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Preface to the Second Edition

This year marks the twenty-fifth anniversary of the American College of Surgeons’ Advanced Trauma Life Support Course for physicians. The course is now widely taught around the world. The principles of trauma care delineated in Part I. of this book are derived from the ATLS course.

The response to the first edition of Body Trauma was remarkable. With over twenty thousand copies in print, I sensed that the need for this sort of information was only partly met. Fortunately, Lynn Price at Behler Publications agreed with me. New material in this edition includes a discussion of shock states and new approaches to the very sick trauma patient. The latter includes unique ways to improve survival, such as damage control exploratory surgery. I'm often asked about the course of treatment so we've added a typical trauma case at the end of the book.

People continue to get injured by accident and by design. Trauma is still an epidemic. The government is still doing too little to make expert trauma care a nationally available resource. Medical malpractice lawsuits, the early retirement of surgeons, and the training of an inadequate number of general surgeons makes the future of trauma care uncertain. Still, your characters will get hurt and suffer.

You need to know how to get the injuries to sound right on the page.



Foreword

Conflict is the core of all fiction. Without conflict there is no story. When obstacles prevent a character from attaining his or her goals, there is conflict. It is also necessary that the consequences of not attaining the goal be profoundly significant for the character. The threat of death or severe bodily injury is among the most serious and dreadful obstacles a character must face, and therefore creates conflict and tension.

Death is an important part of most fiction. This includes all genres, not just murder mysteries (which are always one of the top-selling genres). But it is not always necessary to kill a character to have conflict. A character sustaining a severe injury can often be more compelling than a dead person when the injury is used wisely and with accurate details. Whereas my book Cause of Death in the Writer's Digest Books Howdunit Series discusses death and dying, this book provides vital information on nonfatal wounds and trauma.

If a hunter accidentally shoots himself, can he walk out of the woods to safety, or does he crawl, slowly bleeding to death? How long can he survive, and how much pain and anguish does he experience? Survivors of a plane wreck, a child hit by a car, an old lady attacked by dogs, a ranger struck by lightning, or a farmer crushed beneath his tractor could create great tension and conflict in a story.

In this book, Dr. David Page expertly guides you through such scenarios, shows you how to use proper medical terminology, gives surgical “tips” along the way, and discusses emergency care, all presented in a manner geared specifically for you, the writer. Adding accurate details to such scenes makes the story come to life and draws the reader into the world you have created.

In addition to being an accomplished writer, David Page is also a surgeon and an expert on trauma. Dave is a good friend of mine, and what he won't tell you is that in addition to being a surgeon with a busy practice, he also teaches medical students and surgical residents and has won several Citations for Excellence in Teaching from Tufts University School of Medicine.

This reference book is a must for all writers. Keep it at your desk. You'll use it over and over.

Keith Wilson, M.D.
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Introduction

In literature, as in life, sooner or later everyone becomes injured—accidentally or as a consequence of malice—somewhere in the story. The writer must force characters to face conflict. And that includes creating injuries. Every writer needs to understand how to create authentic traumatic injuries as well as how to deal with their consequences.

The focus of this book is on violent injuries that do not result in death.

Every writer confronted with the dilemma of how severely to hurt a character must understand the consequences of the physical havoc created. Injuries should be realistic, reflect the character of the person inflicting the insult, and be tailored to the needs of the plot. More sophisticated than in the past, today's readers have become avid, critical consumers of media violence. Hence, your story's accidents and injuries and the convalescence they cause must ring true.

As you write what is referred to in this book as an “injury scenario”, you must hold the tuning fork of authenticity to your ear. You'll learn to review pertinent anatomy, assess the world of your story—what's there to serve as a weapon and who's present in the scene to use it—and decide what mayhem your tale needs. These are the elements of a trauma prescription.

Whether the genre is mystery-murder, horror, romance, or any of the varieties of mainstream thrillers, or if your story is character-driven, the writer's art hinges on accurately depicting human suffering. Ernest Hemingway insisted it is what the writer leaves out that counts most. The late Gary Provost, in a similar vein, taught his writing students: Less is more. Richard Cohen, in Writer's Mind, instructs: Fiction writing should imply there is a great deal more than what has been written.

If using less material is the goal of good writing, why learn so much about inflicting injuries?

In “The Snows of Kilimanjaro,” Hemingway never describes the gangrenous leg that plays a central role in the story. He alludes to the offensive smell and the progression of gangrene and even reflects on how it began with an element of neglect on Harry's part. At no point is there an explicit description of the rotting leg.

In Ian Hamilton's biography entitled In Search of J.D. Salinger, he describes the author of The Catcher in the Rye as he becomes progressively urbane, increasingly accomplished at his craft. Following the publication of Salinger's “A Perfect Day for Bananafish,” Hamilton states, “Thanks to The New Yorker, he was beginning to learn the pleasures of reader manipulation, of having a sophisticated readership that had been trained in the enjoyment of inconsequential sorrow. He was learning how to leave things out, to flatter and deceive.”

In his critique of my first novel manuscript, Dennis Lehane stated, “The authorial voice you want to aspire to is quiet and clean. It's confident. It knows that if it whispers, the reader will lean in to hear, but if it shouts, the reader will leave the room to escape the noise. This is never more true as when it applies to violence and horror.”

Herein lies the paradox of fiction writing: You must understand what to include and what to leave out. In order to leave something out of a scene, you need to understand all of the elements that could (but shouldn't) be included.

Authenticity emerges from personal experience, struggle, and then understanding. Certainly, Hemingway had seen his share of war wounds. But most writers have little experience with traumatic injuries. This book describes in detail what you must learn about body impact and the spectrum of potential injuries in order to select what details to include in your scene. Once you understand what's there and how it gets maimed, you'll feel the pain and know what aspects of the injury to describe. The reader's visual imagery is enhanced by the inclusion of the right details. By learning a lot about a particular injury, you may select the most visual elements and write a sparse, fast-paced action scene.

Rather than being anecdotal, this book describes the process of how to create a dramatic injury scene. Included are suggestions on how to incorporate the more complicated material into your story.

No writer can describe, allude to, or choose to ignore something that she doesn't understand. And you can bet the treasury that before the chubby cherub chortles, someone in your story is going to get hurt. If it's your traumatic scene, you'd better know exactly how it happens.

Body Trauma provides an organized menu of injuries and a suggested method of approach to guide you through the process of creating authentic misery. Using the various examples presented in conjunction with master injury lists (a menu of specific injuries) for each body system, you may construct innovative insults and terrible wounds to fit the specific demands of your plot. Not just a mere laundry list of clinical mutilations, this book describes how to create novel impacts, bodily disruptions and agonizing tissue trauma. By identifying where the impact occurs and what it does to the body, you can properly weave the length of the disability into the drama. This is called the time line of the injury.

If imaginable, any injury is possible. By using the ideas presented in this book, you'll learn how to finesse the details.

Body Trauma is divided into three distinct parts in order to organize and highlight for easy use what is at times complex material.

Part I provides an overview of trauma as well as some basic concepts about the body. Principles are explained regarding tissue impacts, mechanisms of injury and how the trauma victim is handled in different locations both in and out of the hospital.

Part II is an intense discussion of major trauma, organized by body area. It includes detailed information about head and neck, chest, abdominal and limb trauma. This section represents virtually all types of major injury seen in a busy emergency room by trauma surgeons.

Part III includes unique injuries according to their cause rather than by body region. Some of these forms of damage are quite horrible. Examples from classic and contemporary literature are included in Parts II and III to demonstrate how accomplished authors handled body insults.

At the end of the book there is a discussion of what occurs when an injured person dies and the issue of organ donation arises. Sitting on the cutting edge of high-tech medical care, organ transplantation programs struggle with a national shortage of organs suitable for donation. All seriously injured victims should be considered as potential organ donors. And although not our primary concern in this book, a discussion of the process of making this cherished gift closes our discussion about broken bodies. It's an important topic for fiction writers.

So often in contemporary fiction, as in the movies, our suspension of disbelief is stretched to near rupture by violent body insults sequenced with an implausibly swift recovery. On the other hand, it seems many writers have an intuitive sense of what is biologically correct, and this book is intended to augment that instinct. Not only will you learn how to write your injury scenarios by using this book, but by the end of the book, you should also have become a sophisticated first responder to the injured.

Just as fiction is part of real life, trauma is a glaring real-life epidemic awaiting its place in your fiction. The dilemma for the writer lies in what injury to fit into the world of the story.

Most of medicine is common sense. Have fun with the material, and don't panic at the med-speak.

Writing your trauma scene may be the only time you can be the doctor. Early in my surgical career, I performed my share of trauma surgery, and many of my personal experiences have insinuated themselves into these pages. My professional life includes a busy surgical practice as well as teaching surgical residents and medical students. As part of my teaching preparation over the years, I have used multiple editions of the American College of Surgeons Committee on Trauma's Advanced Trauma Life Support For Doctors (ATLS) Student Course Manual. I wish to give special thanks to the ACS Committee on Trauma and the Seventh Edition of the Manual; I have used this precious resource for portions of this book.



PART I

An Overview of
Trauma




ONE


CONCEPTS AND TERMINOLOGY IN TRAUMA CARE

Injuries occur for a reason.

Before entering the world of trauma, you need to know a few basic terms. If you understand simple mechanisms of injury causation, this part of modern medicine and its funny-sounding verbiage will be easier to grasp. For your story to sound authentic, you need to know what you're talking about.

Trauma refers to the physical wounds and innumerable body insults that result from direct or indirect contact with something in the environment. In the chaotic history of medicine, surgeons became the specialists who assumed the task of managing traumatic wounds, treating terrible numbers of war casualties from the numerous conflicts that seeded every century. With time, weaponry became more sophisticated, more destructive. Nonetheless, even the rock hatchets, spears, darts and arrows of primitive humans were deadly, and the injuries horrible.

Warriors wear scars with pride, and one wonders if physical conflict is our species’ norm. In humankind's history, it seems quite possible that intentional wounding has been more frequent than the occurrence of unanticipated trauma. A cursory examination of man's warring history reveals repeated, massive conflicts in which large numbers of warriors became wounded. Many died. But many survived their injuries to fight again. Scientists refer to an animal's (including man's) response to confrontation as the “fight or flight” reaction, the choice presumably determined by recognition of the odds. Man has a poor track record of avoiding the odds of sustaining traumatic injuries.

Traumatic events can thus be accidental or intentional. Some injuries are more repugnant precisely because the assault is premeditated, an attack designed to hurt another person. But even so-called accidents may be more a matter of inattention and risk taking than of pure chance.

For the writer, the introduction of any form of body damage into a sordid tale increases suspense and introduces an element of uncertainty. Plot possibilities emerge from the doubt born of disaster and from the character's back-story—for example, the compulsion to practice risky behavior. On the other hand, some folks are so preoccupied with problems of daily living they become distracted and are therefore accident-prone. In this book, we look at accidents as well as injuries that result from being in a hostile environment.

Why Do Accidents Occur?

For a moment, let's consider real accidents. This term implies a traumatic episode occurred that could not have been anticipated and therefore is not the consequence of an expected series of events. The accident produced an unexpected outcome because it occurred suddenly, created alarm, and resulted in injury.

A true accident can't be avoided. Why do accidents occur? Two reasons why accidental events occur are sudden, unexpected changes in:

     1.  A person

     2.  The environment

Consider the elements of a typical automobile accident. Available data indicates that most accidents occur on the weekend and at night. Young people who consume alcohol are involved in the majority of car crashes. The person components that result in so-called “accidental” automobile mishaps include:

     •    Inebriation or drug abuse

     •    Distraction by others in the car

     •    Excessive speed

     •    Risky maneuvers, such as passing or bumper hugging

     •    Falling asleep at the wheel

     •    Anger, rage, depression, anxiety that cause preoccupation and failure to pay attention to driving chores

     •    Inadequate driver training

     •    Visual or motor skill impairment, as in some elderly drivers

Environmental factors also contribute to car crashes and may include one or a combination of the following:

     •    Poor road construction

     •    Poor road conditions, e.g., rain, snow, ice or fog

     •    Excessive traffic

     •    Lack of familiarity with road

     •    Abusive drivers, e.g., risky passing behavior or startling another driver with high beams

Defective car parts, such as brakes, windshield wipers, or engine components, may compound these factors. Also, an impact may involve a poorly designed car. Failure to wear a seat belt and failure or absence of an air bag makes the impact all the more dangerous.

Therefore, an accident may be viewed in general terms as an unexpected event that occurs because of the linkage of a series of related factors:

     •    Distraction (inattention to the task at hand)

     •    Lack of training with specific equipment

     •    Lack of motor skills (inferior innate talent)

     •    Cavalier attitude toward dangerous equipment

     •    Ignorance about potential dangers with specific equipment

     •    Poorly maintained equipment

     •    Effect of aging or disease on person's mobility, reasoning ability and perception

The terms described next are used in the assessment and care of the trauma patient.

Assault includes both physical and verbal attacks on another person. A character's interpersonal relationships and background will contribute to which element is most often employed in relationships. Verbal abuse may be more subtle, frightening and chronic than outright fisticuffs.

Domestic violence, including elder abuse, child abuse, spouse abuse, and rape, involves the most violent of crimes and produces many of the most despicable injuries. These will be covered in detail in Part III.

Self-mutilation is a fascinating topic that implies a purposeful alteration in self-image. We'll merely nudge this topic in our discussion. What happens to self-image? Why tattoos? Scars?

Mortality refers to death. The mortality rate in a given circumstance means how many people died. It's the death rate for a specific medical procedure or life event.

Morbidity, on the other hand, refers to injury. It's the meat of this book. The accidental event itself has a morbidity rate, as does the surgery performed to fix the broken body. Each event has a potentially poor outcome—things that can go wrong because of uncontrolled trauma or despite controlled surgery.

Some things just happen.

Emergency Management

The events that surround the management of major accidents are divided into the sequential events that are part of trauma care.

Extrication: This is the removal of the victim from the scene. It may involve using the “jaws of life” to get someone out of a car wreck, removing a victim from a mountaintop or a deep ravine or bringing a child up from a well shaft.

Transportation of the patient: Three methods of transportation are available for trauma victims and are dependent upon the distance from site of injury to the nearest available appropriate acute care facility.

     1.  Ambulance—up to about 50 miles

     2.  Helicopter—about 50 to 100 miles

     3.  Fixed wing aircraft—about 100 to 300+ miles

Helicopters and fixed wing aircraft provide rapid transport for victims who are only marginally stable and who must reach expert trauma care for specialty surgical care.

Resuscitation equipment is available in all transport vehicles. The most important principle in patient transport is to deliver the victim quickly and safely to the nearest appropriate hospital. A contingency plan for foul weather is needed.

Dead victims don't enter the Emergency Medical System (EMS) but must be taken to the proper facility as directed by the coroner or medical examiner.

Transfer of Patients: This refers to the transfer of a patient from one trauma center to another of a more sophisticated level (see “Levels of Trauma Care” on page 14). Criteria for considering early transport of the injured victim are summarized in Figure 1. An example of a transfer sheet is included in Figure 2.

The trauma victim's illness severity is calculated from vital signs, specific lab tests and other variables. Each patient is assigned what is called the revised trauma score. It gives an estimate of survival potential and consists of:

     •    Respiratory status

     •    Cardiac status (blood pressure, pulse, etc.)

     •    Glasgow Coma Score (see Chapter Five)

Not only does this derived number permit the trauma surgeon to predict outcome, it also gives an estimate of the patient's potential for developing major complications.

A paramedic, doctor, or layperson caring for a trauma victim must recognize where in the following sequence they have entered the continuum of trauma management:

     •    Assess the extent and type of injuries

     •    Stabilize the victim/patient

     •    Prepare for definitive treatment or transfer to another hospital

In the paramedic's case, the initial transportation is to the closest local hospital or to a regional trauma center, depending on the circumstances. If a smaller hospital doesn't have surgeons who are able to care for these patients either through close monitoring in the intensive care unit or by operating on them, then the patient must be transferred.

Figure 1 – High-Risk Criteria for
Consideration of Early Transfer


(These guidelines are not intended to be hospital-specific.)

Central Nervous System

     •    Head injury

          —Penetrating injury or open fracture (with or without cerebrospinal fluid leak)

          —Depressed skull facture

          —Glasgow Coma Scale (GCS) 14 or GCS deterioration

          —Lateralizing signs

     •    Spinal cord injury

          —Spinal column injury or major vertebral injury

Chest

     •    Major chest wall injury

     •    Wide mediastinum or other signs suggesting great vessel injury

     •    Cardiac injury

     •    Patients who may require prolonged ventilation

Pelvis

     •    Unstable pelvic ring disruption

     •    Unstable pelvic fracture with shock or other evidence of continuing hemorrhage

     •    Open pelvic injury

Major Extremity Injuries

     •    Fracture/dislocation with loss of distal pulses

     •    Open long-bone fractures

     •    Extremity ischemia

Multiple-System Injury

     •    Head injury combined with face, chest, abdominal or pelvic injury

     •    Burns with associated injuries

     •    Multiple long-bone fractures

     •    Injury to more than two body regions

Comorbid Factors

     •    Age >55 years

     •    Children

     •    Cardiac or respiratory disease

     •    Insulin-dependent diabetes, morbid obesity

     •    Pregnancy

     •    Immunosuppression

Secondary Deterioration (late Sequelae)

     •    Mechanical ventilation required

     •    Sepsis

     •    Single or multiple organ system failure (deterioration in central nervous, cardiac, pulmonary, hepatic, renal or coagulation systems)

     •    Major tissue necrosis



 
Making a decision to transfer a patient occurs as the doctor quickly assesses the patient in the ER trauma room. It's not just a matter of the surgeon's time. It's also a question of the local capabilities and limitations. Will the care of one complicated patient consume most of a limited ICU staff's time?

If the decision is made to transfer a patient, no further work-up (tests such as a CT scan, ultrasound, etc.) should be performed. The goal is to get the patient into the hands of surgeons who can immediately institute the proper care. Delay results in increased mortality. If your doctor character hesitates, fumbles the ball, or acts out of his own ego needs, the victim may die or incur serious disabilities. Your doctor must decide whether an operation should be performed at the smaller hospital prior to transfer to a trauma center to assure the patient's safety.

You may be surprised to learn that some rather serious blunt and penetrating traumatic injuries are managed without surgery. Here's the catch. Let's say your fictional doctor is watching a trauma patient, (instead of transferring the patient to a medical center) monitoring his vital signs and re-checking his clinical examination to determine if the patient is stable or deteriorating. If she's going to do this, she must have the surgical skills and an available operating room - not to mention a full capability blood bank, ICU and other ancillary support personnel - at her disposal if the patient “crashes” (plunges into shock). Your fictional surgeon can't admit, assess, and watch her patient in hopes of a good outcome unless she's ready to perform emergency surgery if “observation” doesn't work.

If someone else died in the accident, the mechanism of injury was probably such that your patient harbors obvious or occult life-threatening injuries as well. Alcohol and drugs may alter a victim's level of consciousness. But the surgeon must assume until proven otherwise that the patient has a significant head injury. A head CT scan must be performed to rule out intracranial bleeding if certain “lateralizing” signs (neurological findings on examination that result from a so-called space occupying lesion, blood clot, for example, in the brain) are present.

The severity of the injury is assessed in the field by a paramedic before the trauma surgeon becomes involved. Field assessment of the degree of injury is determined by the following four factors:

     1.  Abnormal body functions such as low blood pressure and fast pulse that describe shock or abnormal respirations and neurological findings that suggest a severe head injury

     2.  Obvious disruption of the victim's anatomy, e.g., traumatic amputation, impalement, gaping chest or belly wound

     3.  The mechanism of injury—blunt or penetrating, the caliber of the gun, speed of the motorcycle, length of the knife, distance of the fall, etc.

     4.  Associated illnesses, such as diabetes, hypertension, heart failure, chronic lung disease, or kidney failure

Once the paramedic identifies major life-threatening injuries, he institutes emergency care before moving the victim. The pattern of identifying and treating trauma emergencies is ritualized to avoid mistakes.

Prehospital protocols refer to specific instructions given to paramedics and EMTs as part of their training to assure reproducible and safe care for all trauma victims. These kinds of treatment plans are also available for a variety of medical conditions seen “in the field”. The goals of all emergency care protocols are:

     •    To provide lifesaving care in the field

     •    To provide comfort to victim

     •    To transport victim to the appropriate hospital in a timely fashion

The elements of prehospital “cookbook” emergency care plans are taught in a defined order to be followed by every emergency responder in exactly the same way. The concept is to eliminate freelancing and creative thinking in the management of life-threatening emergencies. Anyone who has been responsible for another human who was in the act of dying knows the intense fear that surrounds providing acute care. It's easy to forget what to do for the victim.

Figure 2 – Example of a Transfer Form


  A.     Patient's name ________________________________________

          Address____________________________________________

          Age________________Sex____________Weight___________

          Next of kin__________________________________________

          Address____________________________________________

          Phone number (_________) ____________________________

  B.     History of current injury:

          Time and date of injury:

          Mechanism of injury:

          History of previous conditions, injuries and medications:

  C.     Condition on admission:

          Blood Pressure_______Pulse_______Temperature__________

          Respiratory rate______________________________________

  D.     Initial diagnostic impressions:

  E.     Diagnostic studies:

          1.  Laboratory

               a.  Complete blood cell count

               b.  Urinalysis

               c.  Electrolytes

               d.  Arterial blood gases

          2.  Electrocardiogram

          3.  Radiological studies

  F.     Treatment rendered to patient:

          1.  Medications given with amount and time:

          2.  Intravenous (IV) fluids with type and amount

          3.  Other

  G.     Status of patient when transferred:

  H.     Management during transport:

  I.     Name of physician referring patient:________________________

          Phone number (_______) ______________________________

  J.     Name of physician and hospital receiving patient:



 
Thus, the basic resuscitation scheme used by all EMTs, paramedics, nurses, and physicians is ABCDE. This translates into looking for and solving the following acute problems, which, if not reversed, may result in a life-ending tragedy.

     •    A is for airway. Assure nothing is blocking free flow of air in the mouth and trachea.

     •    B is for breathing. Make certain air exchange is actually occurring.

     •    C is for circulation. The heart is beating, pulses are present, and bleeding is stopped.

     •    D is for disability. Check the nervous system. Is the victim verbally responding? Are eyes open? Arms moving? Legs?

     •    E is for exposure. Take off the victim's clothes, if necessary, and check for other hidden life-threatening injuries.

Triage refers to the sorting out of trauma victims according to the severity of their injuries. This process occurs in the field, in the trauma room, and in the setting of mass casualties. It's crucial to know that half of all trauma victims who will eventually die never reach a hospital. Two-thirds of those who die in spite of acute medical care will expire within the first four hours.

Your “first responder” character should know who to let die at the scene—unless you are purposely creating conflict by having him make the wrong decision or involving him in a dispute with someone else at the scene about triage priorities.

Why do trauma victims die after reaching the hospital? The reasons include:

     •    Delayed transportation to a trauma care facility

     •    Improper triage in the field with missed vital injuries

     •    Inadequate or delayed resuscitation

The paramedic must consider four situations when performing triage in the field:

     1.  Who to ignore because they are going to make it without attention (minor lacerations, abrasions, etc.)

     2.  Whom to let die at the scene because no amount of care will reverse their overwhelming injuries (massive head injuries, profound shock from blood loss, etc.)

     3.  Who has life-threatening injuries that must be reversed immediately at the accident scene (obstructed airway; major ongoing bleeding requiring pressure dressings; head or neck injuries, requiring stabilization, urgent evacuation and hospital treatment; etc.)

     4.  Who needs care for major injuries that are not life threatening (broken bones, bleeding, uncertain internal injuries, etc.)

Sadly, the sickest victim isn't always the one you pay most attention to when sorting injuries. It's a numbers game and it's tough.

Finally, before a trauma patient is transferred to another facility, it is the original doctor's responsibility to communicate doctor-to-doctor to the receiving surgeon at the Level One medical center. There is no place in a well-executed transfer for relying on ER notes or asking a nurse to call the other hospital. The receiving surgeon will want to know specifics about the patient's status in order to consider what will be needed in terms of interventions when the patient arrives, as well as if there has been a change in the patient's status during transport. The doctor who had the original contact must provide this information.

Levels of Trauma Care

Now we'll discuss in detail the different levels of trauma care available throughout the U.S. and the way various hospitals mesh together to form a regional trauma care system. There are four recognized levels of trauma care expertise—all of which are vital for a smoothly run national system of trauma care delivery.

Level I trauma centers are major urban medical centers, with all surgical specialties available, including a neurosurgeon, plastic surgeon, urologist, cardiac surgeon, orthopedic surgeon, ophthalmologist, ENT surgeon, pediatric surgeon, and hand surgeon. A trauma surgeon is on call in-house (surgical resident) at all times, while intensivists work in multi-specialty critical care units (ICU). There exists an excellent blood bank, laboratory facility and support systems, such as rehabilitation, social services and religious support.

Level II trauma centers are urban community hospitals with most surgical specialties represented. They handle ninety-five percent of all traumas. Level II centers have board-certified general surgeons with trauma experience and many, but not all, support services. More complex cases are referred to Level I centers.

Level III trauma centers are usually rural hospitals. Surgeons aren't on call twenty-four hours a day specifically for trauma, but they are readily available. Most other surgical specialties are available as well. Less complicated cases—for example, patients with single system trauma—may be handled at these facilities.

Level IV trauma centers are rural hospitals or clinics with minimal resources, but they are the only care available for some trauma patients. There may not be a doctor present, so paramedical personnel play a vital role in resuscitating and transporting trauma victims.

The transport of the victim to a big-city Level I super-specialty medical center characterizes a continuum of expertise and opportunity. Every link in the national trauma system is vital for the effective running of the program. But some victims suffer from only one injury.

Single system trauma involves only one organ system in the impact event. For example, head trauma by itself causes a majority of traumatic deaths and many long-term disabilities. A fractured leg is also single system trauma but carries little potential for prolonged disability and rehabilitation.

Multiple system trauma is seen in auto accidents, falls, and other extreme accidental impacts where deceleration affects any organ that is poorly anchored and not well protected. That is, the aortic arch, spleen, kidney, or intestine may continue to move after the body halts abruptly with collision or contact with the ground. In addition to multiple fractures, internal organs are often torn or ruptured, creating a variety of clinical problems for the surgeon. And because so many impacts occur as different force vectors are applied, it isn't surprising that, at times, injuries go undetected.

Missed injuries just happen. Think about the trauma center setting and the chaotic way victims of serious trauma come into the hospital. It's difficult to know exactly how the accident occurred. At first, there's little information about the event. A number of factors contribute to the failure to diagnose certain conditions:

     •    Fatigue—late at night, the surgeon has already put in a full day and another awaits and there are no residents to help.

     •    Poor history—occasionally what happened at the accident scene isn't transmitted to the treating doctors. Also, the history is often given by a belligerent patient who may be further confused by substance abuse, shock, concussion, etc.

     •    Severe, life-threatening injuries—these injuries may preoccupy the surgeon's initial interaction with the victim.

     •    Ventilator intubation—patient can't indicate the site of pain.

     •    Paralysis—patient can't localize pain.

     •    Examining doctor's inexperience—a physical finding may be missed or misinterpreted, or an x-ray may be misread.

     •    Breakdown in usual evaluation routine—doctor becomes distracted and omits parts of the physical exam or does not perform an essential x-ray.

While surgeons in the past have been reluctant to acknowledge that injuries were periodically missed, most trauma surgeons in the last few years have elected to “look the issue straight in the eye” rather than attribute omitted diagnoses to the inexperience of new surgeons. All surgeons miss something at some point in their careers.

In one study of trauma victims who underwent autopsy, the incidence of missed diagnosis was thirty-four percent! It is felt that available data suggests only about five percent of missed diagnoses caused death while an additional twenty-three percent of concealed injuries contributed to death. Half of all missed x-ray diagnoses in a Cook County (Chicago) study involved trauma patients. A lot of these patients were victims of inner city war.

Perhaps that sad fact is fitting as, historically, advancements in trauma care have been concentrated in times of conflict. War has educated doctors through the centuries and continued in the modern era to dictate how trauma surgeons care for civilian patients. A brief overview of developments that accompanied modern wars:

     •    American Civil War—use of antiseptics, amputation, and horse ambulances in the field

     •    World War I—improved wound care, delayed closure of infected wounds to avoid abscess formation; blood loss related to shock, with intravenous salt solution used to replace lost volume; field ambulances with motors

     •    World War II—blood transfusions used, rapid evacuation (about two hours), surgical units placed closer to the front lines, colostomy used for traumatic colon injuries

     •    Korean War—vascular surgery developed for repair of arteries, use of helicopters (evacuation time less than an hour), MASH units developed, kidney failure understood and dialysis developed

     •    Vietnam War—rapid helicopter evacuation (twenty to thirty minutes from field to hospital); massive IV fluid replacement for shock; realization that respiratory failure is secondary to shock and understanding of resuscitation, leading to new treatment strategies for what became modern critical care medicine

War wounds became better understood through these epic struggles as scientists began to study injury models as well as the effect of various ballistics on tissue. The U.S. Army had special teams in the field evaluating traumatic wounds during the Vietnam era and had research programs involving the study of projectile injuries in animal subjects. Surgical care improved as tissue insults became better understood.

Destructive Impacts

Different types of forces act on human flesh to cause damage and may act simultaneously or concurrently in the same victim. There are four forces that produce destructive impacts in a specific manner.

Impact-Producing Forces

High-velocity versus low-velocity projectiles: Rather than mass, it is the speed (and “tumbling”) of a projectile that determines the extent of the damage.

Crush injuries: Soft tissue is squeezed between deep bony structures and whatever is pressing against the skin. The Oklahoma City federal building collapse witnessed many crush injuries. First, damage caused by the direct injury to crushed tissues occurs, followed by the release of toxic inflammatory substances from the area of the crush. “Washed out” into the blood stream when the victim is resuscitated, these toxins may cause lung and kidney failure.

Shear forces: One type of tissue shears against the tissue next to it, often because the first tissue decelerates or stops suddenly and another adjacent tissue keeps in motion. If solid, the organ rips and bleeds, and if hollow, like the bowel, for example, the organ tears and perforates, releasing irritating body fluid.

Cavitation: This may be instantaneous and temporary, or permanent. A temporary cavity forms when tissue is compressed by an external force, creating a hole or tear in the tissue that then re-closes when the force stops. As will be discussed in a moment, the best example is a gunshot wound that leaves a bullet track.

Automobile Accidents

Now, we'll examine the forces that may cause injuries to a person inside an automobile during impact. Serious injury occurs when an object or another body strikes a part of the body. The fascinating part is the variable end results. Why variable? Because the differences in the force applied and the individual's anatomy are just enough to create an unpredictable and, at times, bizarre array of injuries.

Automobile accidents are so common that the mechanisms of injury deserve special mention. In addition to any torque or spinning motions created by the collision of one car with another or with a roadside object, there are three types of impact: frontal, rear, and side.

A frontal or rear impact stops the car, but the occupants continue to move forward. The driver strikes the steering wheel; the passenger strikes the dash or windshield. Rear impacts snap the neck. Both traumatic events are more severe if the occupants aren't wearing seat belts or if the car doesn't have air bags or neck protection. These devices are designed to blunt the effects of moving inertia, to “cushion” the kinetic energy of the people in the car. Injuries may include:

     •    Flexion-extension injury to the neck

     •    Blunt chest trauma

     •    Compression of intra-abdominal organs with possible rupture

     •    Blunt facial trauma with fractured facial bones and lacerations, and scalp lacerations

     •    Skull fracture, brain contusion, laceration, intracranial hemorrhage

Lateral, or side, impact may cause any of the above injuries as well as spinal fractures caused by rotation and compression of the torso or pelvis upon direct contact. Arm and leg fractures may also occur from lateral force. If the car rolls over, anything can happen.

Injury may be related to the restraining device, particularly the seat belt. Let it be said loud and clear that restraints prevent a vastly larger number of injuries than they cause. Three-point seat belts must be used with air bags, as the latter are useless in lateral and rear impacts. Besides, when the air bag deflates, which is immediately after impact, any secondary hits will only be reduced by the seat belt.

Lap seat belts used alone may result in trapped bowel and intestinal rupture as well as flexion spinal cord injury. The use of diagonal belts only may cause neck and chest trauma. Thus, both are needed to protect the automobile occupant from serious harm during impact.

For a moment, consider the basic principles of physics that determine what happens during impact. Newton's first law of motion states that an object will remain in motion in a straight line until acted upon by some external agent or force. The passenger of a car experiences impact when the car stops because his body is in motion as well. Not until the seat belt, air bag or dashboard intervenes does the driver's forward momentum cease. Which restraint or auto part is impacted partially determines the type and degree of injury.

The idea of acceleration is that of changing velocity. A body may be induced to move faster or slower or change direction. It accelerates or decelerates. To do so the body must acquire kinetic energy or energy on the run, moving energy, and when that body stops suddenly, all of that kinetic energy must be transferred to something else. If that something else is your character's body, he gets seriously hurt.

Other Destructive Impacts

Falls can be disastrous because of the acceleration of gravity, the increase in velocity of a falling body because of its pull by Earth's gravitational forces. Each second during a free fall, the velocity of the falling body increases by thirty-two feet per second. What your character strikes also partially defines the traumatic injury. The results of a fall are determined by:

     •    The distance of the fall—a fall from a standing position to a tumble into the Grand Canyon.

     •    The body part first struck when contact with the ground is made—neck, head, arm, etc.

     •    The nature of the impact point—water, gravel, concrete, grass, shrubs, etc.

Any of the minor or major injuries described in Part II may be the consequence of a fall, and there can be surprises in the degree of trauma resulting from different tumbles. A slip on the ice may result in a ruptured spleen, as I discovered recently in a young patient. And a fall from a cliff may cause only scratches and bruises.

Gunshot wounds are just as unpredictable. The following discussion focuses more on what happens to human flesh because of the peculiarities of ballistics and body structure.

As you can see in Figure 3, bullets don't leave simple wounds. It is the velocity of the bullet that primarily determines the nature and extent of the wound, although this isn't the only factor, as a .45 caliber slug traveling at 850 feet per second will cause more damage than a .22 caliber bullet at 1000 feet per second. Part of the damage is due to the soft lead projectile, which disintegrates and disperses all of its kinetic energy in the flesh. A faster copper jacket bullet may pass through a body structure without causing much harm because a lot of its energy is still in motion after the exit wound. Add a few bone fragments to a disintegrating bullet and now you've got secondary missiles, which cause more damage.

Shock waves are transmitted to the surrounding tissues and cause damage far away from the missile track. Also, the bullet path is not initially narrow, but rather, cavitation occurs. This sudden expansion and then collapse of the tissues may suck clothing and other debris into the wound. The entry wound may appear to be small because the skin's normal elasticity partially closes it. These wounds often require extensive surgical debridement, or cleaning, to clear the track of dirt and dead tissue.

Shotgun wounds are quite different from gunshot impacts. Multiple pellets cause a literal chewing up of a specific area, with less body penetration than a single bullet. Massive damage to skin, soft tissue, and vital structures close to the surface occurs. This is particularly true of the heavier duck and goose loads (numbers 2 and 4, BBs).

Figure 3 – Bullet Cavitation

[image: Image]

Wounds in a Trauma Victim

Any tissue in a trauma victim may be injured, and a host of terms are used to describe these injuries. First, we'll describe those injuries that do not involve bone.

 


Important Facts About a Bullet and the Wound It Causes

     •    Weight and diameter (caliber) of projectile

     •    Muzzle velocity

     •    Design of bullet jacket

     •    Point of impact (skull, leg, buttocks, etc.)

     •    Pathway through body (specific tissues encountered)

     •    Secondary bone fragment missiles



 
Soft Tissue Wounds

Not only do these include special structures, such as the ears, nose, eyes and genitalia, soft tissue wounds may also include any or all of the following structures:

     •    Skin

     •    Fat

     •    Muscle

     •    Tendons

     •    Ligaments

     •    Nerves

     •    Arteries and veins

These common types of soft tissue injuries vary in degree of severity:

Abrasion: A superficial “scabbing” injury, like skinning a knee, caused by contact with a flat, rough surface. Sometimes called a “strawberry”, it results in a partial-thickness loss of skin with some bleeding and “crust” formation, which is old blood and serum.

Contusion: A bruise or deeper injury caused by a direct strike. Skin, subcutaneous fat and muscle, tendons, or ligaments are trapped between the surface and the bone and become crushed. Swelling, pain and loss of function are common.

Hematoma: A pocket, or collection, of blood anywhere in the body. Caused by the rupture of small or large arteries or veins. The collection may be within a specific organ or in soft tissue, such as muscle or fat.

Avulsion: The tearing away of tissue from its attachments. This may be partial or complete and includes muscle tears, fingernail avulsions or the ripping away of skin from underlying tissue, a so-called “degloving” injury—skin torn away like removing a pair of gloves.

Why does one person suffer major tissue avulsion from direct trauma while another individual develops only an irritating abrasion? Why do some tissues lacerate while others resist trauma? A couple of factors determine how seriously a trauma victim may be injured:

•  The elasticity of the impacted tissue—can it stretch or deform and resume its original configuration?

•  The speed at which the tissue is loaded—is the arm smacked with a baseball bat at sixty miles per hour or a .44 magnum bullet at 900 feet per second? The tissue can't “escape” the bullet, and therefore disrupts, whereas with the bat, it is compressed and then assumes its original shape. Load a joint suddenly and the ligaments and tendons tear (ruptured ligaments or torn cartilage) instead of stretch (strain).

Fractures and Dislocations

The force required to break a bone or disrupt a joint may be direct or indirect. An example of the latter is a fall on an outstretched hand causing dislocation or fracture of the shoulder. Direct force from a fall causes a variety of fractures and dislocations.

A fracture is a break in a bone. It may be partial or complete. Different patterns are seen and include:

     •    Compound fracture—bone fragment projects through the skin causing an open wound.

     •    Comminuted fracture—several small fragments of broken bone in wound rather than one “clean” break.

     •    Greenstick fracture—seen in children, a “buckle”, or partial break of the cortex of an immature bone.

     •    Oblique, spiral, transverse fractures—result from different forces exerted on the bone.

A special case occurs with skull fractures, which may be depressed when the bony table of the skull is pushed below the plane of the normal surrounding bone. Treatment involves elevating the fragment(s) surgically. An undisplaced skull fracture may be left alone. Similarly, fractures of the long bones of the arms and legs in good alignment may be splinted or pinned without manipulation or realignment.

Pelvic fractures may be innocent or life threatening. The “rings of bone”, or rami, may break in one place, may become disrupted on both sides, or may fracture in two or more locations on the same side. The larger bones of the pelvic bowl may also break with enough impact, and often serious visceral (organ) injuries accompany these pelvic fracture(s). These include ruptured bladder, rectum, or major blood vessels. The most serious problem associated with pelvic fractures is massive, uncontrolled hemorrhage. Torn pelvic veins traveling through bone are controlled by pushing sterile thumbtacks into the sacral bone to compress the bleeding vessels.

Dislocations are seen most often in joints with the most freedom of motion. These include the shoulder, elbow, fingers, knee, and ankle. The hip joint may dislocate, but it requires a major impact. By definition, a dislocation occurs when all or a portion of a joint surface moves out of alignment and is no longer in contact with its “mating” surface. Specific maneuvers are needed to reduce a dislocation. After a period of time, muscle spasm around the joint will prevent easy reduction.

Spinal fractures are discussed in Chapter Six.

The Control of Hemorrhage

First responders are required to staunch the flow of blood as part of resuscitating an injured trauma victim. Several techniques are useful and may be employed according to the body area that is bleeding. In order of decreasing effectiveness, they are:

     •    Direct pressure over the bleeding tissue

     •    A pressure wrapping of an extremity, especially if a large surface area is involved

     •    Packing a bleeding cavity

     •    Applying a tourniquet above the bleeding point on an extremity

If a pressure bandage becomes soaked with blood, it is often advisable to leave it in place, as beneath the gauze, the body is depositing clotting factors in an attempt to stop the bleeding. People with clotting disorders, such as hemophilia, will hemorrhage from minor abrasions and lacerations as well as from major trauma. Also, patients on blood thinners, or anticoagulants, such as Warfarin or Coumadin, will bleed more from minor trauma. These patients would include people with prosthetic heart valves, those who have had a stroke, those with blood clots in the legs, and those recovering from certain operations that carry high risk of phlebitis.

Finally, a medical disaster is defined as an unexpected event resulting in multiple simple and complex injuries to a large number of people with destruction of property and disruption of the daily routines of society.

Thus, a traumatic impact is the result of an energy transfer from an object or body to another body. Either a moving object (a missile of some sort) strikes the body or the moving body hits something.

Either way, tissue suffers.

Shock States

Shock is defined as a clinical condition in which there is inadequate blood supply to vital tissues. This state of under-perfusion results in the body's cells receiving inadequate amounts of oxygen and nutrients. We're excluding the use of the term “shock” to describe psychological stress. Shock involving the cardiovascular system may occur for several reasons. The classification of shock that will be described later shows you how complicated patients may be, particularly when they may have the same signs and symptoms for different shock states.

First, how do you recognize that someone is in shock? Let's take each measurable component of shock and review it separately. Obviously, these findings are combined in a shock patient. The sicker the patient, the more abnormal the components will be:

     1.  Tachycardia - this means a rapid heart beat; it may be absent in some shock patients; the pulse rate may drop to an abnormally slow rate in severe (advanced) shock called bradycardia

     2.  Tachypnea - a rapid respiratory rate driven by the accumulation of lactic acid

     3.  Poor skin perfusion - as skin arteries constrict the skin becomes “pale, cold, and clammy” as the “fight or flight” reaction kicks in; of course it may be seen in hypothermia without shock

     4.  Mental changes - confusion to loss of consciousness may occur as the brain receives less and less blood as the shock state advances

     5.  Reduced urine output - as the kidneys receive less blood, they conserve body fluid volume by excreting less urine; this is a very sensitive sign of shock regardless of the cause

     6.  Chest pain - either from a heart attack as the prime cause of the shock state, or secondarily from poor heart muscle perfusion of the coronaries because of a different shock state

     7.  Heart rhythm changes - too fast, too slow, and arrhythmias characterized by abnormal EKG complexes; some of these rhythm changes may lead to ventricular tachycardia, which results in a “machine gun” fast heart rate that is inefficient in pumping blood.

     8.  Systolic blood pressure drop - less than 110 mm hg in an adult, less than 100 mm hg in a school child, and less than 80-90 mm hg in an infant or preschooler respectively

There are a number of ways to classify shock. The easiest is based on the most important defect in the cardiovascular system. By that term, I mean the pump (heart), the hydraulic fluid (blood, plasma, body compartment salt and water component), and the vessels themselves (arteries, veins and capillaries). That's the system. The fourth category is based on compression of some part of the system (obstructive shock).

Hypovolemic (“hydraulic fluid”) Shock

The causes of low blood volume and the reduction of other body fluids are numerous and frequently seen by surgeons. This is the most common form of “surgical” shock. Hemorrhagic shock is one form. The specific causes include:

     1.  Trauma (blunt and penetrating) causing disruption of major blood vessels, such as the thoracic (chest) aorta, liver, spleen, and intestinal blood supply

     2.  Bleeding after surgery (missed or re-bleeding points)

     3.  Massive body fluid losses after a major burn (>30% second degree or >10% third degree burn)

     4.  Inadequate replacement of IV fluids during surgery

     5.  Severe dehydration from vomiting, diarrhea, etc.

Cardiogenic (“pump failure”) Shock

This form of shock may be associated with chest pain, dizziness and heart failure. When the pump fails you must think of a number of possible causes:

     1.  Heart attack (myocardial infarction) with coronary artery “plugging” with clot on top of arteriosclerotic narrowing and loss of heart muscle (ischemia)

     2.  Malfunctioning valves from bacterial growths for example, endocarditis

     3.  Inflammation of the heart sac (pericarditis)

     4.  Heart arrhythmias or disrupted rhythms that make the heart “spin its wheels”

     5.  Pulmonary embolus or blood clot blocking the outflow veins of the heart, usually from a clot breaking off from the leg or thigh veins

Neurogenic (“distributive”) Shock

In this kind of shock, the volume is preserved for the most part and there's little wrong with the heart. But the arteries and/or veins dilate, becoming larger because of alterations in the nervous system input controlling the blood vessels. Thus, the vascular system is “too big for its britches.” There's relatively too little blood to fill the now expanded arteries or veins and the blood pressure plunges. Causes include:

     1.  A high spinal cord injury

     2.  Spinal anesthesia

     3.  An anaphylactic reaction or allergic response causing “anaphylactic shock”

Obstructive (“heart compression”) Shock

The neck veins may become distended in obstructive shock. Other specific findings such as one-sided chest pain, shortness of breath, and muffled heart sounds (cardiac tamponade) may help make the diagnosis. A history of chest trauma will also lead you to this diagnosis. Therefore, the two most common causes of this type of shock are:

     1.  Tension pneumothorax (lung collapse under pressure)

     2.  Cardiac tamponade (heart sac fluid or blood compressing the heart)



Septic (“infected/inflammation”) Shock

Infections such as acute perforated appendicitis, colitis, perforated ulcers, or acute inflammation of the pancreas with or without infection, are examples of clinical conditions that may result in septic shock. What's unique about septic shock is that it shares many if not all of the components of the other shock states. Septic shock causes “leaky membranes” and fluid loss, the heart may not contract as forcefully (myocardial depression), and the vessels relax and dilate and contribute to the mismatch between container size (blood vessels) and volume. Treatment is directed toward surgical drainage of abscesses and intravenous antibiotics.

Invasive monitoring of the shock patient is beyond the scope of this book. However, you should be aware of the three most commonly used advanced techniques for tracking the course of a patient in shock. These involve placing catheters (plastic tubes) into veins, arteries, and the heart.

     1.  Central venous pressure (CVP) - placed either under the collarbone or in the neck to access the subclavian and internal jugular veins respectively; with normal heart function, the CVP line allows monitoring of right heart pressures and serves as a guide to IV fluid replacement: high pressures mean the tank is full, low pressures mean give fluids; if the heart is failing the CVP will rise regardless of the fluids status.

     2.  Arterial line - usually placed in the radial artery at the wrist (with the palm facing up), the “A-line” permits direct blood pressure readings on a continuous basis as well as a visual of the waveform on the monitor next to the bed.

     3.  Swan-Ganz catheter - a balloon-tipped special long catheter that doctors “float” into the pulmonary artery; it proves both direct numbers of how much blood the heart is ejecting and the heart pressures, as well as derived fancy numbers the computer spits out; these numbers allow the ICU staff (where most of these special lines are placed - CVPs are inserted on floor patients regularly, too) to sort out the type of shock and how to treat it.

The Treatment of Shock

Regardless of the type of shock the following steps are taken:

     1.  Establish an airway and make certain the patient is breathing well - monitor oxygen saturations with “finger” monitor; give facemask oxygen.

     2.  If the patient isn't breathing adequately - intubate and ventilate.

     3.  Start two large bore IVs and administrate normal saline or Lactated Ringers IV fluid; if bleeding is involved, cross match and type and give blood (check blood count).

     4.  Insert a Foley catheter into the bladder to monitor urine output.

     5.  Check blood pressure, pulse, temp and respiratory rate.

     6.  For complicated patients arterial blood gases, a serum lactate level, cultures of any fluid thought to be infected (including x-ray guided drainage or sampling of internal “collections” (abscesses).



Specific treatments aim at the major deficit. But, there's a lot of overlap. These treatments include blood for the hemorrhaging patient; cardiac drugs IV for the patient in cardiogenic shock, vasoconstricting drugs for patients in neurogenic shock, chest tube decompression of a tension pneumothorax, and blood thinners (anticoagulation) for a pulmonary embolus. A really sick ICU patient may require all of these at the same time. Of these treatments, intravenous fluid replacement is the most important and the first and most commonly employed.
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