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DIVISION 5



Military Medicine



CHAPTER 19



Introduction to Tactical Combat Casualty Care



Chapter Objectives At the completion of this chapter, the reader will be able to do the following:



✓



Identify significant landmarks in the evolutionary history of the emergency medical services (EMS) that resulted from the military medical influence.



✓



Define and describe the differences between military and civilian echelons of care.



✓



Identify the stages of care associated with the management of battlefield trauma.
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SCENARIO You are the only medic traveling in a 10-person, four-vehicle convoy through a small village in eastern Iraq. As you pull out on open road at the edge of the village, an improvised explosive device (IED) explodes under the second vehicle. There is no follow-on hostile fire, so the unit sets up a secure perimeter, and you proceed to assess the three major casualties at the scene. Casualty #1 is a soldier with femoral arterial bleeding from a large wound in the right thigh, as well as a right hand amputation with blood oozing from the stump. He is conscious and has a good radial pulse. Casualty #2 is a soldier with a large open head wound in which mangled gray matter is clearly visible. He also has agonal breathing. Casualty #3 is a civilian bystander with a penetrating injury to his right lower abdomen. He is conscious and in great pain. CASEVAC by helicopter (helo) is available in 20 minutes, and it is another 20 minutes by air to the nearest military treatment facility. How would you triage the casualties regarding treatment and order of evacuation? What additional information would help you make medical management decisions at this point? Do you recognize any barriers to proper casualty management at the scene? How can you work around these barriers? Outline the steps you would take to manage these casualties. ■



rehospital trauma life support (PHTLS) had its birth on the battleﬁelds of Europe during the Napoleonic campaigns in 1799 and was reborn in the American Civil War. Exigencies of war have driven the evolution of military medical care throughout history, with innovations in equipment, principles of care, and training founded on the need to improve combat survivability. Lessons learned in the Civil War were applied on the homefront as returning medics and corpsmen adapted them to address increasing levels of industry-based trauma in the civilian sector. The civilian emergency medical services (EMS) system would develop from this effort (Cincinnati in 1865), maintaining many of the original concepts, such as scene safety (avoid becoming a casualty, avoid incurring additional casualties), primary survey (manage life-threatening injuries, avoid additional injuries), and transport (evacuate the casualty as quickly and safely as possible to deﬁnitive care). Despite similarities, signiﬁcant differences have historically existed between civilian PHTLS and military requirements on the battleﬁeld (Table 19-1). However, the gap between battleﬁeld trauma management and civilian PHTLS is diminishing as the threat of terrorist attacks grows worldwide. Conventional explosive devices and weapons of mass destruction (chemical, biologic, and nuclear) make the civilian population vulnerable to multiple-casualty situations traditionally faced only by those in combat. Most combat-related deaths occur near the site of injury before the casualty reaches an established medical treatment facility (MTF). Highly trained nonphysicians provide health care on or near the front lines, and casualties are



P



transported to various levels of MTFs for further care. These combat medics have a scope of practice beyond that of their civilian counterparts. Basic ﬁrst aid is the starting point, but modiﬁcations and ingenuity are expected and acceptable when applying basic protocols in a hostile situation. The restrictive environment of the battleﬁeld signiﬁcantly inﬂuences casualty care decisions. Mission accomplishment may have a higher priority than immediate evacuation, an apparent conﬂict with generally accepted casualty care standards. Immediate evacuation may not even



TABLE 19-1 Differences between Civilian and Military Prehospital Trauma Life Support Civilian PHTLS



Military PHTLS



Patients are usually limited in number, and medical resources are not overwhelmed.



A large number of casualties and injuries can quickly overwhelm available resources.



Patients are located in secure areas.



Casualties are located in nonsecure areas.



Access to supplies and advice is available.



Supplies are limited, and the provider is isolated.



The prehospital phase is generally short.



The prehospital phase is often extended.



Evacuation times to definitive care are generally short.



Evacuations may be delayed or prolonged.
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be an option, and long-term supportive care may be required. Again, lessons learned in combat can be extended into civilian practice. Military and civilian health care agencies are increasingly involved in cooperative efforts to provide relief operations during natural or man-made disasters such as hurricanes, ﬂoods, earthquakes, chemical spills, or nuclear power plant incidents. Civil-military interoperability has become critical, and the two communities can learn from and complement each other as they continue to ﬁne-tune their skills. Familiarity with this chapter will help civilian providers and their military counterparts in this regard.



Military Medics and Emergence of Prehospital Care Military and civilian prehospital care providers share a common heritage of unparalleled commitment to service at great personal risk and sacriﬁce. The civilian EMS system can be traced to developments and innovations within the military. Even in modern combat theaters, a signiﬁcant percentage of the casualties treated by combat medical personnel are of the types often seen in nontactical settings, such as vehicle rollovers and myocardial infarction.1



Military Medicine: the Early Years Armies have not always provided medical care during combat. Through most of history, wounded soldiers relied on themselves or the compassion of fellow soldiers for care. Those on the losing side often faced death at the hands of their victors. Ofﬁcers sometimes pooled resources and hired a surgeon to accompany them into war, but the common soldier rarely counted on such a luxury. One notable exception was the Holy Roman Empire, which established a military health care system with hospitals (valetudinaria) at their permanent frontier posts, providing institutionalized care for their deployed soldiers. However, when the Empire fell, the idea of an army’s responsibility for the health of its soldiers was lost for centuries, until the time of Napoleon. Battleﬁeld care reemerged in the ﬁrst modern nationstates of Europe as the armies of postrevolutionary France organized a system of prehospital care that included a corps of litter bearers (bracardiers), to remove the wounded from the ﬁeld, and the “ﬂying ambulance,” or ambulance volante, of Baron Dominique Jean Larrey, used to transport surgeons forward and casualties to the rear. The concepts of clearing the battleﬁeld and rapidly transporting casualties to ﬁeld hospitals were expanded greatly during the American Civil War.
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The early phases of the American Civil War clearly illustrated that neither army was adequately prepared for handling battleﬁeld casualties. At the ﬁrst Battle of Manassas (Bull Run), wounded soldiers were left on the battleﬁeld for as long as 5 days. The American people reacted with horror and disgust, leading to the reform of the U.S. Army’s medical department. Charles Tripler, medical director of the Army of the Potomac, suggested that some soldiers be trained in the use of litters, and daily litter drills were instituted in 1861. Jonathan Letterman replaced Tripler and established an ambulance corps under the command of a medical ofﬁcer. Enlisted personnel drilled on evacuation standards, and the senior noncommissioned ofﬁcer with each ambulance train was examined on his knowledge of bandaging and dressings. This system was extended to all Union armies, by law, for the duration of the war. Lessons learned during the American Civil War had a great inﬂuence on civilian care, and many postwar developments were direct outgrowths of wartime experiences. Dr. Edward B. Dalton served as a volunteer medical ofﬁcer in the Army of the Potomac, worked with the ambulance system, and fully understood the value of prehospital care and dedicated transport. When later appointed sanitary superintendent for New York City, he suggested the establishment, in 1869, of a military-like ambulance system based in city hospitals for handling trauma cases. Each ambulance was to carry “a box beneath the driver’s seat, containing a quart ﬂask of brandy, two tourniquets, a half dozen bandages, a half dozen small sponges, some splint material, pieces of old blanket for padding, strips of various lengths with buckles, and a 2-ounce vial of persulfate of iron.”2 A young doctor accompanied each ambulance; the idea of a dedicated paraprofessional corps that could provide medical services was not part of the initial U.S. civilian ambulance system. Several European systems, such as those from the British Order of St. John, were staffed with volunteers trained to provide a certain extent of prehospital care. During the expansion of the American West, military surgeons were faced with a choice of accompanying isolated patrols or providing medical care at the base post for soldiers who stayed behind or who were retrieved from combat. Many surgeons resorted to training enlisted personnel to accompany the patrols and provide initial medical coverage. This extension of medical coverage by paraprofessionals continues today.



The Paraprofessional in Forward Care When the battleship Maine was destroyed in Havana Harbor in 1898, the United States mobilized for war against Spain. Hospital corpsmen played a vital role and led volunteer surgeons, such as Nicholas Senn, to report, “The fate of the wounded rests in the hands of the one who applies the ﬁrst dressing.” The absolute need for prehospital care by trained personnel in the military was universally recognized by
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World War I. Twentieth-century advances in science and technology enhanced the medics’ ability to deliver that care. Medics and corpsmen leaving the service took their skills into civilian positions. Many went to work for ﬁre and police departments or for mortuaries at a time when undertakers often had the only vehicles in which a casualty could be transported. They began to work with ambulance services, providing various levels of ﬁrst-aid care. Organized teaching of ﬁrst aid began to grow under the auspices of the American Red Cross, the Boy Scouts of America, and other groups, reﬂecting a growing awareness of the value of prehospital care.



The Modern Prehospital Care Provider The conﬂict in Vietnam expanded in the 1960s, and the evening news graphically revealed the vital role played by the combat medic in saving lives. Medics initiated ﬁrst-aid measures at the site of the injury and participated in rapid casualty evacuations back to prestationed trauma hospitals. A concurrent event transformed the concept of civilian prehospital care in 1965. A concern had arisen over mass trauma as part of highway safety and civil defense, and the National Academy of Sciences (NAS) published its Accidental Death and Disability: the Neglected Disease of Modern Society. This paper pointed out that more than half of U.S. ambulance services were provided by morticians; that most of these, as well as most municipal-based ambulances, were geared toward a “collect and run mentality”; and that no care was provided before or during transport. Supplies were virtually nonexistent, and generally accepted standards for competency or training of ambulance personnel did not exist. The ﬁndings of this paper led to the Highway Safety Act of 1966, requiring states to develop EMS programs. This was the ﬁrst comprehensive effort in the United States to establish a professional, standardized, prehospital EMS. Military manuals were used to compile training programs for prehospital care providers. The National Registry of EMTs (emergency medical technicians) was established in 1970, and certiﬁcation ensured a recognizable civilian profession. Many early prehospital care providers were inﬂuenced by their military experience, where their scope of practice was much wider than civilian agencies allowed. In 1970 the NAS recommended that ambulance attendants develop advanced medical training programs. Standard advanced provider training and certiﬁcation criteria were established in 1977. By 1979, 45 states were participating in paramedic training, and all 50 states had authorized use of advanced providers in their EMS systems.



Military Medical Evacuation and Today’s Lifeflight The use of helicopters was introduced into civilian EMS programs in 1970 when the NAS recommended an evacuation



program using Department of Defense helicopters in conjunction with civilian authorities. Five demonstration areas were established for the Military Assistance to Safety and Trafﬁc (MAST) program. Helicopter evacuation was so successful that, despite the costs, the program was soon expanded to 22 additional areas. The Commission of Emergency Medical Services, the American Medical Association, and the Department of Transportation published air ambulance guidelines in 1981. Civilian EMS had achieved mature independence.



Military Health Services Support Organization Echelons (Levels) of Care Field medical assets of the U.S. military are organized into ﬁve increasingly sophisticated echelons of care. Each echelon builds on the capabilities of the previous level, adding additional services. The echelons begin at the point of wounding, illness, or injury (the lowest level) and provide a continuum of care extending through prolonged rehabilitation. Military medical doctrine is evolving from a ﬁxed-facility concept to a more ﬂuid system to improve the survivability of wounded soldiers. Advanced capabilities are being moved further forward in the echelons, with the idea of balancing maximal care with required mobility.



Echelon I Echelon I is care at the unit level, accomplished by individual soldiers or a trained medic. All military personnel are taught basic ﬁrst aid on entry into the service. The U.S. Army and the U.S. Marine Corps augment this capability with a Combat Lifesaver Program, in which nonmedical personnel are instructed in skills beyond basic ﬁrst aid. Echelon I also includes mobile aid stations that move with the units they support. These are staffed by medical technicians and a physician or a physician’s assistant. They function out of small tents or vehicles (e.g., armored personnel carriers) when attached to a mechanized unit. Care at this level includes restoration of the airway by surgical procedure, administration of intravenous (IV) ﬂuids and antibiotics, and stabilization of wounds and fractures. The goal of medical management at the echelon I level is to return the casualty to duty or to stabilize the casualty for evacuation to the next appropriate level of care.



Echelon II Echelon II involves a team of physicians, physician’s assistants, nurses, and medical technicians capable of basic resuscitation, stabilization, and surgery, along with x-ray examination, pharmacy, and temporary holding facilities.
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Many echelon II facilities have limited laboratories, and this is usually the ﬁrst level of care that has transfusion capabilities (group O liquid packed red blood cells). Surgical procedures are limited to emergency procedures to prevent death or loss of limb or body function. As with echelon I facilities, echelon II units must be small and mobile. The size is determined by the predicted number and types of casualties during an operation, based on previous experience and analysis of the enemy threat. An example of an echelon II unit is the U.S. Air Force 10-bed facility. It has 51 personnel assigned in support of 10 holding beds and one operating room, with enough supplies to perform 50 major surgical cases. Ground or air evacuation is available to transfer the casualties to more capable treatment facilities if required.



Echelon III Echelon III facilities have capabilities normally found in ﬁxed medical treatment facilities and are located in environments with a lower enemy threat. The goal of echelon III is restoration of functional health and includes resuscitation, initial or delayed wound surgery, and postoperative treatment. More extensive services, such as laboratory, x-ray examination, and pharmacy, are available, with a full range of blood products. Care proceeds with greater preparation and deliberation.



Echelon IV Echelon IV further expands on the capabilities of the echelon III facility by providing deﬁnitive therapy within the theater of operations for casualties who can be returned to duty within the time set by the theater evacuation policy. The theater evacuation policy (the amount of time a casualty can remain in the theater) depends on enemy threat, the type of mission, the size of the force, air frame availability, and bed occupancy and availability. If the casualty cannot be returned to duty within the speciﬁed time, evacuation is required, usually to the continental United States (CONUS). Deﬁnitive care in an echelon IV facility is normally provided by a ﬂeet hospital ship, a general hospital, or an overseas MTF.



Echelon V Convalescent, restorative, and rehabilitative care is provided at echelon V. This care is provided by military hospitals, Department of Veterans Affairs (VA) hospitals, or civilian hospitals located in the United States.



Comparison of Military and Civilian Systems of Care The military system of echeloned medical care spread out across a theater of operations can be compared with the civilian trauma system. If the integrated trauma system used in the civilian community is broken down into parts, it
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closely matches the military system. Echelon I is comparable with care rendered by paramedics and civilian critical care helicopter units. Echelon II facilities are comparable with the resuscitation areas in Level I trauma centers. Echelons III and IV provide the restorative surgery and medical care provided in acute and intermediate trauma center wards. Echelon V units provide the rehabilitative and support services that are offered in the follow-up phase of care in truly integrated trauma systems.



Echelon Coordination Military echelon system units are small and geographically separated; superb coordination is required to make the system work. Central control of casualty movement within and out of the theater is critical and relies on good communications, the visibility of casualty ﬂow through all the medical facilities in the theater (to minimize overload of any one facility), and the availability and control of evacuation assets. Proper triage techniques minimize the stress on any one level by ensuring that workloads are appropriate for the degrees of specialization, level of care, and resources. Stable casualties, even with serious wounds, may bypass intermediate echelons and be sent directly to deﬁnitive care if the transport time is short.



Prehospital Care in the Tactical Environment General Considerations The PHTLS course3 has long been a foundational element of trauma care training for military corpsmen and medics, enabling compliance with the proven standard of care in the management of trauma in nontactical prehospital settings. Throughout most of their careers, trauma care rendered by military medical personnel will be delivered in nontactical situations found in routine life, such as motor vehicle crashes, training incidents, falls at home, and civilian acts of violence. Whether on or off post, if EMS support is available, and hostilities are not involved, PHTLS principles must be followed as the only appropriate course of action. In combat settings, however, mitigating factors pose constraints vastly different from nontactical settings. These factors include hostile ﬁre, darkness, resource limitations, prolonged evacuation times, unique battleﬁeld casualty transportation issues, command and tactical decisions affecting health care, extreme environments, and provider experience levels. Military medics must recognize the differences these tactical factors will create in the provision of trauma care in combat. They should be provided with appropriate
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training in tactical prehospital trauma care and must know when to apply it. The guidelines for Tactical Combat Casualty Care (TCCC) presented in the following chapters are intended to meet this need. It must be stressed that TCCC deals speciﬁcally with military combat trauma, and its recommendations apply solely to tactical prehospital settings. Military personnel trained in TCCC must always remember that it was designed for the battleﬁeld and, by deﬁnition, is not intended for use in nontactical settings. The difference in the recommendations regarding the use of tourniquets (delayed use in civilian settings vs. early application in combat) is probably the most striking example of this issue.



Committee on Tactical Combat Casualty Care Historically, 90% of combat wound fatalities die on the battleﬁeld before reaching a medical treatment facility.4 This fact of war emphasizes the need for continued improvement in tactical prehospital care, and as with all medical management strategies, TCCC requires periodic review and update. TCCC guidelines have their roots in a 1996 paper by Butler, Hagmann, and Butler.5 This seminal work provided a set of recommended guidelines for combat trauma care for use by Special Operations corpsmen, medics, and pararescuemen (PJs). These original guidelines made their ﬁrst appearance in the PHTLS manual in the fourth edition.6 Establishing a standing multiservice Committee on Tactical Combat Casualty Care (COTCCC) to update the guidelines continuously was ﬁrst stated as a requirement by the Commander of the Naval Special Warfare Command.7 This committee was founded in 2002 by the U.S. Special Operations Command, and continued support of this effort has been approved by the U.S. Navy Bureau of Medicine and Surgery (BUMED). The committee comprises a multiservice and civilian group of trauma specialists, operational medical ofﬁcers, and combat medical personnel. Its chartered purpose is to (1) monitor developments in medical practice, medical technology, pharmacology, tactical and civilian prehospital trauma care, and combat doctrine and (2) based on input from these sources, continually update the TCCC guidelines.



Stages in Tactical Combat Casualty Care Casualty management during combat missions can be divided into three distinct phases: Care Under Fire, Tactical Field Care, and CASEVAC Care.5 This approach recognizes a particularly important principle: performing the correct intervention at the correct time in the continuum of ﬁeld care. A medically correct intervention performed at the wrong time in combat may lead to further casualties. 1. Care Under Fire refers to care rendered at the scene of the injury while both the medic and the casualty are under effective hostile ﬁre (see Chapter 20). The risk of additional injuries being sustained at any moment is extremely high for both casualty and rescuer. Available medical equipment is limited to that carried by each operator and the medic. 2. Tactical Field Care is the care rendered once the casualty and his or her unit are no longer under effective hostile ﬁre (see Chapter 21). It also applies to situations in which an injury has occurred on a mission, but hostile ﬁre has not yet been encountered. Medical equipment is still limited to that carried into the ﬁeld by mission personnel. Time to extraction may range from a few minutes to many hours. 3. Casualty Evacuation Care (CASEVAC) is the care rendered while the casualty is being evacuated by an aircraft, ground vehicle, or boat to a higher echelon of care (see Chapter 22). Any additional personnel and medical equipment prestaged in these assets will be available during this phase. The term “CASEVAC” should be used to describe this phase because the Air Force reserves “MEDEVAC” to describe a noncombat medical transport. The basic management plan for each of the three phases of TCCC is presented in the next three chapters. Each plan is a generic sequence of steps that serves as a starting point from which development of tailored, scenario-based, and operation-speciﬁc management plans may begin. Throughout TCCC, treatment principles set forth in PHTLS have been followed, except where speciﬁc tactical considerations require a departure.
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SCENARIO SOLUTION Casualty #1 will die soon if the life-threatening bleeding from his right thigh is not controlled. A tourniquet should be quickly applied. The oozing wound on his forearm where his hand has been amputated, although visually impressive, is not an immediate threat. Casualty #2 is expectant. Cardiopulmonary resuscitation (CPR) should not be initiated. Casualty #3 may be a hostile combatant and should be rendered safe by other members of the unit before the medic examines him. Was he involved in the attack? Does he have valuable intelligence?



Both #1 and #2 need antibiotics and analgesia. They are able to take medications and fluids by mouth, but both are going to surgery, so would you start IV lines anyway? If so, why? What about a saline lock? How many casualties can the helo take out? If only one, which casualty would you send first? While awaiting the helo, the casualties should receive complete secondary surveys, and all wounds should be addressed. They should be closely monitored for shock and kept warm. Would you replace the tourniquet on casualty #1 with some other form of hemorrhage control? If so, why, and with what? ■



References 1. Department of Defense Directorate for Information Operations and Reports: US military casualties, OEF/OIF, 2005, http://www. dior.whs.mil/mmid/casualty/castop.htm. 2. Barkley, KT: The ambulance, Hicksville, NY, 1978, Exposition Press. 3. McSwain N, editor: Prehospital trauma life support, ed 5, St Louis, 2003, Mosby. 4. Bellamy RF: The causes of death in conventional land warfare: implications for combat casualty care research, Mil Med 149:55, 1984.



5. Butler FK, Hagmann J, Butler EG: Tactical combat casualty care in special operations, Mil Med 161(suppl):1, 1996. 6. Military medicine. In McSwain N, editor: Prehospital trauma life support, ed 4, St Louis, 1999, Mosby. 7. Commander, Naval Special Warfare Command: Letter, May 1997.
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Care Under Fire



Chapter Objectives At the completion of this chapter, the reader will be able to do the following:



✓



Describe techniques that can be used to quickly move casualties to cover while the unit is engaged in a firefight.



✓



Discuss the rationale for early use of a tourniquet to control lifethreatening extremity bleeding during Care Under Fire.



✓



Explain why immobilization of the cervical spine is not a critical need in combat casualties with penetrating trauma to the neck.



✓



Discuss the role of firepower supremacy in the prevention of combat trauma.
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BOX 20-1 Basic Management Plan for Care Under Fire 1. Return fire, and take cover 2. Direct or expect casualty to remain engaged as a combatant, if appropriate 3. Direct casualty to move to cover and apply self-aid if able 4. Try to keep the casualty from sustaining additional wounds 5. Airway management is generally best deferred until the Tactical Field Care phase 6. Stop life-threatening external hemorrhage if tactically feasible: ■ Direct casualty to control hemorrhage by self-aid if able ■ Use a tourniquet for hemorrhage that is anatomically amenable to tourniquet application ■ For hemorrhage that cannot be controlled with a tourniquet, apply HemCon dressing with pressure



s reﬂected in Box 20-1, very limited medical care should be attempted while the casualty and the unit are under effective hostile ﬁre. Suppression of hostile ﬁre and moving the casualty to a safe position are major considerations at this point. Signiﬁcant delays for a detailed examination or consummate treatment of all injuries are not advisable while under effective enemy ﬁre. Casualties who have sustained injuries that are not life threatening and that do not preclude further participation in the ﬁght should continue to assist the unit in suppressing hostile ﬁre, and in any other way possible, to achieve mission success. It may also be critical for the combat medic or corpsman to help suppress hostile ﬁre before attempting to provide care. This can be especially true in small unit operations, where friendly ﬁrepower is limited and every man’s weapon may be needed to prevail.



A



Moving Casualties in Tactical Settings In Care Under Fire, the best ﬁrst step in saving a casualty is usually to control the tactical situation. If hostile ﬁre cannot be effectively suppressed, it may be necessary to move the casualty to cover. Casualties whose wounds do not prevent them from moving themselves to cover should do so to avoid exposing the medic or other aid givers to unnecessary hazard. If unable to move and unresponsive, the casualty is



FIGURE 20-1 Two-person drag.



likely beyond help, and risking the lives of rescuers is not warranted. If a casualty is responsive and unable to move, a rescue plan should be developed, as follows: 1. Determine the potential risk to the rescuers, keeping in mind that rescuers should not move into a zeroed-in position. Did the casualty trip a booby trap or mine? Where is ﬁre coming from? Is it direct or indirect (e.g., riﬂe, machine gun, grenade, mortar)? Are there electrical, ﬁre, chemical, water, mechanical, or other environmental hazards? 2. Consider assets. What can rescuers provide in the way of covering ﬁre, screening, shielding, and rescueapplicable equipment? 3. Make sure all understand their role in the rescue and which movement technique is to be used (e.g., drag, carry, rope, stretcher). If possible, let the casualty know what the plan is so that the casualty can assist as much as possible by rolling to a certain position, attaching a dragline to web gear, and identifying hazards. 4. Management of an impaired airway is temporarily deferred until the casualty is safe, thereby minimizing the risk to the rescuer and avoiding the difﬁculty of managing the airway while dragging the casualty. The fastest method for moving a casualty is dragging along the long axis of the body by two rescuers (Figure 20-1). This drag can be used in buildings, shallow water, snow, and down stairs. It can be accomplished with the rescuers standing or crawling. The use of the casualty’s web gear, tactical vest, a dragline, poncho, clothing, or improvised harness makes this method easier. However, holding the casualty under the arms is all that is necessary. A onerescuer drag can be used for short distances, but it is more
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FIGURE 20-2 One-person drag.



difﬁcult for the rescuer, is slower, and is less controlled (Figure 20-2). The great disadvantage of dragging is that the casualty is in contact with the ground, and this can cause additional injury in rough terrain. The ﬁreﬁghter’s carry can be used, but it may expose too much of the rescuer and the casualty to hostile ﬁre (Figure 20-3). Otherwise, it can be used over rough terrain with potentially less injury to the casualty from contact with the ground.



Hemorrhage Control In the trauma patient, early control of severe hemorrhage is vital. Although most fatalities from hemorrhage are caused by internal bleeding, external hemorrhage can also be life threatening. Extremity hemorrhage is the most frequent cause of preventable battleﬁeld deaths, and Vietnam conﬂict data demonstrated that it accounted for more than 60% of these deaths.1 Therefore, controlling signiﬁcant bleeding from injuries such as extremity wounds, scalp lacerations, and external torso injuries is a high priority. However, the tactical imperative to maintain ﬁrepower supremacy dictates that only life-threatening bleeding should warrant any intervention during Care Under Fire. It must also be stressed that no intervention should be employed unless and until the unit can afford to have the provider drop out of the ﬁreﬁght long enough to intervene. Also, the intervention should take place under suitable cover or concealment so as not to make a casualty of the caregiver. In other words, the intervention must be tactically feasible. Fire superiority should not be sacriﬁced for casualty care during this phase.



Tourniquets Although in civilian trauma care the use of the tourniquet is reserved for when direct pressure fails, it is often required early in the care of the combat casualty because of



FIGURE 20-3 Firefighter’s carry.



the tactical setting. Speciﬁcally, tourniquets are the best option for temporary control of life-threatening extremity hemorrhage during Care Under Fire. Direct pressure and compression dressings are less desirable than tourniquets in this setting because their application at the site of injury may result in delays getting the casualty and the rescuer to cover, and these interventions may provide poorer control of hemorrhage while the casualty is being moved.2 Mabry and colleagues3 reported on the lives saved in Mogadishu in 1993 by properly applied tourniquets. In the experience of the Israeli Defense Force (IDF), the use of tourniquets in combat settings conﬁrmed that they are effective and safe even when their use is prompted by tactical rather



502



PREHOSPITAL TRAUMA LIFE SUPPORT



FIGURE 20-6 HemCon bandage. (Courtesy HemCon, Inc.)



FIGURE 20-4 Improvised tourniquets. (From Committee on Tactical Combat Casualty Care: Tactical combat casualty care [TCCC] course, 2003.)



loss of a limb. However, saving the casualty must always take priority over salvaging the limb.



Hemostatic Dressing



FIGURE 20-5 Combat Application Tourniquet (C-A-T). (Courtesy Phil Durango, LLC.)



than clinical indications. Few and minimal complications resulted from their use.4 The standard “web belt through the buckle” tourniquet issued by the military for many years was not highly regarded by the combat medic community. Combat medics have often carried improvised tourniquets composed of an encircling soft bandage tightened by a makeshift windlass (Figure 20-4). Any nonelastic material, whether a triangular bandage or a belt, can be used for this purpose. In a comparative evaluation of tourniquets currently available on the open market, the U.S. Army Institute of Surgical Research identiﬁed the Combat Application Tourniquet (C-A-T) as the one best suited for battleﬁeld use.5,6 This tourniquet can be rapidly applied with one hand to one’s own or another’s extremities, and is rugged, reliable, and small enough to be carried easily (Figure 20-5). In testing, it abolished radial and femoral arterial ﬂow in 100% of uses on healthy adult male test subjects. The C-A-T has been designated as an item of individual issue to ground combatants in the Army, Marine Corps, and all branches of the Special Operations Forces (SOF). The time of tourniquet application should always be noted on the casualty. This is customarily done by writing the letter “T” on the forehead along with the time. Greatly prolonged use of a tourniquet can ultimately result in the



During Care Under Fire, control of life-threatening external bleeding from torso injuries (i.e., compressible hemorrhage) is best achieved with direct pressure coupled with application of the HemCon dressing (Figure 20-6). Again, it must be stressed that this intervention takes several minutes and should be undertaken only when tactically feasible. The HemCon dressing is composed of poly-Nacetylglucosamine, also known as chitosan. This product is made from shrimp shells but does not cause reactions in persons allergic to shellﬁsh or iodine. It has been shown to be effective7 in animal models of severe hemorrhage and has been approved by the Food and Drug Administration (FDA). HemCon is sterile, individually packaged, and is attached to a 4 × 4–inch foam adhesive backing. It does not require refrigeration or any other special conditions of storage. The primary mechanism of action is adhesion. The dressing is relatively ﬁrm and thus sometimes difﬁcult to mold to a variety of cavitary wounds. In these circumstances, it may be broken up or cut into the appropriate shape and size. When the dressing is pressed directly on bleeding soft tissue, adherence to the wound occurs, thereby aiding hemostasis. A recent study by Wedmore and colleagues8 demonstrated greater than 90% success in over 40 combat casualties when HemCon was used by SOF medics. No complications were noted in this review. A casualty may exsanguinate before any medical help arrives, so the importance of achieving rapid, deﬁnitive control of life-threatening hemorrhage on the battleﬁeld cannot be overemphasized. Therefore, every combatant as well as every combat medic should be trained in the use of both a tourniquet and a hemostatic dressing, provided with both as part of personal gear loadout, and should carry them in a standard location on his or her person.
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Spinal Immobilization In tactical settings, just as taught in prehospital trauma life support (PHTLS) for nontactical settings, there is no requirement to immobilize the spine before moving a casualty out of a ﬁreﬁght if the casualty has sustained only penetrating trauma. This was demonstrated in actual combat trauma by Arishita, Vayer, and Bellamy,9 who examined the value of cervical spine immobilization in penetrating neck injuries in Vietnam. They determined that only 1.4% of patients
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with penetrating neck injuries might have beneﬁted from cervical immobilization. Hostile ﬁre poses a much more signiﬁcant threat in this setting, to both casualty and rescuer, than spinal cord injury from failure to immobilize the cervical spine.9 For casualties with signiﬁcant blunt trauma in the Care Under Fire phase, however, the risk of spinal cord injury remains a major consideration.2 In this circumstance, the risk of cord injury from neck movement must be weighed against the risk of additional hostile ﬁre injuries while immobilizing the cervical spine.
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SPECIFIC SKILLS Combat Application Tourniquet (C-A-T) and HemCon Dressing C-A-T: One-Handed Self-Application to an Arm Insert the wounded extremity through the loop of the self-adhering band.



1



(Courtesy Phil Durango, LLC.)



Pull the self-adhering band tight, and securely fasten it back on itself.



(Courtesy Phil Durango, LLC.)



2
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3



Adhere the band around the arm. Do not adhere the band past the clip.



(Courtesy Phil Durango, LLC.)



Twist the Windlass Rod until the bleeding stops.



4



(Courtesy Phil Durango, LLC.)



Lock the rod in place with the Windlass Clip.



5



(Courtesy Phil Durango, LLC.)
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Adhere the band over the Windlass Rod. For small extremities, continue adhering the band around the extremity.
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6



(Courtesy Phil Durango, LLC.)



Secure the rod and band with the Windlass Strap. Grasp the strap, pull it tight, and adhere it to the opposite hook on the Windlass Clip.



(Courtesy Phil Durango, LLC.)



7



508



PREHOSPITAL TRAUMA LIFE SUPPORT



SPECIFIC SKILLS C-A-T: Application to a Leg



1



Pass the self-adhering band through the inside slit of the friction adaptor buckle.



(Courtesy Phil Durango, LLC.)



2



Pass the band through the outside slit of the friction adaptor buckle, which will lock the band in place.



(Courtesy Phil Durango, LLC.)
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Pull the self-adhering band tight, and securely fasten the band back on itself.
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3



(Courtesy Phil Durango, LLC.)



Twist the Windlass Rod until the bleeding stops.



(Courtesy Phil Durango, LLC.)



4
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Lock the rod in place with the Windlass Clip.



5



(Courtesy Phil Durango, LLC.)



6



Secure the rod with the Windlass Strap. Grasp the strap, pull it tight, and adhere it to the opposite hook on the Windlass Clip.



(Courtesy Phil Durango, LLC.)
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HemCon Bandage Application Hold the foil pouch with instructions side up. Place the thumbs in the thumb trap at the top of package.



1



(Courtesy US Army Institute of Surgical Research, Fort Sam Houston, Texas.)



Grasp the flaps and pull apart.



2



(Courtesy US Army Institute of Surgical Research, Fort Sam Houston, Texas.)
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3



Place a thumb on the colored backing; this is the inactive side.



(Courtesy US Army Institute of Surgical Research, Fort Sam Houston, Texas.)



4



Attempt to locate the source of direct bleeding, either tactilely or visually. Place the nonvinyl side of the dressing directly on the site of bleeding. There is less than 30 seconds to adjust the dressing in the wound before adherence to the wound site.



(Courtesy HemCon, Inc.)
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Apply even, direct pressure for at least 4 minutes. Consider application of gauze or other dressing material over the HemCon dressing to distribute pressure evenly.
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5



(Courtesy US Army Institute of Surgical Research, Fort Sam Houston, Texas.)



Cover the HemCon with a standard pressure dressing.



6



(Courtesy US Army Institute of Surgical Research, Fort Sam Houston, Texas)
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Chapter Objectives At the completion of this chapter, the reader will be able to do the following:



✓



Identify the common causes of altered states of consciousness on the battlefield.



✓



State why a casualty with an altered state of consciousness should be disarmed.



✓



Describe airway control techniques and devices appropriate to the Tactical Field Care phase.



✓



Discuss the diagnosis and initial treatment of tension pneumothorax on the battlefield.



✓



Describe the progressive strategy for controlling hemorrhage in Tactical Field Care, including standard dressings, tourniquets, and hemostatic agents.



✓



Recite the tactically relevant definition of shock in combat settings, and discuss the prehospital resuscitation of combat casualties.



✓



Describe the recommended procedure for sternal intraosseous access, and state the rationale for its employment.



✓



Discuss the appropriate use of pulse oximetry in prehospital combat casualty care, and list pitfalls associated with interpretation of oximeter readings.



✓



Discuss the recommended agents for pain relief in tactical settings.



✓



Discuss the rationale for early antibiotic intervention in combat casualties, and list the factors involved in selecting antibiotic drugs for use on the battlefield.



✓



Discuss the role of cardiopulmonary resuscitation in combat casualties.
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rmed combatants with an altered state of consciousness pose a serious threat of injury to others in the unit if they employ their weapons inappropriately. In the combat setting, there are four primary reasons for an individual to exhibit an altered state of consciousness: traumatic brain injury, pain, shock, and analgesic medications. Anyone noted to have an altered state of consciousness should be disarmed immediately, including secondary weapons and explosive devices.1 Box 21-1 lists the recommended guidelines for Tactical Field Care.



A



Airway Unconscious casualties should have their airways opened with the chin lift or jaw thrust maneuvers. If spontaneous ventilations are present and there is no respiratory distress, further airway management is best achieved with a nasopharyngeal airway. It is better tolerated than an oropharyngeal airway if the casualty suddenly regains consciousness,2 and a nasopharyngeal airway is less likely to be dislodged during transport.3 These casualties should be placed in the semiprone recovery position to prevent aspiration of blood, mucus, or vomitus (Figure 21-1). If an airway obstruction develops or persists despite the use of a nasopharyngeal airway, a more deﬁnitive airway will be required. The ability of experienced paramedical personnel to perform endotracheal intubation has been well documented.4-13 Most studies reported use of cadaver training, operating room (OR) intubations, supervised initial intubations, or a combination of these methods in teaching the skill. They also stressed the importance of continued practice to maintain proﬁciency. This technique may be prohibitively difﬁcult in the tactical environment, however, for the following reasons3: 1. No studies have examined the ability of well-trained but relatively inexperienced military medics to accomplish endotracheal intubation on the battleﬁeld. 2. Many corpsmen and medics have never performed an intubation on a live casualty or even a cadaver. 3. Standard endotracheal intubation techniques entail the use of a tactically compromising white light in the laryngoscope.



4. Endotracheal intubation can be extremely difﬁcult in a casualty with maxillofacial injuries.14 5. Esophageal intubations are probably much less recognizable on the battleﬁeld. Endotracheal intubation may be difﬁcult to accomplish even in the hands of more experienced paramedical personnel under less austere conditions.15 One study, which examined ﬁrst-time intubationists trained with mannequin intubations alone, noted an initial success rate of only 42% in the ideal conﬁnes of the OR with paralyzed casualties.6 Another study examined basic emergency medical technicians (EMTs) who had been trained in intubation and found that only 53 of 103 casualties were successfully intubated.16 Another report documented that even in civilian settings with experienced paramedical personnel, the tube was misplaced in 27 of 108 prehospital intubations on arrival in the emergency department (ED).17 Some reports of successful intubation by military combat medical personnel use mannequin intubation by just-trained corpsmen as an outcome measure,18 which may not be an accurate indicator of success under actual battleﬁeld conditions. In casualties with severe head injuries, the technique of endotracheal intubation produced hypoxia, and the postintubation hyperventilation produced hypocarbia, which led to a negative outcome.19 Signiﬁcant airway obstruction in the combat setting is likely the result of penetrating wounds of the face or neck in which blood or disrupted anatomy precludes good visualization of the vocal cords. Cricothyroidotomy (cricothyrotomy) is therefore preferable to intubation in these cases, if the combat corpsman or medic has been trained in this procedure.3,14 Cricothyroidotomy has been reported safe and effective in trauma casualties,20 but it is not without complications.21,22 Even so, cricothyrotomy is believed to provide the best chance for successful airway management in this setting. Furthermore, it can be performed under local anesthesia with lidocaine in an awake casualty. Thermal or toxic gas injuries are important considerations in certain tactical situations. Airway edema is aggravated by ﬂuid administration, and this may lead to acute upper airway obstruction. Airway burns should be suspected if ﬁre occurs within a conﬁned space, and the casualty has cervicofacial burns, singeing of the nasal hairs, carbonaceous sputum, or complaints of sore throat, hoarseness, or wheezing. Cricothyroidotomy is the airway of choice in the Tactical Field Care phase for these casualties.



Tension Pneumothorax FIGURE 21-1 Semiprone recovery position.



A presumptive diagnosis of tension pneumothorax should be made when signiﬁcant respiratory distress develops in the casualty with torso trauma. The diagnosis of tension



CHAPTER 21



517



Tactical Field Care



BOX 21-1 Basic Management Plan for Tactical Field Care 1. Casualties with an altered mental status should be disarmed immediately. 2. Airway management. a. Unconscious casualty without airway obstruction: ■ Chin lift or jaw thrust maneuver. ■ Nasopharyngeal airway. ■ Place casualty in recovery position. b. Casualty with airway obstruction or impending airway obstruction. ■ Chin lift or jaw thrust maneuver. ■ Nasopharyngeal airway. — Allow conscious casualty to assume any position that best protects the airway, to include sitting up. — Place unconscious casualty in recovery position. If previous measures unsuccessful: ■ Surgical cricothyroidotomy (with lidocaine if conscious). 3. Breathing. a. Consider tension pneumothorax, and decompress with needle thoracostomy if casualty has torso trauma and respiratory distress. b. Sucking chest wounds should be treated by applying a three-sided dressing during expiration, then monitoring for development of a tension pneumothorax. 4. Bleeding. a. Assess for unrecognized hemorrhage, and control all sources of bleeding. b. Assess for discontinuation of tourniquets once bleeding is definitively controlled by other means. Before releasing any tourniquet on a casualty who has been resuscitated for hemorrhagic shock, ensure a positive response to resuscitation efforts (i.e., a peripheral pulse normal in character and normal mentation if there is no traumatic brain injury [TBI]). 5. Intravenous (IV) access. Start an 18-gauge IV or saline lock, if indicated. ■ If resuscitation is required and IV access is not obtainable, use the intraosseous (IO) route. 6. Fluid resuscitation. Assess for hemorrhagic shock; altered mental status in the absence of head injury and weak or absent peripheral pulses are the best field indicators of shock. a. If not in shock: ■ No IV fluids necessary. ■ PO fluids permissible if conscious. b. If in shock: ■ Hextend, 500-mL IV bolus. ■ Repeat once after 30 minutes if still in shock. ■ No more than 1000 mL of Hextend.



7.



8.



9. 10. 11.



c. Continued efforts to resuscitate must be weighed against logistical and tactical considerations and the risk of incurring further casualties. d. If a casualty with traumatic brain injury (TBI) is unconscious and has no peripheral pulse, resuscitate to restore the radial pulse. Prevention of hypothermia. a. Minimize casualty’s exposure to the elements. Keep protective gear on or with the casualty if feasible. b. Replace wet clothing with dry if possible. c. Apply Ready-Heat blanket to torso. d. Wrap in Blizzard Rescue Blanket. e. Put Thermo-Lite Hypothermia Prevention System Cap on the casualty’s head, under the helmet. f. Apply additional interventions as needed and available. g. If mentioned gear is not available, use dry blankets, poncho liners, sleeping bags, body bags, or anything that will retain heat and keep the casualty dry. Monitoring. Pulse oximetry should be available as an adjunct to clinical monitoring. Readings may be misleading in the settings of shock or marked hypothermia. Inspect and dress known wounds. Check for additional wounds. Provide analgesia as necessary. a. Able to fight: These medications should be carried by the combatant and self-administered as soon as possible after the wound is sustained. ■ Mobic, 15 mg PO qd. ■ Tylenol, 650-mg bilayer caplet, 2 PO q8h. b. Unable to fight: Note: Have naloxone readily available whenever administering opiates. ■ Does not otherwise require IV/IO access: i. Oral transmucosal fentanyl citrate (OTFC), 800 μg transbuccally. — Recommend taping lozenge-on-a-stick to casualty’s finger as an added safety measure. — Reassess in 15 minutes. — Add second lozenge, in other cheek, as necessary to control severe pain. — Monitor for respiratory depression. ■ IV or IO access obtained: i. Morphine sulfate, 5 mg IV/IO. — Reassess in 10 minutes. — Repeat dose every 10 minutes as necessary to control severe pain. — Monitor for respiratory depression.



Continued
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BOX 21-1 Basic Management Plan for Tactical Field Care—cont’d ii. Promethazine, 25 mg IV/IO/IM PRN nausea, for synergistic analgesic effect. 12. Splint fractures and recheck pulse. 13. Antibiotics: recommended for all open combat wounds. a. If able to take PO: ■ Moxifloxacin, 400 mg PO qd. b. If unable to take PO (shock, unconsciousness): ■ Cefotetan, 2 g IV (slow push over 3-5 minutes) or IM q12h, or ■ Ertapenem, 1 g IV/IM q24h.



pneumothorax on the battleﬁeld should not rely on such typical clinical signs as decreased breath sounds, tracheal deviation, or hyperresonance to percussion because these signs may not always be present.23 Even if present, they may be exceedingly difﬁcult to appreciate on the battleﬁeld. A casualty with penetrating chest trauma will generally have some degree of pneumothorax as a result of the primary wound. The additional trauma caused by a needle thoracostomy would not be expected to worsen the condition signiﬁcantly should the casualty not actually have a tension pneumothorax.13 Paramedics perform needle thoracentesis (or thoracostomy) in most civilian emergency medical services (EMS). Combat corpsmen and medics also need to be proﬁcient in this technique. Chest tubes are not recommended in the Tactical Field Care phase for the following reasons: 1. Chest tubes are not needed to provide initial treatment for a tension pneumothorax. 2. Chest tubes are more difﬁcult and time-consuming for relatively inexperienced medical personnel, especially in the austere battleﬁeld environment. 3. Chest tube insertion is probably more likely to cause additional tissue damage and subsequent infection than needle thoracostomy. 4. The additional equipment and supplies required to do tube thoracostomy would add signiﬁcantly to the medic’s loadout. 5. No documentation of beneﬁt from battleﬁeld tube thoracostomy by paramedical personnel is found in the literature.3 Tube thoracostomy is generally not part of the paramedic’s scope of care in civilian EMS settings,9,13 and no studies were found that address the use of this procedure by corpsmen and medics in combat settings. Needle thoracentesis with a 14-gauge needle was found to relieve elevated intrapleural pressure rapidly in a swine model of traumatic tension pneumothorax.24 The thera-



14. Communicate with the casualty if possible. a. Encourage; reassure. b. Explain care. 15. Cardiopulmonary resuscitation (CPR). Resuscitation on the battlefield for victims of blast or penetrating trauma who have no pulse, no ventilations, and no other signs of life will not be successful and should not be attempted. 16. Document clinical assessments, treatments rendered, and changes in casualty’s status. Forward this information with the casualty to the next level of care.



peutic effect was sustained for 4 hours, and this procedure was found to be equivalent to tube thoracostomy with a 32-French chest tube for the observation period. The ease and speed of performance and the decreased likelihood of complications make needle thoracentesis the procedure of choice for relieving tension pneumothorax on the battleﬁeld. Cannula length is an important consideration;25 the pectoral muscles must be penetrated, and in young soldiers these muscles can be very thick. Even though it may be difﬁcult to appreciate in ﬁeld settings, if there is no rush of air when the needle is inserted, either it did not go in far enough or no tension pneumothorax was present. Medics in many combat units carry 10-gauge, 3-inch needle/catheters for this procedure. Any casualty who has undergone needle thoracentesis for relief of tension pneumothorax must be continually reassessed, especially because catheters used for this purpose are subject to occlusion by clotting and kinking. An open pneumothorax (“sucking chest wound”) may result from large defects in the chest wall and may interfere with ventilation. These wounds are treated by applying a three-sided dressing during expiration and monitoring for the possible development of a tension pneumothorax.



Hemorrhage Control Stopping bleeding is more important than infusing ﬂuids or providing oxygen. Even when treating a casualty in obvious shock from bleeding, resuscitation with ﬂuids should not take priority over the control of hemorrhage. The intravascular volume loss will eventually require replacement, but this need is not necessarily the most immediate. Control of lifethreatening bleeding takes precedence over resuscitation. Having more time and tactical security during the Tactical Field Care phase allows hemorrhage control intervention to follow more closely the recommendations of prehospital trauma life support (PHTLS) for nontactical settings. After
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control of life-threatening bleeding has been achieved and resuscitation (if indicated) has been initiated, sites of less serious blood loss should be addressed. For all external sources of hemorrhage not previously addressed in Care Under Fire, the ﬁrst mode of therapy is direct pressure to the bleeding site with a standard dressing. Applying pressure will tie up the hands of the provider and may thus prevent the caregiver from performing other tasks, so a pressure dressing should be constructed. If this does not control
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extremity bleeding, the next intervention to consider is the tourniquet. Whenever a tourniquet has been required, transition to another mode of hemostasis should be attempted at the ﬁrst tactically feasible opportunity. A strategy for managing the use of tourniquets in the ﬁeld presents sequential options for hemorrhage control in the transition from a tourniquet to conventional pressure dressings to newer hemostatic preparations (Box 21-2).



BOX 21-2 Tourniquets POINTS TO REMEMBER ■ ■ ■



Damage to the arm or leg is rare if the tourniquet is left on less than 2 hours. Tourniquets are often left in place for several hours during surgical procedures. In the face of massive extremity hemorrhage, it is better to accept the small risk of damage to the limb than to have a casualty bleed to death.



■ ■ ■



Only a combat medic, a physician’s assistant, or a physician should remove tourniquets. Do not remove tourniquet if the distal extremity is gone. Consider leaving tourniquet in place if CASEVAC will happen within 2 hours after application, and tactical or practical factors make transition to other dressings difficult.



Technique for Removal FIVE MAJOR TOURNIQUET MISTAKES 1. 2. 3. 4. 5.



Not using a tourniquet when it should be used. Using a tourniquet when it should not be used. Putting a tourniquet on too proximal. Not taking a tourniquet off when possible. Not making a tourniquet tight enough.



DEATH FROM EXSANGUINATION How long does it take to bleed to death from a complete femoral artery and vein disruption? Most humans with such an injury will exsanguinate in about 10 minutes, but some can die in as little as 2 to 4 minutes.



TOURNIQUET APPLICATION 1. Apply without delay for life-threatening bleeding in Care Under Fire phase. ■ Both the casualty and the corpsman/medic are in serious danger while a tourniquet is being applied in this phase. ■ The decision regarding the relative risk of further injury versus that of bleeding to death must be made by the person rendering care. 2. Non–life-threatening bleeding should be ignored until the Tactical Field Care phase. 3. Apply 2 to 3 inches (5-7.5 cm) above bleeding site. 4. Tighten tourniquet until bleeding stops. 5. Note time of application.



1. Apply pressure dressing. 2. Leave tourniquet in place and loosen. ■ Loosen it slowly. 3. Monitor for bleeding from underneath the dressings. 4. If bleeding is not controlled, retighten tourniquet and remove pressure dressing. 5. Apply HemCon as per instructions. 6. Apply pressure dressing over HemCon. 7. Leave tourniquet in place and loosen. ■ Loosen it slowly. 8. Monitor for bleeding from underneath the dressings. 9. If bleeding is not controlled, retighten tourniquet and remove dressings. 10. Apply QuikClot as per instructions. 11. Leave tourniquet in place and loosen. ■ Loosen it slowly. 12. Monitor for bleeding from underneath the dressings. 13. If bleeding is not controlled, retighten tourniquet and expedite CASEVAC.



IMPORTANT POINTS ABOUT DIRECT PRESSURE ■ ■ ■ ■



REMOVING THE TOURNIQUET



■



■



■



Remove as soon as direct pressure or hemostatic dressings become feasible and effective, unless the casualty is in shock or the tourniquet has been on for more than 6 hours.



■



Direct pressure works most of the time for external bleeding. Direct pressure can stop even carotid and femoral bleeding. Direct pressure requires two hands. Direct pressure requires the ground or other hard surface underneath. You must lean into delivery of direct pressure. You must never let up on direct pressure to check the wound. It is difficult to maintain control of large bleeding sites while moving the casualty.
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FIGURE 21-2 QuikClot. (Courtesy Z-Medica.)



Of the numerous hemostatic dressings evaluated by the military,26 two preparations approved by the Food and Drug Administration (FDA) have been broadly deployed: the HemCon dressing (described in Chapter 20) and QuikClot powder. For casualties in whom conventional pressure dressings do not control bleeding, the ﬁrst hemostatic agent that should be applied is the HemCon dressing. If adequate hemostasis is not achieved with the HemCon dressing, it should be removed and QuikClot powder applied. QuikClot is an inert Zeolite mineral that has been found to be highly effective in lethal extremity vascular injuries in swine27 (Figure 21-2). It is granular, packaged in an individual airtight package, and can be poured into a wound after pooled blood has been removed. The handling properties are similar to coarse sand. This product is effective in stopping bleeding, but it can have undesirable side effects because of the heat generated when it gets wet. The heat is caused by an exothermic reaction that occurs as QuikClot absorbs water from the wound, thereby concentrating the clotting factors in the blood. The heat can be sufﬁcient to cause burns when large amounts of the material are mixed with signiﬁcant volumes of blood or other liquids, and thus it is important to remove as much blood as possible from the wound site before QuikClot is applied. QuikClot has been used in the civilian trauma setting,28 and was deployed during Operation Iraqi Freedom by the U.S. Marines and the U.S. Navy. Although the data regarding the efﬁcacy of QuikClot are not plentiful or standardized, to date the anecdotal reports have stated that lives were saved with the product when used properly, and few complications resulted from the use of QuikClot. It is important to note that, as hemostatic agents, HemCon and QuikClot each have unique strengths and liabilities that must be considered in their correct application. Each carries a serious training obligation to enable its appropriate and effective use. Standard pressure dressings and the hemostatic preparations are used to control external bleeding from wounds to



the head and torso. For internal hemorrhage from chest and abdominal wounds, the most crucial lifesaving procedure is rapid transportation to a facility where deﬁnitive surgical control of hemorrhage can be achieved. Deﬁnitive diagnosis or temporizing resuscitation should not delay transport of the casualty. In summary, the optimal method of controlling blood loss depends on many factors, such as the combat setting, severity of blood loss, whether it is arterial bleeding, proximity to surgical care, transport capability, the number of casualties, available resources, and the physical environment. In all casualties with hemorrhage, accurate estimation of the severity and clinical importance of the blood loss is important, both before and after interventions are applied. Importantly, complete and absolute cessation of bleeding is usually not required, especially if the casualty is not in shock from blood loss. Inexperienced personnel not accustomed to handling such casualties sometimes overreact to visually impressive wounds with comparatively minor bleeding, whereas seasoned medics realize that slow bleeding is acceptable if the casualty can be transported soon. The decision as to how much bleeding is acceptable will depend on the provider and the circumstance.



Intravenous Access Although PHTLS teaches starting two large-bore (14- or 16-gauge) intravenous (IV) catheters for ﬂuid resuscitation in trauma casualties,2 the 18-gauge catheter is preferred in the ﬁeld setting because of the ease of cannulation.3 Crystalloid and colloid solutions can be administered rapidly through an 18-gauge catheter, and blood products requiring the larger cannulae are not given in the ﬁeld.29,30 Blood products may be administered in the Casualty Evacuation (CASEVAC) phase or later at a military treatment facility (MTF), but ﬁeldplaced IV cannulae will normally be replaced there anyway because of the risk of contamination.31



Hemorrhagic Shock Hemorrhagic shock is a vitally important topic in combat casualty care. As deﬁned in Chapter 7, shock is a widespread lack of tissue perfusion with oxygenated red blood cells (RBCs) that causes anaerobic metabolism and decreased cellular energy production, which in turn can lead to death. This deﬁnition reveals the underlying pathophysiology, but to make a practical diagnosis of shock, practitioners must seek and identify the associated clinical signs. The signs classically associated with hemorrhagic (hypovolemic) shock are presented in Table 7-3. In austere tactical environments, however, most of these signs may not be appreciable. The
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signs that a combat medic will likely be able to monitor on the battleﬁeld and in extraction craft underway are peripheral pulse character and mentation. Therefore, a tactically relevant deﬁnition of shock in a combat trauma casualty is an abnormal radial pulse character (i.e., weak or absent) and/or abnormal mentation not attributable to coexisting brain injury or drug therapy.



Resuscitation Strategy for Tactical Settings Despite its ubiquity, the beneﬁt of prehospital ﬂuid resuscitation in trauma casualties has not been established.4,15,32-42 The advanced trauma life support (ATLS) course proposes initial ﬂuid resuscitation with 2 L of a crystalloid. Other options are (1) no ﬂuid resuscitation until hemorrhage is deﬁnitively controlled and (2) limited (hypotensive) resuscitation to achieve a perfusing systolic blood pressure (SBP) of about 70 mm Hg. Also, controversy has surrounded the ﬂuid to be used. Choices have included crystalloid, colloid, synthetic colloid, blood products, and the new hemoglobin solutions. The beneﬁcial effect from crystalloid and colloid ﬂuid resuscitation in hemorrhagic shock has been demonstrated largely in animal models where the volume of hemorrhage is controlled experimentally and resuscitation is initiated after the hemorrhage has been stopped.41,43 Multiple studies using uncontrolled hemorrhagic shock models have found that aggressive ﬂuid resuscitation before surgical repair of a vascular injury is associated with either no improvement in survival or increased mortality when compared to no resuscitation or hypotensive resuscitation.35,40,41,44-50 This lack of beneﬁt is presumably caused by interference with vasoconstriction, as the body attempts to adjust to the loss of blood, and interference with hemostasis at the bleeding site. Aggressive ﬂuid resuscitation improved the outcome of uncontrolled hemorrhagic shock in two studies.51,52 Both studies used rat tail amputation models, which may not correlate well with uncontrolled hemorrhage on the battleﬁeld from intrathoracic and intraabdominal injuries. Some studies have noted that ﬂuid resuscitation proved to be of beneﬁt only after previously uncontrolled hemorrhage was stopped.53-55 Three studies were found that addressed this issue in humans. One large study of 6855 trauma casualties found that although hypotension was associated with a signiﬁcantly higher mortality rate, the administration of prehospital IV ﬂuids did not reduce this mortality.38 A retrospective analysis of casualties with ruptured abdominal aortic aneurysms showed a survival rate of 30% for casualties who were treated with aggressive preoperative colloid ﬂuid replacement, in contrast to a 77% survival rate for casualties in whom ﬂuid resuscitation was withheld
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until operative repair.56 The author strongly recommended that aggressive ﬂuid resuscitation be withheld until surgery in these casualties. Bickell and colleagues published a large, prospective trial examining this issue in 598 casualties with penetrating torso trauma.57,58 They found that aggressive prehospital ﬂuid resuscitation of hypotensive casualties with penetrating wounds of the chest and abdomen was associated with a higher mortality than seen in those for whom aggressive volume replacement was withheld until surgical repair. Further analysis of these data found that this difference was most signiﬁcant in those casualties with wounds of the chest, with abdominal wounds showing little difference in survival between early and delayed ﬂuid resuscitation.59 Although conﬁrmation of these ﬁndings in other randomized, prospective human studies has not yet been obtained, no human studies were found that demonstrated any beneﬁt from ﬂuid replacement in casualties with ongoing hemorrhage. Continuing hemorrhage must be suspected in battleﬁeld casualties with penetrating abdominal or thoracic injury until surgical repair is effected.



Resuscitation Fluids Hespan (6% hetastarch) was recommended in the 1996 Tactical Combat Casualty Care (TCCC) paper as better alternative for ﬂuid resuscitation in the Tactical Field Care phase than lactated Ringer’s (LR) solution.3 LR is a crystalloid, which means that the primary osmotically active particle is sodium. Because the sodium ion distributes throughout the entire extracellular ﬂuid compartment, LR moves rapidly from the intravascular space to the extravascular space. This shift has signiﬁcant implications for ﬂuid resuscitation. For example, if a trauma casualty is infused with 1000 mL of LR, only 200 mL of that volume will remain in the intravascular space 1 hour later.60-62 This is not a problem in the civilian setting because the average time for transport of the casualty to the hospital in an ambulance is less than 15 minutes,38,58 after which surgical control of hemorrhage can be rapidly achieved. In the military setting, however, where several hours may elapse before a casualty arrives at an MTF, effective volume resuscitation may be difﬁcult to sustain with LR. In contrast, the large hetastarch molecule is retained in the intravascular space, and there is no loss of ﬂuid into the interstitium. Hetastarch osmotically promotes ﬂuid inﬂux into the vascular space from the interstitium such that an infusion of 500 mL of hetastarch results in an intravascular volume expansion of almost 800 mL.62 This effect is sustained for 8 hours or longer.63 Although concerns exist about coagulopathies and changes in immune function associated with the use of hetastarch,64,68 these effects are not seen with infusions of less than 1500 mL.66-70 Several papers have found hetastarch to be a safe and effective alternative to LR in resuscitating casualties with controlled hemorrhagic shock.71,72 Hetastarch is also believed to be an acceptable alternative to LR for intraoperative ﬂuid replacement.73
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The 1993 Ben Taub study found that aggressive prehospital ﬂuid resuscitation of hemorrhagic shock resulting from penetrating trauma to the chest or abdomen produced a greater mortality than KVO ﬂuids only.57 This resulted in a recommendation in the original TCCC paper to withhold aggressive ﬂuid resuscitation from individuals with penetrating torso trauma.3 At a Special Operations workshop on urban warfare casualties in 1998, however, there was a clear consensus among the panelists that should a casualty with uncontrolled hemorrhage have mental status changes or become unconscious (correlating to SBP of 50 mm Hg or less), the casualty should be given enough ﬂuid to resuscitate him or her to the point where mentation improves (correlating to SBP of 70 mm Hg or above). Panel members also stressed the importance of not trying to administer IV ﬂuids aggressively with the goal of achieving “normal” blood pressure in casualties with penetrating truncal injuries.1 The consensus conferences held in 2001 and 2002 under the sponsorship of the Ofﬁce of Naval Research and other agencies promoted the concepts of (1) minimal ﬂuid resuscitation in the setting of uncontrolled hemorrhage and (2) the use of alternative ﬂuids that yield logistical advantages of lighter weight and smaller volume in the rucksack.74 In a 1999 report, “Fluid Resuscitation: State of the Science for Treating Combat Casualties and Civilian Injuries,” the Institute of Medicine recommended that 7.5% hypertonic saline (HTS) be initially used for ﬂuid resuscitation. The rationale for this recommendation was that LR has been shown to have detrimental immunologic effects and that further research was needed to ﬁnd the optimal resuscitation ﬂuid.75-92 HTS was recommended because it had been used in numerous clinical trials with minimal consequences, and in casualties with traumatic brain injury, it may have potential beneﬁts. HTS has also been shown to be immunosuppressive, which may protect against complications such as acute respiratory distress syndrome (ARDS) often seen after massive resuscitation. However, the main reason for the recommendations of HTS was its logistical advantage. The problem with the use of 7.5% HTS is that it is not currently manufactured or available. Therefore, in the consensus conferences in 2001 and 2002, the recommendation was that a colloid solution such as hetastarch be used until HTS is more readily available. It is also unclear if the resuscitative effect of a single infusion of HTS lasts as long as that of a comparable infusion of a colloid solution. This point deserves further investigation. Holcomb93 promoted a technique of minimal ﬂuid resuscitation in the ﬁeld in casualties with uncontrolled hemorrhage. Whereas the 1996 TCCC guidelines called for Special Operations medics to give 1000 mL of Hespan to all casualties meeting the requirement for resuscitation, Holcomb proposed that all casualties in shock (deﬁned by weak or absent peripheral pulses or altered mental status in the absence of brain injury) be given a 500-mL bolus



of Hextend. If no improvement is noted in 30 minutes, the bolus is repeated once. This modiﬁcation has the following advantages: 1. Logistics. Not all casualties will require 1000 mL of hetastarch, thus saving ﬂuid and time for other casualties. 2. Rebleeding. Titration of ﬂuids based on a monitored physiologic response may avoid the problem of excessive blood pressure elevation and fatal rebleeding from previously clotted sites. 3. Training. Basing the ﬂuid therapy on the premise of responders versus nonresponders follows the lead of the American College of Surgeons (ACS) Committee on Trauma in the ATLS course and allows for a single approach to casualties with both controlled and uncontrolled hemorrhage. Interestingly, this recommendation for “hypotensive” resuscitation is a rebirth of similar principles employed in World War II by Beecher.94 Although hetastarch has a theoretic advantage over crystalloids for resuscitating combat casualties on the battleﬁeld because of its sustained intravascular presence, there is little convincing clinical evidence in trauma casualties that any one crystalloid or colloid works better than others. However, a multifold reduction in medical equipment weight is achieved by substitution of hetastarch solution for LR.3 This is clearly of logistical beneﬁt to military medics, enabling them to carry the smallest volume and weight of resuscitation ﬂuid consistent with effective practice.93,95 The Hextend formulation of hetastarch has not been widely used as a front-line resuscitation ﬂuid, so clear evidence of its superiority is lacking. However, hetastarch solutions mixed in saline (Hespan) increase blood loss compared with the identical hetastarch mixed in a balanced electrolyte solution, a lactate buffer, and physiologic levels of glucose (Hextend).96 A protective inﬂuence of Hextend against multiple organ injury after hepatoenteric ischemiareperfusion has been reported. The effect has been attributed to a potential antioxidant effect of the hetastarch molecule.97 For the near future, hypertonic saline dextran is not available, so Hextend is the recommended resuscitation ﬂuid for the Tactical Field Care phase. The 500-mL boluses recommended should be administered as rapidly as possible using manual pressure on the IV bag or inﬂatable IV bag cuffs. The most signiﬁcant concern with the proposed battleﬁeld resuscitation algorithm is that it cannot be rigorously evaluated in clinical trials. It is based on a combination of historical information, recent animal studies, civilian and military trauma experience, and expert opinion. The realities of war prevent prospective, randomized, blinded resuscitation studies on the battleﬁeld, so now, as in the past, insightful recommendations from those knowledgeable
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in trauma physiology and experienced in trauma care must provide the basis for military medical doctrine.94,98,99 Further modiﬁcation will be warranted as ongoing research and development efforts yield new and relevant information. This issue was extensively discussed during the combat ﬂuid resuscitation conferences,74 with unanimous agreement that this approach is sound. Optimally, future analysis will also include review of injury data prospectively collected in military trauma registries.



Intraosseous Access It may be difﬁcult to establish IV access in casualties in shock. An intraosseous (IO) device offers an alternative route for administering ﬂuids and medications in this situation.100,101 This allows the medic to avoid more difﬁcult and invasive techniques such as central venous cannulation or saphenous cutdown. IO access is far easier to obtain in the dark and requires minimal aseptic technique. After thorough review of all available IO devices and their potential use in combat casualty care, the Committee on Tactical Combat Casualty Care (COTCCC) concluded that the Pyng FAST-1 is the IO device best suited for the rigors of trauma care on the battleﬁeld (Figure 21-3). The FAST1 delivers ﬂuid and medications through the bone marrow of the sternal manubrium. Using the sternal notch as a reference point, an adhesive patch is applied that provides a target area for insertion. The device is then aligned with the target, and ﬁrm, steady pressure is applied. This action inserts a small, stainless steel tip connected to an infusion tube into the marrow of the manubrium. This technique makes the FAST-1 readily applicable in low-light environments. A clear plastic dome attaches via a Velcro ring, keeping the site clean and visible. A removal tool (included in the kit) is needed to disengage the infusion tube from the bone
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when venous access can be achieved, or after the casualty is resuscitated. The FAST-1 device is not spring-loaded, and its conﬁguration renders autoinjection into the medic’s hand unlikely. It also does not depend on the presence of a tibia, a common injection site for other devices that may not be present on a land mine casualty.



Oral Rehydration in Combat Casualties Trauma surgeons attached to forward-deployed MTFs have noted that many casualties are kept on nothing by mouth (NPO) status for prolonged periods in anticipation of eventual surgery. With transportation delays superimposed on the dehydration often present in combat operations before wounding, these casualties come to surgery greatly dehydrated. This may adversely affect their chance of survival, and the observed risk of emesis and aspiration is remarkably low. Therefore, oral ﬂuids are recommended for all casualties with a normal state of consciousness and the ability to swallow, including those with penetrating torso trauma (Figure 21-4).



Resuscitation of Casualties with Traumatic Brain Injury A modiﬁed ﬂuid regimen for a casualty with traumatic brain injury (TBI) and shock is recommended. In this casualty, decreased state of consciousness may be caused by either TBI or hemorrhagic shock from associated injuries. Hypotension in the presence of TBI is associated with a signiﬁcant increase in mortality.102 Because of the need to ensure adequate cerebral perfusion pressure, this casualty should receive IV or IO ﬂuids until he or she has a palpable radial pulse, commensurate with an SBP of at least 70 mm Hg.



FIGURE 21-3 FAST-1. (Courtesy Richard A. Clinchy, Director of Business Development, Pyng Medical Corp.)



FIGURE 21-4 Marine with abdominal wound drinking water. (Courtesy Dr. David Callaway.)
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Intravenous Fluids Research The optimal resuscitation ﬂuid for use by combat medics remains an open question and is currently a topic of great interest in military medical research. Studies planned in the near future at the U.S. Army Institute of Surgical Research and other laboratories will evaluate hetastarch solutions, crystalloids, 5% hypertonic saline, and hemoglobin-based oxygen-carrying solutions in combat-appropriate trauma models. Animal models used in studies performed to address ﬂuid resuscitation issues on the battleﬁeld should include a signiﬁcant delay to surgical repair to simulate the prolonged evacuation times that combat operations often entail. Care should be taken in attempting to extrapolate the results of resuscitation ﬂuid studies in the civilian sector to the battleﬁeld, since average prehospital time in urban areas is usually very short. However, civilian studies may provide the only available human trauma data. Additionally, resuscitation studies must address both controlled and uncontrolled hemorrhagic shock because the preoperative clinical objectives may be different.



Securing Intravenous Lines for Casualty Movement Intravenous lines started in the ﬁeld often become dislodged during casualty transport. To address this problem, Army Rangers devised a system for securing IV lines that has proved successful in the ﬁeld. The ﬁrst step in their system is insertion of an 18-gauge, 11/4-inch catheter along with a saline lock. The saline lock is then secured by applying a sheet of transparent wound dressing ﬁlm over the site. Fluids and medications are then given by inserting a second 18-gauge, 11/4-inch needle and catheter through the ﬁlm dressing and saline lock, then withdrawing the needle. The second catheter is left in place and the IV line secured with a device that has an adhesive locking tip attached to a circumferential Velcro strap. The transparent ﬁlm dressing and the line-locking device are common medical tools designed for civilian use. Together they provide for IV access that can withstand rugged handling (Figure 21-5). If the IV line must be discontinued temporarily to facilitate movement on the ﬁeld, the locking strap, IV line, and second catheter can be quickly discontinued. The ﬁrst catheter and saline lock remain in place under the ﬁlm, providing for quick IV access later.



Prevention of Hypothermia Hypothermia, acidosis, and coagulopathy constitute the “bloody vicious cycle” in trauma casualties. The association of hypothermic coagulopathy with high mortality has been



FIGURE 21-5 Field-capable intravenous (IV) line. (Courtesy North American Rescue Products, Inc.)



well described. As many as 66% of civilian trauma casualties arrive in EDs manifesting hypothermia (temperature 92%) and may benefit from an immediate LSI. 8. Prepare casualties to move out of the area. 9. Prevent hypothermia.



absent radial pulse suggests a casualty has SBP of less than 50 mm Hg and a mortality of 92%.7 Based on these and other published data, a triage decision algorithm has been developed2-7 (Figure 23-1). Use of this algorithm begins with a cursory evaluation. The ability to ambulate usually places a casualty initially into the minimal category, whereas obvious signs of death will place a casualty in the expectant category. For casualties not falling into either of these two categories, further evaluation is required. All casualties requiring an LSI are placed initially in the immediate category. However, once the LSI is performed, a casualty must be retriaged. Again, triage is a continuous process, and frequent reassessment is required;



a casualty may move from one category to another at each assessment. The algorithm shows that a casualty with absent radial pulses and inability to obey commands on initial triage has a greater than 95% chance of requiring an LSI and a 92% probability of dying. That casualty should be placed in the immediate or even expectant category based on the tactical situation. Conversely, in a trauma study by Holcomb and colleagues,6 no casualty died if the initial triage revealed the ability to follow commands and a palpable radial pulse. According to the algorithm, if a casualty can obey commands, possesses a normal radial pulse, and is in no respiratory distress, the casualty should be placed initially in the delayed category.
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Triage Algorithm for Tactical Combat Casualty Care Care Under Fire



Drag casualty to cover Continue with mission/fight Tactical Field Care/CASEVAC



Scene security and establish CCP



Minimal



Walking wounded



Perform cursory evaluation



Obvious signs of death



Expectant



Further evaluation required Note: If a casualty is unable to obey commands and has an absent or weak radial pulse character the mortality rate is 92%.



Yes Obvious LSI required? No Casualty obeys commands? Yes



No



Abnormal



Immediate



Radial pulse character Normal Casualty in respiratory distress?



Yes



Delayed



FIGURE 23-1 Triage algorithm of Tactical Combat Casualty Care (TCCC).



Mass-Casualty Triage In preparing for combat, with its inherent risk for MCIs, many factors must be considered during mission planning and rehearsed in training to ensure mission accomplishment and proper care of soldiers (Box 23-3). Environment, mission, and timeline are critical factors that will affect the way triage is executed. How and where will the casualty collection point (CCP) be set up and security maintained? What are the evacuation assets available and the time frame? Also, while performing triage, it is important to remember to protect oneself and other rescuers, as well as prevent further harm to the casualties. Those responsible for triage must remember at all times that triage is not treatment, and constant reassessment is needed to identify casualties who may have deteriorated or improved.



BOX 23-3 Key Interventions for Mass-Casualty Triage ■ ■ ■



■ ■



Secure area and ensure scene safety Establish command post (CP), casualty collection points (CCPs), and routes of access Estimate initial number of casualties, severity of incident and injuries, and additional hazards (e.g., smoke; nuclear, biologic, chemical [NBC]) Assign initial triage categories; perform required lifesaving interventions (LSIs) Retriage with an extended secondary survey as time permits
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Chapter Objectives At the completion of this chapter, the reader will be able to do the following:



✓



Define the terms CASEVAC, MEDEVAC, and aeromedical evacuation, and discuss the differences among them.



✓



State the difference between a casualty and a patient in aeromedical evacuation.



✓



Discuss the limitations on combat casualty care imposed by the environment inside a CASEVAC helicopter.



✓



Recognize techniques and procedures used to approach a CASEVAC helicopter safely while its rotors are turning.



✓



Discuss the difference between a stable patient and a stabilized patient and the differences in the medical transport teams required by each type.



✓



Specify the common stressors of aeromedical evacuation, and discuss the effects and management of each.



554



PREHOSPITAL TRAUMA LIFE SUPPORT



HISTORY OF AEROMEDICAL CASUALTY MOVEMENT The concept of moving combat casualties by air has been recognized since the early days of aviation. The ﬁrst recorded movement of combat casualties by air is thought to have occurred in 1870 during the Franco-Prussian War. At the siege of Paris, 160 wounded French soldiers were ﬂown out over the Prussian lines in hot-air balloons.1 Limited attempts at movement of casualties by air occurred during World War I and through the 1920 and 1930s. Large-scale casualty movement by air did not occur until the Second World War. During World War II, more than 1.4 million casualties were moved by air, with only 46 deaths occurring in ﬂight.1 It must be noted that the majority of these ﬂights originated in rear staging areas for hospital-treated casualties who had been transported from the battleﬁeld by the more traditional means of ground evacuation. Aeromedical evacuation from the battleﬁeld was not readily practiced during World War II because of the limitations of the ﬁxed-wing aircraft of the era. The development of rotary-wing aircraft in the mid1940s opened dramatic new capabilities for evacuation of the injured combatant. The ﬁrst movement of a casualty by helicopter occurred in Burma in 1944.2 During the Korean War, more than 17,700 casualties were ﬂown by the newly introduced rotary-wing aircraft, many directly from the battle zone.1 The introduction of a helicopter evacuation system in Korea is usually credited as the most important component in the improved survival rate among combat casualties seen in this conﬂict. The rotary-wing evacuation system developed to its maximal potential during the Vietnam War, when by 1967, more than 94,000 casualties had been ﬂown out of combat zones by helicopters such as the venerable UH-1.3 The comparative success of the Vietnam evacuation system led to its widespread adaptation by civilian programs within the continental United States (CONUS), beginning in the mid-1970s. The majority of current civilian “Life Flight” programs trace their roots to the experience provided by the military aeromedical evacuation units of Korea and Vietnam.1,4 With the introduction of rotary-wing evacuation aircraft came the recognition that a variety of missions may be involved in the movement of casualties: from the point of wounding, through the initial resuscitation, and to the ﬁnal point of care. Although doctrinal differences exist among the service branches regarding terminology and deﬁnitions of phases of care, for purposes of the following discussion,



casualty movement may be separated into the following three phases: 1. CASEVAC: Evacuation of a casualty from the forward line of conﬂict (forward edge of the battle area, or FEBA). CASEVAC movement may expose the crew and aircraft to hostile ﬁre and involves aircraft that are designated for (but not necessarily dedicated to) casualty movement. 2. MEDEVAC: Evacuation of a casualty (“patient”) from one point of care to another point of care within the tactical theater. This movement usually occurs with a rotary-wing aircraft or tactical ﬁxed-wing aircraft such as the C-130. 3. Aeromedical evacuation: Movement of a casualty (“patient”) from a point of care within the theater to a more rearward location, such as regional hospital or CONUS. Traditionally, this phase of movement has employed ﬁxed-wing aircraft such as the C-9 (now retired), C-141, and C-17, as well as the C-130. Generally, in aeromedical evacuation, a wounded soldier is considered a casualty until he or she reaches the ﬁrst point of deﬁnitive medical care. Once entered into the medical care system, the casualty is considered a “patient” (although this text uniformly uses “casualty”). In practice, the lines among CASEVAC, MEDEVAC, and aeromedical evacuation are blurred at times because doctrine, circumstances, and medical care often dictate ﬂexibility (Figure 24-1). In recent years, prehospital care capabilities across all phases of casualty care and movement have signiﬁcantly improved, reﬂecting advancements in medical technology, pharmacology, and casualty management doctrine. On current battleﬁelds, it is common for a U.S. combat casualty to be evacuated by helicopter within
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FIGURE 24-1 Schematic representation of the continuum of



evacuation.
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15 minutes of injury, be at a forward surgical station within 30 minutes, at a combat support hospital within a few hours, and on the way back to CONUS within 24 hours of wounding. In the immediate future, this entire movement may occur with the capability of remote monitoring augmented by medical equipment that actively intervenes to stabilize the casualty en route.



mission planning are essential to keep the aircraft, crew, and casualties safe. As discussed in Chapter 23, consideration must be given to whether the medical needs of the casualty justify the risk and exposure that a CASEVAC mission generates for the casualty’s unit and the CASEVAC platform and its crew. Alternative modes of evacuation (ground, water) and the impact of delayed transport should be included in the decision-making process.5



CASEVAC



Medical Care



Principles Although CASEVAC, MEDEVAC, and aeromedical evacuation can all involve the transport of casualties by air, they may be functionally very different. In CASEVAC, casualties are moved from the point of injury to a place of initial resuscitative (or deﬁnitive) medical care. In most cases, this is a relatively short transport accomplished by rotarywing aircraft, although it can be conducted using ground vehicles or watercraft. CASEVAC aircraft must frequently ﬂy into FEBA and may likely come under enemy ﬁre. The aircraft used in this mission may be tactical aircraft that are designated for a single mission (aircraft of opportunity) or may be dedicated aircraft designed and equipped for a medical mission (air ambulance; Figure 24-2). Casualties needing CASEVAC are, by deﬁnition, recently injured, and they may be quite unstable. Essential care must be focused on lifesaving maneuvers that enhance survival without creating further risk to the casualty, the mission, or the crew. Tactical imperatives to accomplish the mission or prevent further casualties may impose severe limitations on medical capabilities during CASEVAC. It is often desirable to keep ground time in the forward area to a minimum, and therefore most CASEVAC care is delivered during ﬂight in a noisy, turbulent, and crowded environment, very different from a hospital trauma bay. Excellent tactical ﬂying and pre-



FIGURE 24-2 UH-60 Black Hawk CASEVAC helicopter.



By deﬁnition, CASEVAC operations occur after Care Under Fire or Tactical Field Care, where medical care is limited by tactical and resource constraints to basic interventions. Hemorrhage control, airway management, intravenous (IV) access, hypothermia prevention, and basic ﬁrst aid are the core of treatment in these phases. Once underway in a CASEVAC platform, the limitations imposed by space, noise, lighting, and combat conditions may continue to impose severe limitations on care. Although the provider should be equipped for and capable of advanced life support (ALS) techniques, interventions such as intubation, electronic monitoring, and ﬂuid resuscitation may be impractical or even impossible during CASEVAC operations. Equipment used during CASEVAC should be lightweight, austere, and robust enough to withstand this rugged environment. In the setting of nighttime tactical conditions, light sources should be minimized and green light (e.g., Phantom light, Petzel light) or infrared light sources used. White or red lights should be avoided because of their adverse impact on the crew’s vision, and they may provide a targeting proﬁle for the enemy. Furthermore, the provider should be practiced in medical care techniques in darkened conditions while underway in tactical vehicles and aircraft.



Preparation of Casualty The principles of casualty preparation for CASEVAC fall under the same guidelines as discussed in Care under Fire and Tactical Field Care. For CASEVAC by air, a landing zone (LZ) should be prepared in accordance with standard guidance (Box 24-1). Helicopter safety is critical in CASEVAC operations. Engine-running on-loads and off-loads are the norm, and rotors will be turning. It is imperative that everyone who assists in loading patients on and off helicopters be familiar with rotary-wing operational procedures. Casualties should have eye and ear protection, as should all members of the loading crew. Most helicopters should be approached from the nose or the sides. Personnel should never enter the rotor disc area (area under rotor blades) unless they have been cleared to enter by the helicopter crew. If the helicopter is on a slope, personnel should approach and depart from the downslope side.1,5
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BOX 24-1 Preparation for CASEVAC by Air 1. Determine the number of casualties to be moved, the requirement for movement by helicopter, and the urgency of the movement; evaluate the tactical situation. ■ Note that in some cases it is faster and safer to move casualties by ground than by air. ■ Not all casualties require urgent evacuation. ■ The tactical situation may preclude evacuation by air (e.g., heavy enemy fire). ■ Environmental conditions, such as darkness, bad weather, or lack of a suitable landing zone, may prevent evacuation by air. 2. Locate and mark a suitable helicopter landing zone (HLZ) or pickup site. ■ HLZ should be as flat as possible, with even terrain and no surrounding large trees, wires, or tall structures. ■ HLZ should be a minimum of 30 m (100 ft) in diameter, or larger if a CH-47 or MH-53 will be landing. ■ Mark (or prepare to mark) the zone as per protocol (VS-17 panels, smoke, chem lights, strobe lights, vehicle lights). ■ If possible, have a wind indicator (wind sock, ribbon on stick) just outside the HLZ, easily visible to the pilot. ■ In a tactical situation, keep the HLZ as inconspicuous as possible to prevent the enemy from zeroing in on it.



3. Prepare the casualties for flight. ■ If possible, perform any urgent medical procedures, such as splinting, applying dressings, or starting IV lines, while still on the ground. ■ Move the casualties near the HLZ, and stage them perpendicular to the line of approach/departure of the aircraft, but well outside the HLZ. ■ Protect the casualties’ ears with earplugs. Protect the eyes with goggles or bandages. Litter bearers should have earplugs and goggles in place. 4. Load the casualties. ■ Do not approach the helicopter until the crew has seen you and given you positive clearance to approach the aircraft. ■ Do not approach the rear of the aircraft unless you are specifically directed to go there by the aircraft crew. (the CH-46, CH-47, and CH/MH-53 have rear loading ramps, and you will probably be directed to load casualties there. Do not approach from the rear of an H-60 or any other helicopter with a tail rotor.) ■ Load the casualties as directed by the aircraft crew. ■ As soon as loading is complete, exit the rotor disc and clear the HLZ.



A standard method of calling for a CASEVAC is the nine-line CASEVAC request (Box 24-2). Other methods are also used, but regardless of the method, it should be brieﬂy described beforehand so that everyone involved with the operation is familiar with the speciﬁc format.



MEDEVAC As previously discussed, arbitrary deﬁnitions have been placed on the movement of the casualty through the medical evacuation process. In the context of this chapter, MEDEVAC describes the movement of the casualty (“patient”) from one point of care to another point of care within the theater. Examples of MEDEVAC include the movement of a casualty from a forward resuscitation area (Battalion Aid Station, Shock Trauma Platoon, Forward Resuscitative Surgical Team) to a surgical support facility (CSH, EMEDS). Alternatively, MEDEVAC may involve the movement of a patient from a CSH/EMEDS to a regional staging facility (MSF, theater air hub, aeromedical staging facility). MEDEVAC operations may involve either rotary-wing or ﬁxed-wing tactical aircraft (Figure 24-3). Duration and scope of mission vary widely and are “hybrids” representing



FIGURE 24-3 En-route care during MEDEVAC.



the transition from far-forward casualty retrieval (CASEVAC) to rearward movement of stabilized casualties (aeromedical evacuation). In this respect, the considerations for casualty care, preparation, equipment applications, and operational issues are similar to those discussed for CASEVAC. As the duration of medical missions extends sufﬁciently to require the use of ﬁxed-wing aircraft, the considerations for
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BOX 24-2 Standard Nine-Line MEDEVAC Request Line 1: Location of Casualty/HLZ (helicopter landing zone) Location can be given in grid coordinates, latitude/longitude, or any other system that is clearly understood by all parties. In hostile areas the HLZ coordinates should be encrypted to prevent enemy forces for ascertaining the location of the HLZ. Line 2: Radio Frequency and Call Sign Radio frequency and call sign of the unit requesting the MEDEVAC. Again, in hostile situations this should be encrypted. Line 3: Evacuation Precedence A = Urgent B = Urgent/surgical C = Priority D = Routine E = Convenience Each letter is preceded by the number of casualties in each category. For example, “3 ALPHA, 2 BRAVO, 1 CHARLIE” means there are three urgent casualties, two urgent surgical casualties, and 1 priority casualty requiring MEDEVAC. Line 4: Special Equipment Requests This line requests specialized extraction or medical equipment. A = None B = Hoist required C = Extraction equipment D = Ventilator required Line 5: Numbers of Litter and Ambulatory Patients L = Litter casualties A = Ambulatory casualties



MEDEVAC missions more closely reﬂect those discussed next for aeromedical evacuation.



Aeromedical Evacuation Doctrine and Principles In aeromedical evacuation (AE), casualties (“patients”) who have received appropriate medical care and are stable (or stabilized) are ﬂown relatively long distances in ﬁxed-wing aircraft. Some aircraft used for AE, such as the C-130, are capable of dirt-strip operations, but in most cases a ﬁxed airﬁeld is necessary. AE aircraft may occasionally be at risk from enemy ﬁre, but usually not to the same extent as CASEVAC aircraft. Duration of ﬂights (and thus length of in-ﬂight medical care) is usually longer in AE than in



Each category is preceded by the number of casualties. For example, “3 LIMA, 2 ALPHA” means three litter casualties and two ambulatory casualties require MEDEVAC. Line 6: Evacuation Site Security This indicates the level of hostile threat in the area. N = No threat P = Possible enemy troops in the area E = Enemy troops in the area X = Hot HLZ, armed escort needed Line 7: Marking of Evacuation Site A = Colored panels (VS-17 panel) B = Pyrotechnic signals C = Smoke D = No designation E = Other means of designation Line 8: Casualty Nationalities and Combat Status A = U.S. Military B = U.S. Civilian C = Non-U.S. Military D = Non-U.S. Civilian E = Enemy prisoner of war Line 9: NBC/Terrain Specifics N = Nuclear B = Biologic C = Chemical Describe any terrain features that may help the crew locate the HLZ from the air or that may affect their approach, such as trees, electrical wires, or sloping terrain.



CASEVAC or MEDEVAC ﬂights. It is not unusual to have AE missions last 10 to 12 hours. The medical support crew of an AE mission usually consists of persons speciﬁcally trained in the requirements and challenges of the ﬂight environment. A typical AE crew consists of two ﬂight nurses and three aeromedical technicians. Physicians are not normally part of an AE crew. Flight nurses and aeromedical evacuation technicians are trained at the U.S. Air Force School of Aerospace Medicine at Brooks City-Base, Texas. The 5-week course includes extensive training on altitude physiology, nursing considerations in the AE environment, aircraft power and oxygen systems, emergency procedures, AE aircraft conﬁguration, and survival. The standard AE crew can be pared down or augmented as required. Until recently, virtually all casualties being moved by aeromedical evacuation had to be stable. It is reasonable to think of a standard AE ﬂight as being a ﬂying medical/
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surgical ward, where patients do not need invasive monitoring, mechanical ventilation, or other procedures that require close observation. The lead ﬂight nurse on an AE ﬂight is called the medical crew director (MCD). The MCD is responsible for the safe completion of the medical ﬂight mission. The MCD coordinates with the cockpit crew and is the voice of the medical crew in interactions with the aircraft commander. In the absence of an on-board physician, the MCD is the lead medical authority aboard the aircraft. If present, a physician is the lead medical authority; however, the MCD retains authority over the mission. This allows the physician to concentrate on casualty care while the MCD manages the mission.6 In the past, casualties who required more than ward-level care had to have dedicated medical attendants ﬂy along with them to provide the additional care. Usually the sending medical facility was responsible for supplying the medical attendants. Although this system worked well for a small number of critical casualties, if multiple critical casualties had to be moved from a single location, that location would soon be depleted of medical personnel available to transport casualties. Adding to the difﬁculty was the use of medical equipment that had not been tested or certiﬁed as safe for in-ﬂight use. The solution to these problems was to augment the AE crew with a specially trained crew of critical care personnel, the Critical Care Air Transport Team (CCATT).



FIGURE 24-4 Critical Care Air Transport Team (CCATT)



evacuation.



Role of Critical Care Air Transport Team The medical experiences of recent military operations have signiﬁcantly challenged portions of conventional AE doctrine. The ﬂuidity of the battle space and the mobility of maneuvering forces have put increasing emphasis on a medical capability that is equally ﬂuid. Traditional AE doctrine provided for the movement of a stable casualty who had received extensive care at an advanced facility (echelon III). It has become increasingly evident, however, that tactical combat considerations as well as evolving medical support doctrine will emphasize capability to move casualties who have been “stabilized” at far-forward facilities (echelon II) but are not yet “stable.” For the purposes of this discussion, a stabilized casualty is deﬁned as a casualty with (1) hemorrhage controlled, (2) shock treated, (3) airway controlled, and (4) fractures splinted. The development of CCATT stemmed from the need to provide en-route care for stabilized, but not necessarily stable, casualties from forward locations (Figure 24-4). The function of CCATT is a hybrid of MEDEVAC (forward evacuation) and traditional aeromedical evacuation (ﬁxedwing, long-distance movement). CCATT is composed of an intensivist-trained physician (anesthesia, surgery, emergency medicine, pulmonary medicine), a critical care nurse, and a respiratory therapist. The CCATT’s equipment is selfcontained and self-carried (Figure 24-5) and can provide



FIGURE 24-5 CCATT equipment load.



care for three critically ill, intubated patients or a total of six critical patients. All the medical equipment that the CCATT carries has been tested and approved for use in ﬂight. A CCATT functions to augment a standard AE team and provides extended capability to far-forward locations through the provision of mobile critical care. This concept ensures that the critically ill casualty may be moved rearward without degrading the capabilities of the forward medical units. CCATTs may be co-located at AE hubs or at further rearward locations. CCATTs are moved forward with the airframe and aeromedical crew as medical circumstances dictate. CCATT may be effectively employed to provide continuous critical care from the battleﬁeld rearward to CONUS, thus ensuring seamless en-route care.



CHAPTER 24



Other specialized aeromedical transport teams are available as needed: The U.S. Army Burn SMART (Special Medical Augmentation Response Team) is based out of the Institute of Surgical Research at Brooke Army Medical Center. The Burn SMART teams specialize in transport of critically injured burn casualties, multiple-trauma casualties with burns, and victims of chemical blister agents. CCATTs have generally been used in the AE phase of casualty transport, although they can and have been used in the MEDEVAC phase. Both the U.S. Army and the U.S. Navy are working on developing specialized transport teams speciﬁcally designed to move stabilized casualties in the MEDEVAC phase of transport.



Stressors of Aeromedical Evacuation During air transport, casualties may be exposed to a variety of environmental stressors that can adversely affect their medical outcome and complicate the provision of care. These elements are collectively referred to as the “stressors of ﬂight.” Stressors common to both rotary-wing and ﬁxed-wing aircraft may include elevated ambient noise levels, vibration, decreased atmospheric pressure, hypoxia, dehydration, and thermal stress.1,4-6



Ambient Noise High levels of ambient noise can damage hearing and make evaluation of the casualty difﬁcult. It is important that both the casualty and the prehospital care provider have hearing protection, such as earplugs, headset, or ﬂight helmet. It is virtually impossible to hear breath sounds or take a manual blood pressure (BP) reading in a helicopter, and it is difﬁcult in most ﬁxed-wing aircraft. Hearing protection makes this task even more difﬁcult. Recent advances have introduced wireless headsets to facilitate crew communication and provide hearing protection. These devices may offer signiﬁcant advantages in the near future, but to date these systems have not gained full approval for use in the military aircraft.



Vibration Vibration is a recognized stressor that results in physical fatigue and poses challenges to the provision of ongoing medical care. Vibration impairs the evaluation of a casualty in ﬂight by negating physical examination (e.g., pulse and BP detection), as well as compromising electronic monitoring equipment. In preparation for long-duration AE ﬂights, it is desirable to establish redundant means of monitoring casualties and their vital signs (e.g., electronic BP monitoring as well as invasive arterial line to measure BP; pulse oximetry and mechanical spirometer to monitor ventilation). The combination of vibration, turbulence, low-light conditions, and limited space creates extremely challenging working conditions for the medical crew providing casualty care. It is possible to accomplish most medical procedures
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in ﬂight; however, it will be more challenging than performing the same procedure on the ground. If possible, medical procedures such as starting IV lines, applying splints or dressings, and airway procedures (e.g., endotracheal intubation) should be done before ﬂight.4,5 If a particular potential problem (e.g., unstable airway) is a concern, it is prudent to address this issue aggressively before transport rather than midway through ﬂight at altitude and in the dark.4 With this in mind, it is important for the prehospital care provider to err on the side of overpreparation before aeromedical evacuation.



Decreased Atmospheric Pressure Since the inception of aviation, it has been recognized that as an aircraft ascends in altitude, the ambient atmospheric pressure decreases. Boyle’s law states that, for a given amount of gas, pressure and volume are inversely proportional. In practical terms, this means that as an aircraft climbs higher and higher, any gas trapped in the body or in any form of bladder will expand in volume. Conversely, as the aircraft descends, ambient pressure increases, and the trapped gas will decrease in volume. For example, if a bladder contains 1 L of gas at sea level (ambient pressure = 760 mm Hg), that same bladder will contain 2 L of gas at 18,000 feet (5486 m) above sea level (ambient pressure = 380 mm Hg).1,4 Most ﬁxed-wing aircraft are pressurized, meaning that the pressure inside the aircraft cabin (cabin altitude) is maintained at a higher level than the outside ambient pressure. This will minimize some of the effects of changes in pressure as the aircraft ascends and descends. However, aircraft cannot maintain sea-level pressure up to their typical cruising altitudes. For example, the C-130 can maintain sea-level cabin pressure only up to an altitude of about 18,000 feet.7 Even commercial aircraft routinely have cabin altitudes of 6000 to 8000 feet (1829-2438 m) while at cruising altitude.1,4 Most helicopters are not pressurized, so the aircraft altitude and the cabin altitude are the same. Boyle’s law can have potentially disastrous consequences for casualties during AE. Care must be taken to provide adequate means of decompression for the medically relevant closed spaces of the human body. Gas trapped in the intestines, the middle ear, sinuses, chest, or any other part of the body will expand as altitude increases and contract as altitude decreases. A casualty with a simple pneumothorax at low altitude may develop a life-threatening tension pneumothorax as the gas in the chest expands on ascent. Therefore a pneumothorax must be appropriately treated with a decompressive device such as chest tube before ﬂight. The presence of an untreated pneumothorax is one of the few absolute contraindications to AE.6 MEDEVAC may be possible without a chest tube if the helicopter maintains a low altitude; however, the medic should monitor the casualty carefully and be prepared to perform a needle decompression if signs or symptoms of a tension pneumothorax appear.
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Gas in the intestines, ears, and sinuses will usually ﬁnd a means of decompression during ascent. On descent, however, air must be added to the middle ear and sinuses to prevent ear and sinus “squeeze.” If the patient is unconscious, has injury to the maxillofacial area, or has other pathology (e.g., cold), it may be difﬁcult to ventilate the middle ears and sinuses. Comatose or semiconscious patients may become combative as a result of pain from occult ear or sinus squeeze. Appropriate management of patients at risk for these events may include the administration of nasal decongestants (e.g., phenylephrine nasal spray) before ﬂight.4-6 Gas-ﬁlled bladders on medical equipment are also affected by changes in atmospheric pressure. On ascent, gas in endotracheal (ET) tube cuffs, IV pressure bags, air splints, military antishock trousers (MAST), and similar devices will expand. This can increase pressure on tissues enough to cause damage. On descent, volume will decrease. Medics should avoid the use of air splints in ﬂight if possible. MAST and IV pressure bags should be closely monitored and air added or removed as necessary.4-6 ET tube cuff volume must be monitored with great care during ascent and descent. Even minor volume changes can lead to pressure necrosis of the trachea or air leakage around the cuff. In the recent past, U.S. Air Force regulations required that ET tube cuffs be ﬁlled with sterile water or sterile saline before the patient was moved by air. Recent information and changes in doctrine have suggested that this precaution is no longer necessary as long as ET tube cuff pressure is carefully monitored during ﬂight.6



majority of cases the rationale for a cabin altitude restriction is to limit gas expansion or prevent dysbarism, rather than to avoid hypoxia. One of the few clear indications for a cabin altitude restriction is decompression sickness. The beneﬁts of a cabin altitude restriction must be weighed against the cost; ﬂying at lower altitudes results in increased fuel consumption, slower cruising airspeed, and increased likelihood of encountering turbulence. Should a cabin altitude restriction be indicated, the physician requesting the altitude restriction should consult with the MCD and the aircraft commander as early as possible so that mission planning can be modiﬁed to accommodate the required ﬂight proﬁle.



Dehydration A problem unique to pressurized aircraft is very low relative humidity in the cabin. Cold, low-pressure air from outside the aircraft is compressed, heated, and vented into the cabin to pressurize it. This results in cabin air with negligible water vapor content. Relative humidity in an aircraft cabin at cruising altitude can be 10% to 20%.6 This condition results in increased insensible water loss from both the casualty and the medical crew. The casualty must be kept adequately hydrated, as must the medic. Burn casualties are exceptionally susceptible to insensible water loss because of the compromised dermal barrier. Speciﬁc care should be exercised to monitor intravascular volume and hydration status in the burn casualty during evacuation.



Thermal Stressors Altitude Hypoxia As an aircraft ascends and the ambient pressure decreases, the partial pressure of oxygen in the air also decreases. Note that the percentage of oxygen in the atmosphere does not change, but because the total atmospheric pressure decreases, so does the partial pressure of oxygen. Therefore, as altitude increases, the available oxygen in the atmosphere decreases, and measures must be undertaken to prevent hypoxia.1,4-6 For a healthy individual, altitude hypoxia is usually not signiﬁcant below altitudes of 10,000 feet (3048 m). For casualties with respiratory compromise or preexisting anemia, however, altitude hypoxia may pose a signiﬁcant problem at much lower altitudes. Altitude hypoxia is readily treated by the provision of supplemental oxygen.1,4 Not all trauma casualties will need oxygen during ﬂight, especially if the cabin altitude is maintained at or below 10,000 feet. Monitoring pulse oximetry is a potential means of determining the need for supplemental oxygen and allows the medic to titrate oxygen delivery. If the casualty is in shock, mandated provision of supplemental oxygen for the duration of the ﬂight is prudent.4 In some cases it may be necessary to maintain the cabin altitude at sea level or at the destination airﬁeld altitude; this is referred to as a cabin altitude restriction. In the vast



As an aircraft ascends, the ambient temperature decreases. Most helicopters and ﬁxed-wing aircraft have heating systems, but it frequently becomes cold in the aircraft, particularly on long-duration ﬂights. In Operation Iraqi Freedom, medical evacuation crews have often been challenged by severe extremes of both cold (ﬂight operations) and heat (on-load/off-load ground operations). Medics should carefully package and prepare casualties so that appropriate thermal control and casualty comfort may be maintained through a wide range of temperatures. A coherent hypothermia prevention and reversal strategy is required during premission planning. A layered approach should be used, taking into account weight, cube, power requirements, clinical effectiveness, and usability (Box 24-3). All devices should be either disposable or PMI and used at all levels of care and should be available on any evacuation platform.



Electronic Equipment Considerations As previously mentioned, electronic monitoring equipment may be the only way to monitor a casualty reliably in ﬂight. However, it is critical for the safety of both the casualty and the ﬂight that all such electronic equipment be proven safe for use in the aircraft. Aircraft electronic systems may interfere with monitors, giving rise to false readings or inoperative equipment. Of equal if not greater concern,
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BOX 24-3 Plan for Hypothermia Prevention as Casualty Is Moved to the Rear At Level 1 utilize: 1. Blizzard Rescue Blanket 2. TechTrade Ready-Heat blanket 3. Thermo-Lite Hypothermia Prevention System Cap At Level IIa utilize: 1. Blizzard Rescue Blanket 2. TechTrade Ready-Heat blanket 3. Thermo-Lite Hypothermia Prevention System Cap 4. Thermal Angel 5. Bair Hugger At Levels IIb and III utilize: 1. Blizzard Rescue Blanket 2. TechTrade Ready-Heat blanket 3. Thermo-Lite Hypothermia Prevention System Cap 4. Thermal Angel 5. Bair Hugger 6. Belmont FMS 2000 On any evacuation platform utilize: 1. Blizzard Rescue Blanket 2. TechTrade Ready-Heat blanket 3. Thermo-Lite Hypothermia Prevention System Cap 4. Thermal Angel



electronic monitoring may interfere with aircraft systems.1,4 This is particularly true in rotary-wing platforms, where medical monitors may be only inches from critical ﬂight avionics equipment. For this reason, all electronic aeromedical equipment must be tested before use in ﬂight. This
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type of testing for ﬁxed-wing aircraft is performed by the U.S. Air Force at the 311th Human Systems Wing, Brooks City-Base, Texas. Similar testing on rotary-wing aircraft is performed by the U.S. Army at Fort Rucker, Alabama. Electronic equipment that has not been tested can be used in ﬂight under some circumstances, although there may be a risk to ﬂight safety. The risk versus beneﬁt to the casualty must be carefully weighed before using unapproved electronics. In any event, the ﬁnal authority on any safety-of-ﬂight issue is the aircraft commander.



Patient Movement Regulation Aeromedical evacuation is a more formal, measured process than CASEVAC or MEDEVAC. In most cases, AE is arranged after the casualty (“patient”) has been admitted and treated at a ﬁeld medical facility. The sending medical unit generates a Patient Movement Request (PMR) through the Patient Movement Requirement Center (PMRC). The PMRC validates the PMR (basically ﬁnds the best-ﬁt transportation option to meet the casualty’s clinical needs) and hands the PMR to the theater Air Mobility Operations Control Center (AMOCC), which tasks the aircraft and crews to perform the mission.8 Casualties (patients) are classiﬁed into one of three movement priority categories: routine (can be moved as aircraft are available), priority (must be moved within 72 hours), or urgent (must be moved within 24 hours). All casualties being moved by AE must be cleared for ﬂight by a ﬂight surgeon. This may be done by discussing the case with the theater validating ﬂight surgeon by radio or phone if no ﬂight surgeon is available locally.8 As mentioned earlier, casualties being moved via routine AE must be stable. If critical or stabilized casualties need to be ﬂown, a special transport team such as a CCATT may be requested to assist in the movement process.
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contemporary understanding of injury from explosives is essential for all providers of emergency care in both military and civilian settings. Medical personnel need to understand the pathophysiology of injury induced from explosive devices, including letter bombs, shaped warheads from a rocket-propelled grenade, antipersonnel land mines, aerial-delivered cluster bombs, enhanced blast weapons, and the improvised explosive devices so widely used in insurgency and terrorist settings. Injuries from explosives are the predominant cause of combat injury and death. In the postmaneuver insurgency phase in Iraq, these account for about 60% of injuries to American combatants.



A



Overview: Bombs and Blast Injuries In 2003, analysts at the Emergency Response and Research Institute (ERRI), a Chicago-based organization that provides news to emergency responders, predicted that (1) bombs, including timer-detonated car and truck bombs, and suicide bomb attacks; (2) attacks involving rocket-propelled grenades (RPGs) or mortars; (3) planted mines; and (4) use of improvised explosive devices (IEDs) will be part of the fourth-generation warfare tactics of the future.1 Further, insurgents and terrorists worldwide are increasingly using bombs and IEDs against civilian targets. This is because these devices are inexpensive, made from easily obtained materials, and result in the devastating havoc that focuses international exposure on their cause. An emergency provider is thousands of times more likely to encounter injury from conventional explosives than from a chemical, biologic, or nuclear attack. During a bomb attack on civilian populations, all civilian and military responders may be called on, and therefore all health care providers need to be familiar with their roles during these increasingly frequent occurrences. The 1995 attack on the Alfred P. Murrah Federal Building in Oklahoma City, which killed 168 and injured 518, is a prime example of a mass-casualty event caused by a terrorist bomb explosion directed toward civilians. Suicide bomb attacks in Israel, which occur both in open areas and conﬁned spaces (buildings, buses) produce limited mass-casualty events on a regular basis. At present, although the United States has not been exposed to as many terrorist bomb attacks as other countries ( 
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