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Tactical Combat Casualty Care in Special Operations

CAPT Frank K Butler, Jr., MC USN*
LTC John Hagmann, MC USAt

U.S. military medical personnel are currently trained to care
for combat casualties using the principles taught in the Ad-
vanced Trauma Life Support (ATLS) course. The appropriate-
ness of many of the measures taught in ATLS for the combat
setting is unproven. A l-year study to review this issue has
been sponsored by the United States Special Operations Com-
mand. This paper presents the results of that study. We will
review some of the factors that must be considered in caring
for wounded patients on the battlefield with an emphasis on
the Special Operations environment. A basic management pro-
tocol is proposed that organizes combat casualty care into
three phases and suggests appropriate measures for each
phase. A scenario-based approach is needed to plan in more
detail for casualties on specific Special Operations missions,
and several sample scenarios are presented and discussed.

Introduction

M edical training for Special Operations forces (SOF) corps-
men and medics is currently based on the principles

taught in the Advanced Trauma Life Support (ATLS) course.’
The ATLS guidelines provide a standardized, systematic ap-
proach to the management of trauma patients that has
proven very successful when used in the setting of civilian
hospital emergency departments, but the efficacy of at least
some of these measures in the prehospital setting has been
questioned.2-2g

Even less certain is the appropriateness of extrapolating ATLS
guidelines without modification to the battlefield: some of the
shortcomings of ATLS in the combat environment have been
addressed by military medical authors.21*30-36  The prehospital
phase of caring for combat casualties is critically important,
since up to 90% of combat deaths occur on the battlefield before
the casualty ever reaches a medical treatment facility (MTF).37
The importance of this issue was recognized by the Commander
of the Naval Special Warfare Command in 1993 when he called
for a study on combat casualty care techniques in Special Op-
erations. The need for this research was validated by the United
States Special Operations Command (LJSSOCOM). A a-year
study of this issue was subsequently funded by USSOCOM and
accomplished through literature reviews and multiple work-
shops with SOF physicians, corpsmen, and medics. This paper
presents the results of that study. A parallel and independent
effort was found to be underway in the United Kingdom, where
a moditied  ATLS-type course is being developed for use by the
British Special Air Service and Special Boat Squadron (personal

*Naval Special Warfare Command, Detachment Pensacola, Naval Hospital,
Pensacola, FL 32512.

t Casualty Care Research Center, Uniformed Services University of the Health
Sciences, Bethesda, MD 20814.

t Uniformed Services University of the Health Sciences, Bethesda, MD 20814.
The opinions expressed are those of the authors and should not be construed as

representing the onlcial positions of the Departments of the Army or the Navy.
This manuscript was received for review in September 1995. The revised manu-

script was accepted for publication in March 1996.

ENS E. George Butler, MC USN+

communication, Dr. John Navein, former Senior Medical OffI-
cer, 22nd Special Air Service Regiment).

Figures 1 through 4 describe several representative casualty
scenarios that might be encountered in the conduct of Special
Operations and illustrate the complexity of the casualty care
that must be rendered by SOF corpsmen and medics, The need
to consider signtficant modifications to the principles of care
taught in ATLS is obvious when considering the management of
these scenarios. Factors such as enemy fire, medical equipment
limitations, a widely variable evacuation time, tactical consid-
erations, and the unique problems entailed in transporting ca-
sualties that occur in Special Operations all must be addressed.
In addition, greater emphasis needs to be placed on the man-
agement of penetrating trauma, since most deaths in a combat
setting are caused by penetrating missile wounds3’ Although
the Department of Defense is aggressively pursuing new tech-
nologies that may result in improved management of combat
trauma,38 the most important aspect of caring for trauma vic-
tims on the battlefield is well-thought-out planning for that
environment and appropriate training of combat medical per-
sonnel.

Initial training for SOF corpsmen and medics is currently
conducted at the 18 Delta Medical Sergeants Course taught at
Fort Sam Houston in San Antonio, Texas, although a move to
the new Special Operations Medical Training Center in Fort
Bragg, North Carolina, is planned for the near future. The 18
Delta course structures its trauma care around the principles
taught in ATLS. These principles are supplemented by trauma
care training in a field environment, but the departures from
ATLS appropriate for the battlefield have not been systemati-
cally reviewed and presented in the literature. In addition, many
of the unique operating environments and missions encoun-
tered in Special Operations are not addressed. Another consid-
eration is skills maintenance. After completion of their initial
training, SOF corpsmen and medics are generally assigned to
small operational units (SEAL platoons or Special Forces A
teams), which are required to conduct training in a wide variety
of combat skills and to participate in numerous training exer-
cises and operational deployments, Usually lacking from this
intense training regimen is an ongoing exposure to victims of
penetrating trauma, so the skills learned in their initial combat
trauma care training are very infrequently utilized in the ab-
sence of armed conilicts. Some individuals attempt to supple-
ment their unit training with rotations in a trauma center or by
moonlighting as paramedics, but the intense operational tempo
maintained in most SOF units has historically severely limited
the effective use of either of these options.

Bearing these considerations in mind, this paper will begin by
attempting to describe a basic casualty-management protocol
that is appropriate for the battlefield. Necessary modifications to
the basic management protocol will then be discussed for each
of the four scenarios mentioned previously.

3 Military Medicine, Vol. 16 1, Supplement 1



4 Tactical Combat Casualty Care in Special Operations

Ship attack operation launched from coastal patrol craft 12 miles
out

One-hour transit in two Zodiac rubber boats
Seven swim pairs of SEALS
Zodiacs get wlthin 1 mile of the harbor
78°F water (divers wearing wet suits)
Surface swim for a half-mile, then begin dive with closed-circuit

oxygen SCUBA
One swimmer shot in the chest by patrol boat as he surfaces to

check his bearings in the harbor
Wounded diver conscious

Fig. 1. Scenario 1.

Twelve-man Special Forces team
Interdiction operation for weapons convoy
Night parachute jump from a C- 130 aircraft
Four-mile patrol over rocky terrain to the objective
Planned helicopter extraction near target
One jumper sustains an open fracture of his left tibia and fIbula

on landing

pig. 2. Scenario 2.

Stages of Care

In making the transition from the standards of ATLS to the
SOF tactical setting, it is useful to consider the management of
casualties that occur during SOF missions as being divided into
three distinct phases.

1. “Care under fire” is the care rendered by the medic or
corpsman at the scene of the injury while he and the casualty
are still under effective hostile fire. Available medical equipment
is limited to that carried by the individual operator or by the
corpsman or medic in his medical pack.

2. “Tactical field care” is the care rendered by the medic or
corpsman once he and the casualty are no longer under effective
hostile fire. It also applies to situations in which an Injury has
occurred on a mission but there has been no hostile fire. Avail-
able medical equipment is still limited to that carried into the
field by mission personnel. Time prior to evacuation to an MTF
may vary considerably.

3. “Combat casualty evacuation care” is the care rendered
once the casualty (and usuaIly the rest of the mission personnel)
have been picked up by an aircraft, vehicle, or boat. Additional
medical personnel and equipment that have been pre-staged in
these assets should be available at this stage of casualty man-
agement. The term “CASEVAC!”  (for combat casualty evacuation)
should be used to describe this phase instead of the commonly
used term “MEDEVAC” for reasons that will be explained below.

Basic Tactical Combat Casualty Management Plan

Having identified the three phases of casualty management ln
a tactical setting, the next step is to outline in a general way the
care that is appropriate to each phase. The basic tactical casu-
alty management plan described below is presented as a generic
sequence of steps that wilI probably require modification in
some way for almost any casualty scenario encountered in Spe-
cial Operations. This is expected and necessary, but the basic
plan is important as a starting point from which development of
specific management plans for the scenarios to be discussed
later may begin.

Care under Fire
A more complete description of the SOF tactical setting will

help provide a better understanding of the rationale for the
recommendations made for this phase. Care under fire will
typically be rendered during night operations and will take place
in the middle of an active engagement with hostile forces. The
corpsman will be hampered by severe visual limitations while
caring for the casualty, since the use of a white light on the
battlefield will identify his position to the enemy and is not
generally recommended. Night-vision devices may provide some
assistance, but they are not always carried on night operations
because of weight and other considerations.

SOF medical personnel carry small arms with which to defend
themselves in the field. In small-unit operations, the additional
fIrepower provided by the corpsman or medic may be essential
in obtaining tactical fire superiority. The risk of injury to other
patrol personnel and additional injury to the previously
wounded operators will be reduced if immediate attention is
directed to the suppression of hostile fire. The corpsman or
medic may therefore initially need to assist in returning fire
instead of stopping to care for the casualty. The best medicine
on any battlefield is fh-e superiority. As soon as he is directed or
is able to render care, keeping the casualty from being wounded
further is the first major objective. Wounded SOF operators who
are unable to participate further in the engagement should lay
flat and still if any ground cover is available or move as quickly
as possible to nearby cover if able. If there is no cover and the
casualty is unable to move himself to find cover, he should
remain motionless on the ground so as not to draw more fire.
There are typicaIly  only one or two corpsmen or medics present
on small-unit SOF operations. If they sustain injuries, no other

‘We&y-four-man Special Forces assault team
Night assault operation on hostile position in dense jungle
Estimated hostile strength is 15 men with automatic weapons
Insertion from rivertne craft
Three-mile patrol to target
As patrol reaches objecttve  area, a booby trap is tripped,

resulting in a dead point man and a patrol leader with massive
trauma to one leg

Heavy incoming fire as hostlles respond
Planned extraction is by boat at a point on the river a half-mile

from the target

Fig. 3. Scenario 3.

Sixteen-man SEAL patrol
Planned interdiction operation in arid, mountainous Middle

Eastern terrain
Two trucks with SAM missiles expected in convoy
Estimated hostile strength is 10 men with automatic weapons in

accompanying vehicle
Helicopter insertion/extraction
Six-mile patrol to target
Planned extraction close to ambush site
While patrol is in ambush position, one patrol member is bitten

on the leg by an unidentified snake
Over the next 5 minutes, the bitten SEAL becomes dizzy and

confused
Target convoy expected in approximately 1 hour

Fig. 4. Scenario 4.

Military Medicine, Vol. 161, Supplement 1



Tactical Combat Casualty Care in Special Operations

medical personnel will be available until the time of extraction in
the CASEVAC phase. With these factors in mind, the proposed
management of casualties in this phase is contained in Figure 5.

No immediate management of the airway should be antici-
pated at this time because of the need to move the casualty to
cover as quickly as possible. It is very important, however, to
stop major bleeding as quickly as possible, since injury to a
major vessel may result in the very rapid onset of hypovolemic
shock. The importance of this step requires emphasis in light of
reports that hemorrhage from extremity wounds was the cause
of death in more than 2,500 casualties in Vietnam who had no
other injuries.3g These are preventable deaths. If the casualty
needs to be moved, as is usually the case, a tourniquet is the
most reasonable initial choice to stop major bleeding. Although
ATLS discourages the use of tourniquets, they are appropriate
in this instance because direct pressure is hard to maintain
during casualty transport under fire. Ischemic damage to the
limb is rare if the tourniquet is left in place for less than 1 hour,
and tourniquets are often left in place for several hours during
surgical procedures. In any event, in the face of massive extrem-
ity hemorrhage it is better to accept the small risk of ischemic
damage to the limb than to lose a casualty to exsanguination.
Both the casualty and the corpsman or medic are in grave
danger while a tourniquet is being applied in this phase, and
non-life-threatening bleeding should be ignored until the tacti-
cal field care phase. The decision regarding the relative risk of
further injury versus that of exsanguination must be made by
the corpsman or medic rendering care. The need for Immediate
access to a tourniquet in such situations makes it clear that all
SOF operators on combat missions should have a suitable tour-
niquet readily available at a standard location on their battle
gear and be trained in its use. This may enable them to quickly
put a tourniquet on themselves if necessary without sustaining
further blood loss while waiting for medical assistance.

Transport of the casualty will often be the most problematic
aspect of providing tactical combat casualty care. Although the
civilian standard of care is to immobilize the spinal column prior
to moving a patient with injuries that might have resulted in
damage to the spine, this practice needs to be re-evaluated in
the combat setting. Arishita et al. examined the value of cervical
spine immobilization in penetrating neck injuries in Vietnam
and found that in only 1.4% of patients with penetrating neck
injuries would immobilization of the cervical spine have been of
possible benefit2  Since the time required to accomplish cervical
spine immobilization was found to be 5.5 minutes, even when
using experienced emergency medical technicians, the authors
concluded that the potential hazards to both patient and pro-
vider outweighed the potential benefit of immobilization.2~21
Kennedy et al. similarly found no cervical spine injuries in 105
gunshot wound patients with injuries limited to the calvaria.40
Parachuting injuries, fast-roping injuries, falls, and other types

Return fire as directed or required
Try to keep yourself from getting shot
Try to keep the casualty from sustaining additional wounds

Take the casualty with you when you leave

pig. 5. Basic tactical casualty management plan phase one: care under tire.

5

of trauma resulting in neck pain or unconsciousness should
still be treated with spinal immobilization unless the danger of
hostile fire constitutes a greater risk in the judgment of the
treating corpsman or medic.

Standard litters for patient transport are not typically carried
into the field on direct-action Special Operations missions be-
cause of their weight and bulk. Transport of the patient is cur-
rently accomplished with a shoulder carry or improvised litter.
Since there will often be only 8 to 10 men on the operation,
having additional operators engaged in transporting a wounded
patient any significant distance presents a major problem.
There should be no attempt to save the casualty’s rucksack
unless it contains items that are still critical to the mission. His
weapons and ammunition should be taken if at all possible.

Tactical Field Care
The proposed management plan for the tactical field care

phase is described in Figure 6. This phase is distinguished from
the care under fire phase by more time with which to render care
and a reduced level of hazard from hostile tire. The amount of
time available to render care may be quite variable. In some
cases, tactical field care will consist of rapid treatment of

1. Airway management
Chin-lift or jaw-thrust
Unconscious casualty without airway obstruction:

nasopharyngeal ah-way
Unconscious casualty with airway obstruction:

cricothyroidotomy
Cervical spine tmmobilization is not necessary for

casualties with penetrating head or neck trauma
2. Breathing

Consider tension pneumothorax and decompress with
needle thoracostomy if a casualty has unilateral
penetrating chest trauma and progressive resptratory
distress

3. Bleeding
Control any remaining bleeding with a tourniquet or direct

pressure
4. N

Start an 18-gauge  N or saline lock
5. Fluid resuscitation

Controlled hemorrhage without shock: no fluids necessary
Controlled hemorrhage with shock: Hespan 1,000 cc
Uncontrolled (intra-abdominal or thoracic) hemorrhage: no

N fluid resuscitation
6. Inspect and dress wound
7. Check for additional wounds
8. Analgesia as necessary

Morphine: 5 mg N, wait 10 minutes; repeat as necessary
9. Splint fractures and recheck pulse

10. Antibiotics
Cefoxittn: 2 g slow-N push (over 3-5 minutes) for

penetrating abdominal trauma, massive soft-tissue
damage, open fractures, grossly contaminated wounds,
or long delays before casualty evacuation

11. Cardiopulmonary resuscitation
Resuscitation on the battlefield for victims of blast or

penetrating trauma who have no pulse, no respirations,
and no other signs of life wtll not be successful and
should not be attempted

Fig. 6. Basic tactical casualty management plan phase two: tactical field care.

Military Medicine, Vol. 161, Supplement 1



6 Tactical Combat Casualty Care in Special Operations

wounds with the expectation of a re-engagement with hostile
forces at any moment. The need to avoid undertaking nones-
sential diagnostic and therapeutic measures will be critical in
such cases. At other times, care may be rendered once the patrol
has reached an anticipated extraction point without pursuing
forces and is awaiting the arrival of a tactical SOF helicopter. In
this circumstance, there may be ample time to render without
haste whatever care is feasible in the field. The time prior to
extraction may range from half an hour or less to many hours.
Another possibility is for the injury to occur before the presence
of the patrol is known to the enemy, which would require that
the mission commander make a decision about whether or not
the operation should be continued and, if so, what to do with the
casualty for the balance of the mission prior to CASEVAC. Al-
though the patient and provider are now in a somewhat less
hazardous setting, the tactical held care phase is still not the
time or place for some of the procedures taught in ATLS, since
the patrol will still typically be in the dark and operating in
extremely non-sterile field conditions. Procedures such as diag-
nostic peritoneal lavage and pericardiocentesis obviously have
no place in this environment.

If a victim of blast or penetrating injury is found to be without
pulse, respiration, or other signs of life, cardiopulmonary resus-
citation on the battlefield will not be successful and should not
be attempted. Attempts to resuscitate trauma patients in arrest
have been found to be futile even in the urban setting where the
victim is in close proximity to trauma centers. One study re-
ported no survivors out of 138 trauma patients who suffered a
prehospital cardiac arrest and in whom resuscitation was at-
tempted.41 The authors of that study recommended that trauma
patients in cardiopulmonary arrest not be transported emer-
gently to a trauma center even in a civilian setting because of the
large economic cost of treatment for these patients without a
significant chance for survival. On the battlefield, the cost of
attempting to perform cardiopulmonary resuscitation on casu-
alties with what are inevitably fatal injuries will be measured in
additional lives lost as care is withheld from patients with less
severe injuries and as operators are exposed to additional haz-
ard from hostile fire because of their attempts. Only in the case
of non-traumatic disorders such as hypothermia, near-drown-
ing, or electrocution should cardiopulmonary resuscitation be
considered prior to the CASEVAC phase.

As taught in ATLS, attention is first directed to evaluation of
airway, breathing, and circulation. There should be no attempt
at airway intervention if the patient is conscious and breathing
well on his own. If the patient is unconscious, the cause will
most likely be hemorrhagic shock or penetrating head trauma.
The airway should be opened with the chin-lift or jaw-thrust
maneuver without worrying about cervical spine immobiliza-
tion, as noted previously. If spontaneous respirations are
present and there is no respiratory distress, an adequate airway
may be maintained in an unconscious patient in most cases by
the insertion of a nasopharyngeal airway. This device has the
advantage of being better tolerated than an oropharyngeal air-
way should the patient subsequently regain consciousness’ and
being less likely to be dislodged during patient transport. A
suspected fracture of the cribriform plate might be a relative
contraindication to the use of a nasopharyngeal airway, but this

injury would be expected to be uncommon on the battlefield
except in the case of massive head trauma, which would make
survivd unlikely.

Should an unconscious patient develop an airway obstruc-
tion, the nasopharyngeal airway may need to be replaced with a
more deiinitive  airway. Endotracheal intubation is the preferred
airway technique in civilian emergency departments, and the
ability of experienced paramedical personnel to master this skill
has been well documented.4*5942-52 A number of additional fac-
tors must be considered in the SOF battlefleld setting, however:
(1) the authors could find no studies that documented the ability
of well-trained but relatively inexperienced paramedical military
intubationists to accomplish endotracheal intubation on the
battlefield; (2) many SOF corpsmen and medics have never per-
formed an intubation on a live patient or even a cadaver: (3)
endotracheal intubation entails the use of the white light in the
laryngoscope on the battlefield: (4) maxillofacial injuries that
result in blood and other obstructions in the airway would
render endotracheal intubation extremely difficult  and are prob-
ably best managed by cricothyroidotom$l;  and (51 esophageal
intubations would be much less likely to be recognized on the
battlefield and may result in fatalities. Endotracheal intubation
may be difficult to accomplish even in the hands of more expe-
rienced paramedical personnel under less austere conditions.53
One study that examined first-time intubationists trained with
manikin intubations alone noted an initial success rate of only
42% in the ideal confines of the operating room with paralyzed
patients4’  Most of the previously cited studies documenting the
success of paramedical personnel in performing endotracheal
intubation noted that cadaver training, operating room intuba-
tions, supervised initial intubations, or a combination of these
methods were used in the training of paramedics. They also
stressed the importance of continued practice of this skill in
maintaining proficiency.

Cricothyroidotomy is the other airway option. This procedure
has been reported to be safe and effective in trauma victim~.~~
Although it would typically be attempted only after failed endo-
tracheal intubation, in the hands of corpsmen or medics who do
not intubate on a regular basis it is probably appropriate to
consider this as the next step when a nasopharyngeal airway is
not effective. It may be the only feasible alternative for any
potential intubationist in cases of maxillofacial wounds in which
blood or disrupted anatomy precludes visualization of the vocal
cords.21*54 This procedure is not without complications,55.56 but
SOF corpsmen are all trained in this technique and a pre-
packaged SOF cricothyroidotomy kit that contains the equip-
ment for an over-the-wire technique is currently under develop-
ment.

If blood or other obstructions are present in the oropharynx,
they should be removed by hand or battery-powered suction.
Oxygen is not usually appropriate for this phase of care because
cylinders of compressed gas and the associated equipment for
supplying the oxygen to the patient are too heavy to make their
use in the field feasible on direct-action operations where they
must be carried by the corpsman or medic.

Attention should next be directed toward the patients breath-
ing. Progressive, severe respiratory distress on the battlefield
resulting from unilateral penetrating chest trauma should be
considered to represent a tension pneumothorax and that hemi-

Military Medicine, Vol. 161, Supplement 1



Tactical Combat Casualty Care in Special Operations 7

thorax decompressed with a 14-gauge catheter. The diagnosis in
this setting should not rely on such typical clinical signs as
breath sounds, tracheal shift, and hyperresonance  on percus-
sion because these signs may not always be present,57  and even
if they are, they may be exceedingly difficult  to appreciate on the
battlefield. A patient with penetrating chest trauma will gener-
ally have some degree of hemo/pneumothorax as a result of his
primary wound, and the additional trauma caused by a needle
thoracostomy would not be expected to significantly worsen his
condition should he not actually have a tension pneumotho-
rax.51 All Special Operations corpsmen and medics are trained
in this technique: it is technically easy to perform and may be
lifesaving if the patient does in fact have a tension pneumotho-
rax. Paramedics are authorized to perform needle thoracostomy
in some civilian emergency medical services.46951  The decom-
pression should be carried out with a needle and catheter so
that the catheter may be taped in place to prevent recurrence of
the tension pneumothorax. Chest tubes are not recommended
in this phase of care because ( 11 they are not needed to provide
initial treatment for a tension pneumothorax; (21 they are more
difficult  and time-consuming for inexperienced medical person-
nel to perform, especially in the absence of adequate light: (31
they are more likely to cause additional tissue damage and
subsequent infection than a less traumatic procedure; and (4)
no documentation was found in the literature that demon-
strated a benefit from tube thoracostomy performed by para-
medical personnel on the battlefield. One Israeli study reported
16 patients in whom chest tubes were placed by physicians in
the field. One patient suffered an iatrogenic pneumothorax, 3
patients received chest tubes that were “clearly unnecessary,”
and 4 patients were found to have had their chest tubes inserted
subcutaneously.5* Tube thoracostomy is generally not part of
the paramedic’s scope of care even in less austere civilian emer-
gency medical service settings.46*51

Should the patient be found to have a major traumatic defect
of the chest wall, the wound should be covered with a petrola-
turn gauze and a battle dressing. It is not necessary to vent one
side of the wound dressing, since this is ditficult  to do reliably in
a combat setting. If the casualty develops a tension pneumotho-
rax after treatment, it should be decompressed as described
above. Other wound dressings such as an Asherman valve may
be reasonable and easy-to-apply alternatives.

The corpsman or medic should now address any signiilcant
bleeding sites not previously controlled. He should remove only
the absolute minimum of clothing required to expose and treat
injuries21 both because of time constraints and the need to
continue to protect the patient against the environment. Signif-
icant bleeding should be stopped as quickly as possible, using a
tourniquet without hesitation as described previously to gain
initial control of the bleeding. Once the patient has been trans-
ported to the site where extraction is anticipated, consideration
should be given to loosening or removing the tourniquet and
using direct pressure to control bleeding if this is feasible.

Intravenous (IV) access should be obtained next. Although
ATLS recommends starting two large-bore (14 or 16 gauge) IVs,’
the use of an 18-gauge catheter is preferred in the field setting
because of the increased ease of starting. The larger catheters
are needed to be able to administer large volumes of blood
products rapidly. This is not a factor in the tactical setting, since

blood products will not be available. One liter of lactated Ring-
er’s solution can be administered through a 2-inch, 18-gauge
catheter in approximately 17 minutes without supplemental
bag pressure compared to approximately 11 minutes with a
2-inch, 16-gauge catheter.5g*60 Although larger-gauge IVs may
then have to be started later on when the patient arrives at an
MTF, it is common practice to discontinue prehospital IVs upon
arrival at a definitive treatment facility because of concern about
contamination of the IV siteU61

The corpsman or medic should ensure that the IV is not
started on an extremity distal to a significant wound. Cleaning
the skin before venipuncture is optional in the field. Subclavian
and internal jugular venipunctures are not appropriate on the
battlefleld because of the potential for complications from these
procedures. 31 Should IV access in an upper extremity be a
problem, an IV should be started in the saphenous or external
jugular vein. If this also proves unsuccessful or infeasible, fem-
oral venipuncture should be performed instead of trying to do a
cutdown in the field.

Heparin or saline lock-type access tubing should be used
unless the patient requires immediate fluid resuscitation as
discussed below. This provides intravenous access for medica-
tions and later fluid resuscitation ifrequired, but eliminates the
logistical difficulties of managing the IV bag during transport
and decreases the likelihood of the IV line becoming fouled and
traumatically dislodged. Whenever a medication is given
through a saline lock, the lock should be flushed with 5 cc of
normal saline. Flushing the lock with normal saline approxi-
mately every 2 hours will usually suffice to keep it open without
having to use heparinized solution.

Despite its widespread use, the benefit of prehospital
fluid resuscitation in trauma patients has not been
established ~7.9-11.13,15,18.20,21~24-27,29,62  The beneficial effect
from crystalloid and colloid fluid resuscitation in hemorrhagic
shock has been demonstrated largely on animal models in
which the volume of hemorrhage is controlled experimentally
and resuscitation is initiated after the hemorrhage has been
stopped.20*22*25*63*64  The animal data from a variety of uncon-
trolled hemorrhage models has clearly established that aggres-
sive fluid resuscitation in the setting of an unrepaired vascular
injury is either of no benefit or results in an increase in blood
loss and/or mortality when compared to no fluid resuscitation
or hypotensive resuscitation.6~g~‘4’16’18-20,26,27,65-6*  Hypoten-
sion has been postulated to be an important factor in thrombus
formation in uncontrolled hemorrhage models6’  The deleteri-
ous effect of aggressive fluid resuscitation in these models may
be due to interference with thrombus formation or other phys-
iologic compensatory mechanisms as the body attempts to ad-
just to the loss of blood volume. Several studies noted that only
after previously uncontrolled hemorrhage was stopped did fluid
resuscitation prove to be of benefit.68970* ’ Only two studies were
found that suggested that fluid resuscitation may be of benefit
in uncontrolled hemorrhage.72*73  Both used rat-tail amputation
models. One study found that no fluid resuscitation, large-
volume normal saline resuscitation, and a combination of hy-
pertonic saline and large-volume normal saline resulted in mor-
talities of 22, 0, and ll%, respectively.72 The other found that
the infusion of 80 ml/kg of lactated Ringer’s solution decreased
mortality from 73 to 53%.73
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There have been several studies that addressed the issue of
prehospital fluid resuscitation in humans. In his observations of
combat trauma patients in World War I, Cannon concluded that
initiating lV fluid replacement without first obtaining surgical
hemostasis promoted further hemorrhage.74  One large study of
6,855 trauma patients found that although hypotension was
associated with a significantly higher mortality rate in trauma
patients, the administration of prehospital lV fluids did not
influence this rate.13 This study did not speciilcally address
subgroups with controlled versus uncontrolled hemorrhage.
Another paper discussed a retrospective analysis of patients
with ruptured abdominal aortic aneurysms and hypotension
that showed a survival rate of 30% in patients who were treated
with aggressive preoperative colloid fluid replacement; in con-
trast, the author reported a survival rate of 46% in 40 hypoten-
sive patients with ruptured abdominal aortic aneurysms who
were given only enough fluid to maintain a systolic blood
pressure of 50 to 70 mm Hg until the time of operative repair.75
The author strongly recommends that aggressive fluid resusci-
tation be withheld until the time of surgery in these patients. A
large prospective trial examining this issue in 598 patients with
penetrating torso trauma and hTotension  was recently pub-
lished by Bickell and colleagues. They found that aggressive
preoperative fluid resuscitation resulted in a survival rate of
62%. In those patients for whom aggressive fluid replacement
was withheld until the time of operative intervention, the sur-
vival rate of 70% was significantly higher. The mean preopera-
tive fluid volumes were 2,478 ml of Ringer’s acetate for the
immediate-resuscitation group and 375 ml for the delayed-re-
suscitation group. One consideration in applying the findings of
this study to the battlefleld environment is that the mean trans-
port times to the trauma center were only 12 minutes for the
immediate-resuscitation group and 13 minutes for the delayed-
resuscitation group. Transport times from the battlefield to a
medical treatment facility during an armed conflict would be
expected to be much longer, and how this longer delay to oper-
ative intervention would affect the findings of the study is un-
known. Some of the animal studies examining the value of fluid
resuscitation on uncontrolled hemorrhagic shock, however,
have had periods of observation after the induction of hemor-
rhage of 60 to 240 minutes and have still noted a beneficial
effect from withholding fluid replacement in the setting of un-
controlled hemorrhage.8*‘4~‘6~‘8-20~26s5s6 Although the tIndings
of Bickell and his colleagues await conih-mation  by other pro-
spective studies, the weight of evidence at this time favors with-
holding aggressive IV fluid resuscitation in patients with uncon-
trolled hemorrhage from penetrating thoracic or abdominal
trauma until the time of surgical intervention.

Immediate fluid resuscitation is still recommended for casu-
alties on the battlefield whose hypovolemic shock is the result of
bleeding from an extremity wound that has been controlled.
Should the resuscitation fluid of choice for these patients still be
lactated Ringer’s or normal saline as taught in ATLS?

The first consideration in selecting a resuscitation fluid is
whether to use a crystalloid or a colloid. Crystalloids are fluids
such as lactated Ringer’s and normal saline in which sodium is
the primary osmotically active solute. Since sodium eventually
distributes throughout the entire extracellular space, most of
the fluid in crystalloid solutions remains in the Intravascular

space for only a very limited time. Colloids are solutions in
which the primary osmotically active molecules are of greater
molecular weight and do not readily pass though the capillary
walls into the interstitium.  These solutions are retained in the
intravascular space for much longer periods of time than crys-
talloids. The oncotic pressure of colloid solutions may result in
an expansion of the blood volume that is greater than the
amount of fluid infused.

Most studies have shown crystalloids and colloids to be ap-
proximately equal in efficacy when used as an initial resuscita-
tion fluid in hemorrhagic shock patients in the civilian trauma
center setting.76v77 Given the lack of a demonstrated benefit
from colloid solutions, the ATLS recommendation that fluid re-
suscitation be initiated with crystalloids is understandable
when one realizes that the estimated annual savings in the
United States from using crystalloids is approximately $500
million.77 The cost of 1 1 of lactated Ringer’s to a Naval Hospital
in January 1996 was 61 cents as opposed to $105.19 for 100 cc
of 25% albumin and $27.50 for 500 cc of 6% hetastarch (per-
sonal communication, LCDR Don Clemens, Pharmacy Depart-
ment Head, Naval Hospital Pensacola).

When considering the prehospital environment in combat
trauma, however, there is an additional consideration. In civil-
ian settings, additional volume replacement therapy with blood
components can be carried out shortly after the initial crystal-
loid therapy if necessary. Typical transport intervals for civilian
ambulance systems are 15 minutes or less.3*6-13 With these very
short transport intervals, most of the infused crystalloid is stffl
in the intravascular space at the time of arrival at the trauma
center.

Evacuation times for combat casualties are much longer. As
recently as Operation Desert Storm, transport time to medical
treatment facilities was found to range from 2 to 4 hours.78  The
time interval between initial treatment and arrival at an MTF for
casualties in Special Operations may be much longer than this.
The fluid expansion from crystalloid therapy would not be sus-
tained for these periods of time. Lactated Ringer’s solution equil-
ibrates rapidly throughout the extracellular space, and by 1
hour after administration only approximately 200 cc of an initial
infused volume of 1,000 cc will remain in the intravascular
space.77z7gz80  In contrast, 500 cc of a colloid such as 6%
hetastarch results in an intravascular volume expansion of al-
most 800 cc77 and this effect is sustained for at least 8 hours.”
In discussing resuscitation with colloids versus crystalloids, one
paper notes that the more sustained effects of the colloid-con-
taining solutions would be of greatest value if a substantial time
interval separated acute resuscitation from subsequent ef-
forts.82  A review paper on fluid resuscitation in traumatic hem-
orrhagic shock states that “there is almost universal agreement
that colloid-containing fluids act more efficiently than crystal-
loid fluids to restore hemodynamic stability.“83

What do critical care texts say about crystalloids versus col-
loids in the resuscitation of patients in hypovolemic shock? One
states that “when rapid expansion of the intravascular volume is
desired, colloids are the clear choice.“77  Another states that
colloids should be used any time that more than a 30% loss of
blood volume must be replacede7’

Even the ATLS manual states that crystalloids alone are in-
sufficient for resuscitation of patients with blood loss of greater
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than 30% of their blood volume (1500 cc).’ Since this amount of
blood loss is required for a drop in blood pressure to be seen
(class-III hemorrhage), another way to state this is that any
patient who has a drop in blood pressure or altered sensorium
due to hypovolemic shock will need more than crystalloid fluid
therapy. Since it may be several hours or longer before blood
component therapy can be initiated in combat trauma patients,
it makes sense to use a blood volume expander whose effects
will persist at least that long.

Having determined that colloid therapy may be more desir-
able in the setting of battlefield trauma, the next question is
which colloid to use. Albumin was the primary colloid used for
volume expansion for many of the early comparative studies. As
noted previously, albumin is much more expensive than crys-
talloids. The synthetic colloids such as 6% hetastarch (Hespan)
and the dextrans were developed as less expensive alternatives
to albumin.77~84

Hespan is composed of glucose polymers with an average
molecular weight of 450,000. Although concerns have been
voiced about coagulopathies associated with the use of
Hespan,8”87 these effects are generally not clinically significant
and are not seen with infusion volumes of less than 1,500
cc.77*7g*83*87*88  An adverse effect of Hespan on immune function
has been suggested,8g but Hespan was observed to have a ben-
eficial effect on macrophage function in another study, which
examined its use as a resuscitation fluid in a mouse model of
hemorrhagic shock.g0 Allergic reactions may occur, but are rare.
The incidence of severe reactions is less than 1 in 10,000.7g
Serum amylase levels rise after hetastarch administration, but
this is a normal response caused by the degradation of the
hetastarch and is not an indication of pancreatitis.77*7g

The dextrans are also synthetic glucose polymers. Two types
of dextran are available: dextran 40, with an average molecular
weight of 40,000, and dextrose 70, with an average molecular
weight of 70,000. The dextrans have an intravascular volume
expansion that is similar to that of hetastarch77 and are cur-
rently less expensive than Hespan, costing approximately $15
per 500 cc. Side effects of the dextrans include acute renal
failure, inhibition of platelet aggregation, aller$ic  reactions, and
interference with blood cross-matching.77~7g*8  Acute renal fail-
ure is stated to be more likely in patients with decreased renal
perfusion,77~7g which trauma patients in hemorrhagic shock
may be expected to have. The interference with cross-matching
for blood products is also a problem in the combat setting, since
most of the patients who require fluid resuscitation in the field
may be expected to require transfusion upon arrival at an MTF.

Hypertonic saline has been shown to be effective as an initial
resuscitation fluid,7g~82~g1~g2 but since hypertonic saline is a
crystalloid, its effects when used alone are very short-
lived.77.7g.82 Studies examining the use of hypertonic saline
have often combined it with a dextran to obtain a more pro-
longed effect, ’ 1*7g9g3-g5  and this combination would then entail
the same side effects mentioned previously for the dextrans.

Shelf-life and storage requirements are important consider-
ations for resuscitation fluids to be used in military operations
and are similar for Hespan, the dextrans, and lactated Ringers.
The shelf-life of all three products is 2 years. All three products
are recommended to be protected from freezing and from expo-

sures to temperatures above 104°F (sources: Abbott Laborato-
ries for the dextrans and lactated Ringer’s: DuPont Laboratories
for Hespan).

One paper notes that the clotting abnormalities and allergic
reactions seen with the dextrans have not been a problem with
Hespan. Another notes that Hespan is known to have the
lowest rate of anaphylactoid complications when compared to
the other colloids.gO A third study states that dextran solutions
are used for fluid resuscitation in Europe, but that Hespan is
the synthetic colloid more commonly used in the United
States.82

In summary, then, the authors believe that hetastarch is the
preferred fluid for initial colloid resuscitation, since it is less
expensive than albumin and has less significant side effects
than the dextrans. Several papers have found Hespan to be a
safe and effective alternative to lactated Ringer’s solution in
resuscitating patients with hemorrhagic hypovolemia.7g~83~g6-
loo Use of this fluid as a prehospital alternative to lactated
Ringer’s has been previously proposed in both the Army (per-
sonal communication, MAJ Lou Guzzi, Walter Reed Army Insti-
tute of Research) and the Air Force (personal communication,
COL Dave Hammer, Air Force Special Operations Command).

What will the operator in the field notice from using Hespan
Instead of lactated Ringer’s? Assume that one wishes to replace
a 1,500~cc  blood loss on the battlefleld and have this effect be
sustained for 4 hours or longer. By examining the distribution of
these two fluids described earlier, we see that this degree of
volume expansion may be obtained with 1,000 cc of Hespan (2
pounds), but it would take approximately 8 1 of lactated Ringer’s
(almost 18 pounds) to achieve the same effect. This is a clinically
significant weight reduction if one proposes to carry these fluids
for long distances.

How much fluid should be given to a patient in shock on the
battlefield? Precise quantification of blood loss in this setting
based on observation will be difficult, but at least 1,500 cc of
blood loss is required to produce the signs and symptoms of
hemorrhagic shock. In a patient with shock and controlled hem-
orrhage, 1,000 cc of Hespan should be administered initially.
Subsequent fluid administration should be titrated to achieve a
good peripheral pulse and an Improvement in sensorium rather
than to normalize blood pressure. The amount of Hespan ad-
ministered should generally not exceed 1,500 cc.

Once fluid resuscitation has been initiated, the corpsman or
medic should cover the major wounds with appropriate battle
dressings to minimize further contamination and to promote
hemostasis. A careful check for additional wounds should be
made, since the high-velocity projectiles from assault rifles may
tumble and take erratic courses when traveling through tis-
sue,lOi often leading to exit sites remote from the entry wound.

If the casualty is conscious and requires analgesia, it should
be achieved with morphine, administered intravenously if pos-
sible. This mode of administration allows for much more rapid
onset of analgesia and for more effective titration of dosage than
intramuscular administration. An initial dose of 5 mg is given
and repeated at lo-minute intervals until adequate analgesia is
achieved. The IV port nearest the site of the venipuncture
should be used and the lV opened for about 15 seconds after the
medication is injected or, if a saline lock is used, it should be
flushed with 5 cc of normal saline. Morphine may be adminis-
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tered intramuscularly if there is difficulty in starting an N. The
initial dose should be 8 mg and the waiting period before addi-
tional doses if necessary is 45 to 60 minutes. There should be
some readily visible Indication of the dose and time of morphine
administered, so that additional injections will not result in an
overdose. It is important for the corpsman or medic to remember
the contraindications to morphine use: unconsciousness, hy-
povolemic shock with a decreased level of consciousness, head
injury, and respiratory distress.

Toradol is a commonly used alternative to narcotics for relief
of moderate to severe pain, but this medication interferes with
platelet function and hemostasis102~103  and should not be used
in penetrating trauma patients.“* SOF operators should also
probably not be given any aspirin, ibuprofen, or other non-
steroidal anti-inflammatory drugs while in theater because of
their detrimental effects on hemostasis. Acetaminophen is a
better alternative for control of minor pain in troops who are at
ongoing risk of sustaining combat trauma.

Fractures should be splinted as circumstances allow, ensur-
ing that peripheral pulses are checked both before and after
splinting and that any decrease in the pulse caused by the
splinting is remedied by adjusting the position of splint.

Infection is an important late cause of morbidity and mortality
in wounds sustained on the battleiield. Cefoxitin (2 g N) is an
accepted monotherapeutic agent for empiric treatment of ab-
dominal sepsis105 and should be ‘ven to all patients with pen-
etrating abdominal 8’trauma.21z1  6.107  Cefoxitin is effective
against Gram-positive aerobes (except some Enterococcus spe-
cies) and Gram-negative aerobes (except for some Pseudomonas
species). It also has good activity against anaerobes (including
Bacteroides and CIosMdium species).102  Since it is effective
against the clostridial species that cause gas gangrene, cefoxitin
is also recommended for casualties who sustain wounds with
massive soft-tissue damage,‘07 grossly contaminated wounds,
open fractures, or in whom a long delay until CASEVAC is
anticipated. lo8 Cefoxitin is supplied as a dry powder that must
be reconstituted with 10 cc of sterile water for Injection before
administration. It may be given slow N push over 3 to 5 min-
utes,lo2 which eliminates the need for making piggyback solu-
tions. The heparin lock or N should then be flushed as de-
scribed previously. Cefoxitin may also be given intramuscularly
(mix with 4 cc of sterile water) in the upper outer quadrant of the
buttock if necessary. lo2 The risk of allergic reactions to cepha-
losporins has been found to be low in supposed peniclllln-aller-
gic patients,lOg*l10 and use of cephalosporins in these patients
is not necessarily felt to be contraindicated unless there is a
history of an immediate or severe anaphylactic reaction to pen-
icillin.“’ Additional doses should be administered at g-hour
intervals until the patient arrives at a treatment facility. For
individuals with a history of penicillin allergy that is felt to
contraindicate the use of cephalosporins, other broad-spectrum
antibiotics should be selected in the planning phase of the
mission.

CASEVAC Care
At some point in the operation, the mission personnel will be

recovered onto a helicopter, naval craft, or other asset to be
extracted from the combat environment. As mentioned previ-
ously, the time to extraction for a direct-action SOF mission may
be quite variable, but will most often be in the 30-minute to

several-hour range from the time that expedited extraction is
requested. Generally, the other mission personnel will be ex-
tracted at the same time as the casualties.

It is important to mention an interservice difference in termi-
nology at this point. It is common to hear Navy and Army per-
sonnel refer to a “MEDEVAC” when describing the air evacua-
tion of wounded combat personnel from the battlefield. In the
Special Operations arena, this evacuation will often be carried
out by Air Force Special Operations Command tactical rotary
wing assets, such as the MH 53 Pave Low helicopter. The Air
Force, however, considers the term “MEDEVAC” to be reserved
for the aeromedical evacuation of a stable patient from one
medical treatment facility to another.’ l2 The more medically
sophisticated assets that the Air Force uses for MEDEVACs  do
not have the armor or weapons systems to be used in combat
scenarios where the threat of hostile fire is high. Thus, we
recommend that the term MEDEVAC be avoided when discuss-
ing the initial management of combat casualties and the term
“combat casualty evacuation,” or CASEVAC, be used Instead to
eliminate any misunderstanding of the mission required.

Two significant differences will be present in progressing from
the tactical field care phase to the CASEVAC phase. The first is
that additional medical personnel may accompany the evacuat-
ing asset. Current practice in Special Operations is that medical
care during CASEVAC is expected to be rendered by the corps-
man or medic present on the mission phase of the operation.
This is a problem for several reasons: ( 1) the corpsman or medic
may be among the casualties; (2) the corpsman or medic may be
dehydrated, hypothermic, or otherwise debilitated: (3) the
CASEVAC asset’s medical equipment will need to be prepared
prior to the extraction mission; and (4) there may be multiple
casualties that exceed the ability of the corpsman or medic to
care for simultaneously.

A more desirable arrangement would be the establishment of
combat casualty transport teams (CC’ITsl to be deployed with
CASEVAC assets in theater for extractions with casualties. It is
possible to have more highly trained and experienced medical
personnel at this point of the operation, and this opportunity
should not go to waste.’ l2 The composition of these teams has
not been resolved at this point, but probably the best arrange-
ment would be a two-person team composed of an Air Force
aviation medic who is familiar with the particular airframe to be
used and a physician with as much recent trauma or critical
care experience as possible. If a naval craft is the designated
evacuation asset, a Naval Special Warfare corpsman would be
substituted for the aviation medic. The physician in both cases
should preferably be a practicing emergency medicine or critical
care specialist designated to provide medical augmentation sup-
port to Special Operations forces in theater, but might also be a
physician organic to the SOF forces who has had recent expe-
rience in an urban trauma center. Although there may be times
when more than two people would be useful, two is probably the
most reasonable number because of space constraints within
the evacuation asset and a scarcity of specialized medical per-
sonnel in theater. An expanded role for emergency medicine
physicians was employed successfully in the prehospital care of
casualties resulting from Operation Just Cause in Panama in
1991.113 To be effectively utilized in SOF operations, CC’lTs
would need to be formally designated in medical mobilization
plans, receive initial training followed by subsequent refresher
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training at least annually, and be assigned to the theater Special
Operations commander in a conflict.

The second major difference in this phase of care is that
additional medical equipment can be brought in with the CASE-
VAC asset and would not have to be carried in the tactical
ground or water portions of the operation. Preparation of this
equipment prior to operations should be the responsibility of the
combat casualty transport team, since they do not have the
responsibility of preparing medical equipment for the ground or
water phases of the operation.

Designation of the receiving MTF should be coordinated with
the theater commander-in-chief or Joint Task Force surgeon
and may be a hospital ship, a Reid hospital, or other facility.
Coordination to ensure that casualties are sent to the nearest
and most appropriate MTF may be a problem in theater.“*
Although it is desirable to take signiUcantly  wounded casualties
directly to the MTF, holding areas may have to be used in some
circumstances. ’ l5 Consideration should also be given to the
possible need for a secondary evacuation asset, such as when
recovery of the casualties is accomplished by a submarine or
coastal patrol craft and the patient needs to be transported on
an emergent basis to an MTF by helicopter after stabilization, or
when tactical exigencies preclude the use of the planned extrac-
tion asset and an emergency helicopter extraction must be car-
ried out. Coordination of all of these aspects of care would be
best accomplished by a senior SOF medical officer assigned to
the staff of the theater Special Operations commander and
working in conjunction with the theater commander-m-chief
surgeon.

The proposed management plan for the CASEVAC phase is
presented in Figure 7. Many of the same principles of care
outlined in the tactical ileld care phase will also apply to this
phase, and only significant diiferences between the two will be
addressed in this section. The designation of CCTTs  will provide
for more experienced intubationists  so that an optimum airway
might be more easily achieved in this phase of care. Placement
of the endotracheal tube in the trachea may be confirmed with
capnography in this setting. ’ ‘w’ 7 A cricothyroidotomy remains
an option if intubation cannot  be accomplished. Many tactical
aircraft have restrictions against the presence of a white light in
the cabin during a combat action, so the issue of the white light
on standard laryngoscopes should be reviewed with the aircraft
commander beforehand.

The laryngeal mask airway (LMAI  is a device that is designed
to be Inserted blindly and cover the laryngeal inlet. It has been
commercially available in the United Kingdom since 1988 and
was approved by the Food and Drug Administration for use in
the United States in 1992. The LMA is gaining increasing accep-
tance as an alternative to tracheal intubation for short surgical
procedures. 118-120  This device does not require the use of a
laryngoscope with its potentially compromising white light. It
has been found to be more quickly and reliably Inserted than an
endotracheal tube by paramedics and respiratory therapists.53
Another study by Leach et al. found that placement of an LMA
was successful in 39 of 41 attempts by nursing staff and oper-
ating department assistants, including 3 instances when at-
tempts at intubation had been unsuccessful.121  The LMA has
the disadvantage of offering somewhat less protection against
aspiration of stomach contents,11g.122  but most participants in

1. Airway management
Chin-lift or jaw-thrust
Unconscious casualty without airway obstruction:

nasopharyngeal airway, endotracheal intubation,
Combitube or laryngeal mask airway

Unconscious casualty with airway obstruction:
cricothyroidotomy if endotracheal intubation and/or
other airway devices are unsuccessful

2. Breathing
Consider tension pneumothorax and decompress with

needle thoracostomy if a casualty has unilateral
penetrating chest trauma and progressive respiratory
distress

Consider chest tube insertion if a suspected tension
pneumothorax is not relieved by needle thoracostomy

oxygen
3. Bleeding

Consider removing tourniquets and using direct pressure
to control bleeding if possible

4. Iv
Start an 18-gauge lV or saline lock if not already done

5. Fluid resuscitation
No hemorrhage or controlled hemorrhage without shock:

lactated Ringer’s at 250 cc/hour
Controlled hemorrhage with shock: Hespan 1,000 cc

initially
Uncontrolled (intra-abdominal or thoracic) hemorrhage: no

lV fluid resuscitation
Head wound patient
Hespan at minimal flow to maintain infusion unless there

is concurrent controlled hemorrhagic shock
6. Monitoring

Institute electronic monitoring of heart rate, blood
pressure, and hemoglobin oxygen saturation

7. Inspect and dress wound if not already done
8. Check for additional wounds
9. Analgesia as necessary

Morphine: 5 mg lV wait 10 minutes; repeat as necessary
10. Splint fractures and recheck pulse if not already done
11. Antibiotics (if not already given)

Cefoxithx  2 g slow lV push (over 3-5 minutes) for
penetrating abdominal trauma, massive soft-tissue
damage, open fractures, grossly contaminated wounds,
or long delays before casualty evacuation

Fig. 7. Basic tactical casualty management plan phase three: combat casualty
evacuation (CASEVAC) csre.

Special Operations direct-action missions will have been effec-
tively fasting by the time a wound is sustained in combat.’ l3 Use
of the LMA by ward nurses in a multi-center study was found to
be associated with only a 2% incidence of regurgitation in car-
diac arrest patients who had not been fasting prior to the inser-
tion of the LMA,123 and Leach noted no aspiration of stomach
contents in his series.121

Another airway device that has proven successful as an alter-
native to endotracheal intubation is the esophageal tracheal
Combitube. 12* This device has been found to provide adequate
ventilation and can be Inserted without the need for illuminated
laryngoscopy. 125  The Combitube has been found to be useful in
establishing an airway when intubation is im

P
ossible because of

vomiting or other airway obstrucUon.126’12 Two studies that
evaluated the use of the Combitube by paramedics in prehospi-
tal cardiac arrest found it to be effective both as a primary
airway and as a backup to endotracheal intubation.128*12g
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Neither the Combitube nor the LMA are currently included in
the ah-way section of ATLS.’ Both of these devices show promise
as alternatives to endotracheal intubation  in the tactical setting
but cannot be recommended for general use in Special Opera-
tions at this time because not all SOF corpsmen and medics
have been trained in their use. Both devices should be evaluated
as potential additions to the SOF combat care equipment list
and added to the SOMTC curriculum if appropriate.

Helicopter transport impairs or precludes the provider’s abil-
ity to auscultate the lungs130*131  or even to palpate the carotid
pulse. 132  Electronic monitoring systems capable of providing
blood pressure, heart rate, pulse oximetry, and capnography are
commercially available and needed for air medical transport.
The presence of an esophageal mtubation  will have to be noted
by a decrease in the 0, saturation or an absence of expired CO,
after intubation, since it will be impossible to hear breath
sounds in this settfng.  The use of pulse oximetry will also help to
avoid hypoxia while performing endotracheal intubation.133  It is
not necessary to place hypotensive casualties in the Trendelen-
burg position for transport,134 but they should be maintained in
the horizontal position when possible.

Transport of casualties in high-speed Special Operations
boats also renders auscultation and palpation difhcult or im-
possible, but the presence of frequent splash exposures and
high-acceleration impacts makes electronic monitoring infeasi-
ble in this environment. Additionally, protection of patients from
impact trauma during transport is a major factor in high-speed
boat casualty evacuation.

Oxygen should be administered to seriously injured patients
during this phase of care. Oxygen generation systems that use
chemical reactions to generate oxygen are available for use on
aircraft. Compressed-gas bottles are less desirable for aircraft
use because of the possibility of ballistic damage to the cylinder
resulting in explosive decompression and possible Injury to air-
craft passengers or damage to the aircraft itself. Tube thoracos-
tomy is a reasonable option in this phase of care since there
should now be a physician experienced in this technique
present and a more favorable environment in which to perform
it.

Patients with controlled hemorrhagic shock may be resusci-
tated with Hespan to a mean arterial pressure of 60 to 80 mm Hg
in this phase, since more precise electronic monitoring should
now be available. Casualties with penetrating chest wounds or
abdominal wounds should still probably not be aggressively
fluid resuscitated, although this decision may be more individ-
ualized in the CASEVAC phase by a physician skilled in dealing
with trauma patients. An N rate of 250 cc per hour for patients
not in shock will help to reverse mild dehydration and prepare
them for possible general anesthesia once they arrive at the
medical treatment facility. Lactated Ringer’s solution may be
used for fluid resuscitation in these patients because there are
no restrictions on weight in this phase and sustained intravas-
cular volume expansion is less critical. Patients with head lnju-
ries should receive Hespan at only the minimal flow to maintain
infusion unless there is concurrent hypovolemic shock.’ Blood
products may be a possibility in some cases during helicopter
transport.

Military antishock trousers (MAST) have been reported to be
of benefit in animal models of hemorrhagic shock and in some

severely h
yt:

otensive patients with abdominal or pelvic
hemorrhage, 2~135-138
other studies.13g-140

but these findings have been disputed by
One large prospective trial found a signif-

icantly higher Incidence of mortality in the group treated with
MAST. ‘*’ The benefit of this device remains controversial, and
MAST are currently being de-emphasized in ATLS. No studies
were found that evaluated their efficacy in a battleileld casualty
evacuation setting. MAST were not recommended for use by
Army medical personnel during Operation Desert Storm21  and
should not be considered standard equipment for SOF CASE-
VAC care. This device should not be used if there is penetrating
thoracic trauma or if a traumatic disruption of the diaphragm is
suspected.’ If applied, it should not be removed until the patient
is ready for definitive corrective surgery at an MTF. If evacuation
is carried out by helicopter at altitudes above 1,000 to 2,000
feet, the garment should be monitored for changes in effect as a
result of decreasing atmospheric pressure and resultant expan-
sion of the garment.

No attempt should be made during transport to debride or
otherwise repair the wounds sustained. The darkness and in-
stability of a tactical rotary wing aircraft combined with the
contaminated and crowded conditions that will usually exist
make such efforts inadvisable even when individuals with sur-
gical experience are present. Debridement of assault rffle
wounds was shown in one study to be of less benefit to wound
healing than previously thought,141 and in any event, these
maneuvers are best deferred until the casualties arrive at the
treatment facility.

Combat Casualty Care Scenarios

Having established a general plan with which to approach
injuries that occur in a tactical environment, let us now return
to the casualty scenarios presented earlier and examine what
tactical considerations and modifications to the basic manage-
ment plan may be required for each particular scenario.

Scenario 1
Figure 1 describes a casualty that might occur on a combat

swimmer mission. The most profound difference from the basic
management guidelines imposed by this scenario is the obvious
diificulty  involved in taking care of casualties that occur in the
water. A combat swimmer in this circumstance will probably be
killed by additional fire from the patrol boat unless he resub-
merges. In addition, if he remains on the surface, the presence
of combat swimmers in the target area will be confirmed, where
otherwise the patrol boat personnel might think the momentary
sighting of an object in the water to have been a seal of the
aquatic mammal variety. The most appropriate thing to do in the
care under fire phase here is for the injured diver and his buddy
to resubmerge immediately. Moments of indecision at this junc-
ture may well prove fatal to both members of the swim pair and
to the mission as well. It is not realistic to expect the two divers
to continue their attack with a seriously wounded person, and
there is little in the way of medical care that can be provided to
the casualty as the divers swim away from the target area. The
hyperbaric oxygen from the diver’s closed-circuit oxygen SCUBA
rig may help with his oxygenation status, and the tight neoprene
rubber of the wet suit may help close the wound. The uninjured
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diver should be alert for a possible loss of consciousness on the
part of the injured diver while swimming away from the target
area. If the casualty does subsequently lose consciousness, his
swim partner should try to surface if this is now tactically fea-
sible, since an unconscious diver is in grave danger of aspiration
of sea water and death from drowning. The rescue diver must
watch his depth control very carefully while assisting an uncon-
scious or disabled buddy, since a downward depth excursion
may result in his suffering a convulsion from central nervous
system oxygen toxicity, and an upward excursion may cause a
potentially fatal inadvertent surfacing.

Once the Injured diver has been taken back to a rendezvous
site where the pair can be picked up by the rubber Zodiac boat,
an additional measure of care can be provided. The patient can
then be treated according to the standard treatment outline for
the tactical field care phase, assuming that the mission plan-
ners have arranged for medical equipment to be placed in the
Zodiac. The patient should be monitored carefully for a possible
tension pneumothorax after he has been brought to the surface,
since the decrease in ambient pressure may cause expansion of
gas in the pleural space. Arterial gas embolism is also a possi-
bility in this setting. The more complete treatment measures
found in the CASEVAC phase may be accomplished when the
swimmers have returned to the larger coastal patrol craft. Re-
compression should also be considered if the patient’s clinical
picture suggests an arterial gas embolism.

Scenario 2
Figure 2 describes an injury occurring on a parachute insertion.

The medical management of this Injury is much simpler. There is
no care under tire phase to deal with. Tactical field care is appro-
priately covered by the basic protocol. The question now is the
command decision of if and how the mission should proceed. One
tactical option after the injury would be to carry the casualty with
the patrol as it continues toward the objective. The temptation to
attempt this maneuver would be strong in a Special Operations
unit with physically powerful individuals, but this would be a very
difficult  thing to do and still maintain tactical speed, vigilance, and
fire coverage. It would most likely make for a noisier patrol as well
and could be expected to be extremely painful for the casualty,
Consideration would have to be given to equipment, weapon, and
ammunition management for both the casualty and the transport-
ing member of the patrol. Another option might be to abort the
operation and call for immediate extraction. In some circum-
stances, this might be a very reasonable choice, but on other
missions there may be a perishable aspect to the intelligence so
that a mission abort is not an option. A third choice would be to
leave the casualty near the drop zone and arrange for an extraction
coordinated with the assault phase of the operation. This has the
attraction of allowing the mission to be accomplished, but requires
the temporary leaving of a wounded comrade on the battlefield. It
also raises the issue of whether or not the mission corpsman or
medic will be left with the wounded man or accompany the patrol
on the rest of the operation.  Such tactical decisions will be made by
the mission commander, but the corpsman or medic will need to
know what that choice is expected to be in the mission-planning
phase so that he may plan accordingly. The decision is made more
diGcult if one substitutes a life-threatening injury such as maxil-

lofacial trauma with airway compromise or blunt abdominal
trauma with hypotension for the fractured extremity in this sce-
nario.

Scenario 3
The scenario described in Figure 3 illustrates a typical oper-

ation in which casualties are sustained at or near the objective.
The care under fire protocol is appropriate as previously de-
scribed, as is that for tactical field care. The point at which the
corpsman or medic stops to render care is a key issue here.
Should the assault be pressed until hostile flre is totally sup-
pressed before stopping to render care, or should the corpsman
or medic be directed to render care immediately? How will the
casualties be carried? (Don’t forget the potential for additional
booby traps.) Should the assault be discontinued as soon as the
booby trap is encountered because of the potential for encoun-
tering additional such devices as you proceed? The riverine craft
would be the primary extraction asset in this case; modifications
to the basic CASEVAC management plan would probably have
to be made because of the limited space on most such craft and
the certainty of splash episodes onto whatever medical gear is
brought on board. In addition, provision would have to be made
for securing the casualties during a high-speed boat ride.

Scenario 4
Figure 4 describes a high-priority interdiction mission in

progress when a patrol member suffers a snakebite. The injury
does not compromise the presence of the patrol and there is no
fIrefight, but there is now a conflict between continuing the
mission and providing optimum care for the casualty. Ideally,
the casualty should be immediately extracted and transported
to a medical treatment facility, but this would preclude the
opportunity to successfully complete the mission.

The casualty should not be allowed to walk or run, since this
might promote dissemination of the venom. Tactical field care
for the bite is an item of some dispute, with some advocates for
Incision and suction, others for a simple constricting band prox-
imal to the bite, and yet others advocating the use of direct
pressure applied over the bite site to reduce blood flow to the
area and thereby reduce venom dissemination. Additional ques-
tions arise. Should patrols be expected to carry generic anti-
venom into the field for every operation? Should the patrol make
the usual attempt to kill the snake and bring it to the medical
treatment facility for identification? Considering the fact that
shooting the snake is not an option in this scenario, nor is trying
to club it to death with the butt end of a loaded automatic
weapon, would it be better to simply note the size, color, mark-
ing patterns, and head shape of the snake? Some snakes display
territoriality; should the ambush be moved to a different site to
avoid further encounters with the offending reptile?

These scenarios Illustrate the need for combat trauma man-
agement plans to be developed with the tactical context in mind.
The appropriate care for a given casualty may vary based on the
criticality of the mission, the time to evacuation, and many other
factors that are unique to each mission in Special Operations.
Management plans for combat trauma must be considered to be
advisory rather than directive in nature, since rarely will an
actual tactical situation exactly reflect the conditions outlined
using such scenarios. Both the basic tactical combat casualty
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care guidelines and the specific management plans must be
reviewed periodically to ensure that they are changed to reflect
medical advances and changes in tactical doctrine.

In summary, many of the problems involved in the treatment
of combat casualties on the battlefield are unique to the military.
We cannot expect that our civilian colleagues will be able to
answer all of these questions for us with treatment methods
designed for the urban trauma setting. The military medicine
community needs to be aggressive in identifying differences be-
tween the civilian and combat circumstances and modifying
treatment standards as indicated. Although ATLS training re-
mains appropriate for military physicians and nurses, for com-
bat medical personnel this training should be supplemented
with guidelines that take tactical battlefield conditions into ac-
count. This paper presents a set of guidelines developed for a
specific community at a specific point in time. Although they
may have some applicability to other combat arms communi-
ties, the task of developing more general guidelines for battle-
field trauma care in the military would be best accomplished by
a standing panel established by the Assistant Secretary of De-
fense for Health Affairs with a specific charter to monitor devel-
opments in trauma care and periodically update these guide-
lines. Input from this panel could also be used to focus a portion
of Department of Defense medical research expenditures on
specific unresolved prehospital combat trauma care issues.

Recommendations

ations missions should be managed according to tLe guidelines
(1) Combat trauma sustained on direct-action Special Oper-

described in this paper in the prehospital phase.
(2) ATLS-based training for Special Operations corpsmen and

medics should be supplemented with training in these tactical
combat casualty care guidelines.

(3) Planning for combat casualties in Special Operations
should be based on specific mission scenarios to aid in identi-
fying the unique medical and tactical issues that will have to be
addressed in that scenario.

(41 SOF operators on combat missions should all have a suit-
able tourniquet readily available at a standard location on their
battle gear and be trained in its use.

(5) Combat casualty transport teams should be designated
and trained. In the event of a conflict, these teams should be

(10) The Assistant Secretary of Defense for Health Affairs
should establish a standing panel tasked with the development
and periodic review of tactically appropriate guidelines for the
prehospital management of combat trauma. This panel should
monitor new developments in the field of prehospital trauma
care and incorporate them into updated guidelines that are
appropriate for the tactical battlefield environment.

Acknowledgments
The authors are deeply grateful to the many physicians, both within

and outside of the Special Operations community, and to the numerous
SOF corpsmen and medics who generously contributed their time and
expertise to this research effort. Their assistance was invaluable in de-
veloping these tactical combat casualty care guidelines.

This study was supported by funding from the United States Special
Operations Command (USSOCOM Biomedical Research and Develop-
ment Task 3-93).

References
1. Alexander RH. Proctor HJ: Advanced Trauma Life Support 1993 Student Manual.

Chicago, American College of Surgeons, 1993.
2. Arishita GI. Vayer JS, Bellamy  RF: Cervical  spine immobibzation  of penetrating

neck wounds in a hostlle environment. J Trauma 1989; 29: 332-7.
3. BickeII WI-i.  Wall MJ. Pepe PE. et al: Immediate versus delayed fluid resuscitation

for hypotensive patients with penetrating torso injuries. N EngI J Med 1994: 331:
1105-g.

544-8.
6. Smith JP, Bodai BI, HllI AS, et al: PrehospitaI stabilization of criUcaIIy  injured

patients: a failed  concept. J Trauma 1985: 25: 65-70.
7. Dronen SC, Stem S, BaIdursson J, et al: Improved outcome with early blood

4. Honlgman  B. Rohwder K. Moore EE, et al: hehospital  advanced trauma life

administration in a near-fatal model of porcine hemorrhagic shock. Am J Emerg

support for penetrating cardiac wounds. AM Emerg  Med 1990: 19: 145-50.
5. Smith JP. Bodai  BI: The urban paramedic’s scope of practice. JAMA  1985; 253:

Med 1992; 10: 533-7.
8. Stem SA. Dronen SC, Birrer  P, et al: Effect of blood pressure on hemorrhage

volume and survival  In a near-fatal hemorrhage model incorporatig  a vascular
injury. Ann Emerg Med 1993: 22: 155-63.

9 . Chudnofsky CR, Dronen SC, Syverud  SA, et al: Early versus late fluid resuscitation:
lack of effect in porcine hemorrhagic shock. Ann Emerg  Med 1989; 18: 122-6.

10. BickeIl  WH: Are victims of injury sometimes victimized by attempts at fluid
resuscitation (editorIalI?  Ann Emerg  Med 1993: 22: 225-6.

Il. Chudnofsky CR, Dronen SC, Syverud SA. et al: Intravenous fluid therapy in the
prehospital management of hemorrhagic shock: improved outcome with hyper-
tonic saIine/6% d&ran 70 in a swine model. Am J Emerg  Med 1989; 7: 357-63.

12. Martin RR, BickeII WH, Pepe PE, et al: Prospective evaluation of preoperative fluid

assigned to the theater Special Operations commander.
(61 A senior medical officer from the SOF community should

be assigned to the theater Special Operations commander dur-
ing conflicts  to assist in planning and coordination for treatment
of medical casualties that occur during SOF missions.

(71 The laryngeal mask airway and the esophageal tracheal
Combitube should be evaluated for use in the tactical combat
casualty care setting and incorporated into SOF use if appropriate.

(8) Potential CASEVAC assets for SOF combat missions
should be identified as part of the planning conducted by Spe-
cial Operations theater commanders so that SOF mission com-
manders and Combat Casualty Transport Teams will be able to
plan and train appropriately.

(91 The guidelines for tactical combat casualty care recom-
mended in this paper for use by Special Operations forces on the
battlefleld should be reviewed by the combat arms of the other
services for possible applicability to their tactical environments.

resuscitation in hypotensive patients with penetrating truncal  in]ury: a prelimi-
nary report. J Trauma 1992; 33: 354-61.

13. Kaweski SM. Sise MJ, Virgilio  RW: The effect of prehospital  fluids on survival  in
trauma patients. J Trauma 1990; 30: 1215-8.

14. Gross D. Landau EH. Klin  B, et al: Treatment of uncontrolled hemorrhagic shock
with hypertonic saline solution. Surg Gynecol Obstet 1990; 170: 106-12.

15. Deakin  CD, Hicks IR:  AB or ABC: pre-hospital fluid management in major
trauma. Journal  of Accident and Emergency Medicine 1994; 11: 154-7.

16. BickeII  WI-L BrutUg SP. Milhmmow  GA, et al: Use of hypertonic saIine/dextran
versus lactated Ringer’s solution as a resuscitation fluid after uncontrolled aortic
hemorrhage in anesthetized swine. Ann Emerg  Med 1992; 21: 1077-85.

17. Dontigny L: Small-volume resuscitation. Can J Surg 1992: 35: 313.
18. Krausz MM, Bar-Ziv M, Rabinovici  R. et al: “Scoop and run” or stabilize hemor-

rhagic shock with normal saline or small-volume hypertonic saIine?  J Trauma
1992; 33: 6-10.

19. Gross D. Landau EH. As&a A, et al: Is hypertonic saline resuscitaUon safe in
uncontrolled hemorrhagic shock? J ‘IYauma  1988; 28: 751-6.

20. Kowalenko J, Stem S, Dronen S. et al: Improved outcome with hypotensive
resuscitation of uncontrolled hemorrhagic shock in a swine model. J Trauma
1992: 33: 349-53.

21. Za]tchuk  R, Jenkins DP, Bellamy  RF, et aI teds): Combat Casualty Care Gulde-

Military Medicine, Vol. 161, Supplement 1



Tactical Combat Casualty Care in Special Operations 1 5

lines for Operation Desert Storm. Washington, DC, Office of the Army Surgeon
General, February 1991.

22. Krause MM, Klemm 0. Amstislavsky T, et al: The effect of heat load and dehy-
dration on hypertonic saline solution treatment on uncontrolled hemorrhagic
shock. J Trauma 1995: 38: 74752.

23. Napolitano  LM: Resuscitation following trauma and hemorrhagic shock: is hy-
droxyethyl  starch safe? Crit Care Med 1995: 23: 795-6.

24. Krausz MM: Controversies in shock research: hypertonic resuscitation-pros and
cons. Shock 1995; 3: 69-72.

25. Bickell WH, Shaftan  GW, Mattox  KL: Intravenous fluid administration and un-
controlled hemorrhage (editorial). J Trauma 1989; 29: 409.

26. Craig RL, Poole GV:  Resuscitation in uncontrolled hemorrhage. Am Surg 1994;
60: 59-62.

27. Owens TM, Watson WC, Prough DS, Uchida T. Kramer GC: Limiting initial
resuscitation of uncontrolled hemorrhage reduces internal bleeding and subse-
quent volume requirements. J Trauma 1995; 39: 200-7.

28. Pons PT, Honigman  B. Moore EE. et al: Prehospital advanced trauma life support
for critical penetrating wounds to the thorax and abdomen. J Trauma 1985: 25:
82832.

29. Trunkey  DD: Is ALS necessary for pre-hospital trauma care [editorial)? J Trauma
1984; 24: 86-7.

30. Bellamy RF: How shall we train for combat casualty care? Mfflt Med 1987; 152:
617-22.

3 1. Baker MS: Advanced trauma life support: is it adequate stand-alone training for
military medicine? Milit Med 1994; 159: 587-90.

32. Wiedeman JE. Jennings SA: ApplyingATLS to the GulfWar.  Milit Med 1993; 158:
121-6.

33. Heiskell LE. Carmona RI-I: Tactical emergency medical services: an emerging
subspecialty  of emergency medicine. Ann Emerg  Med 1994; 23: 778-85.

34. Ekblad GS:  Training medics for the combat envlromnent of tomorrow. Milit Med
1990; 155: 232-4.

35. Baker MS: The acutely injured patient. Milit Med 1990; 155: 215-7.
36. Oreck  SL: Improving military trauma care (letter). Milit Med 1994; 159: A3.
37. Bellamy RF: The causes of death in conventional land warfare: implications for

combat casualty care research. Mflit Med 1984; 149: 55-62.
38. Zajtchuk  R, Sullivan GR: Battleheld trauma care: focus on advanced technology.

Milit Med 1995; 160: 1-7.
39. Maughon  JS: An inquiry into the nature of wounds resulting in killed in action in

Vietnam. Milit Med 1970; 135: 8-13.
40. Kennedy FR, Gonzalez P, Beitler  A, et al: Incidence of cervical spine injury in

patients with gunshot wounds to the head. South Med J 1994; 87: 6213.
41. Rosemurgy  AS, Norris PA, Olson SM, et al: hehospital cardiac arrest: the cost of

Wility.  J Trauma 1993: 35: 468-73.
42. Sladen A: Emergency endotracheal intubatfon:  who can-who should (editorial)?

Chest 1979: 75: 535-6.
43. Stewart RD, Paris PM, Winter PM, et al: Field endotracheal intubation by para-

medical personnel: success rates and complications. Chest 1984; 85: 341-5.
44. Jacobs LM, Berrizbeitia  LD, BeMet  B, et al: Endotracheal intubation in the

prehospital  phase of emergency medical care. JAMA  1983; 250: 2175-7.
45. Pointer JE: Clinical characteristics of paramedics’ performance of endotracheal

intubation.  J Emerg  Med 1988: 6: 505-9.
46. Lavery  RF, Doran  J, Tortella,  BJ, et al: A survey of advanced life support practices

in the United States. Prehospital and Disaster Medicine 1992; 7: 14460.
47. DeLeo  BC: Endotracheal intubation  by rescue squad personnel. Heart Lung

1977: 6; 851-4.
48. Stratton SJ, Kane G. Gunter  CS, et al: Prospective study of manikin-only versus

manikin and human subject endotracheal intubation training of paramedics.
Ami Emerg  Med 1991; 20: 1314-8.

49. Trooskin  SZ. Rabinowite  S. Eldridge C, et al: Teaching endotracheal intubation
using animals and cadavers. Prehospital and Disaster Medicine 1992: 7: 179-82.

50. Stewart RD. Paris PM, Pelton  GH, et al: Effect of varied training techniques on
ileld endotracheal intubation  success rates. Ann Emerg  Med 1984: 13: 1032-6.

51. Cameron PA, Flett K, Kaan  E. et al: Helicopter retrieval of primary trauma
patients by a paramedic helicopter service. Aust NZ J Surg 1993; 63: 790-7.

52. Pepe PE, Copass MK, Joyce TH: Prehospital endotracheal intubation: rationale
for training emergency medical personnel. Ann Emerg  Med 1985; 14: 108592.

53. Reinhart  DJ, Simmons G: Comparison of placement of the laryngeal airway mask
with endotracheal tube by paramedics and respiratory therapists. Arm Emerg
Med 1994; 24: 2603.

54. Salvino  CK, Dries D, GameUi  R, et al: Emergency cricothyroidotomy in trauma
victims. J Trauma 1993; 34: 503-5.

55. McGill J, Clinton JE, Ruiz E: Cricothyrotomy  in the emergency department. Ami
Emerg  Med 1982; 11: 361-4.

56. Erlandson  MJ. Clinton JE. Rub. E. et al: Cricothyrotomy in the emergency
department revisited. J Emerg  Med 1989; 7: 115-E.

57. Mines D: Needle thoracostomy  fails to detect a fatal tension pneumothorax. Ann
Emerg Med 1993: 22: 863-6.

58. Rosenblatt M, Lemer J, Best LA, Peleg H: Thoracic  wounds in Israeli battle
casualties. J Trauma 1985; 25: 350-4.

59. Aeder MI, Crowe JP, Rhodes RS. et al: Technical limitations in the rapid infusion
of intravenous fluids. Ann Emerg Med 1985; 14: 307-10.

60. Hoelzer MF: Recent advances in intravenous therapy. Emerg  Med Clin North Am
1986: 4: 487-500.

61. Lawrence DW. Laura  AJ: Complications from IV therapy: results from field-
started and emergency department-started IV’s  compared. Ann Emerg  Med 1988;
17: 314-7.

62. Kramer GC, Perron PR, Lindsey DC, et al: Small volume resuscitation with
hypertonic saline dextran  solution. Surgery 1986: 100: 239-45.

63. Traverse  LW. Lee WP, Langford  MJ: Fluid resuscitation after an otherwise fatal
hemorrhage: parts I and II. J Trauma 1986; 28: 168-82.

64. Wiggers CJ: Experimental hemorrhage shock, pp 12 l-46. In Physiologv of Shock.
New York, Commonwealth Fund, 1950.

65. Shaftan GW. Cbiu  C, Dennis C, et al: Fundamentals of physiological control of
arterial hemorrhage. Surgery 1965; 58: 851-6.

66. Milles G, Koucky CJ. Zacheis HG: Experimental uncontrolled arterial hemor-
rhage. Surgery 1966; 60: 434-42.

67. Gwen TM, Watson WC, Prough DS, Uchida T.  Kramer GC: Limiting initial resus-
citation of uncontroUed  hemorrhage reduces internal bleeding and subsequent
volume requirements. J Trauma 1995; 39: 200-7.

68. Rabinovid R, Krause MM, Feurstein  G: Control of bleeding is essential for a
successful treatment of hemorrhagic shock with 7.5 percent NaCl  solution. Surg
Gynecol Obstet 1991; 173: 98-106.

69. BickeU  WH, BrutUg  SP, Wade CE: Hemodynamic  response to abdominal aorto-
tomy in anesthetized swine. Circ Shock 1989: 28: 32152.

70. Landau EH. Gross D. As&a A, et al: Treatment of uncontrolled hemorrhagic
shock by hypertonic saline and external counterpressure. Ann Emerg Med 1989;
18: 1039-43.

7 1. Landau EH. Gross D, Assalia A, et al: Hypertonic saline infusion in hemorrhagic
shock treated by military antishock  trousers (MAST) in awake sheep. Crit Care
Med 1993; 21: 1554-61.

72. Krause MM, Home Y, Gross D: The combined effect of small- volume hypertonic
saline and normal saline in uncontrolled hemorrhagic shock. Surg Gynecol Ob-
stet 1992; 174: 363-8.

73. Sindlinger JF. Soucy DM. Greene SP, et al: The effects of isotonic saline volume
resuscitation in uncontroUed  hemorrhage. Surg  Gynecol Obstet 1993; 177: 545-50.

74. Cannon WB, Fraser J: The preventive treatment ofwound shock. JAMA  1918: 70:
618.

75. Crawford ES: Ruptured abdominal aortlc  aneurysm: an editorial. J Vast Surg
1991: 13: 34850.

76. Moss GS. Lowe RJ, Jilek J. Levine HD:  CoUoid  or crystalloid in the resuscitation
of hemorrhagic shock: a controlled clinical trial. Surgery 1981; 89: 434-8.

77. Marino  PL: CoUoid  and crystalloid resuscitation. In The ICU Book, pp 205-16.
Malvern. PA, Lea and Febiger, 199 1.

78. Koehler RH, Smith S. Bacaner T: Triage of American casualties: the need for
change. Milit Med 1994; 159: 541-7.

79. Rainey  TG, Read CA: The pharmacology of colloids and crystalloids. In The
Pharmacologic Approach to the Critically Ill PaUent.  pp 219-40.  Edited by Cher-
now B. Baltimore, Williams & Wflkens. 1988.

80. Carey JS, Scharschmidt BF, Culliford  AL, et al: Hemodynamic  effectiveness of
coUoid  and electrolyte solutions for replacement of simulated blood loss. Surg
Gynecol Obstet 1970; 131: 679.

81. Mortehnans Y, Merckx  E, van Nerom C, et al: Effect of an equal volume replace-
ment with 500 cc 6% hydroxyethyl starch on the blood and plasma volume of
healthy volunteers. Em J Anestbesiol 1995: 12: 259-64.

82. Prough DS, Whitley  JM, Taylor CL, Deal  DD, Dewitt DS: Small- volume resusci-
tation from hemorrhagic shock in dogs: effects on systemic hemodynamics and
systemic blood flow. Crit Care Med 1991: 19: 364-72.

83. Falk  JL, O’Brien JF, Kerr R: Fluid resuscitation in traumatic hemorrhagic shock.
Crit  Care Chn 1992; 8: 323-40.

84. Gould SA. Sehgal LR. Seghal I-IL. Moss GS: Hypovolemic shock. Crit Care Clin
1993; 9: 23969.

85. Lucas CE, Denis  R. Ledgerwood AM, et al: The effects of Hespan on serum and
lymphatic albumin, globulin, and coagulant protein. Ann Surg 1988: 207: 416-
20.

86. Sanfelippo  MJ. Suberviola  PD, Geimer  NF: Development of a von Willebrand-like

Military Medicine, Vol. 16 1, Supplement 1



16 Tactical Combat Casualty Care in Special Operations

syndrome after prolonged use of hydroxyethyl starch. Am J Clin Pathol  1987; 88:
653-5.

87. Dahymple-Hay  MB, AU&son  R. Collins P. et al: Hydroxyethyl starch-induced
acquired Von Willebrand’s  disease. Clin Lab Haematol 1992; 14: 209-l 1.

88. Strauss RG: Review of the effects of hydroxyethyl starch on the blood coagulation
system. Transfusion 1981; 21: 299302.

89. Oelschlager BK. Caragnano C, Carpenter J, Baker CC: Effect of resuscitation with
hydroxyethyl starch and lactated Ringer’s on macrophage activity after hemor-
rhagic shock and sepsis. Shock 1994; 2: 141-4.

90. Scbmand  JF, Ayala A. Morrison MH. Chaudry IH: Effects of hydroxyethyl starch
after trauma-hemorrhagic shock: restoration  of macrophage integrity and pre-
vention of increased circulating interleukin-6 levels. Crit Care Med 1995: 23:
806-14.

91. Stanford GG.  Patterson CR, Payne L, Fabian TC: Hypertonic saline resuscitation
in a porcine model of severe hemorrhagic shock. Arch Surg 1989; 124: 733-6.

92. Goertz AW, Mehi T, Lmdner KH, et al: Effect of 7.2% hypertonic saline/6%
hetastarch on left ventricular contractility in anesthetized humans. Anestbesiol-
ogy 1995; 82: 1389-95.

93. Welte M. Goresch T, Frey L. et al: Hypertonic saline dextran  does not increase
cardiac contractile function during small volume resuscitation from hemorrhagic
shock in anesthetized pigs. Anestb Analg 1995: 80: 1099-107.

94. Smith GJ, Kramer GC. Perron P. et al: A comparison of several hypertonic
solutlons for resuscitation of bled sheep. J Surg Res 1985; 39: 517-28.

95. Maningas  PA, Bellamy RF: Hypertonic sodium chloride solutions for the prehos-
pital management of traumatic hemorrhagic shock: a possible improvement in
the standard of care? Ann Emerg  Med 1986; 15: 1411-4.

96. Falk JL: Choice of fluid in hemorrhagic shock. Crit  Care Clin 1992; 330-S.
97. Shatney CH. Krishnapradad D, Militello  PR. et al: EiTicacy  of hetastarch in the

resuscitation of patients with multisystem trauma and shock. Arch Surg 1983:
118: 804-9.

98. Ratner LE, Smith GW Intraoperative fluid management. Surg Clin North Am
1993: 73: 229-41.

99. Camu  F. Ivens D, Christiaens  F: Human albumin and coUoid  fluid replacement:
their use in general surgery. Acta Anaesthesiol Belg 1995: 46: 3-18.

100. Vogt N, Bothner U, Georgieff M: Comparison of 5% human albumin and 6%
200/0.5  HES as exclusive colloid components in large surgical interventions.
Anasth Intensivmed Notfalhned Schmerzther 1994; 29: 150-6.

101. Ordog GJ: Wound ballistics: theory and practice. Ann Emerg  Med 1984; 13:
1113-22.

102. Physicians’ Desk Reference, Ed 49, pp 1577-80.  Montvale,  NJ, Medical Eco-
nomics Data Production Company, 1995.

103. Buckley RC, Davidson SF, Das  SK Effects of ketorolac tromethamine  (Toradol)
on a functional model of microvascular thrombosis. Br J Plast Surg 1993; 46:
296-9.

104. Toradol product information publication-drug warning. Roche Laboratories
notice, 1995.

105. Shands  JW: Empiric antibiotic therapy of abdominal sepsis and serious peri-
operative infections. Surg Chn North Am 1993; 73: 291-306.

106. The Medical Letter Handbook of Antimicrobial Therapy, p 53. The Medical
Letter, New RocheUe, NY, 1994.

107. Bowen TE, Bellamy RF led@: Emergency War Surgery: Second United States
Revision of the Emergency War Surgery NATO Handbook, p 175. Washington,
DC, United States Government Printing Oifice. 1988.

108. Ordog  GJ, Sheppard GF. Wasserberger JS, et al: Infection in minor gunshot
wounds. J Trauma 1993; 34: 358-65.

109. Saxon A, Beall GN, Rohr  AS, et al: Immediate hypersensitivity reactions to
beta-lactam  antibiotics. Amr Intern Med 1987; 107: 204-15.

110. Saxon A: Antibiotic choices for the penicillin-allergic patient. Postgrad Med
1988; 83: 135-48.

111. Hulien L:  Penicillin allergy and cephalosporin  cross- reactivity. Naval Hospital
Pensacola Pharmacy Newsletter 1994: November: 2-3.

112. Mabry  EW. Munson RA, Richardson LA: The wartime need for aeromedical
evacuation physicians: the US Air Force experience during Operation Desert
Storm. Aviat Space Environ Med 1993; 64: 941-6.

113. Dice WI-I: The role of military emergency physicians in an assault operation in
Panama. Ann Emerg  Med 1991: 20: 1336-40.

114. Ochsner MG. Harviel  JD, Stafford  PW, et al: Development and organization for
casualty management on a 1000 bed hospital ship in the Persian Gulf,
J Trauma 1992; 32: 501-12.

115. Lewis TF: Medical support to Special Operations forces: Desert Shield/Storm.
Journal of the United States Army Medical Department 1992; 8: 25-3 1.

116. Vukmir  RB. HeUer  MB, Stein KL: Confirmation of endotracheal  tube placement:
a miniaturized infrared qualitative CO, detector. Ann Emerg  Med 1991; 20:
726-9.

117. Goldfarb B, Cohen H: True colors: measuring end-tidal carbon dioxide. Journal
of Emergency Medical Services 1990: 68-73.

118. Pennant JH. White PF: The laryngeal mask airway. Anesthesiology 1993: 79:
144-63.

119. Smith I, Josh1 G: The laryngeal mask airway for outpatient anesthesia. J Clin
Anestb 1993: 5 (Suppl  11:  22S-289.

120. Somerson SJ, Sicilia MR: Update for nurse anesthetists-beyond the laryngo-
scope: advanced techniques for difficult airway management. Journal of the
American Association of Nurse AnestheUsts 1993: 61: 64-71.

121. Leach A, Alexander CA, Stone B: The laryngeal mask in cardiopulmonary  re-
suscitation in a district general hospital: a preliminary communication. Resus-
citation 1993; 65: 2458.

122. Benumof JL: Laryngeal mask airway: indications and contraindicaUons (edito-
rial). Anesthesiology 1992: 77: 843-6.

123. Multicenter Study Group: The use of the laryngeal mask airway by nurses
during cardiopuhnonary  resuscitation. Anesthesia 1994: 49: 3-7.

124. Reed AP: Current concepts in airway management for cardiopulmonary resus-
citation. Mayo Clin Proc 1995; 70: 1172-84.

125. Pepe PE, Zachariah  BS, Chandra  NC: Invasive airway techniques in resuscita-
tion. Ann Emerg  Med 1993; 22: 393403.

126. Staudinger  T, Tesinsky P. Klappacher G. et al: Emergency intubation  with the
Combitube in two cases of diificult  airway management. Eur  J Anaesthesiol
1995; 12: 189-93.

127. Hoibrauer R, Roggla. Staudinger  T. et al: Emergency intubation  with the Com-
bitube in a patient with persistent vomiting. Anasth Intensivmed Notfallmed
Schmerzther 1994; 29: 306-S.

128. Atherton GL, Johnson JC: Ability of paramedics to use the Combitube in pre-
hospital cardiac arrest. Ann Emerg  Med 1993: 22: 1263-8.

129. Staudinger  T. Brugger  S, Roggla, et al: Comparison of the Combitube with the
endotracheal  tube in cardiopulmonary resuscitation in the prehospitsl  phase.
Wien Klin Wochenschr 1994; 106: 412-5.

130. Fromm  RE, Varon  J: Air medical transport. J Fam Pratt 1993; 36:  3118.
13 1. Fromm RE, Dellinger Rp:  Transport of critically ill patients. Journal of Intensive

Care Medicine 1992; 7: 223-33.
132. Hunt RC, Carroll  RG, Whitley TW, et al: Adverse effect of helicopter ilight on the

ability to palpate carotid pulses. Ann Emerg  Med 1994; 24: 1903.
133. Mateer JR, Olson DW, Stueven HA, et al: Continuous pulse oximetry  during

emergency endotracheal intubation.  Ann Emerg Med 1993; 22: 6759.
134. Sing RF, O’Hara DO, Sawyer M. et al: Trendelenburg  position and oxygen

transport in hypovolemic  adults. Ann Emerg  Med 1994; 23: 564-7.
135. Cayten  GC. Berendt BM, Byrne DW. et al: A study of pneumatic antishock

garments in severely hypotensive trauma patients. J Trauma 1993; 34: 72833.
136. McSwain  NE: PneumaUc  anti-shock garment: state of the art 1988. Ann Emerg

Med 1988; 17: 506-25.
137. Traverse  LW, Lee WP. Deguzman  LR, et al: Military antishock trousers prolong

survival after otherwise fatal hemorrhage in pigs. J Trauma 1985; 25: 1054-S.
138. Kaplan BC. Civetta JM, Nagel EL, et al: The military anti- shock trouser in

civilian pre-hospital emergency care. J Trauma 1973; 13: 843-8.
139. Mattox  KL, Bickell W, Pep-e PE, et al: Prospective randomized evaluation of

antishock MAST in post-traumatic hypotension. J Trauma 1986; 26: 779-84.
140. Mattox  KL, BickeU  W, Pepe PE, et al: Prospective MAST study in 911 patients.

J Trauma 1989: 29: 1104-l 1.
141. Fackler  ML: Wound ballistics: the management of assault rffle injuries. Milit

Med 1990; 155: 222-5.

Military Medicine, Vol. 161,  Supplement 1


