Recent Past

Detroit 1967: The Summer of 1967 saw riots across America. One of the worst riots 
occurred in Detroit, Michigan. This riot lasted 5 days, left 40 dead and 1500 
wounded, and resulted in over $200 million dollars of damage. Detroit General 
Hospital dealt with 26 dead and 900 injured. The hospital was at full capacity when 
the riots began. This forced activation of the disaster plan, and discharging to home 
those patients who were well enough to leave. Physicians and nurses found it diffi-
cult to travel to and from the hospital for their shifts. Many of the protesters were 
arrested, but there was a shortage of handcuffs to control these individuals. Blood 
was also in short supply. The citizens of Detroit came forward to provide the needed 
life-saving blood. The staff worked long hours and were successful in limiting the 
loss of life. Recommendations that came from this period included rehearsing disas-
ter plans, locking all doors except the receiving area, and not allowing visitors [3].

INDIA 1993: Bombay, India experienced violent communal rioting in January of 
1993. Four hundred thirteen casualties were treated at the King Edward Memorial 
Hospital over 6 days. One hundred ninety four patients were admitted, and the num-
bers of patients, at times, overwhelmed the hospital. The casualties resulted from 
arson, violence, and gunfire. The injured were triaged into three categories, expect-
ant, serious, and minimal. All patients were given temporary code names and regis-
trations numbers. Detailed records of injuries and treatment rendered were 
maintained. Pattern of injuries were as follows, 93 limb, 61 head, 22 chest, 50 
abdominal, and 43 multiple sites. Sixty-two major operations were performed and 
99 minor procedures were required. Ninety-three percent were males and 51% were 
aged 21–30 years of age. The hospital was stressed economically by the number of 
operations, the use of antibiotics, and the in-hospital care required. Being prepared 
is critical to save lives. Preparation includes knowledge of the type of injuries, 
employing triage principles, having an efficient blood bank, and having a disaster 
management plan which is practiced and revised periodically. Also, during this riot, 
the hospital was isolated from the outside. Ambulances were used to bring hospital 
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personnel to their duty stations. Feeding the staff was an issue, and the hospital 
kitchen was used to feed the physicians and nurses. Several violent episodes 
occurred in the hospital itself. Internal security was necessary. Registration of 
patients was challenging, as some arrived unconscious. It is recommended that pre-
positioning bracelets with individual numbers be readily available. Preparation of 
casualty lists and dealing with the media were also problems. During this event, 
many relatives of the injured arrived at the hospital and had to be dealt with compas-
sionately. Finally, dealing with the dead was challenging, and a coroner had to be 
positioned at the hospital. This episode demonstrated the myriad of challenges a 
hospital and the staff can face during mass protests [4].

Vancouver 2012: Riots can occur following normally innocuous events such as 
sporting contests. In 2012, following game 7 of the Stanley Cup Finals, rioting 
erupted in Vancouver which eventually resulted in 140 injured and 1 fatality. St. 
Paul’s Hospital, the primary care facility, functioned well and was commended for 
their response to the riots [5].

Baltimore, Maryland, 2013–2015: Racial tensions and the deaths of African 
Americans while in police custody resulted in the outbreak of rioting in these cities. 
A common denominator included poverty and distrust between the local commu-
nity and law enforcement. In the case of Baltimore, the response was led by the City 
Health Department and by the Fire and Police Department. Among the issues faced 
were the safety of the healthcare workers and assisting citizens in determining 
which hospitals and pharmacies were still functioning. The hospitals were success-
ful in continuing to work and to avoid issues inside the facilities by skillful use of 
security personnel. The after-action analysis revealed that hospitals, during civil 
unrest, are largely on their own. Preparedness and stock piling of resources are criti-
cal to continue to function [6, 7].

Fire and Emergency Medical Response to Unrest: Healthcare leaders need to be 
aware of the techniques and measures that the Fire and Police personnel will take in 
dealing with mass demonstrations. Planning and interagency cooperation is critical 
and should be practiced. Emphasis should be placed on a unified command, clear 
communications, and frequent situational updates. Overhead observation and evalu-
ation via helicopters and/or drones can be extremely helpful in assessing the situa-
tion and adapting to changes with time. Fires should be rapidly extinguished, debris 
such as trash and dumpsters should be moved from hospitals premises, and con-
structions sites should be secured. This will limit items that can be used to further 
destruction and injuries. Healthcare workers need to be aware of the various “weap-
ons” that can be employed by both the protesters and those responding. Squirt guns 
can be used to spray ammonia, gasoline, and other chemicals. Molotov cocktails, a 
bottle filled with gasoline and thrown, are extremely dangerous. All loose items, 
rocks, bottles, etc. can be hurled resulting in injury. Riot control agents, collectively 
referred to a “tear gas,” represent a group of compounds that are designed to be 
noxious and result in dispersing crowds. The human response to these agents is vari-
able. Depending upon conditions such as wind, concentration and if the agent was 
used in a confined space patients can be only transiently affected or may be seri-
ously ill. Physicians and nurses need to be aware of what agents are being used and 
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the specific symptoms of severe exposure. Close cooperation between healthcare 
leaders and the fire and police responders is critical to minimizing human injury and 
property damage [8].

Lessons from Responders: The following is a brief list of the lessons learned 
from around the world in dealing with episodes of civil unrest, protests, and mass 
demonstrations.

	1.	 Planning critical. No detail is too small to consider. Plans need to be practiced 
and revised.

	2.	 Healthcare leaders need to coordinate with their local and national leaders to 
insure a coordinated response.

	3.	 Communication channels need to be established well before rioting breaks out.
	4.	 Healthcare leaders need to recognize that the police and fire resources can be 

rapidly exhausted and that hospitals may need to function totally on their own. 
This includes providing physical security for the patients, workers, and physi-
cal plant.

	5.	 Leadership is fundamental to effectively dealing with mass demonstrations.
	6.	 Information about the event and effective communication is critical to limiting 

damage and loss of life.
	7.	 Preparing hospitals to function independently for 1–2 days is a common recom-

mendation from events around the world.

36.2	 �Recommendations

	1.	 For Individual Physicians and Nurses
Prepare for the unexpected. Work with your hospital to develop a plan that 

provides guidance but is flexible. Know your area of responsibility, be able to 
function without everything you are used to. Develop a plan for rotation of your 
personnel that considers the limitations of hours worked and how performance 
deteriorates with exhaustion.

	2.	 For Surgical and Emergency Teams
Develop a plan to deal with many casualties, and practice and refine the plan 

to fit your individual situation. Ensure that all members of the team know their 
area of responsibility and can also fill other positions in case of absences of 
personnel.

	3.	 For Hospitals
Coordinate the development of an overall response plan. Work with local 

police and other authorities to insure the hospital’s plan will work with the antic-
ipated actions by police and fire. Insure that hospital personnel can arrive and 
leave the facility, that supplies can be brought in, and that the blood bank is 
prepared. Insure that there are appropriate measures to record arrival, treatment, 
and discharge of patients. Anticipate addressing the needs of families and of the 
media. Be cognizant of the potential benefits and possible problems of dealing 
with mass demonstrations in today’s social media world.
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Management of Combat Casualties
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War provides significant opportunity to care for injured military personnel and civil-
ians injured during the course of hostile action. Perhaps the only ultimate benefit of 
war is the massive amount of experience one can accumulate caring for the injured 
within a very short period of time. It has been said that a lifetime of experience can 
be gained in a short time during these unfortunate events.

Furthermore, war often provides scenarios that involve the care of multiple casu-
alties with limited resources. One recent report from the US experience noted that 
one combat hospital in Iraq cared for 50 patients in 3 mass casualty events. During 
these events, there were 191 procedures performed equaling 3.8 procedures per 
casualty, and 76% of casualties required immediate surgery [1]. A report from 
another combat hospital in Iraq noted there were 26 days of mass casualty events 
over a 1-year deployment. During these events, 76% required immediate surgery 
[2]. These two experiences highlight the frequency of mass casualty incidents seen 
during war. In this sense, “disaster planning” for the battlefield is synonymous with 
preparedness for frequent mass casualty events.

It is thus essential for those deploying to war to care for the wounded to be pre-
pared to deal with mass casualty events. One aspect is to be individually prepared to 
both deal with the chaos that occurs during these events and to be highly medically 
trained and ready. The other aspect of a successful response to mass casualty events 
is to ensure the trauma system of care is well organized and prepared to deal with 
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the large influx of patients from mass casualty events. In the case of combat casualty 
care during war, the existing framework of the trauma system in often remote and 
austere locations with limited resources becomes of paramount importance. The 
goal of the chapter is to describe the organization of battlefield care that is optimally 
designed to deal with frequent mass casualty scenarios during war.

37.1	 �Organization of Combat Casualty Care

Unlike a civilian trauma system for optimal care of the injured patient, the organiza-
tion of battlefield care must be structured but also fluid enough to move and adapt 
to changing battlefield locations and conditions. As part of the North Atlantic Treaty 
Organization (NATO), the US Military organizes battlefield care based on the 
agreed upon NATO convention [3]. Care on the battlefield is organized into defined 
roles of care.

37.1.1	 �Role 1

Role 1 care encompasses care from the point of injury (POI) through evacuation and 
until the patient reaches a defined battlefield trauma care facility. Over the past 
25 years, battlefield trauma care has made exceptional advances based on the efforts 
of the Committee on Tactical Combat Casualty Care.

Tactical combat casualty care guidelines have redefined how we care for patients 
at the Role 1 on the battlefield [4]. During this phase both the casualty and the rest 
of the team are at ongoing risk of injury from gunfire and explosions. If medical 
providers were to rush the casualty at this point and provide full initial care, they 
would place themselves and other team members at risk of injury. Thus, the best 
initial action is to return fire until the enemy is suppressed meaning unable to inflict 
further injury. During this time, the only acceptable maneuvers are to attempt to 
move the patient out of immediate danger if possible and to stop obvious life-
threatening bleeding. This is usually discussed in terms of placing a tourniquet on 
an injured extremity. This can be done by the patient themselves in some cases, and 
then the patient should also return fire if able. Alternatively, a nearby service mem-
ber may also place a tourniquet if able to do so safely and without risk to self. A 
trained medic may also respond if there is little risk of injury to themselves. No 
further care is rendered during this phase of TCCC until the enemy is suppressed.

The next phase of TCCC is tactical field care. Trained medical personnel, 
commonly referred to as the “medic” may then render care when the firefight 
has ended. Medics must carry their medical equipment with them in a backpack; 
thus they have a limited amount of equipment to perform life-saving maneuvers 
at the POI. In general this entails continued efforts to halt life-threatening bleed-
ing, the greatest cause of battlefield death. Bleeding wounds can be packed with 
hemostatic gauze, and tourniquets can be place to prevent life-threatening 
bleeding from the extremities. Injuries causing airway and breathing 
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compromise can be treated. Fractures can be rapidly stabilized in order to pre-
vent further bleeding and pain. If available and necessary, blood products can be 
infused preferably over other resuscitation fluids to maintain an acceptable 
blood pressure to sustain life. Pain control medications may be given. If there 
are multiple casualties, the medic must quickly assess all of the casualties and 
prioritize care based on injuries noted and resources available. Also important 
during this phase, the team leaders also play a pivotal role in that they must 
decide how and when the casualty or casualties will be evacuated. At times, the 
battlefield scenario may not permit immediate evacuation.

The last phase of TCCC is care during evacuation. Oftentimes, a single medic is 
faced with caring for multiple casualties until evacuation arrives and then during the 
movement of casualties to the next role of care. In recent conflicts, the US Military 
has had the luxury of immediate evacuation by medical evacuation helicopter, but 
this has been less true over the last several years of combat experience. Whether the 
patient is moved by vehicle or by air, the casualties must have ongoing re-evaluation 
of injuries and further treatment based on severity of injury. Furthermore, not all 
casualties may be able to be evacuated at one time and prioritization must occur.

Triage is a term that can be applied at this point. Triage is the prioritization of 
casualties based on injuries, chance of survival, and the availability of resources to 
save the most number of casualties. Triage occurs during TCCC but the concept will 
also apply at all roles of care on the battlefield. Unlike in most circumstances in 
civilian trauma and even in multiple casualty incidents in civilian trauma, difficult 
decisions on the battlefield must be made in order to do the greatest good for the 
greatest number. This translates into medical terms as attempting to save the casual-
ties with the best chance of survival given limited resources to care for them. Not 
only is this a challenging decision based on the fact that life and death decisions 
must be made, but these must be made within the context of preserving the fighting 
force of the military unit for the ongoing mission. Ultimately, the medic on the 
scene must make the best decision based on resources and information available.

37.1.2	 �Role 2

NATO defines the Role 2 as the first battlefield facility. The type of facility is not as 
important as the personnel and trauma resources available, so this can be accom-
plished in a tent that can be moved to another location if needed or it can be pro-
vided in a building that has been occupied and set up to serve this purpose for a 
temporary or prolonged period of time. Often personnel are trained and equipped to 
provide a complete patient evaluation and with increased resources to care for the 
casualty. The Role 2 will usually have a physician, nurses, medics, and other spe-
cialists such as laboratory technicians and X-ray technicians who are trained to 
render advanced battlefield trauma care but usually not including surgical care. An 
organized approach to the evaluation and care of the trauma patient is performed to 
a standard such as taught in the American College of Surgeons Advanced Trauma 
Life Support course [5].
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At this role of care, the patient is again evaluated first for immediately life-
threatening injuries. Control of the airway with intubation, provision of ventilation 
for the non-breathing patient, decompression of tension pneumothorax or bleeding 
in the chest, and further control of visible life-threatening bleeding can be per-
formed when necessary. Intravenous access for transfusion of blood products to 
increase blood pressure is often available. Adjunctive studies to identify other inju-
ries and bleeding in the chest and abdomen using chest and pelvis X-rays and ultra-
sound examination of the abdomen for bleeding are often available. Pelvic bleeding 
can sometimes be controlled with a specially designed pelvic binder or a makeshift 
sheet wrapped around the pelvis tightly. The casualty can be warmed so as to pre-
vent or reverse hypothermia which can contribute to further bleeding and shock. 
Further medications may also be given to slow life-threatening bleeding and to treat 
pain. The patient must be stabilized as best as possible with the resources available 
and prepared for further transport to a facility that has a surgical capability.

In the event of multiple casualties, the Role 2 may also become overwhelmed 
due to lack of personnel and resources. Many times these facilities will be capable 
of handling 2–4 patients at one time before becoming overwhelmed. If there are 
more casualties, a triage situation occurs. At the Role 2, there must be pre-planning 
for such an event. A mass casualty plan should be established in advance which 
includes a plan to surge all available medical personnel and resources available to 
render care to all casualties. When this is still not adequate, triage must occur just as 
at the Role 1.

The pre-planned and rehearsed mass casualty plan will include a plan for triage. 
A physician, nurse, or medic with experience preferably becomes the “triage offi-
cer.” At a pre-designated location immediately outside the facility but in a safe 
place, the triage officer must quickly evaluate incoming casualties and prioritize 
them for care. The US Military uses the term “DIME” to describe the triage catego-
ries of “delayed,” “immediate,” “minimal,” and “expectant.” The most expedient 
way to perform the triage is to quickly survey all of the casualties taking about 
5–10 s for each. If the casualty is awake and talking or is walking with apparent 
minimal injury, they are directed to a holding area that was pre-designated for mini-
mal casualties. Those that appear to be lifeless or having catastrophic head injuries 
or with whole body disruptive injuries are categorized as expectant, meaning they 
are assessed as having little chance of survival even if all resources were dedicated 
to only their care. This is often a mentally challenging and frustrating situation and 
is best done by a medical provider with significant trauma experience. Of the 
remainder of casualties, those with immediately life-threatening injuries that may 
be saved with rapid intervention are the ones first moved into the Role 2 facility. 
Those with significant but lesser non-immediately life-threatening injures are 
moved to an area where they can be moved into the Role 2 after the immediate 
casualties are treated. Continuous re-evaluation of all of the casualties is essential to 
successful triage as some casualties often are found to have decompensated and 
need immediate treatment. The overarching goal of the triage officer is to ensure 
that the inside of the Role 2 facility is not overwhelmed with more casualties than 
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beds available for care but to keep the lead medical provider inside the facility 
informed as to the ongoing situation in the triage area.

Simultaneously and if available, there should be one administrative medical offi-
cer in charge of calling for air or ground medical evacuation. It is of the utmost 
importance that after casualties are treated and stabilized within the Role 2 facility, 
they can be quickly evacuated out of the Role 2 facility so as to make room for the 
next patient in need of care.

Within the Role 2, a single medical officer, preferably the most experienced or 
the physician, should maintain positive awareness and control of the ongoing evalu-
ation and interventions of all the casualties. This allows the medical officer to assist 
the nurses and medics with treatment decisions and to perform higher-level inter-
ventions when needed. After all the casualties are cared for and have been further 
evacuated, the Role 2 should conduct an immediate debrief of the scenario to assess 
for areas of improvement and to allow team members to express their thoughts and 
feelings regarding the event. Conducting this debrief facilitates improvement of the 
teams mass casualty plan and gives team members an opportunity to decompress 
after a usually stressful scenario involving life and death decisions and care. It is 
helpful to have a chaplain and/or psychologist available during this event and for 
team members who may struggle with the stress that can be difficult to deal with 
during these mass casualty scenarios.

37.1.3	 �Role 2: Surgical

Although not part of the NATO convention for battlefield care, the “Role 2—
Surgical” nomenclature has become a familiar part of the US Military’s battlefield 
organization. Commonly called a “surgical team,” these units can be attached to a 
Role 2 for surgical augmentation or also have been used as stand-alone units on the 
battlefield.

The Role 2—Surgical will typically perform all the elements of the NATO Role 
2 designation, but importantly, it will have the additional capability to perform 
immediate life-saving surgery. These units typically have a general trauma surgeon 
with or without an orthopedic trauma surgeon and an anesthesia provider. 
Additionally, they will have nurses and operating room technicians capable to assist 
in surgical care. Much like the Role 2, surgeons at the Role 2—Surgical must make 
difficult decisions regarding the prioritization of which casualties may benefit from 
immediate life-saving surgery first. In the mass casualty scenario, the physicians 
and surgeons must collaborate to determine which patients should be operated on 
first based on the number of operating room tables, number of surgeons, and num-
ber of anesthesia providers available. A typical surgical team may have two operat-
ing room tables.

Often, these units will also have a short-term post-operative or intensive care unit 
(ICU) section which can continue to perform critical care after the surgery is com-
plete and until evacuation to the next level arrives. In general, the ICU section only 
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has the personnel and equipment to hold a critically injured patient for 4–8 h but 
may also be augmented with personnel and resources to hold patients for longer 
periods of time.

37.1.4	 �Role 3

The largest and most robustly resourced facility on the battlefield is the Role 3 
combat hospital. During the US experience in Iraq and Afghanistan, these com-
bat hospitals had nearly all of the personnel and equipment that would be avail-
able at a civilian trauma center. The combat hospital will typically have an 
emergency room or resuscitation area staffed with emergency trained physicians, 
nurses, and medics able to provide initial life-saving interventions. There will be 
advanced adjunctive capabilities available such as X-ray, ultrasound, and even 
computed tomography. Their capacity will usually have four to ten emergency 
resuscitation beds with enough personnel to staff all of them simultaneously. 
There will normally be two to four operating rooms available with general and 
orthopedic trauma surgeons, anesthesiologists, operating room nurses and tech-
nicians, and often surgical subspecialists such as neurosurgeons, vascular sur-
geons, thoracic surgeons, head and neck surgeons, and plastic surgeons. As you 
may imagine, the configuration of these facilities may vary greatly from battle-
field to battlefield. In a scenario where there has been ongoing conflict, these 
facilities may be built up over time and have capability much like a civilian 
trauma hospital. If the conflict is new and the Role 3 has just arrived, it may con-
tain only the more basic elements. The overarching purpose of the Role 3 is to 
provide the final stabilization care within the actual battlefield prior to casualties 
being evacuated out of the combat zone and back to a standard trauma hospital in 
the home country or other partnered nation.

The Role 3 must also have a planned and rehearsed mass casualty plan as it must 
be prepared to receive casualties directly from the POI or may receive multiple 
casualties from multiple Role 2 facilities simultaneously. Although these facilities 
tend to have robust personnel and resources, they may still be overwhelmed during 
a larger mass casualty scenario. The same rules apply as to the Role 2 in that there 
must be a plan for triage should the number of casualties overwhelm the number of 
emergency beds or operating rooms available at any given time. Triage would occur 
using the same “DIME” system as described earlier, and personnel must know their 
roles and responsibilities within the triage plan as described earlier for the Role 2.

Also as in the case of the Role 2, the medical officers must have a plan to arrange 
for medical evacuation from the battlefield. Although the Role 3 typically has an 
ICU and holding bed capability, it still has the potential to be overwhelmed in large 
mass casualty scenarios. However the Role 3 generally has the ability to provide 
ongoing critical care and post-operative care for a significant number of patients. A 
typical robust Role 3 may have 4–10 ICU beds and anywhere from 10 to possibly 
hundreds of holding beds based on its configuration. In recent conflicts where the 
US Military has had air superiority, the ability to provide ICU care in the air with 
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“Critical Care Air Transport Teams” (CCATT) has allowed the Role 3 hospitals to 
minimize the number of general holding beds needed to 20–40.

37.2	 �Non-surgical Hemorrhage Control

Essential to saving lives on the battlefield is the ability to stop and prevent further 
hemorrhage as the highest priority. A review of deaths on the battlefield determined 
that of deaths in Afghanistan and Iraq between 2001 and 2011, 87% of combat 
casualties died in the pre-hospital environment. Of these, 24% were potentially sur-
vivable and 91% of those died from hemorrhage. Two-thirds of hemorrhage occurred 
in the torso where it could not be stopped without surgery. However, 19% were 
considered “junctional” meaning the injury was at the junction of the torso and the 
legs, arms, or neck. The remaining 13% died from extremity hemorrhage [6]. Thus, 
an awareness of basic non-surgical hemorrhage control interventions is key to com-
bat casualty care and to successfully performing triage and treatment in mass casu-
alty situations.

37.2.1	 �Extremity Hemorrhage

Bleeding extremity wounds can lead to death rapidly. Extremity bleeding can and 
should be stopped as rapidly as possible during initial treatment. Proper wound 
packing with a standard bandage or with cloth from a shirt if no formal medical 
bandage is available may be all that is required. The US Military has fielded a spe-
cial dressing which is additionally impregnated with a substance which acts directly 
on injured tissues to halt bleeding. Should there be a traumatic amputation or near 
amputation or a wound from which bleeding cannot be controlled with packing, the 
use of a commercially available tourniquet device is warranted. In fact, on the bat-
tlefield, the TCCC recommended action for extremity bleeding is to place a tourni-
quet first and then re-evaluate the need for the tourniquet when there is no further 
threat of continued injuries from enemy fire.

37.2.2	 �Junctional Hemorrhage

Bleeding from the junctional regions as described above can be problematic in 
the pre-surgical environment as a tourniquet cannot be applied in these regions. 
Wound packing as described above can be attempted in particular with a hemo-
static dressing. Recently, the US Military has fielded a “junctional tourniquet.” 
There are several different brands of these devices that have been developed. The 
US Military sponsored the development of one device which wraps around the 
waist and has an air filled pressure chamber that will expand when insufflated, 
applying pressure directly deep into the junctional region. This cannot be used in 
the neck for obvious reasons.
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37.2.3	 �Torso Hemorrhage

Bleeding that occurs within the chest and abdomen (known together as the torso) is 
often not obvious to the untrained nor visible to the eye. As noted above, two-thirds 
of potentially survivable injuries were the direct result of torso hemorrhage. Until 
recently, operative hemorrhage control was the only way to halt this bleeding.

In 2015, a balloon catheter specifically designed for ease of use in trauma 
received FDA approval in the US for the purpose of large vessel occlusion to pre-
vent bleeding. This device is inserted through the groin into an appropriate point 
where its balloon is then inflated with fluid until the major artery no longer has 
blood flow beyond the balloon, thus halting the life-threatening bleeding from the 
injury site. However, this technology still requires a surgeon to be present immedi-
ately following this device’s use or the device can cause serious adverse conse-
quences that may cause critical illnesses and death as well. Another product was 
recently approved in the US for hemorrhage from junctional wounds or wounds 
with narrow wound tracks. It uses expandable foam sponges in a tube injected into 
the wound which then expand and apply pressure to halt bleeding. Finally, not yet 
approved for use but currently in a clinical trial is a rapidly expanding polymer foam 
that is injected into the abdomen and provides conforming pressure to halt or slow 
life-threatening intra-abdominal bleeding.

37.3	 �Damage Control Resuscitation

The term “damage control” was first used by the US Navy to describe the concept 
of rapid control of fire and flooding onboard a ship so that the ship could “survive” 
to complete its mission [7]. Essentially, the damaging event would be isolated and 
compartmentalized to prevent it from consuming the whole ship. The term was first 
applied to trauma care by Rotondo et al. in 1993 when they coined the term “dam-
age control surgery” [8] which will be described in the subsequent section.

The term “damage control resuscitation” (DCR) was coined by two landmark 
articles by Hess et al. [9] and Holcomb et al. [10] in 2006–2007 and can be sum-
marized by the title of the second article, “Damage control resuscitation: directly 
addressing the coagulopathy of trauma.” These authors recognized that coagulopa-
thy, or the pathophysiologic abnormality leading to a decreased ability for blood to 
clot, played a pivotal role in traumatic hemorrhage and one’s ability to avoid death 
via reaching some sustainable equilibrium of blood pressure and clotting ability of 
blood. The simplistic way to understand this concept is that as blood pressure 
decreases due to hemorrhage, blood flow out of the injury site will slow to the point 
where the blood can actually clot so that one does not bleed to death. This equilib-
rium will not necessarily occur if coagulopathy continues to worsen.

Furthermore, there is a “triad of death” in which coagulopathy, hypothermia, and 
acidosis are all interrelated and a worsening of one may negatively influence the 
other two in a downward spiral towards death. In reality, the process is more com-
plex than this, and today we have made much progress in understanding the 

K. Remick and E. Elster



493

pathophysiology of shock caused by injury. We now know that the injury itself 
causes a rapid change in the bodies clotting mechanism independent of the extent of 
hemorrhage and that extent of initial coagulopathy actually may predict outcome 
[11, 12]. Furthermore, there is evidence of genetic predisposition of response to 
injury, and one also has a unique phenotypic response to injury that affects care and 
outcomes [13].

It is important to understand the tenets of DCR in regard to personnel and 
resources available. DCR interventions in conjunction with hemorrhage control 
interventions at any role of care may be life saving for one or more casualties in 
order to sustain them until they can reach a surgical facility that provides definitive 
operative hemorrhage control. Some basic DCR interventions will be described to 
provide this familiarity. The US Department of Defense Joint Trauma System 
Clinical Practice Guideline for damage control resuscitation provides a reference 
for additional reading [14].

37.3.1	 �Permissive Hypotension

The goal of “permissive hypotension” is to ensure the casualty has an adequate 
blood pressure to sustain life prior to necessary surgical hemostasis. The goal sys-
tolic blood pressure should be 90 mmHg or if no blood pressure is available, one can 
judge adequate blood pressure if a casualty is awake and able to communicate. This 
technique should not be used if the casualty has a head injury which is worsened by 
a lower blood pressure. The concept of permissive hypotension has been shown to 
be of benefit prior to reaching a surgical facility since World War I [15–18].

37.3.2	 �Blood Products

The use of blood products in a casualty that is bleeding is preferred over the use of 
other crystalloid or colloid fluids for volume replacement to maintain blood pres-
sure. When available, the use of packed red blood cells, plasma, and platelets should 
be used in a ratio close to 1:1:1. The concept of using blood early and at this ratio in 
a hypotensive casualty was first shown to provide a significant mortality benefit in 
severely injured at a deployed US combat hospital in Iraq in 2007 [19].

37.3.3	 �Massive Transfusion Protocol

It is important for the trauma team to have a massive transfusion protocol. When 
one or more casualties arrive that require immediate blood, this protocol is meant to 
describe how blood is delivered from the blood storage area to the patient. A reason-
able goal that showed an independent mortality benefit is for blood to arrive and be 
transfused to the casualty within 10 min of arrival [20]. This protocol becomes even 
more important in the plan for a mass casualty scenario.
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37.3.4	 �Tranexamic Acid

The use of tranexamic acid (TXA) in severely injured casualties showed a mortality 
benefit in a large European study [21] and at a UK Role 3 facility in Afghanistan 
[22]. TXA must be administered within 3 h of injury. TXA may assist in reversing 
coagulopathy by halting fibrinolysis that occurs acutely after injury.

37.3.5	 �Fresh Whole Blood

Over the past 50 years, blood banks in the US have separated blood into compo-
nents in order to more efficiently use whole blood for specific types of medical 
diseases. This practice resulted in the use of packed red blood cells for combat 
casualties devoid of coagulation factors and platelets. Additionally standard proto-
cols encouraged the use of crystalloid (salt-water type solution) for initial treat-
ment of bleeding, and only those casualties who continued to be in shock would be 
given blood products. Only recently have we recognized that the use of crystalloid 
for severely injured bleeding combat casualties provided worse outcomes com-
pared to using blood products early in their care. Furthermore, using a balanced 
blood product resuscitation as noted above was more beneficial when caring for 
bleeding casualties.

Even more recently, we have recognized that providing fresh whole blood in 
those severely injured casualties may have further benefit over balanced blood com-
ponents. This was demonstrated at a combat hospital and a Role 2 surgical team [23, 
24]. We also now recognize that whole blood (WB) may be cold-stored for up to 
21 days and will maintain a greater hemostatic ability as compared to the balanced 
use of blood components [25]. Additionally, type-specific WB is not required. O 
type, low-titer (1:256) may be safely transfused [26]. The ability to cold-store whole 
blood and to use O type, low-titer has implications for mass casualty planning and 
caring for the severely injured.

Aside from the importance of understanding hemorrhage control and DCR from 
the perspective of caring for the individual casualty, it is equally important to under-
stand this concept and the basics of these interventions as one that may be preparing 
for and responding to mass casualty events. In order to appropriately care for casu-
alties on the battlefield at all roles of care from POI to Role 3, it is important to 
understand in terms of resources available during mass casualty scenarios and in 
terms of the prioritization of care of multiple casualties.

37.4	 �Damage Control Surgery

Surgeons, just as emergency and other physicians, nurses, ancillary staff, and 
administrators, need to be prepared and remain vigilant to care for the injured in 
disasters and mass casualty events. In his American Association for the Surgery of 
Trauma Fitts Lecture in 2006, Dr. Sten Lennquist urged trauma surgeons to 
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participate in the leadership, planning, and management of disasters since the 
majority of events involve mechanical injuries [27]. Echoing this sentiment in the 
2014 Scudder oration at the American College of Surgeons Annual Scientific 
Assembly, Dr. Bill Schwab emphasized the critical need for military and civilian 
surgeons to create strong military and civilian partnerships to ensure surgeons are 
prepared to provide optimal care for the injured both abroad and at home [28].

Just as in the pre-hospital environment, the key to a successful surgical response 
to any multi-casualty scenario is the delivery of the appropriate quantity of care to 
each individual casualty while controlling the use of resources based on the situa-
tion and flow of critical patients arriving from the event. Situational awareness of 
the event, hospital resources available and a knowledge of the regional emergency 
and trauma system are crucial. In most mass casualty or disaster events the surgical 
assets are critical and the deployment of these must be controlled to minimize death 
and disability.

Thus, the concept of “damage control surgery” or DCS is important to under-
stand from the perspective of disaster planning. For example, those critically injured 
in the chest and abdomen from penetrating or blunt trauma have a high likelihood 
of death and many times the surgeon in the operating room is the only person who 
can provide life-saving hemorrhage control. One study of early trauma deaths at an 
urban trauma center noted that the patient with hypotension and a penetrating injury 
will require operative intervention within 19 min to provide a chance of survival. In 
fact, death from injury is highly dependent on mechanism of injury, body area 
injured, and time elapsed since injury occurred [29].

In the late 1980s, trauma surgeons in Philadelphia noted an increased use of 
semi-automatic pistols with an average of 2.7 wounds per person [30, 31]. Based on 
a paper by Stone et  al. in 1983 describing abbreviated laparotomy with packing 
[32], they and others in the USA [33–35] recognized that the traditional surgical 
approach to abdominal trauma was no longer valid for treatment of these multiple 
handgun wounds. The traditional approach involved full and definitive repair of all 
viscera and vessels followed by abdominal closure during the initial operation. This 
strategy worked for a single wound and for a lower velocity penetrating abdominal 
injury with minimal collateral damage. However, this surgical strategy was not ade-
quate for patients with multiple wounds and a downward spiraling physiology 
despite aggressive resuscitation with blood products. The decision to perform dam-
age control must be made early in the patient’s course in order to be successful and 
should take into account patient physiology, anatomy involved in injury, and mecha-
nism of injury.

Damage control surgical principles may also be applied in disaster scenarios 
with multiple simultaneous casualties who require rapid control of hemorrhage and 
contamination. As noted previously, the recent US Military experience forced sur-
geons deployed to combat to manage multiple mass casualty events [1, 2]. Based on 
these experiences, these military surgeons realized additional challenges in combat 
impacted surgical decision-making, both for the individual patient on the operating 
room table and for simultaneous, multiple complex patients during ongoing mass 
casualty events at forward medical facilities. The challenge of additional factors that 
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influenced decision-making required combat surgeons to have a broader situational 
awareness to include ongoing events on the local battlefield, trauma medical 
resources available at the medical facility, availability and timing of medical evacu-
ation, and the location and capability of other trauma assets within the greater sys-
tem of care on the battlefield.

Similar to this US Military combat surgical experience, during a civilian mass 
casualty event the correct response for an individual patient and for a group of 
patients will be based on maintaining a situational awareness. All surgeons must be 
directed, where appropriate to use damage control techniques for individual trauma 
patients. Implementing damage control techniques based on a situational awareness 
(and clinical need) to control bleeding and contamination promotes shorter opera-
tion times and allows surgical resources to be available to treat other critical patients. 
Constant communication with the hospital’s incident command system leadership, 
the emergency medicine leadership who continue to receive patients, the critical 
care nurses and supervisors, and other ancillary personnel involved in trauma care 
is key to optimal use of a facility’s resources during a disaster.

37.5	 �The Trauma System as the Foundation for a Successful 
Disaster Response

The origin of trauma systems in the US can be traced back to the National Highway 
Safety Act of 1966 (Public Law 89-564) mandating that “coordination, transporta-
tion, and communication are necessary to bring the injured person and definitive 
medical care together in the shortest practical time….” [36]. This has been a noble 
goal of both military trauma care and civilian trauma care since that time. The 
American College of Surgeons (ACS) established resource guidelines in 1976 by 
publication of “Optimal Resources for the Care of the Injured Patient” [37].

The benefit of trauma systems is decreased mortality. In a review of trauma sys-
tem development in 1985, Cales and Trunkey found that the presence of trauma 
systems yielded improved outcomes over areas that did not have organized systems 
[38]. Other studies also demonstrated decreased mortality of 15–25% in designated 
trauma centers and trauma systems [39–42]. It was a reasonable assumption that 
providing a trauma system for the battlefield would decrease mortality just as an 
organized system of care did for civilian trauma in the United States.

Thus in 2004, a group of trauma surgeons recognized that the US Military 
needed a formal trauma system to effectively implement changes that would 
lead to optimal care for our wounded. Based on the public health model, all 
essential components for a trauma system of care were addressed in the system 
but adapted to the unique battlefield environment. These included (1) informa-
tion systems collecting and analyzing data in real time to provide immediate 
feedback to the battlefield for best practices as well as to inform trauma research, 
(2) prevention efforts driven by real time analysis of morbidity and mortality, 
(3) education for trauma providers regarding best practice clinical guidelines 
and essential combat trauma skills, (4) leadership in battlefield trauma care with 
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direct access to operational leadership in order to effectively inform and imple-
ment important changes, (5) pre-hospital integration with best practices of tacti-
cal combat casualty care applied to the battlefield, and (6) an emphasis on 
continuous performance improvement throughout the continuum of care from 
point of injury to hospital care at home [43].

The organized system of care provided by the JTS was superimposed on the 
NATO roles of care in Iraq and Afghanistan in order to ensure optimization of bat-
tlefield trauma resources to promote the “right patient, right place, right time, right 
care” [44]. Thus it also formed the basis for the response to mass casualties on the 
battlefield. The JTS, present and functioning on a daily basis for usual trauma care, 
was the essential foundation for a well-coordinated and successful response when a 
mass casualty event occurred in combat.

In regard to all-hazards disaster planning, the regional trauma system must be 
integrated into local and regional plans. There must be an assessment of the systems 
surge capacity based on most common or potential vulnerabilities in the region. 
Guided by this assessment, the disaster plan will best leverage all components of the 
established regional trauma system in the response to larger-scale casualty events. 
Mass casualty event preparedness and rehearsals should include all involved agen-
cies in order to have an organized response to a chaotic situation. To paraphrase the 
JTS, including the usual trauma system of care in these rehearsals facilitates optimal 
use of system resources to ensure the right patient gets to the right care at the right 
time [37, 44].

37.6	 �Conclusion

War is an unfortunate reality. We can at least take advantage of these unfortunate 
situations by rapidly learning and assimilating lessons learned from war to improve 
the care for injured civilians. Furthermore, the recent US Military experience has 
demonstrated that an organized battlefield trauma system for combat casualty care 
likely saves lives. Lessons in the response to mass casualty incidents in war can 
inform how we prepare on the home front for natural disasters and intentional and 
unintentional civilian mass casualty events.

Disclaimer  The opinions or assertions contained herein are the private ones of the authors and are 
not to be construed as official or reflecting the views of the Department of Defense, the Uniformed 
Services University of the Health Sciences, or any other agency of the US Government.
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Incidents Caused by Terrorism

Morgan P. McMonagle

38.1	 �Historical Background

The word terrorism is thought to have evolved from the Latin word tersere, later 
becoming terrere (later translation to terrible). It became a more commonly used 
term in the European vernacular during the Reign of Terror (La Terreur) 1793–1794, 
which saw mass state-sponsored violence and executions (usually in public) by 
guillotine by the French authorities. It is ironic to note that the origins of the word 
originated from acts of violence perpetrated by a government against its own peo-
ple, rather than the other way around!

38.2	 �Definition of Terrorism

Terrorism is broadly considered any act of violence or the threat of violence that 
instils terror or fear in people or a population. Although there is no single interna-
tionally recognised and accepted definition of terrorism, the United Nations Security 
Council Resolution 1566 (2004) describes an act of terror as any criminal acts, 
including against civilians, committed with the intent to cause death or serious 
bodily injury, or taking of hostages, with the purpose to provoke a state of terror in 
the general public or in a group of persons, intimidate a population or compel a 
government or an international organization to do or to abstain from doing any act, 
which constitute offences within the scope of and as defined in the international 
conventions and protocols relating to terrorism, are under no circumstances justifi-
able by considerations of a political, philosophical ideological, racial, ethnic, reli-
gious or other similar nature.
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Despite the rather cumbersome description above and the lack of agreement inter-
nationally as to what constitutes an act of terrorism, there are commonalities amongst 
the various  legal definitions used across  various jurisdictions around the world. 
Terrorism may be defined as the premeditated and calculated use of violence (or 
threat of violence) against civilians (non-combatant targets) by subnational or clan-
destine groups in order to attain ideologic goals. These goals may be numerous and 
ill-defined but are typically categorised within one or more of the following: political, 
economic, religious, ideologic or social. The tactics used by terrorists and their asso-
ciated organisations are typically designed to coerce or intimidate society at large 
with the potential for far-reaching repercussions (including financial and economic).

38.3	 �Goals of Terrorist Activity

	1.	 Casualty generation
	2.	 Emergency and hospital service overwhelmed
	3.	 Property destruction 
	4.	 Social panic 
	5.	 Economic uncertainty

38.4	 �Techniques and Tactics of Terrorist Incidents

The mode is the methodology or mechanism of delivery of an attack (limited only 
by the imagination of the terrorist), usually to the public, its infrastructure or other 
significant target (e.g. military, industry, internet, etc.). This may be carried out by a 
group of individuals (e.g. London Bridge Attack, June 2017) or a lone individual 
(lone-wolf) attack (e.g. Westminster Bridge attack, March 2017). Either way, the 
attacker(s) may act on a sole basis (i.e. acting alone) or on behalf of a wider group 
(e.g. IRA, ISIS), where the attack has been planned and orchestrated by a larger 
organisation (as opposed to the attacker idealising such a group without their direct 
involvement).

An attack may be across numerous locations (Paris attacks, London Tube attacks 
07/07/2005) simultaneously in time and space or in close succession or may occur 
at a single geographical location (e.g. Bataclan attack, Paris, 2015, Orlando night-
club, FL, USA, Las Vegas, NV, USA, 2017). Attacks once started may be station-
ary, occurring only at a single site (e.g. bomb at single location such as Manchester 
Arena, UK, 2017), or moving (e.g. Paris attacks, London Bridge, London tube), 
where the attacker(s) or attacking body is in motion during the incident, making the 
target potentially more difficult for the security forces to contain, with heightened 
social panic.

An attack may come with a warning to security (or other) forces or without 
warning (surprise attack/coup de main). Surprise attacks generally are associated 
with a greater number of deaths and injuries in addition to the greater level of fear 
and uncertainty with the possibility of further attacks (real or imagined).
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Mode/Mechanism of Attack Once known, this will help to determine the threat 
at scene (and subsequently hospital management), and the potential nature of the 
expected injuries that may present. Typical mechanisms include:

•	 Marauding attack
•	 Shooting
•	 Bomb blast
•	 Vehicular
•	 Hijacking/kidnapping
•	 Poisoning
•	 CBRNE

–– Chemical
–– Biological
–– Radioactive
–– Nuclear
–– Explosive

Marauding Terrorist Attack Anecdotal evidence suggests that the most rap-
idly growing mode and most prevalent terrorist threat in current times is a 
marauding terrorist attack (MTA). In an MTA, the attacker(s) is mobile (non-
contained) and aims to cause as much damage, violence and fear as possible, in 
a short space of time and typically over a smaller area (i.e. often on foot). It may 
occur in the form of multiple terrorists acting across multiple locations with a 
multitude of weapons (London Bridge Attack (2017), Paris terrorist attack 
(2015)) or as a single ‘lone-wolf’ in a more confined (but still mobile) environ-
ment until the treat is neutralised. Weaponry may be sophisticated such as guns 
or more rudimentary (but easily and readily available) such a knife, swords, 
blunt instruments modified sharp objects (MSO) or weaponised vehicles (i.e. 
the use of a vehicle to cause injury). The use of a weaponised vehicle will obvi-
ously potentially  increase the area covered during an attack in addition to the 
volume and severity of injuries as demonstrated in the Westminster Bridge 
(2017) and Nice (2016) terrorist attacks. 

Shootings and Blast Shootings in a terrorist event are more often associated with 
small (concealable) arms, which in the western world are typically low velocity 
handguns with a lower energy displacement (e.g. 9 mm handgun). However, higher-
energy weapons have been used (e.g. Las Vegas (2017), Bataclan, Paris (2015)) 
which will generate a greater number of casualties (rapidly fired rounds with more 
accuracy) and fatalities (higher-energy dump after striking the target). More sophis-
ticated groups may use explosives as the mode of choice if the expertise and facili-
ties are available (e.g. IRA in the 1970s and 1980s), but most urban bomb blasts 
associated with terrorism are rudimentary home-made devices. Although not typi-
cally of comparable high energy blast power or range, these can be very destructive 
to life, limb and property if close to the epicentre of the blast. In addition, the 
destructive effects are greater if detonated within a confined space (e.g. London 
bombings (2005), Madrid Bombings (2004)) due to the ricochet effect of the blast 
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wave within the closed space which retards the blast energy decay, thereby prolong-
ing its effects. However, the commonest cause of death after a blast is building 
collapse. 

Hijackings and Kidnappings Although more popular in the 1970s and 1980s as 
an act of terror, hijackings and kidnappings (including aeroplanes) were used where 
the principal aim was to generate high media attention and public fear, often for a 
ransom (e.g. release of political prisoners, etc.). The hijacking of aeroplanes has 
become less common since the 9/11 attacks in New York and Washington (2001), 
where the planes were also used as a weapon against people, property and the econ-
omy, probably due to greater awareness and stricter security control at airports and 
other urban environments. 

CBRNE This is a broad classification encompassing chemical, biological, radio-
active, nuclear or explosive, with a resurgence seen in recent times in the UK, pos-
sibly by Russian dissidents (e.g. novichok used against Sergei and Yulia Skripal 
(UK, 2018)). Generally, (explosions excepted), it covers various poisonings, which 
may be targeted at an individual (or group) or may be large-scale industrial (i.e. 
chemical or nuclear plant targeted). The chemical poison of choice may be liquid 
(e.g. novichok) or in gaseous form (e.g. Sarin, Tokyo 1998). Other poisons include 
biological (e.g. anthrax, used in numerous ‘letter attacks’) or even nuclear 
(Polonium-210 used against Alexander Litvinenko (London, 2006)). It is generally 
not unknown what types or how much ‘illegal’ agents are available to terrorist 
organisations throughout the world, especially since the fall of the old (but previ-
ously very powerful) Eastern Block as many of these agents have originated from 
laboratories in Russia and other parts of Asia.

38.5	 �Managing a Terrorist Incident: Preparedness

Although similarities exist in the response to any large-scale incident or disaster, 
there are several additional considerations unique to the terrorist attack both pre-
hospital and in-hospital. After a mass terrorist event, the following must be 
considered:

•	 Security (local, regional and national).
•	 Mass casualty incident (over time and space).
•	 Blast injury more likely (± confined space).
•	 Penetrating injury more likely (GSW, knife wounds).
•	 Variety of mechanisms of injury possible (e.g. blunt from car followed by pene-

trating from knife wound).
•	 Attackers are often very determined and additionally violent. This is often fuelled 

by a misplaced idealism and a willingness to die in carrying out their attack (e.g. 
suicide bomber, (9/11 attacks in NYC, 7/7 attacks in London)).

•	 Uncertainty and fear.
•	 Media, political and public expectations.
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38.6	 �Health Service Response to a Terrorist Incident

The first official co-ordinated response to a terrorist event is typically by the civilian 
security forces (i.e. police) who may have been informed by a member of the public. 
Once a response is mounted, the police (or others) will often notify ambulance con-
trol and/or any other responders (e.g. fire service, etc.) as required, including an 
armed security response. It must be decided early in the event, if possible, by one of 
these responding organisations whether or not to declare a mass incident or not. 

Any ‘high-threat’ response system plan involves a complex cross-interaction 
between all emergency responders: police, fire & rescue, ambulance, pre-hospital 
medical care and the hospital(s). The responding hospital (ideally a Major (Level 1) 
Trauma Centre) becomes the central point of activity outside of the incident scene 
itself, as most people (whether genuine patients or not) will flow towards this focal 
point (including relatives, media and other members of the public) after a disaster. 
Thus, the incident plan should be built around the hospital as a fixed central point 
within the plan. The major incident plan (MIP) is constructed so that the whole 
healthcare system responds in unison and in a pre-planned way. Many MIP models 
have been described, which are often more sophisticated at certain ‘hot spots’ (where 
a high threat level remains)  around the world. Regardless, the plan must be pre-
planned, involving all relevant stakeholders, in writing with regular (annual or bian-
nual) practice runs. There should also be structures in place for quality improvement 
(QI), risk assessment and appropriate feedback and updates. This will ensure a more 
streamlined response from all responders during a high threat mass incident. Thus, 
the response becomes a well-integrated multidisciplinary operation with effective 
leadership, including at the command level. A well-publicised plan, including a gap 
analysis and hazard vulnerability assessment (HVA), is made available to all agen-
cies and hospitals involved in the response. Not only does this aid in ensuring an 
effective response to an incident in real-time, but it also ensures that individuals and 
agencies are used more effectively, maximising strengths whilst minimising wastage. 

Declaring a Mass Disaster Although no one definition for all eventualities 
exists, a disaster is typically one where a large-scale response from the health ser-
vice (and/or other services) is required or one where the number or types of casual-
ties is likely to rapidly overwhelm the system. The number of victims required to 
declare a mass incident response varies between jurisdictions and is often arbitrary. 
Often it is the type and severity of injuries encountered (e.g. multiple penetrating, 
blast, chemical, etc.) that determines the magnitude of the response required, rather 
than the absolute numbers of victims. In most urban environments, the ambulance 
service, via ambulance control, are the first to declare the incident, as they begin to 
triage the wounded. However, other ‘on-scene’ organisations (e.g. police, fire ser-
vice or other pre-hospital groups) should also have authority to trigger the mass 
disaster plan for a region. Ideally, this is co-ordinated through a central command 
(ideally a centralised office responsible for such events), but if one does not exist, 
then ambulance control (or other emergency operator) will suffice. This ‘trigger’ 
will ensure that the proper pre-hospital care providers are notified (with optimal 
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numbers) and all hospitals in the area that respond to trauma and disasters are also 
directly notified so that they may prepare. Each hospital then has the role of trigger-
ing their own MIP as a result of the pre-hospital declaration and/or  information 
from central command. 

Casualty Generation This includes both the total numbers injured and killed, 
which in turn is dependent on the lethality of the incident. This lethality is reflected 
by the proportion who have died on scene. The top three most common causes of 
death after trauma are traumatic brain injury (TBI), exsanguinating haemorrhage 
and severe chest injury. This is also true in the disaster environment (esp. blast), but 
generally with more polytrauma (hence higher mortality rates). Most victims of a 
major terrorist event either die at scene or suffer relatively minor injuries (i.e. most 
are walking wounded). As a general rule, after a large-scale incident, the number of 
wounded requiring hospital treatment averages about 10–20% of the total numbers 
dead on scene and most of these will be walking wounded. 

However, the on-scene survivors have far better outcomes when rapid care is 
given, even the critically injured. This serves only as a general guide but may aid the 
health service to prepare for the predicted ‘fall-out’ after an incident, with regard to 
numbers of patients expected. Although the lethality has a profound effect (esp. the 
‘perceived threat’) on society, it is the total number of severely injured that will 
overwhelm the health service at all levels. This crippling effect may happen very 
quickly as resources are rapidly used up pre-hospital and at hospital level (esp. man-
power). For example, a single severely injured person will typically require a mini-
mum of two rescuers/pre-hospital care providers and a transport vehicle (e.g. 
ambulance) followed by a multitude of in-hospital resources including a whole 
resuscitation team, doctors, nurses and blood/medications. In addition, the sub-
group in need of emergency surgery are often very challenging with multi-system 
severe injuries, high blood transfusion requirements in need of damage control sur-
gery. The required surgical input is often multi-disciplinary including trauma sur-
gery, orthopaedics and plastic, general and neurosurgery. Injuries amongst survivors 
are predominated by soft tissue musculoskeletal trauma, especially lower limb. 
Most survivors with TBI are non-critical.

38.7	 �Pre-hospital Response

One of the recognised factors that may itigate against the on-scene mortality (where 
deaths are not immediate) is the timely availability of medical resources within the 
disaster zone itself. An on-scene medical presence in a sophisticated trauma system 
allows for immediate life-saving techniques to be applied (e.g. haemorrhage control) 
followed by rapid triage and transportation to a major trauma centre. Thus, the rate-
limiting step in the pre-hospital environment are twofold: (1) getting a pre-hospital 
response rapidly to the injured and (2) getting the injured out safely and quickly.

Getting a Pre-hospital Response to the Injured The optimal response may be 
obstructed by the fact that the scene may not yet have been declared ‘safe’ (i.e. when 
the scene is deemed secure and the risk of further events is negligible), but the need 
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for on-going casualty care is ongoing. This is especially true in the pre-hospital envi-
ronment, where there may still be a risk of further terrorist incidents. Therefore, the 
police (and other security responders, depending on the type of incident) will have 
overall authority until such a time as the scene is neutralised and declared ‘safe’ for 
others to enter. This may mean that healthcare personnel (or indeed civilian first 
responders) will have a to work in parallel with the security response, keeping in 
mind that healthcare workers may be hindered by an ongoing incident and/or com-
mands of the police service, including but not limited to refusal of entry to the scene. 
Always remain cognisant, especially in the pre-hospital environment, that there is 
potentially a live and ongoing, active terrorist threat! A scene (including a potential 
attacker) must be declared ‘safe’ and the attacker declared ‘neutralised’ (from weap-
ons such as chemical, explosive devices or any other weapons that may injure a 
responder). This is primarily the responsibility of the police (and/or other authority), 
but all personnel have this responsibility in an ongoing and dynamic manner, includ-
ing when a patient is brought to the hospital, who may be a potential attacker.

Getting the Injured Out Safely and Rapidly Patients may be examined in the 
standard 30-s sieve (simple triage and treatment (START)) on scene. This is to iden-
tify the most life-threatening injuries rapidly that can be managed by simple means 
followed by (or in parallel with) rapid transportation to the MTC. However, as secu-
rity is also a priority, the walking wounded should be removed en masse from the 
scene, by security, then accounted for and processed in a safe area, well outside the 
‘hot zone’ of the incident. Any wounded who cannot stand and walk should be tri-
aged rapidly without wasting further time or resources on futile care (i.e. those likely 
to die very soon). Under-triage occurs when a patient is assigned a ‘delayed’ critical 
level of injury when in fact a more urgent level is required, which could manifest as 
a preventable death, whilst over-triage is the over-assignment of victims to ‘immedi-
ate’ or ‘urgent’ care when they should be labelled ‘delayed’. This latter scenario may 
rapidly use up limited resources (including manpower) whilst neglecting more 
urgent cases. Therefore, both under-triage and over-triage must be kept to a mini-
mum, keeping in mind that triage is an ongoing and dynamic process and patients 
may be moved up or down the triage ladder depending on the evolving injuries and 
physiology over time. The standard approach to triage in a mass incident for the non-
walkers is to perform a chin-lift (to assess breathing) followed by a pulse check (to 
assess circulation). However, this is neither sensitive nor specific in a mass casualty 
incident where there is a potential for an ongoing threat. Most likely, after major 
trauma, patients will either have a pulse or not and will either be unconscious or not. 
If a patient does not have a pulse after severe trauma, then they are declared dead. 
Those that do have evidence of circulatory life should be rapidly removed from the 
scene to an environment where higher level care may be rendered. We would advo-
cate keeping pre-hospital interventions to a minimum (haemorrhage control, O2, iv-
line, splinting) as shorter pre-hospital times after trauma are associated with better 
outcomes. In addition, clearing the scene has a security benefit, especially if there is 
a potential for a reprise attack. Any patients declared dead ideally should be left as 
such as it is also a declared crime scene requiring further forensic examination.
Furthermore, moving the dead at this time will unnecessarily use up resources.
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38.8	 �Hospital Response

Surge Capacity This describes the tolerance or potential capacity that a hospital or 
department has to accommodate the surge (sudden increase) in acute admissions at 
a time of crisis. Typically, a hospital should have a surge capacity of about 10% at 
any one time (i.e. no more than 90% of hospital beds should be occupied on a nor-
mal working schedule). This is dependent on numerous factors, including physical 
bed space, availability of additional nursing and medical staff to meet the demands 
of a surge. Typically, a crisis event is impossible to predict and thus the normal vol-
ume of working staff cannot accommodate the surge for any prolonged length of 
time. Additional staffing and their needs should also be factored into the MIP. If bed 
occupancy is at or near 100%, then efforts are needed to create additional space by 
re-arranging admissions, cancelling other admissions and discharging patients (or 
transferring to another institution) if safe to do so.

The hospital response must plan for the following:

	1.	 Security
	2.	 Operation response

	(a)	 Gold Command
	(b)	 Silver command
	(c)	 Bronze command

	3.	 Media
	4.	 Politics and public opinion

The most important concept here is that of hospital preparedness. The hospital 
response follows a similar format to any major trauma or mass incident, but with 
additional security concerns. Each hospital (esp. the MTC) must have its own MIP 
(ideally one that has been co-ordinated with the wider regional MIP). Once a mass 
disaster has been declared by one of the responsible pre-hospital agencies, the 
responsible officer at the hospital (e.g. medical director) in turn activates the hospi-
tals MIP. As a backup, the trauma team leader (TTL) or consultant in emergency 
medicine on duty may also declare this (as contacted through the major trauma 
phone or emergency hospital phone) in the event where the medical director (or his 
deputy) cannot be reached. In addition, in the event where a major disaster has not 
yet been declared, but where, based on events known or the probability of a need for 
escalation in service delivery, a hospital alone may initiate a major incident plan for 
itself, independent of the pre-hospital declaration. Of course, the hospital cannot 
declare this for another healthcare facility, as this is a stand-alone independent dec-
laration  and thus under such circumstances, the regional co-ordinator must be 
involved. 

The MIP must be rehearsed and rehearsed often, so that all participants (manage-
ment, medical, nursing and ancillary staff) are familiar with it, preferably with 
annual or biannual drill exercises. Other rehearsals may include tabletop exercises, 
workshops and online professional education courses, which are updated regularly. 
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The MIP should be scrutinised on a regular basis (e.g. annual or every 2 years) and 
especially after an attack (or other major event) with quality improvement feedback. 
In addition, the use of quick reference ‘action cards’ are used in many jurisdictions, 
as a quick reminder to all individuals involved in a response, what their role is and 
how to carry it out (especially if someone has not taken part in a drill exercise but is 
on duty). This prescribed pathway for an individual will help to manage any sce-
nario, at a time when the likelihood of confusion is much higher.

38.9	 �Security Response

There are numerous facets to the security response, which, may include drafting in 
additional staff not currently rostered. The prime security issues include:

•	 Crowd control (incl. media)
•	 Staff identification
•	 Hospital entry and exit points
•	 The perpetrator(s) 

Hospital security must immediately cordon off the hospital surrounds, especially 
the entry points (depending on the time of day, but typically includes the emergency 
department entry and the main entrance to the building). Large crowds of people 
may arrive at the hospital and thus should be kept away, unless they are arriving for 
immediate medical attention. Usually the police will assist with this, as the crowds 
will be in a public area also. Any potential patients arriving should be triaged at the 
door and a rapid decision made whether they require attention at that hospital or 
whether transfer out (including by private transportation) is preferable. Crowd con-
trol also includes media control at  the cordoned off area, but most professional 
journalists are already familiar with this and will follow instructions and respect the 
exclusion zone around the hospital. 

As part of the MIP, an en mass ‘call out’ to staff will occur. It is imperative that 
each staff member has their hospital identification checked by security upon arrival, 
as only essential staff should arrive, in addition to ensuring no other member of the 
public, media or indeed potential terrorist group has access to the hospital. All other 
hospital ingress and egress points must be secured to prevent anyone else gaining 
access to the building. 

As with the pre-hospital response, it is imperative that any presumed perpetrator 
or member of the attack group who has been brought to the hospital is ‘sanitised’ 
before entering the building and ‘declared safe’. Ideally, this should take pace in the 
pre-hospital environment (and before transportation by ambulance) to ensure there 
are no other weapons on the person (including explosives or chemical agents). This 
is a complex role and will involve the armed police response (or other law enforce-
ment specialist group), but all persons coming in to contact with the alleged attacker 
have a duty of care to themselves and others.
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In addition, there will likely be a large security presence (police, counter-
terrorism forces, armed response units) present in the ED (and other areas of the 
hospital), who will be heavily armed. It is important not to allow this to become a 
distraction during treatment and resuscitation, including during treatment of a 
potential suspect. It is best to work with these services, whose job is to protect in 
addition to collect forensic evidence. Ideally, the senior incident commander and 
bronze commander (see below) will liaise directly with the senior police officer/
detective present, so that the trauma bay does not become unworkable. This is espe-
cially true if treating a potential suspect, or even if a suspect has been declared dead. 
If possible and available, treat a suspect in a separate area, or unannounced in a 
separate trauma bay. This is important for security. Allow the security presence dur-
ing management, but you may politely ask them to step back if management is 
being hindered. This is not the time to start an argument with the police! If a suspect 
has been declared dead, then ideally, for operational and security reasons, move the 
body to a separate area of the department, away from the main activity, the public 
and any media present. This will free up a trauma bay in addition to removing the 
forensic evidence and attention away.

38.10	 �Operational Response

The hospital MIP is a hierarchical and tiered command and control response: gold, 
silver and bronze. Each has a unique but interdependent role.

Gold Commander There is only one, single gold commander, who is responsible 
for the hospital groups strategic response during the crisis. He/she delegates tactical 
decisions to the silver (and occasionally bronze) commanders. The role is primarily 
strategic and managerial. They also interact with all other stakeholders at gold level 
involved in the response, including ambulance, police and fire services (i.e. director 
level interactions with partner organisations). They are supported by a gold com-
mand team (other managerial and senior clinical decision makers) in the command 
room and do not necessarily need to visit the response site (unless this is strategi-
cally desirable).

Silver Commander The silver commander is responsible for co-ordinating a 
single hospital (or site’s) tactical response to the incident and is supported by the sil-
ver command team. Each hospital involved has a separate silver commander, but the 
gold commander may be responsible for several hospitals if they fall under the same 
management structure.

Bronze Commander There are numerous bronze commanders (i.e. managers of 
an individual team or department), responsible for the operational response to the 
incident. Once an MIP is declared, each bronze commander must begin to reorgan-
ise their respective teams/departments in accordance with the plan until such a time 
as the incident has been declared ‘stood down’. For example, bronze commanders 
will ensure the safe transfer or rearrangement of patients within the emergency 
department (including timely discharge where appropriate), the cancellation/post-
ponement of surgery (as long as this is safe to do) and the reorganisation/discharge 
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of patients from critical areas of the hospital (e.g. ICU/HDU, trauma ward, acute 
care ward, etc.) to prepare for the surge of acutely injured patients.

Staff Roles Staff are categorised depending on the situational requirements. This 
is a dynamic categorisation and will change as the incident unfolds or matures over 
a few hours. Red are those essential to the response, which includes the various 
commanders, in addition to emergency staff (ED, surgery, critical care, anaesthetics, 
etc.). Amber staff are those who have an important role but are not required imme-
diately. They often arrive in after the call went out and may include orthopaedics, 
plastics, and other health care workers, including those providing relief to other red 
staff. Green staff are those not immediately required in the response, but have an 
important role to play as the response develops, including cleaning, catering, etc. 
They may not form part of the normal on-call roster in the hospital, but instead 
arrive in as part of their ethical duty to the crisis.

As staff arrive, once they have passed the security check, they should be directed 
to a rendezvous point. This will vary between hospitals (e.g. front lobby). I have 
found that the recovery bay in the operating suite is an excellent muster point. This 
is typically a large room that can accommodate larger groups of people in one area, 
making it easier then to account for staff and then further direct them as required. In 
addition, during an MIP, the recovery bay is cleared as required to make room for 
post-operative patients. Thus, there is often available space in the recovery room for 
a number of hours as the incident matures.

38.11	 �Departmental Roles

The operational hospital response is a co-ordinated effort between all departments 
(led by their respective Bronze Commanders): emergency department, trauma and 
emergency surgery teams, anaesthetics, operating rooms, intensive care unit and the 
trauma ward staff.

Emergency Department The emergency department (ED) is a principle hub of 
activity after a terrorist event and is the principle point of arrival, triage and treat-
ment. However, there is a ‘chain of hubs’ interconnected including radiology suite, 
theatres, critical care unit and the trauma ward. Within the ED, the trauma/resuscita-
tion bay will be the principle site of clinical activity. A single bronze commander is 
responsible for the trauma resuscitation room, supported by a TTL and trauma team 
dedicated to each bay. A separate senior clinician (also bronze commander) acts as 
triage officer. It is unlikely that this person will alter the pre-hospital triage label (if 
one has taken place), but it is important that on arrival each patient is quickly 
assessed (re-triaged if appropriate) and then appointed to a trauma bay for full 
assessment and treatment. In addition, clerical support documents their arrival and 
appoints a unique identification number (for investigations, blood transfusion and 
treatment, as required). It is also imperative, that all documentation occurs in a con-
temporaneous fashion and on paper (rather than computer). The triage officer may 
triage up or down, but once triaged and appointed to a trauma bay, the trauma team 
manages them as per  any major trauma, but in a more rapid, often abbreviated 
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fashion to quickly identify those patients who require immediate emergency surgery 
(e.g. laparotomy for haemorrhage control) or those who are haemodynamically 
stable enough for further radiological investigations (and/or step down to an obser-
vation bed outside of the trauma bay whilst waiting further assessment). This 
enables efficient throughput of the trauma bay and to clear it in a progressive fash-
ion to allow for the arrival of the next surge of patients. As part of the ED response, 
the blood bank (hospital and regionally (as required)) are informed in addition to 
activating the massive transfusion pathway. Radiographers are present (i.e. without 
being specifically summoned) to perform trauma series X-rays.

Trauma and Emergency Surgery Teams Rapid, focussed assessments are 
required. As the hospital will become overwhelmed very quickly, an attempt to iden-
tify the most immediately life-threatening injuries is made, which may  involve 
going straight to the operating suite for emergency surgery (laparotomy, pelvic 
packing, thoracotomy, etc.) without further investigations (i.e. if non-compressible 
haemorrhage is suspected). All surgeons must be experienced in the concept and 
practice of damage control surgery and rapid haemorrhage control, as this is more 
likely to be required in a mass casualty situation (i.e. abbreviated surgery to ensure 
efficient use of theatre space and time in addition to the higher likelihood of severe 
injuries and major bleeding). Once identified, the patient is transferred directly to 
the operating suite with the appropriate anaesthetic staff for immediate exploratory 
surgery. A senior bronze commander surgeon should remain in the operating suite 
and act as co-ordinator with anaesthetics, theatre staff and ICU as patients are trans-
ferred in and out. They guide the operating team to the correct operating suite for 
surgery in addition to being responsible for clearing the post-operative recovery bay 
and for cancelling any surgeries that are not yet under way. This is done in consulta-
tion with the anaesthetic bronze commander in theatres. On occasion, it may not be 
possible to cancel an operation (e.g. another emergency operation, not related to the 
incident is under way or about to start). As a general rule, if surgery has not started 
(i.e. no first cut) begun and it is safe to postpone in the context of a major incident, 
then the bronze commanders from surgery and anaesthetics have a duty to postpone it.

Anaesthetics There needs to be an anaesthetic presence in the trauma bay and 
theatres, depending on the jurisdiction (i.e. in some countries/hospitals, the ED staff 
will intubate and manage the airway), but an anaesthetist/anaesthesiologist may be 
required to intubate if the airway is very challenging. However, regardless of the 
normal protocol for airway management, if emergency surgery is required, then 
anaesthesia will lead on the delivery of the anaesthetic and ventilation during sur-
gery. As discussed above, there should be an anaesthetic bronze commander in the 
operating suite, responsible for delegating staff to each theatre required in addition 
to postponing surgery in conjunction with surgical bronze for non-essential patients.

Operating Rooms As discussed above, any surgeries that have not started should 
be postponed pending an update on the ‘surge’ requirements. It is often difficult to 
decide whether to proceed with surgery when the patient has already been anaesthe-
tised and prepared, and this is often a judgement call on a case-by-case basis. We 
would recommend that all day cases are suspended if the operation has not begun. 
More complex or sicker patients that have already been anaesthetised (especially 
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emergency surgery) should probably proceed. Day cases should be discharged (if 
safe to do so) and all other operations put on hold pending an update from the clini-
cal director. The post-operative recovery room should be ‘cleared’ as soon as pos-
sible to make way for a potential surge in emergency surgery cases, if it is safe to do 
so. This rearrangement of theatres is a combined effort of the bronze commanders 
in surgery, anaesthetics and theatre nursing.

Intensive Care Unit The bronze commander in ICU will rapidly round (with 
appropriate staff and bed management) on the patients currently in the ICU/HDU/
other critical care area to identify those who may be able to be extubated or ‘stepped 
down’ to a lower level of care to make way for the potential surge of more severely 
injured patients (as long as it is safe). Bed/nursing management will have contem-
poraneous records of where the potential step-down beds are and whether there are 
empty critical care beds currently and if they can be safely staffed, in addition to 
identifying those patients who may be safely transferred out to another facility.

Trauma (and Other) Ward Any patients identified for potential discharge should 
be reassessed and the discharge fast tracked where possible to make room for addi-
tional patients (e.g. those stepping down from ICU or those in need of in-hospital 
care, but not critical care). These patients may need to be transferred to a discharge 
lounge, pending further review and paperwork and follow-up plans. Any ongoing 
physiotherapy or rehabilitation may need to be organised at home or in the com-
munity earlier than previously expected or patients brought back early for a needs 
assessment.

Bed Management Bed management must identify all available beds and 
potential discharges and communicate/co-ordinate with the medical director, 
director of nursing and trauma teams to ensure there is efficient throughput for 
patients. In addition, it is important that any patients discharged early to meet the 
surge capacity have appropriate paperwork and follow-up organised so that 
mistakes are not made.

38.12	 �Media, Politics and Public Opinion

An additional consideration for all healthcare providers in a major terrorist incident, 
which may become intrusive, is the public’s insatiable requirement for information 
and updates as the incident unfolds. This may be requested by the security forces to 
update regional management and ultimately the political powers, regionally and 
nationally in an attempt to assuage the wave of panic that often spreads after such 
a major security incident. In addition, the media (who are the most powerful tool in 
spreading and controlling news) will have a presence at the site of the incident and 
at the hospital. They will need information as the situation develops  about the 
attack  and it is better to involve them responsibly to avoid misinformation, fake 
news or other causes of public anxiety. In general, all comments to the media should 
go through the hospital’s media office, once approved by the Gold Command, CEO 
of the hospital and the senior management team. All other staff should refrain from 
commenting or making any statement (unless authorised to do so), especially 
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comments regarding patient treatment or identification, including images. Any other 
behaviour is inappropriate, potentially destructive to the operational process, includ-
ing the legal investigation and may also be deemed potentially illegal or a derelic-
tion of a doctor’s (or other healthcare professional) duty of proper care. Careful and 
responsible comments to the media (via the hospital’s media office) are also impor-
tant to avoid a large crowd surge of uninjured on-lookers arriving at the hospital 
(including those with vigilante aims) in addition to preventing making the hospital 
a target by other members of the terrorist organisation. This is particularly important 
when an incident is across a densely populated region (e.g. London, Paris), where it 
may be appropriate not to disclose the prime hospital receiving the most severely 
injured or where any members of the terrorist group responsible may be receiving 
treatment. This has very sound operation and security reasons behind it.

38.13	 �Ethical Dilemmas

Remember, both the victims of the attack and the suspected attackers themselves 
may need care. Although it is easy for emotion to get in the way of rendering health 
care to an injured (who by their own act of violence have become a victim) suspect, 
we would always advocate treating all patients with the same level of ethics and 
moral judgement as any patient whilst leaving the course of justice to the police 
investigation and judicial system afterwards. It is neither the correct time nor our 
role as healthcare providers to apportion blame or make any other assertions about 
the incident or potential perpetrators. In addition, we may get it wrong as by defini-
tion, at this stage they are only a suspect! However, if an individual member of the 
terrorist group (or a suspected member) is being actively treated, ensure security 
personnel are present and engaged. Often it will not be released to the media or 
public if or where a suspect is being treated (even if deceased) for operational and 
security purposes whilst an incident unfolds. Maintain the highest level of ethics in 
addition to the highest level of medical care at all times at all patients!
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39.1	 �Introduction

The advent of both natural and manmade disasters is increasingly highlighting the 
role of citizens (ranging from spontaneous volunteers and first responders to emer-
gent entities and communities of civic action) as inevitable and potentially valuable 
resource in their management.

Although for a long period of time they were treated with mistrust regarding their 
effectiveness and efficiency as part of the managing disaster process, collaborative 
schemes with citizens in individual but also community format is more and more 
getting ground.

The advancement of mobile and social technologies (i.e., social media, virtual 
platforms for community building), by facilitating citizens interactions and bottom-
up communication in the sense of reporting information, self-organizing, and vol-
unteering and thus responding to disasters outside of traditional emergency 
management structures, has empowered this phenomenon [1].

However this new reality characterized by a spontaneous and many times auton-
omous participation of informal communities and individuals from the first moment 
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a catastrophic event arises has raised a lot of controversies and concerns from a 
public policy perspective.

Taking into consideration the fact that dealing with disasters needs planning, 
training, and advanced skills for staff and stakeholders involved in emergency medi-
cine and disaster management under the 4C mechanism, Command, Control, 
Coordination, and Communication, there were a lot of arguments in favor of a cen-
tralized, top-down approach that expects all volunteers to conform to emergency 
management organization and procedures.

The fear of panic, looting, and other forms of antisocial or exploitative behavior 
or event passivity in disaster setting was the main argument against directly involv-
ing individuals and emergency entities as part of the emergency response 
mechanisms.

International literature and research however supports that such behavioral pat-
terns, are not typical. The reality shows that spontaneous entities and individuals 
acting under that same cause in an informal way become more unified, cohesive, 
and altruistic in such events and are eager to offer their services in any way they 
can [2].

The scope of the chapter is to present this phenomenon and discuss why and how 
emergency managers and public authorities should not neglect this reality of bot-
tom-up emergent social structures composed by spontaneous volunteers and first 
responders to emergent communities of civic action that act and react in disasters.

39.2	 �Individuals and Informal Communities as Key Disaster 
Response Stakeholders

One of the main issues that need to be taken into consideration during the disaster 
preparedness and recovery phases independently the type of disaster (natural or 
manmade) is the fact that individuals and self-organized entities most of the times 
are mobilized even before the formal mechanisms, and there are many examples 
documented all around the world that they have become an important resource for 
emergency response efforts [3].

Tasks ranging from search and rescue, prehospital injured management, and psy-
chological first aid support are indicative activities that we have seen being per-
formed by spontaneous volunteers and first responders as well as emergent entities 
and communities of civic action long before emergency managers, civil protection 
officials, decision-makers, disaster planners, and humanitarian agencies arrive on 
the spot. Additionally collecting, transporting, and distributing relief supplies and 
clothing and providing food and drink to victims and emergency workers are indica-
tive activities.

Most importantly there are numerous cases that live testimonies from the disaster 
field via social media or other internet platform have guided emergency response 
planning and are even considered as proper legal information and material (i.e., 
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during legal action by Greek prosecutors investigating the deaths of more than 100 
persons due to the wildfires in July 2018 in the area of Mati in Greece).

But who are those individuals that act individually and/or gather in informal 
entities? There profile is not unanimous, but their common characteristic is the 
spontaneity and their will to contribute and most of all the catastrophic event 
that acts a triggering mechanism for their mobilization. There is a great varia-
tion depending of the type and the scale of the disaster, the country of reference, 
and the sociopolitical and economic context. Actually we are talking most of the 
times about people without appropriate training or specific technical and non-
technical (soft) skills related to disaster management.

39.3	 �Individuals and Informal Communities: Burden or 
Powerful Tool for the Emergency Response Systems?

Disaster preparedness, management, and recovery independent of the type of 
disaster and the density require coordination, planning, and execution by skilled 
and trained personnel and experts. Interprofessional collaboration and clearly 
defined and allocated roles among all agencies involved are paramount. Under 
this context the intensity and scale of spontaneous acting by individuals and infor-
mal communities can present significant coordination, integration, communica-
tion, logistical, and health and safety challenges and burden to the emergency 
managers.

Most of the times individuals have very limited or inexistent field experience. 
Additionally there is a lot of uncertainty about the legal liability of volunteer 
responders (i.e., the case of floods in 2018  in a suburban area near Athens in 
Greece where several volunteers rushed to help and were injured or as in the case 
of wildfires in the suburb of Mati the same year were killed). Also they are not 
familiar with top-down decision-making processes and service delivery methods 
and/or due to the informal character of the entities that they form they suffer from 
inexistent communication mechanisms and channels with emergency managers. 
They either put themselves at risk of injury or obstruct the formal emergency 
response effort, and most of the times, they require extra resources so as to be 
managed [3].

As a result, many if not most of the times especially in the first hours after the 
disaster occurs are underutilized or even rejected [4, 5].

However, the reality is that the social capital composed by all these indi-
viduals acting independently or in the framework of emergent communities is 
usually renewed and enhanced, easily accessible, inexhaustible, free, and abun-
dant during disasters [6]. They are there to stay, and many times they have a 
power that public authorities cannot neglect at need to cope with (i.e., during 
terrorist attacks in Belgium in 2015, the national police had to request for 
silence across social media).
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39.4	 �Toward an Inclusive Bottom-Up Model for Individuals 
and Informal Communities Mobilization During 
Disasters Management and Recovery

According the recent literature when a disaster strikes, community members are the 
main actors in emergency management, and they have to be involved as active par-
ticipants and key stakeholders of the emergency management process although his-
torically this was the role of first responders and governmental agencies [7, 8].

This inclusive bottom-up approach of emergency management supports and 
argues in favor of the development of resilient and sustainable mechanism where 
multiple stakeholders (e.g., residents, community leaders, government) work 
together to strengthen capacities and build community resilience [9, 10].

Given that disasters will always be a reality, spontaneous actions and reactions 
will also be a repeated pattern that cannot be neglected or be bypassed or be 100% 
controlled, and therefore developing strategies for not only ensuring but also pro-
moting the community involvement in disaster preparedness and mainly response 
should be in the top of public health and national security agenda.

Community members are a natural support system with many advantages. They 
have the essential local knowledge and support networks to take collective action, 
improve system response capabilities, and generate relevant data to mitigate adverse 
health impacts [11].

The way forward seems therefore to introduce in the 4C mechanism, Command, 
Control, Coordination, and Communication, an additional C+ for the crowd in the 
sense of spontaneous volunteers and first responders as well as emergent entities 
and communities of civic action so as to include their needs, capacities, and 
resources. The argument in favor of such introduction could be that if the goal of 
disaster response and recovery is to make an affected community functional, then 
members of that community must be included in the process that concerns and 
affects them.

39.5	 �Conclusion

As the crowd (ranging from spontaneous volunteers and first responders to emer-
gent entities and communities of civic action) is inevitably involved in disaster man-
agement and relief, emergency managers and public authorities should not neglect 
this reality of emergent social structures and should introduce and coordinate par-
ticipatory response mechanisms and processes that encourage bottom up synergies.
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40.1	 �Summary

Infectious diseases outbreaks pose a threat following natural disasters, but they are 
generally rare especially in developed countries. The impact of disasters such as 
flooding, tropical cyclones, tornadoes, earthquakes, tsunamis, landslides, and volca-
nic eruptions on populations is directly linked to many factors. Those include dis-
ease endemicity, presence of vectors, environmental conditions, the robustness of 
health services and infrastructure, poverty, inequality, political stability, and the 
overall vulnerability of communities. The magnitude of the occurring event, the 
underlying vulnerability of affected communities, and the resulting population dis-
placement play a vital role to whether outbreaks become major concerns of the 
response. Events with great impact can overwhelm even developed countries; how-
ever overall capacity for rapid containment is directly linked to previous local capa-
bilities and endemic conditions.

Diseases can be waterborne, airborne, foodborne, vector-borne or due to various 
exposures such as direct wound contamination and person-to-person transmis-
sion. Disasters create conditions for unusual exposures of the affected population 
such as inhalation of dust, near drowning or exposure of wounds to contaminated 
water and debris, water contamination by sewage or other contaminants, and 
crowded living conditions in temporary shelters with sub-standard hygienic condi-
tions. What’s more, population displacement can interrupt ongoing treatments such 

E. Kakalou (*)
Global Health-Disaster Medicine, School of Medicine, National and Kapodistrian University 
of Athens (NKUA), Athens, Greece

C. Tsiamis 
Department of Public and Integrated Health, School of Health Sciences, University of 
Thessaly, Volos, Greece
e-mail: ktsiamis@uth.gr

40

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-34116-9_40&domain=pdf
https://doi.org/10.1007/978-3-030-34116-9_40#DOI
mailto:ktsiamis@uth.gr


526

as for tuberculosis (TB) and place extra burden on surveillance systems or health 
infrastructures that remain functional after a disaster.

Based on observational data from previous natural disasters, acute respiratory 
infections (ARIs), diarrhea, and skin or wound infections are the most common 
health problems among survivors and affected populations. Epidemics of mea-
sles, diarrheal diseases such as E. coli or norovirus gastroenteritis, cholera, hep-
atitis A and E, leptospirosis, tetanus, skin infections (mycoses), meningitis, 
malaria, and dengue fever have been described depending on previous vaccina-
tion coverage, local infrastructure, and economic conditions prevailing before 
the occurrence of the natural disaster event. Outbreaks following natural disas-
ters have ranged from relatively limited events after major disasters in developed 
countries such as Japan or the USA up to emblematic epidemics like cholera in 
Haiti following the 2010 earthquake that mobilized worldwide response efforts.

The misconception that dead bodies after a disaster pose a serious threat to pub-
lic health is widely held. In reality, corpses linked to the disaster itself do not pose 
any such risk. The presence of dead bodies in a disaster zone can cause emotional, 
cultural, and religious stress to communities, but they are not linked to infectious 
diseases outbreaks.

Anthropogenic climate change is aggravating extreme weather events leading to 
natural disasters that are becoming more frequent. Even in the best-case scenario of 
limiting global warming to the 1.5 °C goal of the Paris Agreement, hundreds of mil-
lions of people are expected to be affected. In this environment, preparedness and 
comprehensive frameworks for recovery of public health and disease surveillance 
systems following natural disasters are essential components of the overall response, 
especially when it comes to preventing outbreaks of infectious diseases and mitigat-
ing their possible impact on the affected population.

40.2	 �Infectious Diseases and Transmission Mechanisms

The impact phase of the disaster lasts up to 4 days following the event. During this 
phase immediate extrication of victims and timely treatment are essential. Trauma, 
hypothermia, heat stroke, and dehydration are the main drivers of morbidity and 
mortality during this phase. The period up to 4  weeks after a disaster can be 
characterized by the occurrence of airborne, waterborne and foodborne illnesses 
among the population. Respiratory infections of viral (influenza, respiratory 
syncytial virus-RSV, adenovirus), bacterial (such as pertussis, Strep pneu-
moniae,  Mycobacterium  tuberculosis, Mycoplasma pneumoniae, Legionella) and 
other diseases transmitted by the respiratory route such as measles, meningitis, and 
varicella can occur [1, 2]. Water- and foodborne infections such as cholera, hepatitis 
A and E, bacterial dysentery, salmonella, typhoid, paratyphoid, giardiasis, and other 
parasitosis as well as leptospirosis are of concern. Tetanus and wound or skin infec-
tions also appear during this phase.

The recovery phase begins after 4 weeks when diseases with longer incubation 
periods or vector-borne can occur. Leishmaniasis, leptospirosis, malaria, dengue, 
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yellow fever, viral encephalitis, and TB can become a concern depending on the 
social and environmental conditions prevailing. Chronic diseases can also pose a 
serious problem especially if a significant percentage of the health facilities and 
infrastructure have been seriously impacted [3–5].

40.2.1	 �Waterborne and/or Foodborne: Personal Hygiene

Personal hygiene, availability of safe potable water, sewage, and disposal systems 
can be greatly affected and compromised following natural disasters. Conditions of 
crowding in temporary shelters along with the abovementioned challenges further 
aggravate the risks of person-to-person transmission of infectious diseases. 
Waterborne diseases include diarrheal diseases such as dysentery caused by entero-
toxigenic Escherichia coli, Salmonella typhi or paratyphi, hepatitis A or E, leptospi-
rosis and cholera.  Contaminated food can also play an important role in the 
transmission of such diseases. Diarrheal diseases have affected communities follow-
ing flooding or hurricanes in West Africa, Sudan, Mozambique, Bangladesh, and 
Nepal [6].

Outbreaks of hepatitis A and E have been described following the tsunami in 
Indonesia. Leptospirosis has been described following typhoons in Taiwan, China, 
and India. Diarrheal diseases are known drivers of mortality in disaster and camp 
settings especially in developing countries. Polluted water sources by fecal con-
tamination, shared water containers and cooking pots, and contaminated and unsafe 
food have been implicated for outbreaks in disaster settings. When safe water is not 
accessible in adequate quantities and hygienic materials such as soap, disinfectants, 
and fuel for boiling water are scarce, risks for potential outbreaks are raised. Several 
months after the earthquake in Haiti in 2010, a cholera outbreak with a high case 
fatality rate (CFR: 6.4%) occurred. Vibrio cholerae had been imported to a suscep-
tible population amidst preexisting poor living and sanitary conditions that fueled 
its rapid escalation [7].

Leptospirosis is spread through contamination of water, food, and soil with the 
urine of infected rodents. Human transmission happens through contact with non-
intact skin or mucous membranes. Viral hepatitis A and E are common in areas where 
preexisting waste, sewage disposal and sanitation are generally poor. Viral hepatitis 
is usually self-limited, but in rare cases it can result in fulminant liver failure. Pregnant 
women and immunocompromised people are highly susceptible to severe disease 
with high mortality (up to 20–25%). Hepatitis E has only recently been introduced 
into Africa from Asia, and as a result adults lack immunity to the disease.

40.2.2	 �Airborne/Droplet Spread

Acute Respiratory Infections (ARIs) are among the most common reasons of mor-
bidity and mortality following disasters. Children under the age of 5 are particularly 
affected, and particularly coupled with underlying malnutrition, they can account 
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for up to 20% of all deaths in this age group in developing countries. Overcrowding 
conditions especially in cold weather are causal factors for pneumonia that carries a 
high risk of death in this age group. Elderly people and those with underlying 
chronic diseases are also highly susceptible. Studies after various disasters have 
described prevalence of ARIs from 14% in Iran during the Bam earthquake in 2003 
up to 30% after the El Salvador one in 2001. Even in developed countries such as 
Japan and USA, epidemics of influenza or norovirus diarrheal diseases have spread 
by air droplet and person-to-person transmission in crowded conditions.

Near drowning can cause “aspiration pneumonia” due to salt water contaminated 
with soil in disasters characterized by flooding, hurricanes, and tsunamis. “Tsunami 
Lung” is a type of pneumonia with cavitary lung disease and possible brain abscess, 
occurring up to weeks following near drowning. It is a polymicrobial pneumonia 
described in survivors of the 2004 tsunami in Indonesia. The main pathogens identi-
fied were Aeromonas hydrophila, Pseudomonas aeruginosa, Nocardia, 
Pseudallescheria boydii, Burkholderia pseudomallei, and Streptococcus spp.

Following landslides, volcano eruptions, tornadoes, hurricanes, earthquakes, and 
sandstorms, the population can be exposed to rare fungal diseases. Spores can be 
displaced from their routine habitats resulting in their increased concentration in the 
environment in water, soil, and air causing lung disease or wound contamination 
(Coccidioidomycosis spp., Aspergillus spp., Mucorales spp., Fusarium spp., 
Candida spp., Penicillium spp., etc.). Such cases have been described in California 
counties in 1977 and 1994, after Katrina Hurricane in 2005 as well as a Tornado in 
2011 in Missouri [8].

Measles epidemics have also been described after disasters such as in Pakistan 
earthquake in 2005 or in camps following the tsunami in Indonesia in Banda Aceh 
in 2004. The risk for an outbreak and its severity depend on preexisting vaccination 
coverage, underlying malnutrition, and access to timely and high-quality medical 
care. Prioritization of mass vaccination very early after a disaster that results in 
population displacement, especially for those under the age of 15, has the potential 
to greatly reduce risk of an outbreak and adverse outcomes.

Meningitis by Neisseria meningitidis is an important cause for morbidity and 
mortality among pediatric populations in Africa and Asia. However, outbreaks have 
been described quite rarely such as after the 2005 earthquake in Pakistan and the 
2004 tsunami in Indonesia.

TB remains a concern during population displacement. Following disasters 
crowded shelters and camps are possible foci for local transmission. Interruption of 
treatment for already diagnosed patients due to difficult access to services can put 
patients and their communities at risk.

40.2.3	 �Vector-Borne (Malaria, Dengue Fever)

Stagnant waters after disasters can facilitate the proliferation of mosquitoes and, 
coupled with large numbers of displaced people sleeping in sub-standard shelters or 
in tents without the necessary protection measures, can lead to outbreaks of 
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vector-borne diseases. As result outbreaks of malaria, dengue, Japanese encephalitis 
and yellow fever can occur. Such outbreaks have been described after flooding in 
Bolivia in 2007 (dengue) or a hurricane in Haiti in 1966 (malaria). Malaria mortality 
can be very high in areas of high endemicity receiving populations from areas of 
low endemicity who lack immunity and are highly susceptible [9, 10].

40.2.4	 �Contamination of Wounded Injuries and Skin

Tetanus can be a very severe problem among non-vaccinated people following 
disasters due to resulting trauma either during the event or shortly after in the effort 
to extricate survivors, help people, or move debris around. Tetanus cases with high 
fatality rate have been recorded during the 2004 tsunami in Indonesia and the 2005 
earthquake in Pakistan [11].

Exposure of wounds to water and soil following disasters (floods, tsunamis, hur-
ricanes, tornados) can cause common, necrotizing and fungal soft tissue infections 
and even severe fatal sepsis [12]. Cutaneous mucormycosis cases have been 
described after a tornado that hit Missouri in USA in 2011.

40.2.5	 �Sexually Transmitted Infections and Sexual Violence 
(STIs and SV)

Sexually transmitted infections and sexual violence can become an issue of concern 
during protracted population displacement. Prevention measures as well as access 
to appropriate medical care must be included in the design of the recovery phase 
response.

40.3	 �Prevention and Control Measures

40.3.1	 �Dead Bodies and Myths

Great misunderstandings occur around the mistaken belief that following natural 
disasters, epidemics are expected to occur with certainty. This belief is linked to the 
presumed potential of dead corpses to cause significant disease transmission. 
However, this is not the case as corpses are linked to the impact of the disaster itself 
and belong to generally healthy people that have perished instantly or shortly after 
the event due to mainly traumatic causes. Basic precautions for those handling 
corpses aiming at protection from bodily fluids with the use of gloves and adequate 
protective clothing as well as hand hygiene and use of body bags are essential. 
Equipment and vehicles used must be disinfected. However, except in case of death 
due to cholera, shigellosis, or hemorrhagic fevers, bodies do not need special han-
dling. It is recommended to apply burial ensuring that the lower level of graves is 
higher than the water table level to protect water sources.
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40.3.2	 �Site Planning

Site planning should take into account issues of environmental safety, weather pro-
tection, sanitation, avoidance of overcrowding, access to basic services, and 
proper disposal of waste and sewage. Protection from flooding and stagnant waters 
offer prevention of vector-borne diseases as well as diseases transmitted by the oral-
fecal route. Insecticide-treated nets (ITNs), bedding, and clothing are important for 
the prevention of vector-borne diseases and especially malaria. Protection from 
criminality and especially sexual violence must be incorporated into site planning. 
Adequate lighting, placement of toilets, sanitation facilities, washing and cooking 
areas, and the presence of security services are essential components of proper site 
planning.

40.3.3	 �Food, Water Supply, Sanitation (WASH)

Ensuring safe water supply at a minimum of 20 L per person per day as well as 
adequate  facilities and materials for personal hygiene according to the SPHERE 
STANDARDS are crucial elements of a successful response.

40.3.4	 �Vector Control

Preexisting vector control activities can suffer after a major disaster as staff and 
infrastructure can be impacted or diverted to other perceived as more pressing needs 
by the authorities. What’s more, the conditions following a disaster could call for 
not only continuation but even expansion of such activities to protect the population.

40.3.5	 �Vaccination

Vaccination coverage before the disaster hits, is a critical determinant of the risk for 
future outbreaks. Rapid mass measles vaccination must be undertaken within 72 h 
and not later than a week among the susceptible population, and provision of vita-
min A in children 6–59  months of age can reduce complications and mortality. 
Rapid vaccination for meningococcal diseases is also a priority. Pneumococcal 
polyvalent vaccine, hepatitis A, and possibly tetanus are among the main vaccines 
to be offered.

40.3.6	 �Health Promotion

Health promotion activities are critical to ensure that the population has the means 
to use the resources and services offered and incorporate them into their daily rou-
tine and activities. Creating an appropriate health-seeking behavior following a 
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disaster is essential for protection from infectious diseases outbreaks. Sanitation, 
vaccination, and early access to diagnostic services and medical care are key factors 
for the protection of affected communities, especially when important risk factors 
exist that cannot be minimized or greatly reduced due to practical, financial, social, 
and cultural barriers.

40.3.7	 �Surveillance

Disease surveillance systems and early warning systems are essential for the detec-
tion and rapid response to potential clusters of disease in order to avert large scale 
outbreaks. However, surveillance systems are heavily dependent on technology and 
tools, especially in developed countries, which are the first to collapse following a 
disaster. For this reason, preparedness and application of credible, simple, and flex-
ible surveillance systems adapted to local context and capacities are crucial at every 
post disaster phase. This is even more important during the first weeks when infra-
structure could be damaged and not restored yet.

40.3.8	 �Disease Management

Finally, ensuring that services for management of diseases are accessible and ade-
quate during all phases of the disaster response is very important for the reduction 
of morbidity and mortality and certainly a key priority. Good quality of medical care 
is essential, and there is need to continually adapt to the changing conditions as the 
response moves from the impact to the recovery phase of the disaster. Longer-term 
operational plans must be drawn. Chronic disease sufferers such as patients with 
diabetes, heart disease, and neurologic and psychiatric illness and of course HIV 
and TB patients on ongoing treatment must be located and swiftly linked to care. 
Models of care for chronic diseases must be adapted to the new reality 
post-disaster.

40.4	 �Case Studies

Below the reader can go through a short presentation of clusters of infectious dis-
eases or outbreaks following disasters. The presentation of key facts for each event 
can facilitate the understanding of all drivers of possible outbreaks in natural disas-
ters and the magnitude of their impact on the affected communities.

Impact of river flooding on groundwater quality in India, 2015–2016 [13]
•	 In 2015, after the flooding of the Adyar River in Chennai, India, water was tested 

for major ions, trace metals, bacterial population  and other pathogens 
concentrations.

•	 Total bacterial count (TBC) in groundwater was high in most affected locations.
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•	 Escherichia coli and Enterobacter aerogenes concentrations were high in four 
affected areas.

•	 Staphylococcus epidermidis concentrations were high in both affected and non-
affected areas.

•	 Shigella, Streptococcus, and Salmonella strains (S. flexneri, S. pyogenes, and 
S. typhi) concentrations were also high in the affected areas.

•	 Vibrio cholerae was detected only in the affected areas.
•	 The concentrations and dynamics of TBC, coliforms, and pathogens were con-

sidered to be the result of the heavy rainfall.
•	 Low temperatures, high soil humidity, neutral or alkaline soil pH, and the pres-

ence of organic carbon enhanced the survival of these microorganisms in soil 
along with groundwater after the floods.

Serratia spp. in Katmandu, 2015 [14]
•	 In 2015, two massive earthquakes struck upon Katmandu.
•	 After the earthquakes, in a neonatal intensive care unit cases of blood stream 

infections of Serratia spp. (six cases of Serratia rubidaea and five of Serratia 
marcescens) were detected.

•	 Whole genome sequencing confirmed the blood stream infections.
•	 All patients were severely ill and one patient died.
•	 The identification of the source of the outbreak was unsuccessful.
•	 According to the speculation of the physicians, the deficits in hygienic behavior 

in combination with the lack of standard infection control, after the earthquakes, 
contributed to this unusual outbreak.

Cholera in Germany, 1892 [15]
•	 In 1892 a cholera outbreak occured in the port city of Hamburg.
•	 Days before the outbreak, the level of Elba River was low due to an extreme heat 

wave. The river water was pushed back upstream and the water supplies were 
contaminated.

•	 The total number of patients had reached 17,000 and 8,600 had died.

Leptospirosis in Fiji islands, 2012 [16]
•	 Extreme flood events in Western Fiji caused the largest outbreak of leptospirosis 

recorded in the South Pacific, with 1217 total suspected cases.
•	 83% of the cases occurred within 6 weeks of the flood events.
•	 The transmission appeared to occur during or immediately after the floods.
•	 Genotyping studies suggest that multiple animal reservoirs were implicated in 

the outbreak.

Leptospirosis in Philippines, 2009 [17]
•	 After a typhoon in September 2009, an outbreak of leptospirosis occurred in 

Metro Manila, the Philippines. A total of 471 cases met clinical criteria for 
leptospirosis and 51 died.

•	 All patients received antimicrobial therapy. The 51 patients died of acute 
respiratory distress syndrome and acute renal failure.
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Rotavirus in Solomon Islands, 2014 [18]
•	 In 2014, in Honiara, a tropical depression caused rainfall, ten times the mean 

weekly rainfall.
•	 Flooding on the area of Solomon Islands precipitated an epidemic of diarrhea.
•	 The outbreak spread to the unaffected by flooding regions.
•	 During the outbreak, six of nine provinces in the Solomon Islands reported 

diarrhea outbreaks.
•	 The epidemic caused more than 6,000 cases and 27 deaths.
•	 Illness and deaths caused by rotaviruses primarily affect the <5 years age group.
•	 Rotavirus was identified in 38% of case-patients.

Hepatitis A in India, 2013 [19]
•	 In 2013, the Himalayan Tsunami affected the Himalayan and Sub-Himalayan 

region of Uttarakhand.
•	 After the devastating Tsunami, an outbreak of possible hepatitis A  infection 

(HAV) was reported among children <10 years of age in a flood rescue camp 
with very poor hygienic conditions.

•	 Among the 28 samples tested, 25 (89.3%) were found positive for anti-HAV IgG 
and IgM antibodies.

•	 Twenty-three of the samples (92%) were confirmed as positive for Hepatitis A 
serology by anti-HAV IgM-ELISA.

•	 Mild clinical symptoms were observed, and no mortality due to the infection was 
reported.

•	 All the eight water samples collected from the nearby water sources were 
found affected by fecal contamination and with a concentration of >180 ther-
motolerant coliforms/100 ml of water.

•	 The hygienic conditions in the camp were very poor and of sub-standard quality.

Cryptosporidium hominis in Germany, 2013 [20]
•	 In 2013, the river Haale (Saale) overflowed and damaged the sewage systems.
•	 24 cases of cryptosporidiosis were notified to the surveillance system in the city 

of Halle.
•	 Stool specimens were tested by microscopy and PCR, and Cryptosporidium 

DNA was sequenced.
•	 Samples from public water system, swimming pools, and river Saale were exam-

ined for Cryptosporidium oocysts by microscopy and PCR.
•	 Oocysts were detected in samples from the river, two local lakes, and three pub-

lic swimming pools by microscopy, but not in the public water supply.
•	 Overall, 167 cases were detected, and 24% of them were classified as second-

ary cases.

Norovirus in USA, 2005 [21]
•	 Hurricane Katrina struck the Gulf Coast in 2005.
•	 An estimated 240,000 persons, mostly from Louisiana, were evacuated to Texas.
•	 An estimated 24,000 evacuees were sheltered temporarily at facilities in Reliant 

Park, a sports and convention complex.
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•	 Approximately 6,500 of the estimated 24,000 evacuees visited the Reliant 
Park medical clinic, and 1,169 persons reported symptoms of acute 
gastroenteritis.

•	 No deaths were reported.
•	 Norovirus was confirmed in 22 specimens.

Influenza A (H3N2) in Japan, 2011 [22]
•	 A mega-earthquake (magnitude 9.0) struck Japan in 2011.
•	 A large-scale tsunami that followed the earthquake devastated many coastal areas.
•	 105 confirmed cases were detected.
•	 The cases occurred in patients aged 15–64  years, who were likely to have 

engaged in search and rescue activities.
•	 No deaths were reported in this outbreak.

Malaria in Costa Rica [23]
•	 In 1991, a 7.4 magnitude earthquake struck Costa Rica.
•	 After the earthquake, the region was affected by floods.
•	 13 months after the events, a survey was held by the Costa Rican Ministry of 

Health’s malaria control program.
•	 Some areas experienced increases in the incidence of malaria as high as 1,600% 

and 4,700% above the average monthly rate for the pre-earthquake period.
•	 The changes in human behavior such as increased exposure to mosquitoes while 

sleeping outside and a temporary pause in malaria control activities were the 
main causal mechanisms behind this increase.

Tetanus in Indonesia, 2006 [24]
•	 The earthquake struck Indonesia in the region of Yogyakarta.
•	 26 patients with tetanus were admitted to 8 hospitals following the earthquakes.
•	 8 of the 26 patients died.
•	 According to the statistical results, it was shown that the distance and type of 

hospital were significant predictors of death.

Cutaneous leishmaniasis in Iran, 2003 [25]
•	 Two mild earthquakes struck the rural town of Zarindasht in the southern Iranian 

in 2003.
•	 The annual incidence of cutaneous leishmaniasis increased from 58.6 detected 

cases/100,000  in the 12  months before the earthquakes to 864 detected 
cases/100,000 in the following 12 months.

•	 About half (50.4%) of the detected skin lesions were on the face.
•	 Most (89.7%) of the skin lesions were caused by Leishmania major.
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41.1	 �Introduction and Purpose

Large-scale disasters unavoidably leave tens of hundreds or even thousands of dead 
victims in their wake, and therefore managing the dead is a core component of the 
disaster response in such situations. Recent experiences with hurricane “Mitch” in 
Central America (1998), the 2004 tsunami that struck Southeast Asia, and the mas-
sive earthquake that hit Haiti in 2010, among many others, demonstrate that the 
chaos ensuing in the aftermath of massive disasters might overwhelm local authori-
ties with subsequent mishandling of fatalities [1, 2]. Hence, being familiar with the 
basic practices of managing the dead beforehand has the potential of making an 
enormous difference. The aim of this chapter to equip the reader with the procedural 
knowledge required to handle dead disaster victims, on a basic level.

41.2	 �Why Managing the Dead Matters

Although searching for survivors and ensuring their timely evacuation from a poten-
tially hazardous environment is of utmost importance in the first phase of an orga-
nized disaster response, proper handling of the dead in the subsequent phases should 
not be underemphasized for a variety of reasons.

Firstly, the retrieval, identification, and dignified disposal of dead bodies help 
ease the psychological burden on the living and the local community as a whole [3, 4]. 
The families of the dead should be allowed to grieve their dead according to their 
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own religious and cultural practices so as to come to terms with their loss thus set-
ting in motion the process of disaster recovery.

Secondly, rapid retrieval of dead bodies ensures that survivors and bystanders are 
not exposed to the sight and smell of dead bodies, an experience which can admit-
tedly be distressing and further scar the stricken populace [4].

Lastly, prompt disposal of dead bodies following a disaster ensures that the pub-
lic does not panic over contagious diseases or possible contamination of water and/
or food sources owing to decaying cadavers. The public health risk is considered to 
be miniscule [5], even in mass casualty situations, and can most often be attributed 
to infectious diseases such as Hepatitis B or C, HIV, and tuberculosis, diseases often 
already prevalent in the affected population. However, public belief that dead bodies 
cause diseases holds strong, especially in many developing countries, and this may 
inadvertently lead to adoption of unacceptable and hastily devised methods of body 
disposal such as mass burials, which may cause even more hardships to an already 
bereaved society.

Proper management of dead victims follows three steps: retrieval, identification, 
and disposal. Local and international authorities as well as humanitarian organiza-
tions should be involved in organizing the above process and take care of material 
and logistic requirements. Extreme diligence is required to make certain that the 
recovery process is as smooth as possible with no mishaps or complications.

41.3	 �Coordinating the Response

Management of dead disaster victims, as mentioned above, is a multistep process 
that starts with the search and retrieval, body identification, transfer to a mortuary 
facility, and finally delivery of the body to family members so that they may enact 
its proper disposal according to social and cultural norms. Coordination of the vari-
ous institutions involved in this process is of exceeding importance to avoid mis-
placement of available resources. To that end, a public administrative office such as 
the Ministry of Interior Affairs, the Ministry of Health, the Attorney General’s 
Office, or any other public institution specified by local law should undertake the 
task of coordinating government agencies and appropriately distribute the tasks of 
body recovery, identification, and burial arrangements. In those cases in which the 
local law fails to specify a coordinating institution to assume leadership in massive 
disaster situations, a committee should be assembled by the government’s initiative. 
It is important to state that hospitals and caregivers should be exempted from this 
role, as their priorities lie in managing the living.

In general, civil agencies such as law enforcement agencies, military branches, 
fire departments, paramedic agencies, as well as municipal authorities should 
always be involved in the disaster response as the above public organizations usu-
ally employ skilled personnel that can adapt quickly to the responsibilities of dead 
disaster victim management [6, 7]. Humanitarian organizations and volunteers can 
be of special importance in resource-poor countries. A schematic representation for 
the hierarchical structure described herein is provided in Table 41.1.
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Once a proper hierarchy is established, a plan should promptly be devised and 
circulated widely on a local, regional, and national level. All authorities involved in 
managing the cadavers should be made familiar with the plan in order to further 
subdivide responsibilities and avoid duplicate efforts. Nevertheless, this does not 
mean that the involved personnel needs to be informed about all the intricacies and 
components of the action plan, for example, identification and body retrieval per-
sonnel does not to be informed about the methods of body disposal or the mortuary 
service does not need to be informed about the recovery operations, as this may 
cause confusion and delays.

Emphasis should be given on the continued communication of the involved 
agencies with the community. Communication with local and national media should 
provide the public information about the extent and the type of the disaster. This 
should ideally be done by a spokesperson with experience in media handling. This 
person is to be designated by the leading institution and provide precise, realistic, 
and credible information in order to leave no room for misinterpretation and rumors.

41.4	 �Body Search and Recovery

Search for dead bodies should begin as soon as possible, after the living are rescued 
and taken care of. Delays in the recovery process lead to exposure of the cadavers to 
the devastating environmental effects of a massive disaster aftermath. It is obvious 
that prolonged exposure to the elements may hinder future efforts of body identifi-
cation due to distortion of key facial or body features [6–8].

The first step in the process of body search and recovery is locating where the 
bodies are. Survivors found on the scene of the disaster or reports from the teams of 
first responders usually provide information on the location of the dead bodies. 
Based on this information, organized search parties and specialized recovery teams 

Public Authority
-Ministry of Health
-Ministry of Interior
-Designated Disaster Response
 Comittee

-Civil Agencies
-Law Enforcement
-Fire Department
-Municipalities
-Military
-Non-profit Organizations

COORDINATING
INSTITUTION

MEDIA
REPRESENTATIVE

SEARCH & RECOVERY

BODY IDENTIFICATION

BODY DISPOSAL SERVICES

Table 41.1  Schematic representation of the structure of a coordinated disaster response in regards 
to dead disaster victim management

41  Basic Management of Dead Disaster Victims



540

arriving on the scene can be directed towards possible points of interest. Special 
care should be taken to avoid entering a hazardous environment such as a burning 
building or an exposed high voltage power line without proper precautions. This 
might endanger recovery personnel and perhaps even lead to even more, needless, 
loss of life.

Teams involved in this phase of disaster response should be allocated basic 
equipment for carrying human remains (body bags, stretchers, and gurneys) as well 
as tools useful for illumination and for performing basic recovery tasks such as dig-
ging and clearing debris. When a corpse is located, it should be individually placed 
on the ground. Piling bodies or human remains is an unacceptable practice on the 
field. At this point, it is very important that the recovery personnel photograph the 
cadaver in order to procure material useful in the identification process, before 
decomposition settles in. Pictures of the entire length of the body, the face, any and 
all distinguishing features (i.e., tattoos, marks, scars) and pictures of worn clothing 
items are appropriate.

Subsequently, body metrics and data should be recorded. Data of interest is the 
gender, estimated height and body, hair color and length, skin color, and probable 
age. A body tag with a unique ID should then be placed on the corpse, and after-
wards all photographs and information collected should be filed under the same ID 
to avoid confusion or misplacement of important data.

After body documentation is completed, the corpse should be put in a body bag, 
if available. Then, extraction of the body from the scene of the disaster follows. This 
is greatly facilitated by the availability of stretchers; however a two-person tech-
nique in which each person supports opposite parts of the body may also be 
employed. Evacuation points should be designated in advance to avoid confusion in 
the field.

In general, mass casualty situations rarely provide the time for a preliminary 
autopsy on the scene. Moreover, lack of specialized resources limits its effective-
ness. Provided that a meticulous and systematic documentation process as men-
tioned above is implemented, field autopsies should not be considered mandatory. 
In cases of manmade disasters, forensic information should be collected before 
body extraction, under the guidance and supervision of local law enforcement 
authorities.

41.5	 �The Process of Body Identification

Identification of dead victims heavily relies on the proper recovery of the bodies, 
adequate collection of data concerning the bodies, matching the information with 
lists of missing persons, and finally acquiring visual confirmation from the families 
of the dead. Evidently, the best time frame for visual identification is before decom-
position starts affecting the body and altering its key features. Furthermore, injuries, 
dirt, or mutilations may lower the chances of a successful visual confirmation of 
identity. Additionally, grief-stricken and stressed family members might be unable 
or reluctant to identify the dead body as their loved one. It is in all these 
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circumstances that forensic experts are called upon to apply specialized identifica-
tion techniques to supplement any visual confirmation.

The primary assessment in unidentifiable bodies is to verify basic aspects of 
identity such as sex, race, age, height, weight, hair color, and any birthmarks. These 
preliminary assessments are especially helpful in mass casualty situations in order 
to rule out or rule in a positive identification, and even though absolute identity can-
not be established using these criteria, shortlists can be created and pave the way for 
a more concentrated and effective application of other, resource heavy methods [9].

Radiology studies have a limited role in the body identification process and can 
only be used as an adjunct [6]. Plain films can be obtained and inspected for previ-
ous bone injuries or deformities that correspond with the past medical history of a 
missing person. Perhaps of greater importance are dental radiographs which when 
superimposed to a presumed victim previous films can yield extremely valuable 
information regarding the body’s identity.

The most scientifically acclaimed method of body identification is the method of 
DNA identification. Since the introduction of the polymerase chain reaction (PCR) 
technique in the early 1990s, DNA identification kits have become so widespread 
that are currently used in a myriad of forensic laboratories. Bodily fluids or tissues 
can be sampled from a dead victim and be processed so that nuclear genetic material 
is analyzed and profiled. This can be subsequently matched to a sample drawn from 
presumed victim’s personal belongings in order to obtain a positive genetic finger-
print match. The most frequently utilized forensic methods for DNA profiling rely 
on short tandem repeats (STR) profiling or single-nucleotide polymorphisms (SNP) 
markers [10]. The technical intricacies of DNA sample procurement and analysis 
are beyond the scope of this chapter; however, it must be stressed that even this 
technique is not entirely foolproof, as extensive research on the topic confirms. 
Consequently, combining multiple methods of identification (fingerprint compari-
son, DNA forensics, photographs, dental records, and visual confirmation) is appro-
priate for matching a dead body to a presumed dead or missing victim [11, 12].

41.6	 �Proper Body Storage and Disposal

The purpose of a structured dead body disposal plan is twofold ensuring proper 
disposal of human remains in a time efficient and sanitary fashion as well as making 
sure the families of the victims get the emotional closure they deserve by perform-
ing the funeral rites that their cultural and religious customs dictate.

The first step in taking care of the remains of dead disaster victims is to make 
certain that acceptable storage conditions are available. The best way to store cadav-
ers is in individual plastic and waterproof body bags, each assigned with a unique 
ID tag, as stated above, which are to be kept preferably in a refrigerated environ-
ment. When such conditions cannot be met due to strained resources, then tempo-
rary burial can be contemplated. In that case, individual graves can be used for a 
small number of casualties, while trench graves in which bodies are to be placed in 
a side by side manner can be dug for larger numbers of deceased. Detailed maps and 
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records of the burial locations are to be kept in order to facilitate future exhumation 
of the bodies once arrangements have been made for their final disposal. If tempo-
rary burial is not possible, bodies can be stored in any building that provides shelter 
from the heat and the sun, albeit only for a short period of time [6].

The purpose of body storage is that they may be delivered in a decent condition 
to their family members. Afterwards, final disposal can take place in accordance to 
the family’s wishes usually by burial, although cremation is an acceptable practice 
in many countries. When the remains are handed over, a paper trail should be left in 
place so as to avoid future confusion as to where the body ends up and ensure its 
traceability. Burial sites should be chosen well away from sources of drinking water, 
and prevailing religious practices (i.e., heads facing toward Mecca) should be kept 
in mind. If cremation is chosen, then it should be performed by specialists in state-
accredited centers to ensure proper disposal of the remains.

41.7	 �Conclusion

Mass casualty disasters have been a scourge on mankind since the very early years 
of humanity, as surfaced evidence from the Minoan volcanic eruption of Thera 
(circa 1600 BCE) that wiped and entire civilization from existence proves and com-
mon experience shows that they will keep occurring periodically and unpredictably 
causing grief and distress to human communities. Preparedness for such events is 
therefore important and can make an enormous difference on the impact disasters 
have on society. The core of any and every disaster response plan is centered on 
rescuing and caring for the survivors, and indeed this should be the priority in any 
case. However, one should bear in mind that those unlucky ones to suffer cata-
strophic wounds that end their life still retain their identity as a human being. It is 
thus necessary to include these victims in every disaster plan so that their dignity is 
upheld for the sake of them, their families, and the society in general. The present 
chapter by no means provides a comprehensive guide to managing the dead bodies 
but instead outlines the basic principles pertaining to recovering the dead, storing 
the cadavers, and handling their final disposal. Hopefully, efforts made by interna-
tional humanitarian organizations such as the Red Cross and the World Health 
Organization will establish guidelines addressing these issues so that future catas-
trophes are dealt with in a more methodical and efficacious way, in the years 
to come.
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Disaster-Induced Psychological Trauma: 
Supporting Survivors and Responders

Anna Polemikou

42.1	 �Introduction

Throughout the twentieth century, the psychological impact of stress, adversity, and 
trauma has constituted a perennial topic of interest for mental healthcare profession-
als. Several studies, journal publications, and discourses on the impact of experi-
ences of overwhelming proportions on mental health have repeatedly affirmed the 
painful imprint of extreme anxiety on the human psyche. Initially coined as physi-
oneurosis by A. Kardiner, who published the first comprehensive investigation on 
combat-related psychological sequelae (1941; cited in [1]), and later referred to as 
combat fatigue, a more cohesive picture of clinical phenomena tracing what is now-
adays known as posttraumatic stress disorder began to emerge, peaking upon the 
return of survivors, prisoners and veterans of World War II and the Vietnam and 
Korean Wars.

Eventually, these unclassified psychological manifestations were drawn together 
so as to feature within the taxonomies of popular and reputable classification and 
reference systems, such as the Diagnostic and Statistical Manual of Mental 
Disorders (DSM), produced by the American Psychiatric Association, and the 
Classification of Mental and Behavioral Disorders (ICD) by the World Health 
Organization (WHO). Nonetheless, the condition continued to be largely under-
mined as “transient” and “situational” for several decades, whereas patients were 
frequently misdiagnosed as psychotic or schizophrenic, leading to subsequent revi-
sions and incremental adjustments and specifications in the following editions of 
the DSM and the ICD, regarding the clinical features that constitute accurate, actual, 
and/or differential diagnoses.
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Nowadays, we approach disturbances arising from major crises or catastrophic 
events via interdisciplinary means, which focus on a person’s subjective experience 
of the stressor, adversity, and/or trauma and its effect on regulatory structures of 
cognition and affect and behavioral functions. As we aspire to devise more compre-
hensive diagnostic models and criteria, destigmatization ensues, access to psycho-
logical support is facilitated and encouraged, and prevention and recovery for those 
afflicted becomes more efficient.

The focus of the present chapter is twofold. Firstly, to present the growing body 
of scientific evidence regarding the psychological costs of life-threatening incidents 
on survivors and disaster response employees. Secondly, it offers a set of guidelines 
on prevention and intervention, which are likely to inhibit the permanence of nega-
tive mental health outcomes and to reinstate the status of those affected into full 
functionality as soon as possible following the event. However, before we proceed 
with the clinical features of crisis-related disorders, let me first introduce a concept 
that is centrally positioned in disaster-induced psychological manifestations: psy-
chological trauma.

42.2	 �Defining Psychological Trauma

Psychological trauma involves witnessing and responding to an actual or perceived 
threat [2] to the security/integrity of the self or others that exceeds one’s ability to 
cope or integrate the emotions involved in that experience. The initiating event may 
not necessarily implicate physical harm, but may result in overwhelming emotions 
of intense fear or helplessness in response to heightened or repeated disturbance. 
Psychological trauma is the “normal” reaction to an “abnormal” situation and makes 
sense in the context of fear-based or anxiety-provoking circumstances. Although 
often triggered by objective stressors, with sufficient impact to produce significant 
emotional reactions, being traumatized by an event remains a subjective experience 
[3, 4], often escalating into physical/medical symptoms, alongside the main psycho-
logical manifestations. It is positively associated with feelings of powerlessness and 
insecurity and can be triggered by (1) one-time extraordinary stressful events, such 
as natural or man-made disasters, violent crimes, the sudden death of a loved one, a 
painful breakup from a significant relationship, etc., or by (2) the persistent recur-
rence of anxiety-provoking incidents, such as living in a crime-ridden neighbor-
hood, experiencing a life-threatening illness, being the recipient of humiliating and 
disappointing behavior (i.e., workplace bullying), etc.

Likewise, for disaster workers, professional trauma may result from responding 
to and witnessing a critical one-time event or from absorbing ongoing, relentless 
stress, which in a sense is inherent in occupational groups involved in rescue opera-
tions [5]. Unique to this population is the “line of duty” constellation of traumatic 
experiences, which includes an array of incidents such as heavy physical activity, 
personal injury or the death of a crew companion, as well as potential post-incident 
services (i.e., after action review (AAR), the term applied to describe the reviewing 
process that takes place at the aftermath of an operation). The personal and public 
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cost of mental health impairments of occupational groups affected by disasters is 
incredibly taxing, not only in financial resources but also in terms of a decline in 
work performance. The fear that a responder’s emotional dysregulation may nega-
tively affect the quality of care provided to the general population, or may let down 
his/her colleagues, often contributes to secrecy and stigma regarding mental health 
impairments. Hence, it should be emphasized that engaging in appropriate self-care 
practices is an important aspect of well-being for rescue employees. At the same 
time, it is important to remove oneself from the stereotype of stoicism and invinci-
bility that is so prominent in the culture of first responders and to be compassion-
ately vigilant and encouraging toward fellow co-workers who might also require 
support.

Finally, in the event of a preexisting disorder or predisposition to mental illness, 
a traumatizing event is likely to either exacerbate symptomatology or precipitate the 
onset of a disorder, introducing the possibility of comorbidity between various men-
tal conditions.

42.3	 �Trauma- and Stressor-Related Disorders

On May 18, 2013, the American Psychiatric Association released the latest revision 
of its Diagnostic and Statistical Manual of Mental Disorders. As a result, a new 
diagnostic category was introduced with the publication of the fifth edition (DSM-5); 
Trauma- and Stressor-Related Disorders were proposed, which explicitly list a close 
encounter with an event of great distress as a diagnostic criterion for posttraumatic 
stress disorder (PTSD). The classification criteria for PTSD were once again updated 
and further specified, so as to include symptoms which apply to children aged 
6 years and younger, as well as a dissociative subtype of PTSD, with the addition of 
Acute Stress Disorder following exposure to death or violence. The taxonomy 
includes some of the following: intrusion symptoms (i.e., recurrent, involuntary, and 
distressing memories, dreams, flashbacks of the event); marked physiological reac-
tions; avoidance of triggering situations; alterations in cognition, affect, and arousal; 
etc. Moreover, the DSM specifies the existence of co-occurring dissociative symp-
toms by the presence of manifestations of depersonalization (i.e., mental detach-
ment) and derealization (a dreamlike distortion of reality and consciousness).

Of course, that is not to say that all survivors are destined to develop eventual or 
lasting mental health conditions, nor that everyone will experience distress with the 
same intensity, or even exhibit the same clinical manifestations. There is a great deal 
of individual variability [6] and just as many protective factors that may contribute 
to one’s resilience against reaching a critical level of maladjustment. Historically, 
academic interest on traumatic stress has focused on the subjective differences in an 
individual’s perception and appraisal of stressful events [4]. The meaning-making 
narrative and the personal meaning production that ensues, in accordance to one’s 
subjective experience [7], is increasingly being found at the heart of accumulated 
published thought, proposed as a potential protective mechanism [8–11]. A person’s 
attempt to engage in a narrative discourse, through which he or she may construe 
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meaning when none is readily evident, constitutes a promising avenue of future 
exploration.

42.4	 �Professional Personnel Involved in Rescue Operations: 
Who Helps the Helpers?

As reviewed above, the recent inclusion of Trauma- and Stressor-Related Disorders 
in DSM-5 [2] sets the actual or threatened peritraumatic event as a diagnostic prem-
ise for membership in the aforementioned clinical taxonomy. This means that the 
event itself serves as a diagnostic criterion for this cluster of disorders. In light of 
this information, how does mental health or illness sit within the broader context of 
occupational stressors typically experienced by disaster-exposed employees? In 
essence, the two are inseparable: professional help providers are always present 
throughout the unfolding of disastrous events. Whether prior to the incident, during 
the uncertainty of a developing outcome, or at the aftermath of a life-threatening 
episode, emergency responders are in close proximity to the scenes of terror, wit-
nessing the aversive details, and in a constant state of insecurity, chronic stress, 
ambiguity, and alarmed preparedness or readiness to respond [12].

The knowledge that an event of great distress, adversity, and trauma can have a 
profound effect on one’s psychological functioning is hardly a new discovery in the 
field of clinical psychology and psychiatry. However well documented, research on 
psychological impact has primarily focused on the immediate victims/survivors of 
the traumatic incident, at the detriment of professional helpers, who often become 
the “hidden victims” in need of help themselves [5, 6, 13, 14]. Manifestations of 
trauma reside in a multitude of diagnostic labels: including anxiety and stress dis-
orders, somatoform disorders, brief psychosis, personality disorders, etc. [15]. 
Negative health outcomes, such as posttraumatic stress disorder, dissociation, 
death anxiety, depression, substance abuse and dependence, are particularly com-
mon among disaster employees [16–18], which inversely relates to the amount of 
scholarly attention that has conventionally been attributed to this specific 
population.

Within the different occupational groups affected by disasters (e.g., search and 
rescue responders, police officers, firefighters, military personnel, emergency 
healthcare professionals, humanitarian relief workers, etc.), some—more so than 
others—share certain commonalities in their cultures. These include similar psy-
chological defense mechanisms, mostly pertaining to dissociative or altered states 
of consciousness (often integral to PTSD symptomatology) such as stoicism, deper-
sonalization and derealization [3, 17, 19].

It is plausible to postulate that those who systematically assist during the search, 
rescue, and recovery phases of an emergency operation are exceptionally suscepti-
ble to developing variable expressions of clinical distress and negative health out-
comes compared to other occupations [20]. Whether in the form of acute, short-term, 
or persistent manifestations of psychopathology, there is no denying that their deep 
immersion in the critical and aversive aspects of a catastrophe carries adverse 
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mental health reactions, often confirmed by the high rates of suicidal ideation and/
or behaviors encountered in responder personnel [5, 16]. Nonetheless, as it emerges, 
exposure to critical incidents is a necessary but insufficient condition for the mani-
festation of trauma-related disorders. It seems that various risk factors may mediate 
a traumatic event and the onset of PTSD. Career-initiated exposure to stressors may 
not necessarily relate to PTSD in a causal fashion, but may appear to be significant 
predictors of PTSD symptoms, which leads to the final section of this chapter: How 
does one address early mental health intervention, in order to provide ample support 
to the affected populations?

42.5	 �Best Practice Guidelines to Psychological Support

In the wake of a disaster, attending to the basic needs of affected individuals is of 
utmost importance and priority. While the crisis scene is being evacuated and the 
wounded are offered medical care, providing a safe environment, assessing for 
ongoing threats, moving those affected to secure premises as fast as possible, and 
enhancing survival by offering nourishment, shelter and medication, are all crucial 
aspects of effective psychological support immediately after the incident. The main 
focus after a disaster is to protect and preserve life, property and the environment. 
An outline of the guidelines proposed by the National Institute of Mental Health 
[21] is provided in Table 42.1, most of which can be implemented by mental health 
personnel or by other occupational groups alike.

Early mental health intervention heavily relies on mobilizing and establishing a 
social support network, by reconnecting families, fostering communication between 
established community structures, and providing accurate information, risk com-
munication, education, and training to existing services and organizations, so that 
they can contribute to the community thread of social resilience.

42.6	 �The Six-Stage Model of Crisis Intervention

Despite the complexity of crisis situations, an intervention model that combines 
immediacy and efficiency in its application constitutes a useful asset for protection 
response professionals. The six-stage intervention model proposed by Gilliland 
(1982 [22]) facilitates this aim and can be applied by different groups of profession-
als, as well as volunteers, carers, parents, or teachers in the context of psychological 
support provision, irrespective of their level of specialization. The six-stage model 
focuses on the conditions surrounding the crisis; it is action-oriented and its success 
relies upon the initiative of those who apply it. Simultaneously, instead of requiring 
a mechanistic application, it embraces a philosophy of flexibility toward the flow of 
events and the reformation of perceptions as new developments unfold. Each of the 
proposed six steps lays the foundation for reinstating a sense of control and restor-
ing the affected individual’s basic coping skills. Needless to say, the model requires 
an overall assessment of the situation on behalf of the helper.

42  Disaster-Induced Psychological Trauma: Supporting Survivors and Responders



550

The first three steps, (1) defining the problem, (2) ensuring client safety, and (3) 
providing support, are mostly based on active listening rather than action. The final 
three steps, (4) examining alternatives, (5) making plans, and (6) obtaining commit-
ment toward positive action, are mostly behavior-oriented, even though a responder 
never gives up active listening throughout the whole process.

Table 42.1  Steps to addressing early mental health intervention according to the guidelines rec-
ommended by the NIMH ([21], September 2)

(1) Basic needs (safety, security, survival)
    Food and shelter
  �  Orientation
  �  Connection with social supports
(2) Psychological first aid
  �  Protect survivors from further harm
  �  Reduce physiological arousal
  �  Mobilize support for those who are most distressed
  �  Keep families together and facilitate reunion with loved ones
  �  Provide information, foster communication and education
  �  Use effective risk communication techniques
(3) Needs assessment
  �  Current status of recovery environment; how well are needs addressed
  �  Assess additional interventions needed (group, population, individual level)
(4) Monitoring the rescue and recovery environment
  �  Observe and listen to those most affected
  �  Monitor environment for past and ongoing threats (i.e., stressors, toxins)
  �  Monitor services that are being provided
  �  Monitor media coverage and rumors
(5) Outreach and information dissemination
  �  “Walking around therapy”a

  �  Using established community structures
  �  Websites, social media
  �  Media interviews, releases, programs
  �  Communication with family, friends, community
(6) Technical assistance, consultation, and training
  �  Provision to mental health professionals, responders, leaders, organizations
  �  Improve capacity to re-establish and safeguard community structure
(7) Fostering resilience/recovery
  �  Social interactions
  �  Coping skills training
  �  Risk assessment skills training
  �  Educate on stress response, traumatic/risk, (ab)normal functioning, service availability
  �  Group and family interventions
  �  Fostering natural social support
  �  Assisting the bereaved
(8) Triage/clinical assessment
  �  Identify the vulnerable, high-risk individuals, and groups
  �  Emergency hospitalization
(9) Treatment
  �  Symptom reduction/amelioration; re-establish functioning via: psychotherapy (individual, 

family, group), pharmacotherapy, spiritual support, etc.
aEnsuring service availability informally through one’s presence at common gathering places and 
aid stations

A. Polemikou



551

The model unfolds in a linear, sequential presentation. However, in actuality, 
moving between these steps is not uncommon and should be expected, depending 
on situational changes and occasional regressions. Some steps are sustained 
throughout as background operations (e.g., Step 2), whereas the last steps (4, 5, and 
6) which emphasize active involvement follow each other and combine as a whole 
to function together in a more systemic fashion.

Step 1: Defining the Problem. The first step in mental health intervention is to 
determine the exact problem from the viewpoint of the person experiencing it. This 
stage constitutes a valuable part of the process, in that it initiates and establishes a 
connection of mutual understanding between the responder and the affected indi-
vidual. Experiential listening proves to be important during this stage: asking open-
ended questions and exhibiting empathy, genuineness, and positive regard.

Step 2: Ensuring Client Safety. Prioritizing the issue of security is always impor-
tant in crisis intervention. Assessing the mental health risks that the client is cur-
rently facing, with the intent to reduce suffering or the likelihood of self-harm, must 
remain at the forefront of the counselor’s list of concerns and priorities. The security 
parameter is just as important as the crisis worker’s initial evaluation, listening 
skills, and strategies of action; anyone called upon to intervene in critical situations 
is urged to embrace safety as a natural extension of his thinking and behavior.

Step 3: Providing Support. Once the client is physically safe and the problem has 
been adequately defined, the next step for the crisis worker is to make his/her 
approval and validation of the client evident. It is not enough to assume that who-
ever appeals for and receives help should automatically feel that they are being 
given value and personal care. Verbal statements such as “this is where you will 
always find someone who cares” communicate acceptance, attribute value and con-
firm the feeling that the person being supported is accepted and cared for positively 
and unconditionally by those who are there to assist.

Step 4: Examining Alternatives. Once basic physical and emotional needs have 
been met, crisis intervention turns toward an aspect that is often neglected: explor-
ing the wide range of appropriate options available to the person experiencing the 
crisis. Traumatic events often immobilize one’s initiative, hinder any vantage point, 
and obstruct one’s ability to consider options and solutions at their disposal. An 
effective crisis worker is able not only to recognize, but will also be able to reassure 
the client of the existence of many alternatives. He or she may encourage and facili-
tate this process, by presenting information, pointing out choices that may be more 
preferable than others, and assisting the individual in arriving at his/her own solu-
tions of dealing with the problem. In attempting to identify alternatives, one can 
move along the following steps based on (a) situational supports, (b) coping mecha-
nisms, and (c) positive and constructive thinking patterns. Establishing a support 
network of people who care can be a great source of help, and the quest of embed-
ding people in a web of social relationships should be considered. Retrieving from 
resources or response mechanisms that might prove to be helpful in overcoming the 
current crisis is another avenue for exploration. Finally, engaging in thinking pat-
terns that might provide new insights toward solving the problem, and might reduce 
anxiety and distress, is also a preferable choice.
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Although the availability of possible courses of action may seem limitless to the 
effective counselor, it is important to present a manageable number of objective and 
achievable choices. Disaster-exposed individuals are immersed in psychological 
overload, and too many choices can easily overwhelm them. It is, thus, preferable to 
be selective with option availability and keep them realistic, within the context of 
the situation.

Step 5: Making Plans. The fifth step flows naturally from Step 4, whereby the 
outcome depends on ensuring that the plans remain realistic and reachable, so that 
the client doesn’t feel disempowered and intimidated. Therefore, plans must focus 
on the systematic solutions and should correspond to the person’s ability to follow 
the course of action to completion. A key aspect of Step 5 is to encourage plans that 
emerge in collaboration, so that the client recognizes his/her contribution in shaping 
them. The basic component of planning a course of action is not to deprive the client 
of power, independence, or dignity. Appropriate collaboration does not entail mak-
ing decisions on behalf of the client or imposing one’s own opinion; rather, it 
focuses on positive reinforcement and support, which may take on many forms, 
such as working on relaxation techniques together, in order to restore the client’s 
faith in his own abilities. The main aim is to regain a sense of control and to progres-
sively restore autonomy, so that those receiving help need not depend on the provi-
sion of support for an indefinite period of time.

Step 6: Obtaining Commitment. The sixth and final step arises directly from Step 
5 and is easy to follow, provided all the previous helpful steps have been imple-
mented correctly. This stage seeks to obtain a confirmation of the client’s sincere 
and appropriate commitment to the intervention. Backing up an action plan with a 
proper commitment can be as simple as requesting a summarizing statement, such 
as “Now that we covered what you plan to do the next time you… (i.e., get angry 
with someone), briefly tell me what you will do to ensure that you won’t lose your 
temper, and what you will do to ensure that you prevent this feeling from escalating 
into another crisis.” A written commitment may help the already psychologically 
compromised client keep focus of the intermediate steps without getting further 
overwhelmed, and both crisis worker and client will be able to trace the progress of 
the. Skills such as basic active listening are just as important at this stage, as are all 
the steps that come before (i.e., assessment, security, and support).

We hope that the interventions presented in the current chapter will be of assis-
tance to mental health specialists and other occupational groups involved in crisis 
intervention. These sets of guidelines are designed to provide relief to those affected 
by means of planning ahead, monitoring and applying humanitarian comfort. At the 
same time, they are aimed towards the professional who is committed to his/her own 
self-care, as well as members of the wider community of responders and rescue 
workers who are commited to perserving their own psychological well-being.
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43.1	 �Understanding Crisis, Traumatic Events, and Trauma

Crisis, traumatic events, and trauma are often used interchangeably, although they 
are not quite the same terms. Crisis is defined as a temporary situation of distress 
and disorganization where the person’s current resources and coping mechanisms 
are insufficient [1]. Crises could include a serious health condition, assault, physical 
injury, accident, death, suicide, robbery, homicide, or rape. These events affect a 
person itself and/or his/her family, but there are also events that affect a broader 
group or groups of people. These include natural disasters (i.e., fire, earthquakes, 
flood), nuclear accidents, epidemic diseases, war, riots, terrorism, etc. While a crisis 
can result in negative outcomes, it also may have the potential for quite positive 
results depending on several factors at a personal, family, or social level [1].

The fifth edition of the American Psychiatric Association’s Diagnostic and 
Statistical Manual of Mental Disorders (DSM-5) defines a traumatic event as an 
event experienced, witnessed, or confronted by a person that involves either actual 
or threatened death, or serious injury, or a threat to the physical integrity of self or 
others. There are many developmental, neurobiological, and environmental factors 
that have an impact on the way a person perceives a difficult event. In order to deter-
mine whether a person perceives an event as traumatic or not and to understand the 
severity of the reactions, his/her unique filter of information processing should be 
taken into consideration [2].

According to the American Psychological Association, trauma is an emotional 
response to a very serious event like an accident, rape, or natural disaster. Trauma is 
evoked when the individual experiences or perceives one or more events or situa-
tions as being physically or emotionally harmful or life-threatening and having a 
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lasting adverse effect on everyday life or function and on physical, mental, social, 
emotional, or spiritual well-being and management capacity [2, 3].

Various types of trauma are identified in the relevant literature with different and 
distinct characteristics. One of these is the single incident trauma which mainly 
occurs as a result of isolated events. On the other hand, complex trauma is usually 
interpersonal and involves “being or feeling” trapped; it has more severe and persis-
tent consequences which tend to be cumulative [4].

Another type of trauma is the primary trauma that refers to the consequences of 
the direct exposure to a traumatic event, while secondary or vicarious trauma refers 
to the emotional and behavioral symptoms that occur as a result of internalizing the 
trauma experienced by someone else. People at risk for secondary trauma may 
include friends, family, and acquaintances of the victim, people who have simply 
heard about the trauma or crisis, and people who help victims, such as paramedics, 
rescue team members, medical staff, firemen, or emergency responders [5].

Sanctuary trauma refers to the trauma experienced by people who although they 
expect to be in a protective and supportive environment, they find themselves 
encountering a hostile environment which causes them greater trauma (e.g., Vietnam 
War veterans) [6].

The National Institute of Mental Health, USA, defines childhood trauma as the 
experience of an event by a child that is emotionally painful or distressful, which 
often results in lasting mental and physical effects. If a child perceives the event as 
threatening, there is an increased possibility that the child will be severely affected. 
These perceptions are influenced by (a) the type of the event itself, (b) the exposure 
to the event, (c) relations with the victims, (d) adult responses to trauma, and (e) a 
variety of individuals/personal vulnerabilities [7].

43.2	 �Symptoms and Reactions

The consequences of a crisis and natural disaster exposure include emotional, cog-
nitive, behavioral, and physical reactions. Some of the potential symptoms can be 
(a) emotional reactions, i.e., intense emotion and reactivity (intense anxiety, anger, 
shock), numbness (detachment, denial, disbelief), depression, nightmares, and re-
experience of trauma by thoughts and memories which further intensifies a sense of 
not having control, and (b) physical reactions, i.e., aches and pains, trouble sleep-
ing, eating disorders, drug and alcohol abuse, weakness and fatigue, heart palpita-
tions, profuse sweating and chills, susceptibility to illnesses, and easily startled by 
noises and/or unexpected touch [8].

Post-traumatic stress disorder (PTSD) is a disorder with various psychological 
and somatic symptoms that appears as a result of a person’s exposure (either by 
experiencing or by witnessing) to a traumatic event. According to DSM-5, PTSD is 
included in a newly developed category called “Trauma- and Stressor-Related 
Disorders.” Diagnostic criteria include one of the following: the person had (a) 
direct experience of the traumatic event, (b) witnessed the traumatic event in person, 
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(c) learned that the traumatic event occurred to a person close to him/her, or (d) 
experienced first-hand repeated or extreme exposure to aversive details of the trau-
matic event.

Additional criteria for the diagnosis of PTSD include duration of symptoms, 
consequences, and exclusion of substance abuse or medical conditions. The main 
types of the symptoms of the disorder according to DSM-5 are living the trauma 
again and again through uncontrolled and unpleasant memories, flashbacks, and 
nightmares, apathy, or avoidance of anything that could remind the person of the 
trauma and increased stimulation (e.g., sleeping and concentrating problems, feel-
ing nervous, and being easily aggravated and distempered). PTSD is a serious dis-
order since it can have severe impact to a person’s functioning at a social, family, 
and/or professional level. It should be noted that these symptoms may appear years 
after the event and can affect people at any age [9, 10].

In comparison to adults’ symptoms, children’s responses have a basic difference; 
they are mediated through an entity which is not complete but rather still evolving 
in all levels, and who is usually living within a protective context like the family 
[11]. There are few studies of the long-term psychological effects of children being 
exposed to traumatic events. Most findings indicate that girls are more likely to 
manifest anxiety symptoms after exposure and to subsequently experience increased 
anxiety and mood symptoms, while boys may manifest more disruption in their 
behavior [12].

A number of authors have noted that older children are more vulnerable than 
younger children in relation to the psychological effects of trauma [13]. The younger 
child’s psychological response resonates with the parental response as they have 
less cognitive capacity to independently evaluate the dangers. However, in general, 
children’s psychological response to trauma is related to parental responses. It 
should be noted that due to the developmental risks, it is important to identify the 
children that are considered more vulnerable the soonest possible after a traumatic 
event [14].

Several symptoms can be noticed in children after crisis exposure, which are 
usually common for all ages like increased anxiety and/or psychosomatic symp-
toms. Preschool children may exhibit temper tantrums, insecure attachment, and 
repeated representation/expression of the traumatic events to which they have been 
exposed through play or may avoid playing with other peer children. In latency, 
some of the symptoms include emotional numbness, loss of interest and reduced 
ability to concentrate in school, reduced school performance, school avoidance, 
withdrawal, or phobias that something bad will happen. In adolescence, some 
symptoms may include negative mood, feelings of guilt, shame, helplessness, dis-
ruptive behavior, vengeance phantasies, changes in the way of thinking about the 
world, difficulty in interacting with others, and falling back to past experiences 
[12, 14].

Some helpful guidelines for caregivers in order to support people who have expe-
rienced a crisis or a traumatic event include recognition of personal feelings and 
understanding that they are a normal reaction to an abnormal situation, talking 
about the experience but in a person’s own time and pace, connecting to others and 
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accepting support, engaging in physical activity, and involving with meaningful and 
important things [14, 15]. It is also important to provide support without judgment, 
to listen with understanding and empathy, to respect the others’ needs and provide 
time and space, and to reinforce feeling of safety and focus on taking advantage of 
the difficult situation for resilience enhancement and growth [16, 17]. Especially for 
children, it is important to give them time and reassure them that they are safe and 
to enhance peer activities and focus on building their resilience and copying strate-
gies [18].

43.3	 �Intervention

The next step after the occurrence of a crisis or a natural disaster is intervention in 
order to deal with the consequences of the difficult situation. Interventions require 
needs identification in order to identify specific areas of concern and develop effec-
tive practices. These can be implemented at an individual, or system, level (family, 
schools, community, institutions, organizations). The target groups can include vic-
tims, friends, family, people who have heard, and people who have helped. The 
phases of intervention include (a) prevention that can be either enhancing resilience 
of individuals and systems or developing a model of crisis intervention (a plan) so 
that schools, communities, and countries can be prepared to act immediately and 
effectively; (b) on-site intervention that involves the immediate actions taken at the 
actual moment of the event, when it is on its peak; and (c) post-crisis intervention 
that includes all the actions taken to help individuals and systems return to their 
equilibrium and deal with the consequences of the events after the event [19].

Resilience enhancement is basic for any intervention. Resilience refers to posi-
tive adaptation under difficult and adverse circumstances and the ability to recover 
when dealing with life contingencies [20]. In particular, resilience is defined as 
“The capacity of individuals to navigate their ways to resources that sustain well-
being; The capacity of individuals’ physical and social ecologies to provide those 
resources; and The capacity of individuals and their families and communities to 
negotiate culturally meaningful ways to share resources” [21, p. 1].

Resilience is a concept usually related to risk and protective factors since any 
intervention for resilience enhancement should aim at both reducing risk factors and 
increasing protective factors at individual and system levels. Risk factors are char-
acteristics of individuals and/or systems that are associated with an increase in 
health risks such as poverty, violence, health problems, substance abuse, etc. 
Protective factors are characteristics of individuals and systems, associated with a 
reduction in the vulnerability to adversities such as sense of humor, intelligence, 
high neighborhood quality, caring relationships, good public health care, access to 
emergency services, etc. [20, 22].

There is a need to differentiate between crisis and trauma intervention. Crisis 
intervention offers the prompt and immediate help to people facing the adversity in 
order to return to stability. It refers to the short-term, immediate, intensive, and brief 
professional assistance after a traumatic experience. The goal is to help individuals 
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cope and return to a previous level of physical or emotional functioning and estab-
lish equilibrium preventing the development of a serious long-term disability [23].

Most people have just temporary difficulties after a traumatic event, and usually 
they recover and adjust well. Intervention during the initial stages of the event usu-
ally aims at providing psychological first aid to people affected, focusing on provid-
ing humane, supportive, and practical help. According to the National Child 
Traumatic Stress Network (https://www.nctsn.org/), psychological first aid is an 
evidence-informed modular approach for assisting people in the immediate after-
math of disaster and terrorism in order to reduce initial distress and to foster short- 
and long-term adaptive functioning.

Psychological first aid in cases of natural disasters is also critical for people who 
are the first to respond and arrive on a scene for immediate help (e.g., rescue work-
ers, police officers, firefighters, humanitarian relief workers, etc.) [24]. A model of 
psychological first aid has been suggested that focuses on basic domains such as 
education, peer support, speedy recovery, mental health accessibility, and a contin-
uum of care [15, 25].

In relation to PTSD, specific psychological interventions include the following: 
psychological debriefing interventions, including critical incident stress debriefing 
(CISD) and critical incident stress management (CISM), psychological first aid 
(PFA), trauma-focused cognitive behavioral therapy (CBT), cognitive restructuring 
therapy, cognitive processing therapy, exposure-based therapies, coping skills ther-
apy (including stress inoculation therapy), psychoeducation, normalization, and eye 
movement desensitization and reprocessing (EMDR). These therapies are designed 
to prevent the onset of PTSD and development of trauma-related stress symptoms 
soon after exposure to a traumatic event [26].

Schools can play a decisive role in supporting children after a crisis. Trauma-
informed schools and trauma-informed practices are essential in order to be pre-
pared to deal with the devastating effects of a traumatic event. To that end, several 
models have been used for training and crisis prevention and intervention in school 
settings such as (a) the NOVA model of crisis intervention focusing on the provision 
of immediate emergency consultation crisis intervention services with additional 
follow-up during a limited period of time; (b) the BASIC Ph Coping Model that 
stresses six modalities/channels that facilitate coping and resilience, beliefs, affect, 
social, functioning, imagination, cognition, and physiology, while it places empha-
sis on the importance of the language an individual uses to tell his/her story [27]; 
and (c) the PREPaRE model for school-based crisis prevention and intervention that 
has been developed by the National Association of School Psychologists, USA, and 
is designed to help schools meet the needs of students, staff, and families having as 
a primary goal to build crisis management capacity at the local level [1, 28].

A multilevel model for crisis preparedness and intervention has been proposed 
and developed in the Greek educational system based on a multidimensional con-
ceptual framework and empirical findings at an international and national level [14, 
29]. The model consists of several domains including development of a synthetic 
conceptual framework, education and training, intervention, publications, and col-
laboration/partnerships. Several evidence-based intervention programs have been 
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developed within the context of the model and implemented in schools after the 
emergence of several crises and natural disasters in Greece such as earthquakes, 
wildfire, the economic recession, or the recent refugee crisis [14, 30].

The experience of a crisis, a natural disaster, or a traumatic event can be an over-
whelming experience that can affect people indiscriminately and in all ages. 
Although a significant number of people will experience some kind of symptoms 
during a short- or long-term period after the incident, most people will remain resil-
ient and manage to recover. There will be, however, a small number of people that 
will develop mental health difficulties such as PTSD and will require professional 
assistance. The availability of effective social support and the sensitization of care-
givers in order to be able to provide the appropriate support and assist people in 
need to seek help can play a decisive role for those affected by such events. The 
development of a crisis preparedness and intervention model is critical for dealing 
effectively with such events. Such models are vital not only at a community/state 
level but also at a school level where early interventions, in particular, have the 
potential to build and enhance people’s and systems’ resilience and prepare people 
to deal with situations that are not a matter of “if” but a matter of “when” they 
will occur.
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44.1	 �Introduction

Emergency departments (ED) are characterized of a multitude of challenges and 
constraints that frequently lead to diagnostic errors and serious implications for 
patient care and safety, mainly due to the large number of patients, variety in pathol-
ogy, shift work, and distractions [1]. Therefore, EDs are unevenly susceptible to 
errors, most of which are often preventable.

Especially during disasters, large inflows of patients may lead to increased inci-
dence of medical errors and ultimately to poor patient outcomes. Managing a crisis 
is an inherently complex task and demanding challenge, even for well-prepared and 
organized health facilities; thus the systematic implementation of proactive mea-
sures can facilitate timely and robust hospital-based reactions [2]. Effective emer-
gency medicine may significantly impact the outcomes of managing complicated 
and unexpected events. These types of situations, frequently occurring in EDs, call 
for effective planning on preventing all possibly preventable errors and mitigating 
the accompanying risks. Timely multisectoral cooperation among all health profes-
sions and effective contingency plans, as well as readiness to respond promptly, are 
critical factors for the provision of qualitative and patient-safe services [3, 4].

The aim of this chapter is to map and conceptualize this error framework and 
recommend strategies for reducing them, especially in the emergency department.
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44.2	 �Factors Contributing to Avoidable/Potentially 
Avoidable Errors in an Emergency Department

An annual size of 250,000 deaths per year in the USA occurs due to medical errors 
[5] mostly due to improper information processing by doctors rather than due to 
lack of the adequate knowledge or information itself. As noted by the authors of the 
former study, “… It’s critical that we understand how and why these errors happen 
so that we can start to work to prevent them ….”

Even though EDs radically differentiate from the clinical environment of an 
inpatient ward, doctors tend to succumb to contiguous types of errors to those made 
in hospitalized patients, mainly attributed to information processing errors, lack of 
proper verification of the information accumulated, and misjudgment of the impact 
of a finding that frequently leads to a wrong diagnosis; in fact, patients with abdomi-
nal complaints (representing one of the most frequently reported complaints of ED 
visitors of high diagnostic uncertainty) may be especially prone to those errors.

Τhe first research data focusing on errors in emergency medicine emerged in the 
international literature in 1999 [6], while, in 2000, a conference in Error in 
Emergency Medicine sponsored by the Society for Academic Emergency Medicine 
(SAEM) set the ground for defining, identifying, and measuring the errors in emer-
gency medicine [7]. The vast majority of the previously published studies [8–12] 
concentrated on highlighting the outcomes of hospitalized patients and, thus, disre-
garded the portion and types of error attributed to dealing with the patients while 
visiting and receiving treatment in an ED. According to their findings, substantial 
rates of preventable errors occurred in the ED which led to permanent disability or 
death, mainly due to misdiagnosis caused by physicians’ training deficits and an 
extensive patient workload accompanied by restricted time per patient. These sug-
gest that the combination of cognitive errors and poor clinical decisions is critical 
for patient safety. In fact, figures could have be even higher in the cases of patients 
discharged from the ED without being hospitalized by integrating systematic feed-
back mechanisms in order to identify what went wrong. Unfortunately, data from 
European countries regarding missed diagnosis and diagnostic errors in the ED are 
scarce, and most of the studies are limited in Anglo-Saxon countries [1].

Factors that increase the possibility of preventable errors occurring in an ED are 
often associated with the ED’s singular operating characteristics, i.e., high diagnos-
tic uncertainty, decision density, acute levels of activity, distractions, abbreviated 
and interrupted care, time limitations, shift work, lack of information and ground 
for productive teamwork [6].

In particular, as patients are not known to the ED medical and nursing personnel, 
substantial gaps in continuity of care are usually observed. Along with the relatively 
limited time span committed per patient, the patients’ medical history is frequently 
not taken into consideration in its entirety—historical and diagnostic information is 
rather limited—therefore leading to diagnostic errors and/or missed diagnoses. 
Also, the large number of decisions that doctors must make during a shift in an ED, 
the complex cognitive background that the doctor must draw up, and the diagnostic 
uncertainty that the common patient complaints entail (e.g., weakness, chest or 
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abdominal pain, etc.) demand for effective differential diagnosis seem to cause 
many cognitive errors and high error prevalence. This decision density and cogni-
tive load are additionally burdened with the extended number of physical, diagnos-
tic, and laboratory tests performed in an ED and the need to act quickly and interpret 
their findings in precision.

Moreover, ED’s constant calling for frequent interruptions and distractions has a 
negative impact on the clinical decision-making process, while the phenomena of 
overcrowding, prolonged waiting times, and lack of human and medical resources 
compromise the diagnostic accuracy. As teamwork spirit constitutes one of the most 
desirable features for excellent ED performance and can vastly affect the decision-
making process, when it is compromised by limited resource availability, the quality 
of both decision-making and the care provided by the team may ultimately decline.

Finally, shift work and the lack of timely and reliable feedback among emer-
gency department physicians, physicians from other specialties, nurses, and other 
staff involved in patient care lead to disruption of care and increase the chance of 
error by impairing physicians’ performance and cognitive and diagnostic skills.

44.3	 �Identification and Measurement of Error Using the Joint 
Commission Taxonomy

As the exact nature and extent of ED error is relatively complex to be defined [6], it 
is crucial that errors in emergency medicine and EDs are properly identified, mea-
sured, and monitored and also reporting and feedback mechanisms are developed 
and incorporated in the decision- and policy-making process [13].

One of the most coherent and widely accepted systems for identifying and clas-
sifying patient safety events that are potentially related to errors in different health-
care settings is the Joint Commission on Accreditation of Healthcare Organizations 
(JCAHO) Patient Safety Event Taxonomy [14] (see Fig. 44.1).

The primary elements comprising this taxonomy are the following:

	1.	 Impact: The “Impact” element reflects the outcomes of errors that constitute fail-
ures and impairments for patient safety issues, by distinguishing between medi-
cal (psychological or physical) and nonmedical (legal, social, or economic) 
effects.

	2.	 Type: The “Type” element reflects the processes of what went wrong mainly with 
regard to communication, patient management, and clinical performance issues.

	3.	 Domain: The “Domain” element reflects the setting features when an event of 
endangering patients’ safety occurred, including health professionals and 
patients’ characteristics involved.

	4.	 Cause: The “Cause” element reflects the contributing factors to errors and its 
adverse events by distinguishing between system setbacks (e.g., lack of informa-
tion, inadequate staffing levels, unsuitable physical environment, organizational 
omissions, etc.) and human failures referring to issues such as communication 
problems, patient assessment, continuity of care, etc.
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	5.	 Prevention and Mitigation: The “Prevention and Mitigation” element reflects the 
suggested strategies to minimize errors and their adverse events by distinguish-
ing between universal, selective, and indicated preventive and reparative 
measures.

According to the finding of studies conducted based on the classification of the 
errors as described in the Joint Commission on Accreditation of Healthcare 
Organizations (JCAHO) Patient Safety Event Taxonomy, the most common areas of 
emergency care where the highest numbers of errors are often reported are the areas 
of diagnosis and treatment, administrative procedures and documentation, adminis-
tration of medication, communication and information processing, and finally the 
area of environmental characteristics of an ED [14–16]:

•	 Diagnosis and treatment involve types of errors such as omissions of essential 
procedures, inappropriate or untimely therapeutic interventions, complications 
of an appropriate treatment, radiologic and laboratory misinterpretations, knowl-
edge deficits, delays in starting correct treatment (due to misinterpretation of 
clinical signs), “human” failure such as “rule-based” errors, etc.

IMPACT

Medical (Physical or
Psychological)

Non-medical (Legal or Social
or Economic)

PREVENTION AND
MITIGATION

Universal

Selective

Indicated

TYPE

Communication

Patient Management

Clinical Performance

CAUSE

Systems (Structure/Process)
–Organizational (External or

Management)

–Technical (Facilities or External)

Human
–Error (Actual and near misses) –

Patient or Practitioner or External

DOMAIN

Setting
Staff

Patient characteristics
Target (therapeutic, diagnostic

etc)

Fig. 44.1  The Joint Commission on Accreditation of Healthcare Organizations (JCAHO) Patient 
Safety Event Taxonomy. (Source: Adjustment by the author, from Chang et al. [14])
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•	 Administrative procedures involve types of errors such as errors in patient regis-
trations (lost paperwork, misfiled and/or mislabeled patient records, etc.), inap-
propriate admission/discharge procedures, identification problems due to 
miscommunication, etc.

•	 Administration of medication involves types of errors such as inappropriate med-
ications and incorrect doses ordered leading to medical reactions, prescriptions 
carried out incorrectly, incorrect storage of medications, etc.

•	 Documentation involves types of errors such as inappropriate and/or incorrect 
documentation (inaccurate and/or incomplete charting, documenting in wrong 
patient’s chart, etc.).

•	 Communication and information processing involve types of errors such as inac-
curate medical history reporting, inappropriate use of damage control techniques, 
incomplete/inaccurate information from external departments, miscommunica-
tion among ED staff and between ED staff and patients, misidentification of 
patients, communication errors, etc.

•	 Environmental characteristics involve types of errors such as misplacement of 
equipment, lacks/shortages of equipment and/or medication because of unavail-
ability, inadequate checking of equipment, malfunctioning equipment (e.g., ven-
tilator malfunction), etc.

However, a significant lower number of errors is reported in the areas of emer-
gency stabilization and triage, while the majority of the reported errors embedded 
adverse events of low risk (e.g., misplaced paperwork, incorrect documentation, 
etc.), and only a low percentage showcased adverse events of higher risk (e.g., 
incorrect performance of resuscitative procedures and administration of incorrect 
medication) [13].

44.4	 �Strategies for Reducing Errors 
in the Emergency Department

Following the identification and measurement of error in the emergency depart-
ment, it is crucial that for these errors to be avoided, as much as possible, mitigation 
strategies should be adjusted in the clinical practice and the working environment of 
an ED [7, 16].

Simplification, standardization, and establishment of issues of, firstly, safe staff 
levels; secondly, safe working standard hours; and thirdly, safe timelines for stan-
dard procedures should hold high places in the priority procedure agenda. This way, 
errors will be minimized, and the quality and safety of the provided health services 
in EDs will be enhanced. For example, the standardization of the framework for 
administering thrombolytic therapy has resulted in remarkable improvements in 
diminishing potentially serious or life-threatening implications for patients with 
heart attack, stroke, and pulmonary embolism [17]. The establishment of standards 
can set the boundaries for recognizing when potential safety calamities may occur 
and the processes to deal with them effectively. Time schedules for the proper 
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working and resting times should be safeguarded at least for standard procedures; 
for example, short-term actions could include standardization of fixed time lapses 
between shifts and specific turnaround after night shift. Also, information systems 
can definitely increase safety monitoring and standardization of procedures and 
facilitate proper information processing in order to minimize errors [7].

Errors in medication prescription and administration represent events of high 
occurrence in emergency departments. Therefore, a stepwise process for mitigating 
these errors should be developed so as to face inefficiencies throughout the 
medication-use process in the ED, including processes for standardizing medication 
use, use of bar-coding systems, proper education schemes, monitoring and report-
ing mechanisms, dispensing systems, etc. [18]. Also, since the execution of labora-
tory and radiology tests explicitly affects the level of quality and the effectiveness 
of the ED services provided, as they are unquestionably correlated with the diagno-
sis and the accompanying decision-making process for treating a patient, as well as 
the smooth workflow of an ED, strategies should focus on the efficient cooperation 
between the two domains.

Moreover, as interruptions of health professionals in an ED are rather usual, a 
working balance between minimizing distractions and preserving awareness must 
be adopted. Also, attention should be paid toward eliminating physical factors that 
contribute to overworking and job dissatisfaction, while conflict resolution tech-
niques based on multidisciplinary approaches for the staff, patients, and their fami-
lies should be put in effect in order to achieve effective teamwork among caregivers 
and decrease certain types of errors that are caused due to miscommunication.

Finally, strong managerial skills and consistency in aims are required from an 
ED manager and from all the interconnected commanding levels in order to ensure 
sustainability in systematically reducing preventable errors. A major part toward 
this accomplishment can be held by targeted training and educational efforts for all 
medical and nursing personnel, especially customized to meet the needs of effec-
tively safeguarding safety guidelines and protocols.

44.5	 �Conclusions

Errors in emergency medicine and mainly diagnostic errors and/or missed diagno-
ses reflect significantly on the quality of services provided in an ED and jeopardize 
patients’ care and safety. Error prevalence, root systemic, and human factors affect-
ing its occurrence and increase must be systematically monitored and measured so 
as to reduce their impact to the minimum. In order to mitigate the implications of 
the errors occurring in the EDs, cognitive, behavioral, and organizational issues 
must be well understood and taken into consideration by all practitioners in an 
emergency room so as to put in effect preventive and reparative measures in order 
to eliminate these types of errors.

These strategies presuppose an effective teamwork process among the staff that 
should be continually reinforced by the establishment of quality assurance guide-
lines and standard procedures related to the identification, measurement, and 
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monitoring of errors. Educational interventions must be implemented and integrated 
in the clinical practice, addressing the training needs that all staff involved in the ED 
present, regarding the importance to tackle the frequency and acuity of the errors 
that occur in the ED and can be potentially avoided.

Therefore, it is imperative that policy-makers and hospital and emergency depart-
ment managers proceed to proactive planning so as to effectively respond to com-
plex and unpredictable situations and prevent often avoidable errors that occur at 
times of crises.
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In every phase of their development, disaster management strategies are dependent 
on ethical attitudes and approaches, which arise from complex dilemmas, requiring 
definite codes of conduct. Exploring appropriate responses to these intriguing chal-
lenges, one should be aware of both basic and specific ethics knowledge (Fig. 45.1) 
to understand the motivation for certain reaction and the mode of action based on 
relevant ethical principles.
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45.1	 �Ethical Principles

Ethical principles applied prior to disaster are prevention measures, good quality 
healthy environment, education, training and awareness, participation—public 
input at national and local level—freedom of expression, and access to justice [1]. 
Ethical principles applied during disasters should be based on humanitarian assis-
tance, information and participation during disasters, compulsory evacuation of 
populations, respect of dignity and persons, emergency assistance for the most vul-
nerable persons, measures to safeguard and rehabilitate the environment, strength-
ening resilience to the effects of disasters, and protection of economic, social, 
cultural, civil, and political rights [1].

The principles of internal displacement adopted by the United Nations 
Commission and the General Assembly are aimed to protect all internally displaced 
persons in internal conflict situations, natural disasters, and other situations of 
forced displacement.

The principle of impartiality states: “It makes no discrimination based upon 
nationality, race, religious beliefs, class, or political opinions.” The American Red 
Cross, as a member of the International Red Cross and Red Crescent Movement, 
adheres to the fundamental principles of the International Red Cross and Red 
Crescent Movement [2].

Joint responsibility constitutes the shared responsibility between governments, 
communities, businesses, and individuals. Civil laws must assure nondiscrimination 
principles of the law, which require equal access for, and prohibit discrimination 
against, people with disabilities in all aspects of emergency planning, response, and 
recovery [3].

Solidarity requires “deliberate and freely chosen unity among certain groups or 
populations.” “When referring to health care, solidarity means the obligation to 
share the financial risks of illness and handicap with others not necessarily of one’s 
own social group.”

Currently, ethics is very relevant to society because it includes social responsibil-
ity and requires governance. Ethics is important and versatile; it contains basic 
human values of compassion, empathy, and respect for dignity of others. “Ethics is 
not about what is – but what should be.”

45.2	 �History of Ethics

Ethical statements date from Ancient Greece: “Do good work consider end use” 
(Aristotle) and Renaissance: “Evaluate both ends and means” (Kant).

According to Aristotle (384–322) (Fig. 45.2), the moralist states: my life view is 
superior; other views are inferior; I have the answers; I need no other authority. The 
ethicist claims: my life view is based on reflection; I evaluate life views; I have 
questions; I respect others.
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There are many ethical directives for the practice of medicine throughout centu-
ries up to the present time, the oldest one being the oath of Hippocrates [4] 
(Fig. 45.3).

45.3	 �General Ethics

Moral philosophy and ethics are defined as “the achievement of wisdom and choos-
ing actions that are beneficial and acceptable in the long term or sustainable” and 
“determining rights and wrongs, selecting actions to achieve good results, and eval-
uating motives” [5].

Ethical relativism defining the basic principles and theories of ethics states that 
morality varies between people and societies according to their cultural norms and 
universal or objective moral theories, formulating the fundamental principles—sub-
stantive and procedural—invariant throughout time and space [6]. The substantive 
principles are equity and solidarity, individual liberty, privacy, duty to provide care, 
trust, protection of the public from harm, proportionality, reciprocity, and 

Fig. 45.2  Aristotle 
(384–322) School 
of Athens
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stewardship. The procedural principles are openness, transparency, reasonability, 
inclusiveness, responsiveness, and accountability [7].

There are four basic forms of ethics: metaethics (what is good?), normative eth-
ics (what should we do?), applied ethics (ethics in work and lives), and descriptive 
ethics (morals people follow).

Symmetrical ethics claims to do to others what you want them to do to you, as 
well as if you demand from others, demand from yourself (even more). The idea 
is to see yourself as the others, or transmitting empathy. Asymmetrical ethics 
demonstrates domination of a party in resources, knowledge, and power. 
Compliance of ethics is applied in laws, standards, guidelines, and morals, where 
the “compliance officer follows a standard,” ensuring that the organization “does 
no wrongs” but is difficult [8]. Positive ethics is when it is contributing positively 
to the society, organization, profession, or environment. Code of ethics is the 
application of ethics to a profession or discipline like engineering, medicine, law, 
journalism, psychology, etc.

Fig. 45.3  Oath of 
Hippocrates, fourth BC
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There are three aspects of a disaster on man—physical, emotional, and spiritual. 
The specific mental health stressors are self or family member injury, life threat fear 
and panic during an event, relocation, peri-traumatic responses, and horror separa-
tion from family and property damage or financial loss. Persons with disabilities 
may experience personal vulnerability as well as protective factors. They may suffer 
systemic vulnerability or protective factors across environments and ecologies. 
Disaster response practices intend to diminish risk factors.

45.4	 �Disaster Preparedness

One of the core concepts of disaster preparedness is to have straightforward plans 
and protocols that staff are familiar with and can automatically follow [9].

Disaster preparedness depends on money, manpower and materials, evaluation 
from past experience, location of disaster, communication, information and warning 
system, coordination and response mechanisms, public education programs, 
national and international relations, keeping stock of foods and drugs, etc. 
(Fig. 45.4).

The challenge of disaster preparedness is how we give the best care possible 
under the worst possible circumstances. Lessons learned from disastrous past inci-
dents could improve preparedness relying on better understanding and exper-
tise [10].

One of the core concepts of disaster preparedness is to have straightforward 
plans and protocols that staff are familiar with and can automatically follow [9].

Fig. 45.4  Preparing for 
disaster/crisis standards of 
care (“CSC”)—a piece of 
the puzzle
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The International Preparedness and Response to Emergencies and Disasters 
(IPRED) shares insights and lessons learned from diverse types of emergencies and 
disasters, facilitates educational programs, and shares knowledge on improving 
emergency preparedness and networking between various parties [11].

Investments in preparedness and prevention (mitigation) will yield sustainable 
results, rather than spending money on relief after a disaster because most disasters 
are predictable, especially in their seasonality and the disaster-prone areas, which 
are vulnerable.

45.5	 �Disaster Response

Disaster response includes measures taken in anticipation of, during and immedi-
ately after, a disaster to ensure that the effects are minimized. The respoce activi-
ties include post-disaster safety assessments, rapid safety assessments, detailed 
safety assessments, other building damage assessments, inspections and other 
code-related functions in the aftermath of a disaster. Reviewing legal and organiza-
tional regulations, developing health-care related guidelines, and disaster recovery 
plans, establishing on-call ethics committees as well as adequate in-service train-
ing of health-care workers for ethical competence are among the most critical steps 
[12]. This is achieved by implementing the disaster management plan, usually by 
the rescue team, setting up medical camps and mobilizing resources for epidemio-
logic surveillance and disease control, and providing adequate shelter and sanitary 
facilities. Disaster response involves working with different people, performing 
different procedures, solving different problems, using different resources for rou-
tine emergencies, and establishing different priorities for action than for routine 
emergencies [9].

The cardinal virtues of disaster response are prudence, courage, justice, steward-
ship, vigilance, self-effacing charity, and communications. Professional ethics is the 
accepted principles or moral codes that conform to the accepted standards of that 
profession [13]. People affected by a disaster may not be capable of responding to 
human rights violations, so it is the first responders who must be cognizant of their 
responsibility to protect the victims’ dignity and rights. Ethical treatment of survi-
vors entails a crucial blend of knowledge about ethnic culture, religious beliefs, and 
human rights. A strong awareness of ethical principles is merely a beginning step to 
well-informed decision-making in disaster situations [14].

The 3R rule

“Get the Right patient

to the Right place

at the Right time…”

Fig. 45.5  Prof. Donald 
Trunkey, MD, 3R rule
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The disaster ethics in the early response phase are those of non-maleficence, 
beneficence, justice, and the respect for autonomy. Reaching the disaster site as 
quickly as possible is the most crucial step, where it is appropriate to generally 
apply the 3R rule triage principle (Fig. 45.5).

In the early response phase, the triage, as the second most important step, is consid-
ered as critical in the distribution of limited medical resources, where the highest prior-
ity should be given to the principles of beneficence and justice. The mass casualties 
approach follows the principle of decision making for saving more lives. It is the “tri-
age” principle, not life support. Disaster triage is the process of allocating treatment 
and evacuation priorities to patients based on the severity of their injuries [9]. Triage is 
a form of rationing care delivery. Rationing delivery of care is justified only in situa-
tions in which the amount of resources available is less than “adequate” (first and fore-
most, insufficient to meet the critical requirements) [15]. World Medical Association’s 
statement on medical ethics in the event of disasters says that in selecting the patients, 
the physician should consider only their medical status and should exclude any other 
consideration based on nonmedical criteria [16]. Triage and ethics in MCI unite on 
saving more lives, where selecting and referring only the “red”-coded patients is a rule 
without exceptions, which has proved its effectiveness through practice and research. 
Similar triage color-coded approach of timing of response can be generally used 
(Fig. 45.6). “Public health institutions should act in a timely manner on the information 
they have within the resources and the mandate given to them by the public” [17].

45.6	 �Disaster Ethics Management

In disaster medicine management, one must not only follow principles of triage, life 
support, and on-time emergency treatment, but also go along with ethical issues. 
Being aware of disaster impact causing versatile negative disaster effects, like deaths, 
disability, disease, psychological problems, food shortage, socioeconomic losses, and 
shortage of water, drugs, and medical supplies, one must take fast, but optimal, deci-
sions, working under pressure. Practically, having 20 critically ill victims at open 
field, one has to “triage” all of them as fast as possible (15–20 s), giving them chance 
for life. One even may become rude, speak loud, cry to hear you, or obey your orders. 
Here, ethical issues are not obligatory—one does not select children, pregnant, or 

„Platinum“ 10 minutes

„Golden“ 1st hour

„Silver“ 4 hours

Critical 24 hours

„Platinum“ 10 minutes

„Golden“ 1st hour

„Silver“ 4 hours

Critical 24 hours

Fig. 45.6  Time intervals 
for adequate medical aid
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disabled. All have the priority of the “red” code. The first one is the closest one. The 
second is next to him. One cannot afford spending time on observing all the 20 injured.

It is exactly like in surgery teaching and learning—acquiring and implementing 
knowledge, skills, and attitudes. Discussions on triage decisions with respect to the 
victim’s age, gender, social status, ethnic origin, or profession (e.g., health workers) 
also conflict with the basic right to live at the individual level and justice principle, 
in general. “Ideological issues must not eclipse the humanistic priorities embodied 
in ethical rules” [18].

Ethical approach to allocation of scarce resources and triage should be based on 
fairness, transparency, consistency, proportionality, accountability, and a duty to 
attempt to obtain best outcome for the greatest number of patients with available 
resources—it does not mean to save the most lives, because a comfortable death 
may be a good outcome [19].

The traditional “trans-vertical” triage advocates with scarce resources to provide 
the maximum benefit to the population, even if it means that individual victims, who 
can be saved under other circumstances, are sacrificed for the greater good. The 
“longitudinal” triage necessitates sacrificing victims now, for the benefit of future 
victims. In mass casualty medicine, the clinical paradigm is replaced by the rescue 
paradigm in which it is necessary to save lives and minimize aggregate morbidity 
[20]. Questions of where consideration for the individual ends and the rights of the 
majority begin remain valid ones in the face of limited resources [21].

Disaster management concerns ethical dilemmas like the impact of a terror act 
on decision-making concerning triage of casualties (Fig. 45.7). There the decisions 

Fig. 45.7  The 
11.09 attack
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must not discriminate terrorists, although the situation is highly emotional, where 
attackers and victims are treated simultaneously on-site [22]. Biohazards can be 
considered in certain circumstances as mass casualty incidents; therefore, exporta-
tion of hazards constitutes both ethical and legal issues.

For daily triage decisions, a new model of resource allocation, known as 
accountability for reasonableness, claims that resource allocation should proceed 
on the basis of relevant criteria that are public, that decision-making be account-
able, and that an appeals process exists in cases of conflict [23]. Health-care orga-
nizations can deploy a triage and scarce resource allocation team to oversee and 
guide ethically challenging clinical decision-making during a crisis period. The 
goal is to help health-care organizations and clinicians balance public health 
responsibilities and their duty to individual patients during emergencies in as equi-
table and humane a manner as possible [24]. To understand whether disaster triage, 
as currently advocated and practiced in the western world, is actually ethical, we 
should clarify whether resources truly are limited, whether specific numbers should 
dictate disaster response, and whether triage decisions should be based on age or 
social worth [25, 26].

The social contract states: “Government has an obligation, to prepare citizens for 
survival in second states of nature caused by disaster. Such preparation requires 
implementation through public policy” (John Locke). These rights are presumed in 
the US Declaration of Independence and protected by the first ten amendments of 
the constitution [27].

Local, national, and global documents which can be related to ethics envisage the 
current paradigms of ethics in disaster management [28].

45.7	 �Ethical Codes of Conduct in Disasters

Professional codes of ethics act as follows: “Professions governed by Codes of 
Ethics approved by their members are functioning on the assumption that these 
codes will not be violated in practice” [27]. Ethical dilemmas and codes of conduct 
include announcing bad news under pressure to patient (if conscious), to relatives, 
friends, and media (Fig. 45.8).

Fig. 45.8  Announcing 
bad news to relatives
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The code of conduct for International Red Cross and Red Crescent Movement 
and NGOs in disaster relief was drawn up in 1992 by the Steering Committee for 
Humanitarian Response (SCHR) to set ethical standards for organizations involved 
in humanitarian work [29]. In 1994, the SCHR adopted the code and made the sign-
ing of it a condition for membership in the alliance.

Disasters vary considerably with respect to their time, place, and extent; there-
fore, ethical questions may not always have “one-size-fits-all” answers. On the 
other hand, embedding ethical values and principles in every aspect of health care is 
of vital importance. Reviewing legal and organizational regulations, developing 
health-care-related guidelines and disaster recovery plans, and establishing on-call 
ethics committees, as well as adequate in-service training of health-care workers for 
ethical competence, are among the most critical steps. It is only by making efforts 
before disasters, that ethical challenges can be minimized in disaster responses [30]. 
The Japan disaster mental health guidelines provide a comprehensive description on 
what to do and say in times of disaster. With dissemination and use of guidelines, 
local mental health systems can be improved and will be better prepared ahead of 
future disasters [31].

Quality assurance of emergency response teams should be based on specified 
standards, which will methodologically improve the successful response to different 
types of emergency scenarios, regardless of their variable components [32]. Defining 
specified standards prior to the emergency response will methodologically enable 
improvement of the successful response to different types of emergency scenarios, 
regardless of their variable components [32, 33]. The standard of care is a case- and 
time-specific analytical process in medical decision-making, reflecting a clinical 
benchmark of acceptable quality medical care [34].

The Delphi technique can be used for reaching consensus of data, comprising 
process, structure, and outcome indicators, identified as essential for recording indi-
cators essential for data reporting from the response of major incidents, and can 
serve as a base for a generally acceptable national register [35].

Responsible for ethical information in disasters are the local emergency manage-
ment command centers, including police, fire, EMS, public health agencies and 
departments, bioethics committees, physician, and nursing education teams. The 
leader in MCI acting under pressure must address the team in brief, precise, encourag-
ing, positive, and definite manner. The complexity of acquiring informed consent 
while conducting studies in disaster medicine should be widely reviewed and weighed 
in light of the importance for expanding the science of disaster management [36].

The code of professional ethics for rehabilitation counselors includes primary 
responsibility, proper diagnosis of mental disorders, and respect for confidentiality 
and adaptation to work environment. They should maintain roles and relationships, 
appropriate termination, referral and transfer of services based on competences like 
preparation and response, cultural diversity, advocacy and accessibility, scientific 
basis for intervention, technique/procedure/modality skills, and finally—yet impor-
tantly—monitor effectiveness. Strategies to maximize care concerning space are put-
ting patient beds in hallways, conference rooms and tents. Using operating rooms 
only for urgent cases; supplying/sterilizing and reusing disposable equipment; 
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limiting drugs/vaccines/ventilators to patients are other activities needed. Other 
recource dependent intiatives include prioritizing comfort care for patients who will 
die (and staff), having nurses provide some care that doctors usually would provide, 
and having family members help with feeding and other basic patient tasks.

In the rehabilitation phase, one must act in accordance with the main problems 
and needs—water supply, food safety, basic sanitation and personal hygiene, as well 
as vector control.

Recovering from disaster activities to support emergency-affected areas in recon-
struction of the physical infrastructure and restoration of economic and emotional 
well-being is performed.

45.8	 �Education and Training in Disaster Ethics

Education and training are especially important in understanding, implementing, 
and disseminating of knowledge and skills in disaster medicine ethics (Figs. 45.9 
and 45.10) [37].

Fig. 45.9  Disaster 
conferences and 
congresses

Fig. 45.10  Disaster 
simulation exercises
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45.9	 �Research in Disaster Ethics

The future direction in meeting goals in legislation and recommendations is devel-
oping ethical guidelines. These require legislative task force, state committee, eth-
ics board, studies, and regulations with resolutions and considerations. The 
considerations for developing ethical guidelines comprise of resource owner; rec-
ognizable voice; big city and budget disaster allocation; public and research activi-
ties like discussions, presentations, and conferences; ethics research and analysis 
center; and state agencies.

In light of the importance for expanding the science of disaster management, the 
complexity of acquiring informed consent while conducting studies in the realm of 
disaster medicine should be widely reviewed and weighed [36].

Research ethics should take the format of an iterative evolving and constructive 
learning process, with a time of reflection and critical debate [38]. Potential need for 
nonstandard ethics review procedures for MCI settings is to ensure appropriate dis-
semination of disaster research results among researchers, to share information, and 
to develop projects to evaluate how well the ethical issues are addressed in the 
research. Particular attention should be given to assessing participants’ perceptions 
of how ethics is addressed in specific projects [39].

Guidelines on research in disaster must balance the need for scientific evi-
dence and the need to protect research subjects from possible harm from the 
research itself. Some guidelines emphasized the strong ethical mandate to do 
research in disaster settings “to prevent further death and illness in present or 
future disasters” [40], with some suggesting it might be unethical not to do such 
research [41].

Guidelines do not provide specific methods for evaluating risks and benefits [39]. 
One possible approach was applying the minimal risk requirement suggested in 
three guidelines: for research in refugee populations [42] and in clinical research 
[43]. Justice in selection of participants means “making political and ethical choices 
about which voices are heard and whose knowledge counts” [44].

Research participants should be chosen on scientific reasons and not on any other 
reason, like accessibility, cost, gender, or malleability [43]. Ethics in disaster medi-
cine should be based on evidence (Fig. 45.11) [44].

Fig. 45.11  The dual imperative in disaster research ethics [44]

B. E. Sakakushev



585

The benchmarks of ethical research stand on eight pillars [45–47]:

	1.	 Collaborative partnership
	2.	 Social value
	3.	 Scientific validity
	4.	 Fair selection of study population
	5.	 Favorable risk-benefit ratio
	6.	 Independent review
	7.	 Informed consent
	8.	 Respect for recruited participants and study communities [45–47].

45.10	 �Future

The future objectives before ethics in disaster medicine are encourage and consoli-
date knowledge networks; mobilize and train disaster volunteers—army, police fire-
men, scouts and guides, civil defense, and guards—and build capacity and learn 
from best practices.

The future directions are:

•	 Anticipatory governance—simulation exercises and scenario analysis
•	 Knowledge systems and coping practices
•	 Living with risk—community-based disaster risk management
•	 Inclusive, participatory, gender-sensitive, child-friendly, eco-friendly, and 

disabled-friendly disaster management
•	 Technology-driven but people owned
•	 Knowledge management—documentation and dissemination of good practices
•	 Public-private partnership

What to expect? Dr. Simon Day of the University College London and Dr. Steven 
Ward from the University of California predict that the Cumbre Vieja volcano on the 
Canary Islands will erupt and create the largest tsunami in recorded history 
(Fig. 45.12). Pete Riley, a scientist at Predictive Science, after analyzing solar storm 
records from the past 50 years, concluded that there is a 12% chance of a major solar 
storm hitting Earth in the next 10 years (Fig. 45.13).

Policy makers have important evidence-based data to be used in making crucial 
decisions regarding allocation of health funds in trauma systems, which have shown 
to be fundamental in determining injury outcomes in severe and critical traffic casu-
alties. Thus, the crucial role of the trauma system needs to be better acknowledged 
and funded appropriately [48]. The tragic terrorist attacks seen worldwide have 
proven that no one is immune from terror. Trauma and disaster management train-
ing should be a must in medical students’ curriculum to provide them skills with an 
emphasis on practical training and assessment in this field [49].
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In managing ethics in disasters, specific knowledge, skills, training, and team-
work are necessary to face the ethical dilemmas and implement the appropriate 
codes of conduct alongside with some simple moral human concerns like honesty, 
sincerity, sympathy, and trust.

“In nothing do men more nearly approach the gods than in giving health to men” 
(Cicero) (Fig. 45.14).

Fig. 45.13  Major solar 
storm, 2015–2025

Fig. 45.12  Largest 
tsunami ever, 
Caribbean, unknown
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46.1	 �Introduction

46.1.1	 �Disaster Management and Emergency 
Medicine: Requirements

Advancements in technology and industrialization increase the rate of natural and 
man-made disasters [1]. The international disaster database reports in 2017 globally 
318 disasters, 136  in Asia, 93  in Americas, 42  in Africa, 39  in Europe, and 8  in 
Oceania with 9503 deaths altogether (see Table 46.1). This number was much lower 
if compared to the average 68,302 deaths per year from 2007 to 2016. The majority 
of human losses in 2017 was due to weather-related disasters especially by floods [2].

Table 46.1 shows a classification of disasters, as published by Huntington.
Education in preparedness of an emergency event has to involve knowing the 

contact persons and institutions in a disastrous event. The hierarchy often is com-
plex, since many people are involved with different designated duties. The depart-
ment staff should know about the triage process, basic incident command system, 
isolation, and personal protective equipment application [4].

46.1.2	 �Staff and Stakeholders Involved in Emergency Medicine 
and Disaster Management

When considering the staff, which is involved in emergency medicine and disaster 
management, the administrative staff, the medical doctors, as well as the nurses 
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should be taken into account [5] they have to work together and should be aware of 
the disaster plan, their roles, and the needed actions.

46.1.3	 �Recommendations for Interdisciplinary 
and Interprofessional Training

Several countries have emergency guidelines and plans in place. The curriculum 
guideline for physicians of the American Academy of Family Physicians covers, for 
example, the medical knowledge, patient care, and systems-based practice areas [3] 
(see Table 46.2).

The WHO [6] states that in situations of humanitarian crisis and conflict, a well-
planned emergency response is essential. In order for health workers to able to coor-
dinate the delivery of care when emergency situations arise, they need an 
interprofessional education. This leads to the mobilization of resources and secures 
that expertise within the health system, and broader community is available. The 

Table 46.1  Type of disasters from Huntington and Gavagan [3]

Natural Accidents Intentional acts of violence
Meteorological (e.g., 
hurricane, blizzard, 
heat/cold wave)

Transportation (e.g., airplane, bus, 
train)

Bombing

Geological (e.g., 
earthquake, volcanic 
eruption, flood)

Structural (e.g., building or bridge 
collapse)

Shooting

Other (e.g., fire, 
explosion, disease 
outbreak)

Nuclear (e.g., radioactive waste 
release, meltdown)

Nuclear/radiological (e.g., fissile 
bomb, “dirty” bomb, or other 
types of radiological poisoning)

Agricultural or industrial (e.g., 
hazardous chemical or biological 
spill or other exposure, fire, 
explosion)

Biological agent:
• �Bacteria (e.g., anthrax, cholera, 

plague, tularemia Q fever)
• �Virus (e.g., smallpox, 

Venezuelan equine encephalitis, 
viral hemorrhagic fevers)

• �Toxin (e.g., botulinum, 
staphylococcal enterotoxin B)

Chemical agent:
• �Nerve agent (e.g., sarin, 

insecticides, pesticides)
• �Blister agent (e.g., lewisite, 

mustard)
• �Precursors (e.g., chlorosoman, 

chlorosarin)
• �Choking agents (e.g., 

phosgene, chlorine)
• �Blood agents (e.g., hydrogen 

cyanide, cyanogen chloride)
• �Riot control agents (e.g., tearing 

agents, vomiting agents)
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same is valid for epidemics and pandemics, where individuals who are used to work 
in a collaborative practice team can enhance a region’s capacity to respond to such 
security issues. The WHO also states that in the event of a global epidemic or natu-
ral disaster, this collaboration is the only way to manage the crisis [6].

46.2	 �Methods: Search Strategy for Publications

Open-access references which dealt with educational needs for stakeholders and 
doctors in emergency medicine and disaster were searched for in PubMed and 
Google Scholar. Keywords were disaster medicine, emergency medicine, educa-
tion, training, effectiveness of outcome, and a combination of those words. Only 
open-access references were chosen due to cost reasons and since the target audi-
ence is based on emerging countries.

46.3	 �Results: Overview on Studies Measuring Training 
Effectiveness on the Outcome During Disaster

There are only little studies available showing the training effect of staff on disaster 
outcome. Most studies deal with training needs to be prepared for disaster. Most of 
the studies are also not open-access publications; hence, the base of this article is 
quite limited.

In 2006, Bartley et al. conducted a survey of senior medical, nursing, and 
administrative staffs that were felt to be likely put into a position of responsi-
bility during a disastrous event in Australia [5]. The survey asked whether the 
facility had a plan for a disastrous event, if the organization had decontamina-
tion equipment, and if the staff was prepared to decontaminate patients. It also 
had questions if they knew where to assemble in the case of a disaster and if the 
participants of the study felt that they were personally prepared for a disastrous 
event in their organization. Thirty-two percent of the respondents answered 

Table 46.2  Example of the curriculum recommendation of the American Academy of Family 
Physicians for the United States; from Huntington and Gavagan [3]

Medical knowledge Patient care Systems-based practice
A basic understanding of the 
primary importance of safety in 
disaster responses, including 
personal protective equipment, 
decontamination, and site 
security

An understanding of the 
principles of triage and 
the ability to effectively 
perform triage in a 
disaster setting

A basic knowledge of the National 
Incident Management System 
(NIMS) and the Incident 
Command System (ICS), including 
its application to the planning, 
coordination, and execution of 
disaster responses

The clinical competence 
to provide effective care 
in a setting of extremely 
limited resources

An understanding of psychological 
first aid and earing for responders
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that they were not personally prepared for a disastrous event [5]. Seventy-five 
percent of the respondents even said that their organization—170 hospitals—
was not prepared.

Medical directors and department chairs of 135 academic emergency medicine 
departments of the United States took part in a survey asking for command and 
control, the development of a written plan (which included surveillance and detec-
tion), triage and patient flow, personnel, supplies and infrastructure, and communi-
cations. The conclusion of the study is that there are significant deficits in 
preparedness for pandemic influenza and other disease outbreaks, which appear to 
be related in part to the size of the emergency departments. Bigger departments 
seemed to be better prepared [7].

Also a recent study in Italy found a poor knowledge base of basic hospital disas-
ter planning concepts by Italian emergency department physicians-on-duty. The 
authors come to the conclusion that authorities should enhance staff disaster pre-
paredness education, training, and follow-up. This shall ensure that disaster plans 
are known to all who have the responsibility for disaster risk reduction and manage-
ment capacity [8].

In 2018, van Loenhout et al. summarized priorities for hospitals in zones at 
high risk of tropical cyclones. They found that the accessibility to the hospital 
has to be guaranteed, that the capacity for urgent obstetric needs should be 
foreseen in countries where fertility is high and should be taken into account 
during a disaster, that the most common diseases after the cyclone Haiyan 
were gastroenteritis and pneumonia, and that hospitals should be prepared to 
treat large numbers of patients with these diseases and incorporate this into 
their disaster plans. Also a higher risk of admission by children and elderly 
should be taken considerably [9].

Orach et al. [10] assessed in Uganda the district disaster team’s performance, 
roles, and experiences following a training. They found that the most frequently 
applied capabilities for the management of disasters were provision of emergency 
healthcare services and response management. After the training, the following 
skills should be perceived: response to epidemics, disaster management planning, 
hazards and vulnerability analysis, and principles of disaster planning. The activi-
ties most frequently implemented following disaster management teams training 
were conducting planning meetings for disasters, refinement of plans, and dissemi-
nation of skills gained. The district teams found the main challenges in inadequacy 
of finance and logistics as well as lack of commitment by key partners toward disas-
ter preparedness and response [10].

In Canada, undergraduate students from emergency medicine-related programs 
followed an 8-week online course, which was highly interactive including videos, a 
discussion forum, an online board game, and the opportunity to participate in a 
high-fidelity disaster simulation with professional staff. The learning aim was to 
gain interprofessional competency. A study performed with those students indicates 
that the course supported the participants in getting knowledge of disaster manage-
ment content and also enhanced awareness of the interdisciplinary team [11].
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46.4	 �Discussion

46.4.1	 �Current Situation

Preparedness for disasters means to ensure that the resources, necessary for respond-
ing effectively in the event of a disaster, are in place. The staff involved in the disas-
ter has to know how to use those resources. This includes the planning processes 
and implementing disaster plans, stocking resources necessary for effective response 
in case of disaster, and ensuring that the staff has the right skills and competencies 
for effective performance of disaster-related tasks. This also includes safety train-
ings when a disaster occurs, such as training on protective actions during earthquake 
or flood, toxic and hazardous materials spill, or terrorist attacks. It also should 
enable to take protective actions for property, disaster damage and disruption and 
the ability to engage in post-disaster restoration and early recovery activities [12]. 
Most of the participants in the abovementioned studies felt unprepared for such situ-
ations, and they also thought that their whole organization was unprepared.

46.4.2	 �Desired Improvements

There is a lack of knowledge in regard to response to disaster situations, which leads 
to an inefficiency of the system and chaos once an emergency situation occurs [1]. 
The WHO recommends putting programs in place which contain interprofessional 
education so that the systems can work more efficiently [6]. It provides health work-
ers with the kind of skills which are needed for the coordination of care delivery in 
emergency situations [6].

Seyedin et  al. conclude that more workshops, annual training courses, and 
maneuvers which are based on the evaluated needs can help to be better prepared for 
disaster. Also a continuous education curriculum for nurses should be taken into 
place with fields as bioterrorism agents, use of personal protective equipment, epi-
demiological and psychological first aid, disaster management processes, mass cau-
salities management, and command systems. Moreover, a formal curriculum in 
mass casualty and disaster management for improvement of knowledge and skills in 
all nurses was found to be important [1]. The curriculum could follow a blended 
learning approach, with learning by highly interactive online trainings, classroom 
trainings given by experienced senior staff, and also learning in simulated emer-
gency situations and disasters. This can be enhanced by international exchange of 
emergency staff during disaster.

Also training plans need to be on the one hand individualized on the regions 
according to the main kind of disaster which can occur and the expected diseases 
caused by the disaster as well as on the administrative structure in case of an emer-
gency event, and on the other hand, there also have to be internationally harmonized 
plans in place covering medical knowledge, patient care, and systems-based prac-
tice. Also unexpected disaster should be covered.
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The administrative structure as well as the steps to follow in case of a disaster 
easily could be trained and evaluated by online courses, which could be part of a 
yearly curriculum. Also theoretical medical knowledge and safety instruction can 
be part of an online curriculum with regular repetitions, followed by simulated prac-
tice situations.

Trainings have to be reinforced for the whole staff on a regular basis in order that 
everyone knows what to do and with which kind of patients and challenges to deal 
with in case of an emergency.

However, Huntington et al. [3] reviewed the literature on evidence for training 
effectiveness in family medicine on the following competencies: general disaster 
medicine, training on standards of the National Incident Management System of the 
United States (NIMS/ICS), safety training, triage training, training for clinical com-
petence, and psychological first aid training. They found limited evidence due also 
to the lack of studies.

46.5	 �Conclusions for Educational Needs and Trainings

The abovementioned studies come to the conclusion that especially trainings on 
communication and interprofessional trainings on collaborative competences have 
to be further established in order to avoid chaos once a disaster occurs. 
Interdisciplinary training and training on the structures during a disaster are key. 
Interprofessional training leads to a better understanding of each team member’s 
duties. Online courses and computer simulations as well as classroom training can 
help to enhance the capability and the mutual understanding of the different 
stakeholders.

Also a harmonization of current recommendations into global guidelines could 
help to have globally prepared staff which can act in every country in case of emer-
gency, regardless of where the education took place.
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The Value of Training: Debriefing

Monika Brodmann Maeder

47.1	 �Introduction

Education in disaster management plays a crucial role in disaster preparedness. The 
goal of all efforts is to overcome the consequences of natural and man-made disas-
ters worldwide [1]. As the management of disasters or mass casualties involves 
many different professionals and agencies, it is important to define tasks and respon-
sibilities of the involved team members and to find good educational methods in 
order to improve their collaboration. In the last decades, the international commu-
nity has taken large efforts to define core competencies in disaster management [2, 
3]. Today, many national and international programs in disaster management exist 
[4]. The curricula cover all aspects of disaster management and are either integrated 
in universities or high schools with mostly achieving master levels or certificates in 
European countries [4]. The Association of American Medical Colleges defined 
disaster medicine as the core content of their curricula, but it is not regularly imple-
mented [5]. Many examples of integrating education in disaster preparedness in 
their curricula stem from nurse education [6, 7]. But besides healthcare profession-
als, many other professions are involved in disaster management [8]. Collaboration 
and coordination within these multiprofessional and multidisciplinary ad hoc teams 
is probably the most important but also the most challenging part to prepare these 
teams for their possible future humanitarian work in disaster management [9]. 
Disaster management is teamwork under rapidly changing, dynamic, and often 
unsafe conditions. Competencies for this challenging work always cover knowledge 
and skills emanating from the basic profession but also many so-called nontechnical 

M. Brodmann Maeder (*) 
Department of Emergency Medicine, Inselspital, Bern University Hospital and University of 
Bern, Bern, Switzerland 

Institute of Mountain Emergency Medicine, EURAC Research, Bolzano, Italy
e-mail: monika.brodmannmaeder@insel.ch; monika.brodmannmaeder@siwf.ch

47

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-34116-9_47&domain=pdf
https://doi.org/10.1007/978-3-030-34116-9_47#DOI
mailto:monika.brodmannmaeder@insel.ch
mailto:monika.brodmannmaeder@siwf.ch


600

skills (NTS). These NTS or CRM (crisis or crew resource management) skills are 
superordinate qualities that enable team members from different disciplines and 
professions to effectively collaborate even under the most complex and confusing 
situation of a medical emergency [10]. This is even truer for disasters where often-
times many people with different professions but also cultural background gather 
and have to collaborate.

47.2	 �Core Competencies for Disaster Management

Defining core competencies for disaster management is challenging, as they must 
not only cover task- or profession-related competencies but also cross-disciplinary 
competencies [2]. Walsh et al. described a meticulous process using surveys and 
expert working group meetings in order to define core competencies for disaster 
medicine and public health [3]. They defined 11 core competencies and 35 subcom-
petencies for disaster medicine and public health that should be applied to all per-
sons involved in disaster planning or response. Many of them cover aspects of team 
collaboration and NTS like knowing his or her role in a group, demonstrating situ-
ational awareness, and communication or management and leadership skills. 
Collaboration and coordination cannot be trained in a classroom or during a lecture: 
Interactivity is of utmost importance, and therefore the need for interactive learning 
methods with the provision of feedback is high.

47.3	 �Adult Learning in Disaster Medicine

Competency is defined as an observable ability of a health professional, integrating 
multiple components such as knowledge, skills, and attitudes [11]. Competency-
based (medical) education is an outcome-based approach to the design, implemen-
tation, assessment, and evaluation of medical education programs, using an 
organizing framework of defined competencies [11]. Acquiring new knowledge can 
be reached by reading books, by memorizing and rehearsing, or by listening to a 
lecture. Although the amount of new knowledge, that we get from classic lectures, 
is very limited and just about 5% of the content, Ingrassia et al. found that the pre-
vailing teaching method in education and training initiatives for crisis management 
in the European Union were lectures with 84% [4]. New educational methods try to 
avoid knowledge transfer via ex-cathedra teaching and use interactive presentations 
as the first step to make presentations more profitable for the learners. Acquiring 
new skills or psychomotor capabilities usually requires an introduction by showing 
the task, followed by many repetitions by the learner and supervision and feedback 
on the performance by an experienced instructor. Attitude usually covers behavioral 
and social aspects of interacting with other individuals, and with the help of special 
teaching methods like simulation or learning in small groups, like PBL (problem-
based learning), this important part of competency can be enhanced [11]. Disaster 
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medicine is a highly dynamic, interprofessional domain that requires highly compe-
tent professionals. They must have appropriate individual knowledge, a broad spec-
trum of technical and nontechnical skills, and excellent personal abilities, which 
enable them to collaborate as a team.

47.4	 �Nontechnical Skills and CRM

In newer literature, the expressions non-technical skills (NTS) and crew/crisis 
resource management (CRM) are frequently used to define these special competen-
cies that enable teams or so-called action teams to work together in highly dynamic 
situations [12, 13]. The expression nontechnical skills covers a whole set of differ-
ent observable behaviors that improve group performance [14]. CRM can be char-
acterized as “the ability to implement the know-how, what needs to be done, into 
effective team action, even under the most adverse and confusing situation of a 
medical emergency” [15]. This meets very well the situation of a mass casualty or 
disaster. NTS and CRM might differ in details, but the focus in both structures is on 
aspects of coordination, communication, and collaboration in a team attributable to 
individuals working with other team members. Publications showed that training 
teams in nontechnical skills could not only improve team performance and reduce 
error rates but also most importantly had a positive financial outcome [16].

47.5	 �Interprofessional Collaboration

Many teams are composed of members of different professions, with their individ-
ual cultural imprint and socialization. This situation can be a threat to efficient team-
work and deteriorate team performance considerably. Today, the challenges of 
interprofessional collaboration are recognized and addressed—even the World 
Health Organization published a famous statement on how to overcome these diffi-
culties [17]. Some of the key elements to overcome the challenges of collaborating 
in teams with different “professionals” are transparency, clarity on the role of the 
different team members, and again high-quality nontechnical skills. These compe-
tencies need to be developed and trained, because “teams are not born, they are 
made.” For this preparation, we need to develop high-quality teaching moments 
where teams can learn to work together.

47.6	 �Simulation for MCI Disaster Management

Simulation is a technique to replace or amplify real experiences with guided 
experiences, often immersive in nature, that evoke or replicate substantial 
aspects of the real world in a fully interactive fashion [11]. Within the simula-
tion as educational method, we can differentiate between manikin simulation, 
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simulation with standardized or simulated patients (so-called SPs), hybrid sim-
ulation—a mix between SP and manikin simulation—and virtual reality [12, 
13]. For many years, CPR drills were the prevailing simulation scenarios used 
for emergency and other healthcare teams. Hence, in the last one or two decades, 
simulation has evolved into a highly specialized educational method with metic-
ulous structures and sophisticated training for instructors. The size of these sce-
narios differs substantially: They range from a 1:1 scenario with a standardized 
patient and a healthcare professional up to full-scale MCI simulations with sev-
eral hundred participants either as simulated patients or as professionals who 
must deal with the situation. The method chosen depends on the learning objec-
tives, which must be defined beforehand. If communication skills are the focus, 
it makes sense to use a SP. Multiple trauma management on the other hand is 
usually the domain of manikin simulations, where invasive procedure like tho-
racotomies or intubations can be trained. Hybrid simulation is a promising tool 
where an SP acts as the patient and has, e.g., an artificial arm where the trainee 
should put an IV line.

47.6.1	 �Core Elements of Simulation

Simulating relevant and almost real events can be threatening for participants and 
even harmful unless rules are defined and followed by faculty members and partici-
pants. If the faculty ignores to address these issues transparently and vigorously, the 
learning experience can lose its power and even become harmful. They include:

•	 Confidentiality and social safety: Participants must be reassured that nothing 
what is said and done during a simulation scenario or the debriefing will be car-
ried outside. This is especially important if the training takes place in an institu-
tion where participants and faculty members know each other or even work 
together. Simulation for team training is a teaching method and should not be 
used as qualifier and assessment of either an individual trainee or team perfor-
mance. Confidentiality is an important point if the simulation scenario is video-
taped. The faculty should state that the videotapes are exclusively used as support 
for the debriefing and will be destroyed afterward.

•	 Respect and positive regard: Simulation is not reality. The art of simulation is to 
create a relevant learning experience for the participants, but it can never be real. 
This situation can be challenging for participants who have difficulties of accept-
ing these limitations: Their performance during a simulation scenario might not 
correspond with their competencies during daily work. The faculty must clarify 
this beforehand, and participants are asked to deal with this situation by showing 
respect and positive regard for their teammates.

•	 Constructive feedback: Feedback is a strong learning instrument that allows deep 
learning. In order to take most of the profit from feedback, it must be timely, 
specific, short, and concise, and it should focus on observed behavior and on the 
issue, not the person.
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47.7	 �Simulation as Teaching Method

47.7.1	 �Scenario Development for Disaster Simulation

Developing simulation scenarios consists of several steps: The first step is to define 
the characteristics of the learners and a meticulous needs assessment for the partici-
pants but also a general needs assessment. Defining adequate learning objectives is 
the most crucial but also the challenging part of the development of a simulation 
scenario, and it should integrate objectives related to knowledge, skills, and CRM 
aspects. If we have participants with different professional background, we should 
take care that we define profession-specific learning goals for all team members and 
common CRM goals that define team collaboration and performance. These learn-
ing objectives are not only important for the scenario development, but they are also 
the cornerstones of every debriefing. According to the learning goals, we will decide 
on the simulation method and the “history” which will be given to the learners. The 
last step is the assessment: Do we want to have the participants’ feedback on the 
course or program? The question behind every assessment should be whether the 
training has not only met the defined learning objectives but also the participants’ 
needs and expectations.

47.7.2	 �Faculty Development: From Teacher to Facilitator

Simulation events very much depend on the competencies of the faculty members: 
Teachers or instructors always act as role models for their learners [18]. Working as 
faculty member for simulation events therefore is very challenging, bearing in mind 
all the prerequisites that we defined as core elements of simulation. Persons who 
want to be involved in simulation education should carefully be selected and super-
vised during their first involvements. They must show a special commitment in 
order to facilitate simulations. They should be defined instructors, stressing their 
task of conveying content to their learners, or even better facilitators: Facilitating 
implies a very strong role to make use of the existing experience in the group and 
integrating these competencies into the simulation session. Even for experienced 
simulation, facilitators or educators should regularly receive feedback on their per-
formance in order to maintain their teaching competencies [19], either through peer 
coaching or by using existing tools like the Debriefing Assessment for Simulation 
in Healthcare (DASH) [20, 21].

47.7.3	 �The Process of Simulation Scenarios: Briefing, Scenario, 
and Debriefing

Every simulation scenario starts with a briefing of the involved participants. A fac-
ulty member explains the setting, defines the “players” and the observers, and 
appoints faculty members who will support the team during the scenario. The 
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learners have time to discuss their roles and responsibilities during the scenario. 
They might also agree on the tasks during the first minutes. The scenario itself starts 
after the briefing and stops either after a defined duration or if the faculty decides 
to end it.

47.7.4	 �Debriefing

The debriefing is the centerpiece of every simulation scenario. Debriefing has very 
diverse definitions and meanings, ranging from questioning a person after a com-
pleted mission or undertaking to special methods attempting to lessen or prevent 
psychological damage in crisis victims. In connection with simulation as educa-
tional tool, debriefing is “a facilitated conversation after such things as critical 
events and simulations in which participants analyze their actions, thought pro-
cesses, emotional states, and other information to improve performance in future 
situations” [21, 22]. Usually, a faculty member facilitates the debriefing, but other 
methods like peer debriefing can be used [23]. Videotapes of the scenario can help 
to show the team that has been active in the scenario a special situation. Still, the use 
of this technology is discussed controversially, and its effectiveness has been chal-
lenged [24, 25]. Debriefing is a form of formative assessment and largely depends 
on the participants’ abilities to reflect their performance in a simulation scenario but 
also their clinical practice. Rudolph et al. propose a four-step model of debriefing.

47.7.4.1	 �Step 1: Emotions
The first step allows learners to express their emotions during the scenario, using the 
“flashlight” method: The facilitator asks the performing team members one after the 
other to state their first impression in one sentence. This gives the facilitator a good 
impression of what were the most troubling topics.

47.7.4.2	 �Step 2: Analysis
This is the more structured and often facilitator-centered part of the debriefing. A 
very simple method to start an analysis is to ask what went well and what could be 
improved in the scenario (instead of stating what went wrong!), avoiding blaming 
of persons and using the rules of constructive feedback: The analysis should be 
concrete, be constructive, and focus on the issue. For more intimate and small 
groups, many very sophisticated methods like the “A&I” (Advocacy and Inquiry) or 
the PEARLS method help to define performance gaps, to investigate the reasons for 
the gap and try to “close” the observed gap [22, 26]. However, the larger the group, 
the more simple should the instrument be. In this phase, facilitators should revise 
the learning objectives and possibly actively add topics that had not yet come as 
discussion points.

47.7.4.3	 �Step 3: Summary
The ending phase of a debriefing should allow all learners to highlight the lessons 
learned. This can either be done by a facilitator or even better by one or more 
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learners. The end should be another “round” of one-sentence statement, facilitated 
by the question: “What do you as individual take home from this scenario?” or 
“What was your personal “pearl” in this scenario? This allows collecting and shar-
ing different views.

47.8	 �Summary

Preparing teams for disaster management is multifaceted and includes special edu-
cational efforts: Oftentimes, teams are assembled on the spot under very dynamic 
and uncontrollable situations. The team members have different cultural and profes-
sional background and bring different competencies into the team. Educational 
efforts must be aware of these challenges and define special training opportunities 
to improve the competencies of the individuals but also the teams. Core competen-
cies in disaster medicine cover topics like communication, situational awareness, 
role clarity, leadership, or decision-making. These attitudes can be found in the so-
called nontechnical skills. Simulation offers a wide spectrum of different interactive 
learning tools that can enhance not only these competencies but also deep individual 
learning. The quality of this instrument largely depends on the simulation scenario 
but even more on the competency of the faculty to facilitate the process of briefing, 
simulation, and debriefing. Respect, social safety, and providing constructive feed-
back are crucial elements in order to improve team performance during the educa-
tional event. Well-designed teaching moments can help to better prepare teams for 
the unpreparable mass casualties and disasters.
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48.1	 �Continuing Medical Education: Continuing 
Professional Development

The continuing advancement of medical and veterinary science, in combination 
with the inevitable internationalization and population transfer, has led to an urgent 
need for production of highly qualified doctors. Nowadays, new graduate doctors 
have a high level of theoretical knowledge; however, this is not sufficient. There is 
a need for professionals who can work independently from the very first day to any 
hospital or institution in the European Union (or in another continent). Furthermore, 
it is a well-established fact that there is one thing that a junior doctor needs to know: 
He/she has to know how to learn. Living with the belief of continuous learning, in 
the progress of his/her specialty and afterward, he/she will be able to adopt a per-
sonal tactic of continuous learning that will enable him/her to gain the current 
knowledge and experience. To sum up, he/she will be capable of treating his/her 
patients the best possible way [1].

Continuing medical education (CME) is a process of continuous and lifelong 
training and represents an integral part of a wider concept: continuing professional 
development (CPD). CPD includes not only the principles of continuous improve-
ment of abilities and clinical skills but also the cultivation, the lifestyle, and the 
communication between the patients and the society.

The rapid development of medical science, as well as the overwhelming demands 
of a modern society, necessitates the constantly redefinement of medical knowledge 
and skills. The institutional enforcement of CME is of a great significance in order 
to accomplish quality control of the medical community. It should also be a require-
ment for the effective operation of the healthcare system.
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Lifelong medical education guarantees the quality of services and preserves the 
prestige of the medical community.

The CME was a general concept by the end of the decade of the 1980s. In the 
early 1990s, it was discussed by competent health authorities until it became official 
in 1993 with the revised Dublin Regulation where the definition and the aim were 
presented. The Dublin Regulation states the following [1]:

•	 The CME is a moral obligation and a personal responsibility of each doctor.
•	 The primary goal is to provide the maximum medical care in the general 

population.
•	 The term CME refers to the continuous renewal and the enrichment of medical 

knowledge and techniques.
•	 Every doctor is entitled to CME and should be encouraged to exercise this right.

On October 28, 1994, the European Union of Medical Specialists (UEMS) 
assumes a formal and substantive role as a coordinating scientific body of the CME 
in Europe and establishes a body responsible for its implementation and organiza-
tion at national and pan-European level. CME should be:

•	 Credible
•	 Valid
•	 Comparable
•	 Widespread
•	 Quantifiable in a grading scale (credits)

48.2	 �Contemporary Medical Training Methods

In modern methods of medical education, the following categories are included:

•	 Training using animal models
•	 Training using digital projections
•	 Training using cadaver tissues
•	 Training manikins-electronic simulators
•	 Training using three-dimensional structures
•	 Participation in surgery
•	 Training using alternative methods
•	 Combination of the above [2–5]

In any case, the presence of experienced and trained instructors, clear curricu-
lum, and appropriate training laboratories is demanded [6–8].

Training with the use of animal models (mainly pigs and rats) is the most wide-
spread, since they widely simulate human responses. However, a proper design is 
required in order to follow the principles of the 3Rs (replacement, refinement, 
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reduction). Moreover, the existence of fully organized laboratories is essential 
(Directive 2010/63/EU). Digital projections are constantly gaining ground and are 
particularly useful to younger doctors. They have many advantages as they are low 
cost, they can be easily repeated, and they offer great room for discussion. But in 
any case, they are just a pre-stage of a more advanced education. Recently, in 
courses of trauma surgery in emergency medicine, it is followed virtual scenario 
viewer trauma with actors in video viewing. This view is paused at crucial points 
when difficult decision must be made. As a result, the trainer and the trainees have 
the opportunity to discuss the possible solutions based on the vital signs and other 
parameters. Seminars that use cadaver tissues have an important advantage that we 
should take into account during their evaluation: the accurate human anatomy. For 
instance, the hand surgery training, the neurosurgery, and the otolaryngology ben-
efit greatly by using cadaver tissues. However, the extensive use is neither recom-
mended nor be encouraged, unless it is absolutely necessary. Furthermore, the 
existence of fully organized laboratories and the compliance with the proper legisla-
tion are essential again. In the future, training with use of manikins- electronic simu-
lators will have a great development because it offers great potential. Training 
manikins have the ability to execute a large number of interventions and manipula-
tions. Additionally, they can respond to changes in physiology and pathophysiology, 
and they have a one-time purchase cost. This purchase cost may be high, but the 
maintenance cost is something manageable. In addition, any mistakes during the 
training by the trainees as part of their training work in their benefit. The same mis-
take in an animal model would cause harm. The three-dimensional models are rela-
tively new technology and are the evolution of the well-known “training boxes” and 
“pelvic trainers” of laparoscopic surgery. The main difference is that they are more 
advanced as they feature vessel flow, hemostasis, as well as injury caused by wrong 
handling, replacing the use of animals with an animal organ (e.g., liver-kidney). 
Despite the fact that in our time, their use is not notably widespread, it is anticipated 
to become more popular in the future inside hospitals or in organized labs. A well-
known and profound training method is the participation in operating rooms. If not 
possible, however, the use of modern digital projections in modern operating rooms 
is essential, and its educational element is indispensable for junior as well as for 
advanced/professional doctors. Alternative training methods should not be underes-
timated as they will be a major part of medical education in the future. They are also 
low cost and follow the principles of the 3Rs. For instance, in the Royal College of 
Surgeons, practice in wound cleansing is performed with the use of a piece of meat 
purchased from a store. Abdominal wall closure techniques training is made with 
the use of a box. The stitching is done with the use of simple material. Beneath this 
material, an inflated balloon is placed. Inaccurate placement of the stitching leads to 
popping the balloon. For the placement of microsurgery stitches (8-0, 9-0, 10-0, or 
11-0), a piece of surgical glove can be used, instead of living tissue. For intraosse-
ous infusion in infants or toddlers, a chicken’s femur purchased from the store can 
be used. Finally, the simple manikins are an important aid (e.g., intubation, cardio-
pulmonary resuscitation, etc.).
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48.3	 �Conclusion

The major development of medical and veterinary science over the years, in combi-
nation with the continuing technological achievements, renders the continuing edu-
cation and training (lifelong learning) the keystone of security in the execution of 
their profession. Modern and alternative training methods contribute toward the 
successful completion of these goals.
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49.1	 �Introduction

Leadership is a universal issue, given that it is required in almost every complex 
operation or activity.

Leadership is the highest form of the art of inluencing people. Practically, it is the 
process of:

	(a)	 Influencing others to understand and agree what needs to be done and how it 
can be done effectively.

	(b)	 Facilitating individual and collective efforts to accomplish the shared objectives.

Leadership differs from management; leadership sets policy and grand strategy, 
while management is the process of directing a group for a precise scope.

Leadership is operated by management through the 4C mechanism: command, 
control, coordination, and communication. If one of these four elements lacks, no 
strategy or tactics can be carried out effectively.

Command, control, coordination, and communication is performed through the 
Incident Command System (ICS).

Every incident or disaster should be managed by an incident commander.
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49.2	 �Leadership and Management

Nowadays, much is said about leadership. Actually, from highly hierarchized set-
tings (military, for instance) to the financial world, leadership is being imported to 
many other situations which, for their complexity, need to be “governed.” This may 
be especially important in settings where numerous stakeholders are involved.

Sometimes, the barriers between leadership and management may not be clear to 
many people. Leadership differs from management: leadership sets policy and grand 
strategy, while management is the process of directing a group for a precise scope.

Leadership is the process of:

	(a)	 Influencing people to understand and agree what must be done and 
how it can be done.

	(b)	 Facilitating efforts (individual and collective) and mentoring collaborators to 
accomplish the objectives enounced by the leader.

Leadership: key characteristics:

•	 Sets the organization’s strategic direction, level of ambition, broad objectives, 
and long-term goals

•	 Does not handle details (avoids micromanagement)
•	 Sets the plan
•	 Shares it with the collaborators and inspires them to follow it
•	 Establishes principles
•	 Empowers and mentors the team to lead them to their goals
•	 Promotes engagement in new endeavors
•	 Exercises long-term, high-level focus

Effective leadership requires specific skills:

•	 Knowledge
•	 Experience
•	 Flexibility
•	 Intelligence: Information collection and elaboration
•	 Communication
•	 Networking
•	 Teambuilding
•	 Delegating
•	 Decision-making
•	 Sensemaking
•	 Listening/learning
•	 Planning
•	 Improvising
•	 Educating/training
•	 Situational awareness
•	 Accountability
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Ideally, leadership must inspire the group toward a common endeavor, improve-
ment, and change. Thus, it is often called “inspirational leadership,” because it stim-
ulates and creates purpose for collaborators and excitement and momentum for 
change. Individuals strive toward a future vision by embodying the organization’s 
values and policy. Moreover, they become proactive: able to work up solutions and 
prone to “run a mile more.”

In fact, inspirational leadership (the highest form of leadership) encompasses:

•	 Clear goals
•	 Clear objectives
•	 Shared purpose
•	 Motivational support

The inspirational leadership’s 16 core competencies are the following:

	 1.	 Vision and vision-sharing
	 2.	 Passion and commitment
	 3.	 Compassion
	 4.	 Flexibility and adaptability
	 5.	 Analysis and synthesis
	 6.	 Understanding and insight
	 7.	 In-depth knowledge
	 8.	 Self-awareness and situational awareness
	 9.	 Strategic outlook
	10.	 Decisiveness and accountability
	11.	 Drive to change
	12.	 Empowering, mentoring, and coaching
	13.	 Teamworking
	14.	 Proneness to engage
	15.	 Art of communication
	16.	 Art of building resonant relationships

In order to build positive (resonant) relationships, a leader should count on 
Aristotle’s four cardinal virtues:

•	 Fortitude (courage): to push toward innovation
•	 Prudence (mindfulness): to be reflective prior to action
•	 Temperance: to control one’s emotions
•	 Justice: to be fair

What is visionary leadership?

•	 Creating an idea
•	 Sharing the idea or strategy
•	 Setting clear focus
•	 Consultation vs consensus
•	 Delegating to the right people
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•	 Knowledge of processes: “go and see how it works” (similarly to “Gemba walks”)
•	 “Learn by whom knows best”
•	 Imagination
•	 Innovation

What is persuasive leadership? It is the style of leadership that makes people feel 
“part of the team” and enhances teamworking. In certain moments, a real leader 
might become aware that something does not work properly, especially if some 
signs become evident:

•	 Flattery
•	 No “bad news”
•	 Half truths
•	 Stagnation

The real leader will consider this moment as an opportunity to make a new start 
out of the problem:

•	 Challenge oneself by self-assessment
•	 Demonstrate courage and the ability of being able to face the problem
•	 Listen and discuss

In order to enhance leadership capability, the leader should take time to reflect. 
Self-reflection can help the leader to better understand leadership style, gaps, and 
flaws, thus becoming able to improve leadership skills.

49.3	 �Leadership: Facts

As already stated, leadership is the highest form of the art of dealing with people. Some 
people are gifted: they possess innate charisma and social intelligence, a sort of per-
sonal “something magic” creating an aura of popularity. Naturally, not everyone is born 
with this “something magic,” but who possesses it has an advantage in expressing lead-
ership. Anyhow, leadership can be learned and cultivated by highly committed people.

In order to become leaders, persons need to be “exposed”: to have the chance to 
emerge and express themselves. This chance may be offered by being summoned 
(to assume responsibilities), by the course of events, or by being “in the right place 
at the right moment.” The momentum of exposure is not always foreseeable.

Leaders are facilitators of their team members’ success.
They ensure that their collaborators:

•	 Have their necessities sorted in order to be successfully productive
•	 Are well trained
•	 Have minimal obstacles in their path way
•	 Are acknowledged for good performance
•	 Are coached
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49.3.1	 �Who Can Be the Leader?

Anyone in the team who:

•	 Has a particular talent or is highly committed
•	 Is creative
•	 Has an idea
•	 Thinks “out of the box”
•	 Has experience in a certain aspect of the project that can prove useful to the man-

ager and team

49.4	 �Management

Management is the process of directing a group for a precise scope.
Managers are in charge of, or responsible for, something. Management is limited-

scale executing on specific areas within responsibilities, while focus is kept on sec-
torial or minor systems or fields.

Which are the manager’s tasks?

•	 “Apply the strategy, perform the tactics”
•	 Enforcement of the organization’s policies
•	 Direction and monitoring of the team to achieve its specific goals
•	 Work by objectives
•	 Short-range perspective
•	 Short-term focus
•	 Attention to the details (micromanagement)
•	 Eye on results
•	 Acceptance and maintenance of the status quo
•	 Does what is needed to accomplish the plan
•	 Containment of risks for the organization

49.4.1	 �Who Can Be a Manager?

Managers are usually appointed to a position of command. Sometimes, they prog-
ress from technical proficiency to supervisory roles.

What is needed in order to become a manager?

•	 Knowledge
•	 Proficiency developed through training or experience
•	 Ability
•	 Authority
•	 Respect
•	 Clear perspectives
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•	 Situational awareness
•	 Teamworking
•	 Flexibility in performing tactics
•	 Clear communication methods

With good leadership and poor management, an organization will have the goals, 
inspiration, and plan to succeed, but no one to execute the plan.

With good management and poor leadership, an organization will be able to 
execute anything, but without an overall strategy.

Leaders and managers should create and enhance teamworking:

•	 Buildup and maintenance of trustworthy relationships
•	 Collaboration with others, being part of a team
•	 Sharing all relevant information with others
•	 Seeking others; inputs
•	 Free expression of one’s opinion (learn to listen)
•	 Assuming the role of teamleader (in their respective fields)
•	 Resolving conflict among team members

49.5	 �Leadership During Crisis

No one can predict when and how a disaster will strike, nor its evolution.
Commanders must be able to make decisions and to delegate, under time 

pressure.
The goal of emergency management is “…to devise policy and to implement 

programs that will reduce vulnerability, limit the loss of life and property, protect 
the environment, and improve multi-organizational coordination in disasters” [1].

During a major crisis, a complex event, or a disaster, the challenge for a leader is 
to deal with the uncertainties and threats deriving from them. A successful leader is 
the person who must fare with problems and try to bring things back to normality. 
On the opposite, unsuccessful leadership will exacerbate the impact of catastrophes.

What should a leader do in case of disaster? One should engage collaborators 
within the organization, as well as external stakeholders, to act collectively as a 
team, toward a common scope, given that disaster response is the result of team-
working among different, often disparate, public and private actors.

It must be kept in mind that major disasters may provoke, depending on the mag-
nitude of the event, dismay and uncertainty: practically, disaster is the reign of 
chaos. It is impossible to anticipate when and how a disaster will strike, as well as 
to foresee its evolution. Therefore, it is paramount to deal with (possible) disasters 
beforehand while, in case of disaster, chaos must be managed. Naturally, experience 
in managing routine emergencies will help facing disasters. Though, leadership 
needs to be understood across all phases of comprehensive emergency management 
(i.e., mitigation, preparedness, response, recovery) [2]. According to the “disaster 
cycle,” preparedness against disasters starts prior to the event and goes through it to 
recovery:
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•	 Mitigation: reduce risks
•	 Preparedness: training (all hazard approach)
•	 Response: manage crisis
•	 Recovery: reevaluate, lessons learned

Complex, highly hierarchized systems, like the military, healthcare systems, and 
financial institutes, need to be effectively governed.

This can be achieved through command and control or, to be more precise, the 
4C: command, control, coordination, and communication.

49.5.1	 �Command

Command is the exercise of direction by a commander over assigned forces or ele-
ments in the accomplishment of a mission:

•	 Personnel
•	 Equipment
•	 Communications
•	 Facilities
•	 Procedures
•	 Stakeholders

The elements of command are:

•	 Situational awareness
•	 Roles
•	 Establishment of the initial conditions
•	 Continuing assessment
•	 Intelligence
•	 Allocation of resources

49.5.2	 �Control

•	 Determine if efforts are on track
•	 Follow evolution
•	 Make adjustments

49.5.3	 �Coordination (of Multiple Stakeholders)

Coordination is a mechanism to ensure:

•	 That the incident is handled appropriately
•	 Teamworking
•	 Fine-tuning
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Coordination is fueled by information flow.
Optimal levels of coordination:

•	 Unity of command: an individual has only one superior to whom he is directly 
responsible (accountability; clear line of supervision)

•	 Unity of effort: all parties collaborate
•	 Focus upon the same agreed objectives (MoU)
•	 Working together to achieve them (teamworking)
•	 Established chain of command: line of authority

49.5.4	 �Communication

A good leader must be an excellent communicator.
A leader must possess:

•	 Critical communication skills
•	 Ability to receive and distribute effectively information
•	 Assure that information was understood

The leader, through communication, must be able to:

•	 Give work assignments
•	 Request support or additional resource
•	 Report progress of assigned tasks
•	 Assure free information flow in- and outward
•	 Impose mutual intelligibility (common language and common terminology)
•	 Inform collaborators
•	 Give instructions
•	 Update (SitReps)
•	 Discuss options
•	 Inform stakeholders
•	 Inform media
•	 Inform public

The leader may be involved in communicating with the public who, in case of 
disaster, is the ultimate stakeholder, by performing crisis and emergency risk com-
munication (CERC).

The key questions to answer are the 5Ws:

•	 Who?
•	 What?
•	 When?
•	 Where?
•	 Why?
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That comes to some clear messages to communicate the following:

•	 What is the hazard?
•	 What damage can it do?
•	 How will the community be affected?
•	 How complicated is the situation?
•	 Can it be averted?
•	 What can be done?

Sound communication should be:

•	 Timely
•	 Accurate
•	 Simple
•	 Understandable
•	 Credible
•	 Consistent
•	 Empathetic
•	 Competent
•	 Expert
•	 Honest
•	 Open
•	 Accountable
•	 Committed

49.6	 �Leadership and Management in Disasters

Disasters, by definition, provoke a failure of normal healthcare provision, caused by 
direct damage to healthcare facilities and/or by the large influx of disaster victims, 
thus overwhelming their existing healthcare capacity.

During a disaster, healthcare organizations must shift their activity and levels of 
care from ordinary to disaster mode: from “everything for all” to “highest possible 
level of care for the ones likely to survive.” Moreover, they must “return to normal” 
as soon as possible (disaster dismissal).

It must be kept in mind that healthcare systems and hospitals are deemed param-
eters of social stability, because the public is aware that, in case of need, they can 
seek help there. On the other hand, hospitals are high-reliability organizations 
(HRO), given that low chances of error exist, due to interdisciplinary teamworking 
and cross-controls.

In case of disaster, leadership and management is applied through command and 
control (4C) which is performed through the Incident Command System (ICS) or 
Hospital Emergency Incident Command System (HEICS) by the Incident 
Commander (IC).
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ICS is a model for command structure designed to manage chaos; and disaster is 
actually chaos.

The system was created in the 1970s in order to manage and coordinate multiple 
agencies involved in large incidents. Nowadays, ICS is applied in various responses, 
like prehospital or inhospital disaster, firefighting, police action, military opera-
tions, etc.

The ICS is:

	1.	 A standardized approach to 4C through a definitive determination of common 
hierarchy.

The main purpose of ICS is:
•	 To manage chaos
•	 To get a plan working
•	 To help the various stakeholders work together in a coordinated and system-

atic approach
	2.	 A tool (not a complete disaster plan) that:

•	 Allows a structured, coordinated organizational approach of hospital disaster 
management

•	 Allows multiple departments within the hospital to work together for a com-
mon objective

•	 Provides instructions for tasks that differ from everyday activities
	3.	 A disaster management strategy:

•	 Standardized organization and procedures
•	 Modular, scalable system
•	 Manageable span of control
•	 Procedures for establishing command and handover

The ICS basic units of structure are:

	(a)	 Incident commander
	(b)	 Section chiefs
	(c)	 Directors
	(d)	 Unit leaders
	(e)	 Officers

The ICS helps ensure full utilization of incident resources by:

•	 Establishing predesignated incident facilities
•	 Maintaining a manageable span of control
•	 Implementing resource management practices
•	 Ensuring integrated communications
•	 Mutual intelligibility (common language)
•	 Course of action (prioritization)
•	 Maintaining surge capacity
•	 Applying the emergency plan
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The functionality of a disaster plan encompasses:

•	 The level of medical ambition (LoMA): an action of policy-making
•	 The level of training on the plan
•	 The plan’s updates
•	 The personnel’s “disaster education” level

The leader’s five steps in facing a crisis are the following:

	1.	 Express organization’s policy and direction (doctrine)
	2.	 Establish incident objectives (level of ambition)
	3.	 Select strategy
	4.	 Technical direction (tactics)
	5.	 Achieve goal

As the incident grows, general staff positions (modular organization) are acti-
vated in the ICS.

Concepts

•	 Unity of command: each person reports to only one supervisor
•	 Chain of command (orderly line of progression from IC to resource)
•	 Manageable span of control (manages expansion and contraction of the organi-

zation; ideal range is 1:5)

The 12 principles:

	 1.	 Five primary management functions (aforementioned)
	 2.	 Established transfer of control and command
	 3.	 Single or unified command
	 4.	 Unity and chain of Command
	 5.	 Management by objectives
	 6.	 Comprehensive resource management
	 7.	 Consolidated action plans
	 8.	 Manageable span of control
	 9.	 Modular organization
	10.	 Personal accountability
	11.	 Common terminology (intelligibility)
	12.	 Integrated communications

The 16-step ICS response:

•	 Assumes and announces command (and exercises control, coordination, and 
communication): “the one-man’s law”

•	 Gathers information
•	 Assesses situation
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•	 Identifies and sets perimeters (hot/inner/outer)
•	 Establishes command post (safe)
•	 Assigns safety officer and staging officer (supplies)
•	 Identifies and establishes liaisons with all stakeholders
•	 Identifies resources
•	 Establishes plan (strategy/tactics/objectives)
•	 Establishes level of ambition
•	 Coordinates operations
•	 Promotes teamworking
•	 Activates preexisting MoU
•	 Requests additional resources
•	 As the incident grows, general staff positions are activated

The first qualified responder to arrive on a scene becomes the incident com-
mander (IC):

	1.	 The initial IC is initially responsible for all duties
	2.	 The IC recruits staff as needed
	3.	 Positions are added to the organizational structure only when needed
	4.	 IC develops middle managers as needed
	5.	 The initial IC is responsible for the organization until authority is delegated to 

another person
	6.	 The IC may not necessarily be one single person
	7.	 The IC is usually assisted by three command staff members (liaison officer, 

safety officer, and information officer)

The “should-be”:

•	 Every incident must have an IC
•	 IC is the only mandatory position within the ICS
•	 The IC maintains overall responsibility for the incident
•	 The IC accomplishes functions from the Incident Command Post (ICP, EOC)
•	 ICP should be placed in a reasonably close but safe position
•	 Positions in command staff are added according to needs
•	 Each position may have assistants if necessary
•	 Large incidents should be managed piecemeal and by objectives

Standard operating procedures (SOPs):

	1.	 Policy for activation of the plan
	2.	 Policy for termination of emergency status
	3.	 Evacuation procedures
	4.	 Volunteer credentialing
	5.	 Personnel recall (chain of activation)
	6.	 Etc.
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Job action sheets (JAS)

•	 Standardized and easily completed forms
•	 A single job sheet for each position within the organizational structure (thus, 

anyone can quickly assume a role)
•	 The most important tasks are mentioned at the top
•	 Staff are not required to memorize the contents of JAS.

Challenges addressed by CCCC/IC:

•	 Coordination of stakeholders
•	 Application of the plan
•	 Activation of the Memoranda of Understanding
•	 Evacuation—patients transfer supplies
•	 Info exchange/flow
•	 Maintenance of surge (as long as required) and call off (at the right moment).

49.7	 �Conclusion

Disaster management must aim to:

•	 Rapid shift to disaster setting
•	 Rapid return to normality

The real challenge is the combination of strong leadership and strong manage-
ment and the right balance between them, in executing an emergency plan trough 
the ICS. Sound leadership must be inspirational, visionary and persuasive.

It must be kept in mind that preparedness starts prior to the event, (during the 
stage of mitigation and prevention), and should include education, timely informa-
tion, and emotional and psychological support of the personnel [3]. A sound com-
munication policy will give the opportunity to better educate the personnel and to 
make clear the commitment of the healthcare system [4], thus making everyone a 
stakeholder. Only a great leadership will be able to foster a necessary “disaster cul-
ture” and to manage chaos.
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