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Hyperamylasemia related to blunt pancreatic injury may not occur for at
least 12 hours postinjury. Children with no evidence of major ductal disrup-
tion or clinical deterioration may require only expectant management.

Many series have demonstrated that all but gross disruption of the renal
pedicle can be managed nonoperatively with full recovery of renal function.
The absence of gross hematuria or less than 20 red cells per high-power field
does not warrant any further diagnostic evaluation.

Vascular Injuries

The mechanism of vascular trauma in children is similar to that in adults.
Unique pediatric injuries include arterial trauma associated with supra-
condylar long-bone fractures. Because the arterial intima is a cellular mono-
layer, transient deformity from external force may produce an intimal flap.
Ischemia to adjacent nerves may result in pain, paresthesia, hyperesthesia,
and even anesthesia within a few hours of injury. Arteriography has its own
inherent risks in the small child, and it should only be performed by some-
one experienced in the technique, and only if repair of the injured vessel is
indicated.

The most important differential diagnosis in pediatric vascular trauma is
between thrombosis and spasm of the injured vessel (which usually disap-
pears within 3 hours). Pulses absentlonger than 3 hours suggest thrombosis or
transection of the vessel. The diagnosis must be confirmed by arteriography
or operative exploration, usually the latter in small children. Although a distal
extremity may remain viable without pulsatile flow, potential growth retarda-
tion is an important factor in the decision to explore the site of major vascular
injury in children.

Orthopedic Injuries

Associated skeletal injury puts additional stress on the entire healing process.
Inadequate splinting of long-bone fractures provides a spherical dead space,
which can rapidly fill with a fracture-related hematoma. Every limb must be
carefully assessed for the presence of a distal pulse. Accurate documentation
of intact sensation is critical.

SUMMARY

Care of the injured child is a complex process that requires understanding of
the pathophysiology, unique characteristics, and special requirements of the
pediatric population. It is an exercise in psychomotor skill, surgical judgment,
and intellectual reasoning, but the results can be rewarding.
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43 l Geriatric Trauma

People over the age of 65 yearsare hospitalized for trauma at twice the rate of
the general population, and account for one-quarter of all trauma-related
deaths in the United States. The mortality rate in elder trauma victims has
been estimated to be six times greater than in younger victims when control-
ling for degree of injury.

The combination of chronic diseases (comorbid conditions). senescence of
cognitive and motor functions, and loss of physiologic reserve (physiology of
aging) makes older patients uniquely susceptible to injury. This process
begins earlier and is present to a much greater extent than has been generally
appreciated. No single age comprehensively defines the stage of increased
vulnerability for injury (Table 43-1).

PHYSIOLOGY OF AGING AND THE IMPACT OF COMORBIDITY

Aging is characterized by the progressive loss of organ function and
decreased functional reserve in times of physical or metabolic stress. One-
third of trauma patients older than 65 years have a comorbid condition or
chronic disease. Comorbid conditions are associated with increased mortality
varying with the type and number of conditions and with significantly longer
lengths of stay in the hospital.

Cardiovascular System

Cardiovascular dysfunction is the most prevalent medical problem in the
elderly and represents the greatest cause of death. Patients are often unaware
of the degree of functional impairment until a time of acute stress. Functional
cardiac decline results from changes intrinsic to the myocardium and from
generalized effects of arteriosclerotic disease.

Prescription medications, including beta blockers, calcium channel block-
ers, diuretics, and afterload reducing agents may impair augmentation of
myocardial function in response to injury, especially in the hypovolemic
patient.

The very early use of invasive hemodynamic monitoring has been advo-
cated to better identify patients at risk and direct their cardiovascular manage-
ment. It is unclear at what age this approach should be done, but physiologic
reassessment is critical as the limits of therapeutic and diagnostic tolerance
are narrow, and overresuscitation may be as harmful as underresuscitation. A
history of congestive heart failure, recent myocardial infarction, previous car-
diac surgery or other circulatory disorder should prompt consideration of
invasive monitoring as part of resuscitation.

Respiratory System

Decreased chest wall compliance and lung elasticity and chronic emphysema-
tous changes contribute to the progressive loss of pulmonary reserve with
aging. Impaired cough and laryngeal reflexes, diminished cough strength,
swallowing disorders, and diminished lower esophageal sphincter tone all
impair local airway protection and increase the risk of aspiration.

Therapy should be directed at supporting gas exchange, especially avoiding
hypoxemia, optimizing chest wall mechanics by control of pain, and mini-
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TABLE 43-1 Presumed Clinical Differences in the Evaluation and
Management of Aging Patients

Age 55-64 65-74 >75
Physiologic reserve +/— = ==
Organ function + +/= Sl
Preexisting diseases +/- + ++
Medication use +/= + ++
Competency of history + +/= == /it
Central nervous system
alteration (imaging detection) —/+ + it
Diagnostic and therapeutic S/A A A*
plans
Outcome from severe injury + +/= ==

S, standard; A, aggressive; *, with early re-evaluation.
Source: Schwab CW, Kauder DR: Trauma in the geriatric patient. Arch Surg
127:701, 1992.

mizing the risks of airway contamination. Evidence that early tracheostomy
decreases nosocomial pneumonia and duration of ventilatory support has
recently been disputed.

Pulmonary hygiene and appropriate analgesia are mutually supporting
goals. Regional analgesia such as continual epidural and intercostal nerve
blocks for injuries to the chest, torso, pelvis, and lower extremities may min-
imize the respiratory depressant effects of systemic analgesics.

Central Nervous System

The brain atrophies with age, with approximately 10 percent loss of weight
between the ages of 30 and 70 years. Relatively minor injuries may lead to
subdural or subarachnoid hemorrhage, and the extra space created by brain
atrophy may allow a significant amount of blood to accumulate before caus-
ing any symptoms. Computed tomography (CT) scanning is essential for
prompt diagnosis and is recommended for all patients over 55 years of age
with injuries to the brain.

Functional changes with aging include deterioration in cognitive ability,
memory, and processing of information. Deterioration of vision and hearing,
loss of visual acuity, color perception, and depth perception, intolerance of
bright light, and loss of vibration and position sense all occur and predispose
to injury.

Injury to the brainis known to be a predictor of poor outcome in the elderly.

Renal System

Glomerular loss and sclerotic and degenerative changes with aging cause a
reduction in glomerular filtration rate, with progressively declining creatinine
clearance.

Measurement of serum creatinine may be misleading because as we age,
we undergo a parallel decline in muscle mass. Creatinine clearance declines
by up to 80 to 90 percent over the adult life span. Drugs that are excreted
through the kidneys should be dosed according to measurements of renal
function (creatinine clearance). Acuterenal failure is associated with a 50 per-
cent mortality rate, and is higher in the setting of progressive multiple-organ
dysfunction.
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Musculoskeletal System

Changes in strength and flexibility contribute to a progressive limitation of
movement. Compensating changes, such as an alteration in gait in response to
kyphosis, may replace the normal mechanisms used to maintain balance.

Loss of muscle mass and bone loss due to osteoporosis increase suscepti-
bility to fracture, especially in the hip, pelvis, wrist, and ribs. Vertebral col-
lapse is associated with progressive kyphosis.

Ability to Influence Outcome

The ability to influence patterns of injury before they occur or to promote
optimal functional recovery is clearly important, but thus far is not well
defined. Mixed results have been reported in trials of exercise regimens,
behavior modification, and education. However, physical therapy programs
have been shown to be effective in reducing falls. An inventory of individual
impairments and environmental risk factors in the home may be useful to opti-
mize safety and prevent injury.

Recovery from injury is limited by the patient’s functional level and pre-
morbid conditions prior to injury. A multidisciplinary response, including
family support and social services; rehabilitative medicine; physical, occupa-
tional, and speech therapy; and nutritional guidance is essential to optimize
the speed, and completion of recovery.

PATTERNS OF INJURY

While the elderly experience the same types of injuries as younger people,
there are differences in mechanism and injury pattern with advancing age
(Table 43-2).

Falls

Approximately 70 percent of all deaths due to falls occur in the geriatric pop-
ulation. Of those who are hospitalized after a fall at home, up to 50 percent are
subsequently discharged to a nursing home. Only 50 percent of all elderly
patients hospitalized after falling will be alive | year later.

Falls occur forreasons that are inherent to the aging process. Postural insta-
bility results from declining visual acuity, hearing loss, disorders of balance
and coordination, and loss of memory. Falling in the elderly is often a mani-
festation of an acute or chronic occult illness characterized by syncope and

TABLE 43-2 Mechanism of Injury in Patients Over 45 Years of Age
Age 45-54 55-64 65-74 75-84
Number of patients 9276 6384 7328 7380
Incidence of injury by

mechanism (%):

Motor vehicle accident 36.2 352 334 25.5
Pedestrian struck by vehicle 49 59 Sk 14 5:8
Fall 253 393 49.8 63.0
Assault/abuse* i35 Tts) 3.9 2.1
Burnf 1.1 1.9 1.0 0.8

*Includes gunshot and stabbing wounds.
tData for two years only, 1995-1996.
Source: Pennsylvania Trauma Systems Foundation registry, 1992—-1996.
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“drop attacks.” Postural hypotension may result from cerebrovascular disease,
cardiac dysrhythmia, or autonomic dysfunction related to aging, medications,
or in association with diseases such as diabetes mellitus or parkinsonism.
Metabolic derangements such as hyperglycemia, hypoglycemia, and anemia
are especially common. Falling may also be a nonspecific presentation of
acute illness such as dehydration, urinary tract infection, or pneumonia.

Medications linked with falling include narcotics, sedatives, antidepres-
sants, diuretics, and antiarrhythmics. Falling is associated with both recent
changes in dose and the total number of medications prescribed.

Vehicular Trauma
Motor Vehicle Crashes

Motor vehicle crashes represent the leading mechanism of injury that brings
an elderly person to a trauma center. It is the leading cause of trauma-related
death between the ages of 65 and 74, and the second highest cause (after falls)
inthoseoverage 75.

The elderly are more likely to be involved in crashes in good weather, close
to home, during daylight hours, and at intersections. Crashes in this latter cat-
egory are frequently with another vehicle, are often due to traffic signals that
were not seen, or are caused by poor judgment. Dementia and more subtle
changes in memory and judgment impair the ability to recognize and navigate
potentially hazardous situations. Deterioration in visual and auditory acuity
slow recognition and reaction.

Pedestrians Struck by Vehicles

The population over 65 years of age has the highest population-based fatality
rate for pedestrians at any age, accounting for more than 20 percent of fatali-
ties in vehicular-pedestrian encounters. Nearly 50 percent of all pedestrian
fatalities in those over 65 years of age occur within a crosswalk.

Declines in direct and peripheral vision, hearing, memory, and judgment
make crossing a busy street hazardous. Diminished strength, reaction time,
and coordination make it more difficult for the elderly to navigate these haz-
ards safely.

Assault and Domestic Abuse

Violent assaults are becoming more common in the elderly (Table 43-2).
Deterioration in vision, hearing, strength, coordination, cognition, and judg-
ment contribute to the inability of the elderly to defend themselves.

As our population ages and requires more assistance with activities of daily
living, elder abuse and neglect are on the rise. Detection requires a high
degree of suspicion, particularly in those patients with signs of neglect, phys-
ical abuse, or a pattern of injury that is inconsistent with the mechanism
described.

Burns

The over-65 population makes up approximately 20 percent of admissions to
burn units. The over-75 population has the highest rate of death from domes-
tic fires caused by cooking, heating, smoking, and electrical mishaps.
Scalding is the most common form of burn injury in this population, typically
from bath water.
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Poor wound healing often complicates efforts to debride and graft skin onto
burn wounds, while sepsis remains the predominant cause of late death.

OUTCOMES AND APPROACH TO CARE

The death rate in hospitalized geriatric trauma victims ranges from 15 to 30
percent, which is far greater than the 4 to 8 percent mortality rate seen in a
younger population with comparable injuries. Elderly trauma patients are
more likely to develop multiple-organ failure and sepsis leading to death than
less-frequently injured younger patients. Further, trauma patients over 65
have an increased risk of subsequent new trauma; for example. age over 81 is
associated with twice the likelihood of readmission for new injury after a pre-
vious admission.

Cost

Persons over age 65, estimated to be 12 percent of the U.S. population, are
reported to consume 33 percent of health care expenditures and 25 percent of
hospital costs for trauma. A larger proportion of injured elderly patients
require intensive care for at least part of their hospitalization. The presence of
any and all comorbid conditions is associated with greatly extended hospital
length of stay. In general, standard third-party payments for trauma care are
inadequate to cover the hospital costs of older trauma patients. The system of
diagnosis-related group (DRG)-based coverage (Medicare) grossly underesti-
mates costs. especially in the severely injured.

Withholding Care

The survivability of injury in the elderly is usually not clear at the initial pre-
sentation. The presence of an advance directive may be helpful in clarifying
the patient’s desires and expectations. As the head of the team, the trauma sur-
geon must keep all caregivers focused on realistic outcomes and the wise use
of resources.

SUMMARY

» Chronological age does not predict physiologic age.
* Our understanding of the physiologic changes of aging has defined a much
broader population at risk by highlighting the onset of some limitations at a
younger age than was previously appreciated.
Organ function and the decrease in physiologic reserve vary greatly
between and within individuals. Individual organ systems are subject
to decreases in physiologic reserve at differing rates. and each patient must
be approached individually. The expected physiologic changes of aging
and the presence of comorbid conditions are common and affect care and
outcome.

* As age advances, patterns of injury, responses to injury, and related com-
plications emerge that are different than those seen in younger victims of
similar types of trauma. Elderly patients require a more aggressive
approach, utilizing invasive monitoring when nonoperative management is
appropriate.

» There is a correlation between increased age, decreasing injury severity.
and poorer outcome. Early prediction of outcome in patients with moderate
injuries, however, is imprecise.
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* Advance directives are important in determining if continued aggressive
care is warranted.
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44 I Wounds, Bites, and Stings

WOUNDS

Basic Biology of Wound Healing

The physiologic phases of wound healing are:
Coagulation and inflammation;
Migratory phase;

Proliferative phase; and
Remodeling.

Rl A0S T

At 2 weeks, approximately 10 to 20 percent of the preinjury tensile strength
has returned, at 4 to 6 weeks approximately 50 percent, and at 10 weeks
approximately 80 percent. Increased collagen turnover continues for at least
several years.

In open wounds there is a prolonged inflammatory, migratory, and prolif-
erative phase, and in large defects epithelialization may not completely occur.
Open wounds that heal by secondary intention do so by developing granula-
tion tissue, with eventual epithelial migration and contraction. The granula-
tion tissue seen in such wounds consists microscopically of collagen,
fibroblasts, leukocytes (especially macrophages), and new blood vessels.

Figure 44-1 presents an algorithm for treating an acute wound. Diabetes,
malnutrition, collagen vascular disease, chronic lung disease, and chronic cor-
ticosteroid therapy represent a few of the affiliated medical problems com-
monly encountered in injured patients.

Threats to Infection-Free Wound Healing

A number of fundamental variables set the stage for wound infections follow-
ing trauma. Included among these are:

* Bacterial contamination from the patient’s resident flora and the environment

* Damaged nonviable tissue, especially following high-velocity wounds

* Inadequate hemostasis leading to the development of a hematoma

* Presence of a foreign body, as this prevents adequate phagocytosis

¢ Wound ischemia caused by local or systemic factors

» Systemic factors such as shock, hypoxemia, and immunosuppression from
the injury alone

Priorities in Wound Management

The first phase of wound management includes an assessment of the injured
patient, directed toward identifying and rapidly treating life-threatening
injuries. The most readily apparent wound is not always the most important.
Wound management in this phase deals only with preventing major hemor-
rhage by the direct application of pressure.

Once life-threatening injuries are treated or are being treated, the second
phase of wound management concerns how to deal with the given wound. The
key questionsin this phase are: (1) Should the wound be managed in the oper-
ating room? (2) Are these associated injuries related to the wound (fracture,
tendon injury, vascular injury, visceral injury)? (3) Can the wound be closed
primarily, or should it be managed by delayed primary closure or by healing
through secondary intention? (4) Should preventive antibiotics be used? (5)
Does the patientneed tetanus or rabies immunization and/or prophylaxis?

394
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Initial assessment
Establish priorities

m |<wmmmml Treat life-threatening problems

Control bleeding with pressure

Major or complex
wound

Prophylaxis*
Careful wound inspection Devitalized tissue
Search for associated injuries Heavy contamination
Obtain time of injury Associated injury:
Visceral
¥ Neurovascular
Minimal contamination Moderate contamination Associated injury Fracture
<6 hrs from injury High risk for infection requiring operation Tendon
No risk factors >6 h from injury Perineal wound
Facial or scalp wound Other risk factors '
' *
Primary closure in ER Irrigation

Leave open consider DPC
Dressing

Anesthesia

Skin preparation

Irrigation

Hemostasis

Closure

Dressing

FIG. 44-1. Algorithm for the treatment of an acute wound. *Appropriate
tetanus, rabies, and antibiotic prophylaxis. fintermediate-risk wounds require
more judgment. DPC, delayed primary closure.

The third phase of wound managementrelates to the type and technique of
management and dressing (type of antiseptic, closure technique, choice of
suture, and type of dressing to be applied).

The Search for Associated Injuries

Wounds should be locally explored for associated injuries. Scalp lacerations
are gently probed, seeking a depressed skull fracture. Neck wounds are exam-
ined to see if they penetrate the platysma. Chest radiography is done for all
thoracic wounds, and the wound is inspected for crepitance. Penetration of the
anterior fascia and peritoneum in cases of abdominal stab wounds is deter-
mined by local wound exploration. Wounds of the extremities are examined
to identify any associated fracture, tendoninjury, and vascular or nerve injury.

Primary Closure Versus Open Management

Four options are available with respect to wound closure. First, the wound
may be closed immediately with sutures, tapes, or staples to allow healing by
primary intention. Second, the wound may be left open to heal on its own, by
secondary intention. Third, the wound may be initially left open and then
closed on the third to fourth day following injury (a procedure known as
delayed primary closure or healing by tertiary intention). Fourth, a wound that
cannot be closed because of tissue loss may be closed with a skin graft or tis-
sue flap.

A number of variables affect the decision to close a wound primarily or to
leave it open. A “golden period” of 6 to 8 hours follows wounding. During
this period, primary closure should be considered. After 8 hours, bacterial
colonization and proliferation, either by resident or external flora, impede
infection-free primary closure. In general, wounds older than 6 to 8 hours
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should be managed by secondary intention or delayed primary closure.
Exceptions to this rule are wounds of the face and scalp.

In summary, wounds more than 6 to 8 hours old, those associated with sig-
nificant contamination (farm accident; human bite) or soft-tissue injury
(crush: high-velocity gunshot wound; close-range shotgun wound), and those
in patients with major associated systemic conditions pose a high risk of
infection-related treatment failure. In general, these wounds should be man-
aged with an open technique. Delayed primary closure is often an option with
these wounds.

Skin Preparation

Several practical hair clippers are now commercially available and may be
used in the emergency department and operating room. When hair does not
have to be removed it should be left in place; when its removal is necessary, it
should be removed in the least traumatic way possible.

Foreign bodies and debris on the skin surrounding the wound are removed,
and the skin around the wound is cleansed and treated with one of a variety of
skin antiseptics such as povidone-iodine solution or chlorhexidine gluconate
solution. Both have immediate bactericidal effects, but chlorhexidine leaves a
bactericidal skin residue that povidone-iodine solution does not. Both agents
are toxic to normal tissue. The third most commonly used topical antiseptic
preparation in the United States is a hexachlorophene solution. It is an effec-
tive skin antiseptic, but its immediate bactericidal action is not as apparent as
that of the other two agents.

Local Anesthesia

The class of drugs for local anesthesia consists of polar weak bases that either
have an amide or ester linkage. They appear to block nerve conduction by
decreasing the permeability of the axon to sodium ions. Because they have the
potential to affect all excitable membranes, their toxicity primarily involves
the central nervous system (CNS) and the heart. Since it is the freebase forms
of the anesthetics that penetrate the nerve membrane, a decreased tissue pH
(as in acute inflammation) decreases their effectiveness.

The two most commonly used local anesthetic agents in the United States
are lidocaine and bupivacaine. These agents are both amide-type local anes-
thetics, and both are available in combination with epinephrine (1:100,000 or
1:200,000). Lidocaine has a more rapid onset and shorter duration of action
than bupivacaine, and is more commonly used. The most common technique
used for their administration is local infiltration. The use of epinephrine pro-
longs the action of the local anesthetic drugs and allows them to be given in
an increased total close, since the resulting vasoconstriction delays the sys-
temic absorption; however, there is evidence that epinephrine increases the
risk of infection in contaminated wounds. Epinephrine is also contraindicated
for use around the digits, the nose, ears, or penis, since it may produce
vasospasm and severe ischemia or even necrosis.

Allergic reactions to bupivacaine and lidocaine are rare. The main risk with
these drugs is dose-dependent CNS and cardiovascular toxicity. The maxi-
mum dose of lidocaine for infiltrative anesthesia is 4.5 mg/kg without epi-
nephrine and 7 mg/kg with epinephrine added. Bupivacaine is not
recommended for use in children. The maximum recommended dose in adults
is 175 mg without epinephrine and 225 mg with epinephrine.
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Various regional blocks are extremely valuable as an alternative to infiltra-
tive local anesthesia, especially with respect to injuries and wounds of the
extremities. Blocking the afferent sensory nerves from an affected region is
the underlying principle of local block anesthesia.

Wound Preparation

A variety of substances have been used for wound irrigation. Two solutions,
0.9% saline and Polaxamer-188, are not significantly toxic to the host. Neither
has significant antibacterial actions, but neither is associated with a significant
impairment of wound healing.

Followingirrigation, the wound should be debrided of all nonviable injured
tissue. Debridement is rarely required for facial wounds, but is often needed
with extensive soft-tissue injuries of the limbs or torso. With extensive or
heavily contaminated wounds we schedule daily or alternate-day examina-
tions in the operatingroom. This is particularly true for wounds in which pain,
exposure, or both prevent adequate wound care and inspection on the ward.
Muscle viability is assessed on the basis of bleeding, contractility, consis-
tency, and color. Normal muscle contracts with a light pinch of the forceps,
whereas stunned but viable muscle will frequently contract only with stimula-
tion by an electrocautery device. Contractility is an unreliable sign in cases of
acute ischemia, since muscle may be contractile for up to 8 hours after com-
plete ischemia.

Hemostasis must be complete in order to avoid wound hematomas, which
are excellent culture media for the bacteria associated with wound sepsis. If
adequate hemostasis is not achievable in the emergency department, the
wound should be managed in the operating room.

Use of Antibiotics for Acute Wounds

Most surgeons would recommend the use of preventive antibiotics in the fol-
lowing situations:

* In the presence of an open joint or open fracture

* When there is heavy contamination or ma jor soft-tissue injury

* When there is a delay before debridement or treatment

* In patients with special problems, such as cardiac valvular disease or
immunosuppression

Wound Repair

Wounds may be primarily closed with sutures, staples, or tapes. The use of
nonabsorbable monofilament sutures for skin closure and absorbable
monofilament sutures for closure of the deeper (fascial) tissue layers are rec-
ommended. The technique used should allow precise alignment of the skin
edges, with the minimum amount of foreign material in the wound.

For a cosmetic closure of facial wounds, 6-0 monofilament suture with |-
to 2-mm bites in either a running or interrupted fashionis used. These sutures
areremoved in 3 to 5 days to minimize suture marking. Complicated wounds
are pieced together where the pieces fit, and sutures are then placed between
these key landmarks. This principle also applies to repair of the vermilion
border of the lip and the skin over the eyebrows, where any misalignment is
very noticeable.
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Wound Dressings

Wound dressings can be broken down into several major groups, which
include gauze, semipermeable film dressings, foam dressings, alginates, and
hydrocolloids. A number of solutions (acetic acid, sodium hypochlorite, etc)
have been added to the basic gauze dressing in an attempt to minimize bacte-
rial growth, but unfortunately, almost all of them impair wound healing by
damaging host tissues.

Hydrocolloid dressings are also attractively easy to manage f or wounds that
are closed primarily. Although their single-application cost is higher, both
hydrocolloid and alginate dressings require much less-frequent changes than
wet-to-dry dressings, which may make them cost-effective.

BITES AND STINGS
Mammalian Bites
Human Bites

The main clinical problem in human bites relates to soft-tissue infection.
Human saliva contains up to 10" bacteria/mL, and plaque on teeth has even
greater numbers of bacteria. Therefore, bite-wound infection is common.
Common infecting organisms include Streprococcus viridans, Staphylococcus
spp, Eikenella corrodens, Bacteroides spp, and microaerophilic streptococci.
The most common serious human bite-wound infections develop when there
has been penetration of the joint capsule. This commonly happens when a
clenched fist strikes the tooth of the person being assaulted (“fight bite™).
These wounds commonly involve the metacarpophalangeal (MCP) joint or
the proximal interphalangeal joint (PIP). They are usually benign-appearing
wounds and will be missed unless the examiner is aware of the potential prob-
lem of joint penetration.

Antibiotic prophylaxis for human bites consists of ampicillin plus a beta-
lactamase inhibitor (intravenous ampicillin/sulbactam or amoxicillin/clavu-
lanic acid). Alternative agents include cefoxitin, erythromycin, penicillin, or
ampicillin.

If the biting human is known or available for evaluation, it is recommended
that serologic testing be done for HIV and hepatitis B and C. If the biting
human is unavailable for testing, gamma globulin with hepatitis B vaccination
should be considered. Tetanus immunization should be given if indicated.

Cat Bites

Commonly isolated organisms include Pasteurella multocida and
Staphylococcus spp. Ampicillin plus a beta-lactamase inhibitor provides
reasonable empiric coverage. Tetanus and rabies prophylaxis should be
given if indicated.

Dog Bites

Large dogs can generate tremendous force with their muscles of mastication,
producing devastating soft-tissue injuries. Soft-tissue infection following dog
bites is not as common as after cat and human bites, but it does occur. After
irrigation, facial dog-bite wounds are closed and other wounds are treated by
delayed primary closure or allowed to heal by secondary intention. Common
infecting organisms include Pasteurella multocida, Streptococcus viridans,
Bacteroides spp, Fusobacterium, and Capnocytophaga. As in the case of
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human- and cat-bite wounds, ampicillin plus a beta-lactamase inhibitor pro-
vides reasonable empiric coverage for dog-bite wounds. Tetanus and rabies
prophylaxis should be administered if indicated. (Table 44-1).

Rabies Prophylaxis

A number of different strains of highly neurotropic viruses cause clinical
rabies infection. Susceptibility torabies infection varies according to species,
although most wild mammals can become infected with the virus. Foxes, coy-
otes, wolves, and jackals are most susceptible, while skunks, raccoons, bats.
bobcats. mongooses, and monkeys are moderately susceptible. The epidemi-
ology of human rabies reflects the animal geographic distribution, emphasiz-
ing the fact that rabies is primarily a disease of nonhuman mammals.
Domestic animal vaccination programs in the United States have beenrespon-
sible for a dramatic decline in rabies acquired from domestic dog and cat
bites. Internationally, the majority of human rabies is still acquired from dog
bites, where canine rabies is still endemic.

In humans, the established disease is almost always fatal. Clinical symp-
toms of human rabies include pain at the bite site, dysphagia, pharyngeal
spasms, paralysis, hydrophobia, and seizures. An effective vaccine is avail-
able for preventing the onset of clinical rabies. The dismal prognosis of rabies
encephalitis strongly emphasizes the importance of appropriate use of the
vaccine and immunoglobulin preparation to prevent infection (Table 44-2).

The risk of acquiring rabies depends on the probability of rabies infection in
the animal and the amount of inoculum delivered into the wound. The risk of
rabies transmission between an animal and a human is greatest when the expo-
sure is from a bite. All animal wounds should be irrigated and cleansed with
soap or detergent. This has been shown to protect 90 percent of experimental
animals from infection following inoculation of rabies virus into a wound.

Snake Bites

Venomous snakes indigenous to the continental United States fall into two
major categories: crotalids, which include rattlesnakes, copperheads, and cot-

TABLE 44-1 Tetanus Prophylaxis
Non-tetanus-prone wounds  Tetanus-prone wounds

History of adsorbed

tetanus toxoid (doses) Td* TIG Td TIG
Unknown or less than

three doses Yes No Yes Yes
Three or more doses’ No* No No$ No

*For children younger than 7 years old: diphtheria, tetanus, pertussis (DPT)
vaccination (DT, if pertussis vaccine is contraindicated) is preferred to
tetanus toxoid alone. For persons 7 years old or more, Td is preferred to
tetanus toxoid alone.

TIf only three doses of fluid toxoid have been given, a fourth dose of toxoid,
preferably an adsorbed toxoid should be given.

*Yes, if more than 10 years since last dose.

SYes, if more than 5 years since last dose.

Td, tetanus and diphtheria toxoids adsorbed (for adult use); TIG, tetanus
immune globulin (human).

Tetanus toxoid and TIG should be administered with different syringes at dif-
ferent sites.
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TABLE 44-2 Schedule of Prophylaxis Recommended in the United States
After Possible Exposure to Rabies

Vaccination status Regimen*
Not Previously Vaccinated
Local wound cleansing Immediate cleansing with soap and water
Rabies immune globulin 20 IU/kg of body weight (If anatomically feasi-

ble, up to half the dose should be infiltrated
around the wound or wounds and the rest
should be administered intramuscularly in
the gluteal area. Never give more than the
recommended dose. Do not use the syringe
used for vaccine or inject into the same
anatomic site.)

Vaccine 1.0 mL of HDCV or RVA intramuscularly in the

deltoid area’ on days 0, 3, 7, 14, and 28
Previously Vaccinated®

Local wound cleansing Immediate cleansing with soap and water
Rabies immune globulin Should not be given
Vaccine 1.0 mL of HDCV or RVA intramuscularly in the

deltoid areat on days 0 and 3

HDVC, human diploid cell vaccine; RVA, rabies vaccine adsorbed.

*The regimens are applicable toall age groups, including children.

The deltoid area is the preferred site of vaccination for adults and older chil-
dren. For younger children, the outer aspect of the thigh may be used.
Vaccine should never be administered inthe gluteal area.

*'Previously vaccinated” indicates previous vaccination with HDCV or RVA,
or any other type of rabies vaccine, and a documented history of antibody
response.

Source: Reproduced, with permission, from Fishbein D, Robinson L: Rabies.
N Engl J Med329:1636, 1993.

tonmouths: and elapids. of which coral snakes are the only indigenous species
in the United States. Figure 44-2 shows an algorithm for treatment of snake
bite.

Identification ofthe Snake

There are three important genera of Crotalidae in the United States: Croralus
and Sistrurus (rattlesnakes), and Agkistrodon (copperheads and water moc-
casins). These snakes are characterized by a broad triangular head, relatively
thick body. elliptical pupils, and facial pits. All but one species of rat-
tlesnakes have rattles, which distinguishes them from copperheads and water
moccasins. The only other snakes of clinical importance in the continental
United Statesare the coral snakes. Two species of theseare indigenous to the
United States: Micrurus fulvius fulvius (Eastern coral snake), and Micrurus
Sfulvinius tenere (the Texas coral snake). These snakes are brightly colored,
with red, yellow, white, and black rings. They are relatively small bodied.
and have small, nontriangular heads without facial pits. The rings encircle
the body and the mouth area is black. Their characteristic coloring pattern of
a red band adjacent to a yellow one distinguishes coral snakes from other
snakes that are brightly colored but nonvenomous. (“Red on yellow. kill a
fellow. red on black, venom lack.”) Coral snakes belong to the family
Elapidae, or elapids, which includes cobras, kraits, mambas, and the poiso-
nous snakes of Australia.
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Snake bite (pit viper) I
Y

Immobilization
Identification of snake
Assessment of envenomation

el NG
No envenomation Rattlesnake bite
Mild—moderate envenomation Major envenomation
Copperhead or water moccasin bite *
* Fluid resuscitation
Observation Monitoring
Supportive therapy Laboratory evaiuation
Correction of coagulopathy
Polyvalent antivenin

{

[Assessment of compartment syndrome I

I Compartment syndrome I I No compartment syndrome I

s
No debridement etk admission
\

Continued monitoring
Supportive care

FIG. 44-2.  Algorithm for the treatment of a snake bite. Antivenin should only
be used in a setting in which anaphylaxis can be treated.

Crotalid Envenomation

Determination of Envenomation 1f there are no fang marks, there has not
been envenomation. Even with the presence of fang marks, approximately
20 to 25 percent of patients will not have been envenomated. It is estimated
that another 50 percent have minimal to mild envenomation, which would
not be a threat to life or limb. Agkistrodon (moccasin and copperhead) bites
tend to be less severe than rattlesnake bites, and rarely require antivenin or
invasive treatment. With rattlesnake bites, it is usually easy to assess
whether envenomation has occurred. A great deal of pain. edema, and fre-
quently discoloration or bulla formation is associated with envenomation.
Because these signs and symptoms have a rapid onset, it is probable that if
by the time the patient arrives for treatment there is no edema or pain, a sig-
nificant envenomation has not occurred, or the patient was bitten by a moc-
casin or copperhead.

First Aid The most common potentially harmful treatments include incision
and suction, electrical shock therapy, use of a tourniquet, and ice immersion.
Instead of any of these, current recommendations include immobilization,
neutral positioning, and a compression dressing on the bite site, followed by
rapid transport of the patient to a hospital.
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Definitive Care The principal debate concerns: (1) the use of antivenin ther-
apy; (2) aggressive debridement and fasciotomy; and, more recently, (3)
observation with supportive care alone. For severe bites antivenin use is
favored, with fasciotomy only in cases of compartment syndrome, and the
aggressive use of supportive care. Antivenin is not appropriate therapy for
mild or even moderate envenomations, since in such cases the patient will
almost certainly do well without any therapy.

Antivenin Therapy A polyvalent equine antivenin has previously been com-
mercially available for the treatment of crotalid envenomations (Wyeth-
Ayerst Laboratories, Philadelphia, PA). This product was manufactured by
immunizing horsesto crotalid venoms and then pooling the horse-serum glob-
ulin fraction containing the antibodies. It has been shown to be effective if
given up to 4 hours after envenomation, although there is little evidence to
support its use beyond 4 hours. However, it was recommended for use in life-
threatening envenomations for up to 24 hours following a crotalid bite.
Information on the new agent, polyvalent crotalid antivenin ovine FAB, is
soon to be available in hospital pharmacies and poison control centers.

Crotalid antivenin is a foreign, impure horse-serum protein fraction and
was associated with severe and even life-threatening anaphylactic reactions.
The exactincidence of such reactions is unclear, ranging from | percent to as
high as 30 percent. The antivenin also caused a dose-dependent, delayed-type
serum sickness, which is much less severe than an anaphylactic response,
although probably more common with massive infusions of antivenin.

In addition to being given as early as possible and in doses large enough to
effect a difference, the antivenin was not to be administered in any setting in
which anaphylaxis cannot be treated (i.e., in the field), and was initially
infused very slowly, with the infusion stopped with signs of hypersensitivity.
The dose of antivenin that was given was empiric and based on the physi-
cian’s assessment of the amount of venom injected. The dose is the same in
children as in adults, again being based on the amount of venom to be neu-
tralized rather than on the weight of the patient. Many centers started with a
minimum of 5 to 10 vials for severe bites and increased the amount as needed.

Fasciotomy Excellent results have been claimed in clinical series in which
fasciotomy has been used. Unfortunately, no controlled trials of it have been
conducted, and there are large series in which excellent results have been
reported without operative intervention. At this time, fasciotomy should be
reserved for the usual indication of compartment syndrome.

Supportive care should consist of fluid resuscitation, tetanus prophylaxis,
appropriate monitoring, the administration of antibiotics, and the correction of
any coagulopathy. The bacteriology of rattlesnake mouths has been studied.
Commonly present organisms include Pseudomonas spp, Enterobacteraciae,
Staphylococcus spp, and clostridia. Ticarcillin with clavulanic acid provides
reasonable empiric coverage. Coagulopathy due to fibrinolysis is a common
sequela of envenomation, and should be corrected with fresh-frozen plasma
and cryoprecipitate.

Coral Snake Envenomation

Coral snake venom has primarily systemic effects consisting of respiratory
depression and changes in CNS function. Supportive care, along with com-
mercially available antivenin for sub-species of Micrurus fulvius (the Eastern
and Texas coral snake), are the mainstays of treatment. This product probably
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has little cross-reactivity with the venom of Micrurus euryxanthus (the
Sonoran coral snake). Patients with fang marks or fang scratches should be
admitted for observation. Any signs or symptoms should be treated with from
3 to 5 vials of antivenin. If signs of respiratory distress develop, the patient
should be intubated and ventilated mechanically.

BITES AND STINGS BY MARINE ANIMALS
Marine Invertebrates

Marine invertebrates of the phylum Cnidra include Schyphozoa (true jelly-
fish), Hydrozoa (Portuguese man-of-war and hydras), and Anthozoa (corals
and anemones). These animals all have specialized organelles known as
nematocysts for poisoning and capturing prey. Most nematocysts cannot pen-
etrate human skin and therefore cause only a painful superficial skin reaction:
however, full-thickness penetration can lead to serious illness and even death.
Common manifestations of jellyfish stings include local pain and eruption,
edema, urticaria, anaphylaxis, and rarely, cardiorespiratory arrest. The princi-
ples in the management of such stings are to (1) minimize the number of
nematocysts being discharged and (2) minimize the harmful effects of dis-
charged nematocysts. Any adherent tentacles should be carefully removed.
Unexploded nematocysts should be deactivated with either a baking soda
sluTy, papain (meat tenderizer). or a vinegar soak. Hypotension is treated
with fluids and inotropic agents if necessary, while pain should be controlled
with systemic narcotics. Calcium gluconate may improve the muscle spasms
sometimes seen in cases of stings by marine invertebrates.

Venomous Fish

Envenomation by a stingray usually occurs when this fish is stepped on by a
swimmer. The wounds are a combination of laceration and puncture, and
much of the venom may be removed by simple mechanical irrigation.

INSECT BITES

Allergic reactions are the most common serious problem following insect
bites. Because of their widespread distribution and proximity to humans, bees
and wasps kill more people per year through fatal anaphylactic reactions to
their venoms than do all other venomous animals combined.

Bites by Imported Fire Ants

Solenopsis richreri (the black fire ant) was the first species to be imported, and
it has a limited range along the Mississippi-Alabama border. Solenopsis
invicta (the red fire ant) has had tremendous success in colonization and now
has arange extending over most of the southeastern United States. Solenopsis
invicta tends to give multiple bites, which are initially vesicular, followed by
the development of sterile pustule. Fire ant bite allergy is relatively common,
and anaphylaxis is probably the most common major problem. Treatment
consists of immediately scrubbing the wounds with soap and water. since
much of the venom may be removed by mechanical action.

Spider Bites

The brown recluse spider (Loxosceles reclusa) has three pairs of eyes and a
violin-shaped mark on its carapace. Usually, there is minimal pain following
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a brown recluse bite, which often makes exact identification of the bite loca-
tion difficult. In serious bites, a hemorrhagic blister progresses to a dark black
necrotic area that may extend over several centimeters. Systemic symptoms
may be present. but these are usually mild. Treatment is usually supportive.
Early treatment with dapsone may prevent ulceration or hasten healing.

The female black widow spider (Cactrodecrus macrotans) has a black
body with ared hour-glass mark on the underside of her abdomen. Symptoms
of envenomation, begin within an hour of the bite, and include pain, muscle
rigidity, altered mental status, and seizures. Treatment is supportive, although
there is an equine antivenin available for use in severe cases. Dantrolene has
been used as have calcium and methacarbamol. The death rate from severe
bites has been reported to be as high as 5 percent.

Bee and Wasp Stings

The most serious problem in cases of bee and wasp stings relates to the devel-
opment of an immediate hypersensitivity reaction. Bees sting with double-
barbed lancets, which tend to anchor the bee to the victim’s skin. When the
bee dislodges itself, it usually leaves its stinging apparatus behind, thus killing
the bee. The exuded venom sac of the bee should be scraped with a knife,
instead of squeezing the skin to get the poison sac out. Application of an ice
pack to the local area tends to alleviate the associated pain. Some have advo-
cated the local application of papain following removal of the venom sac.
Patients who have a known sensitivity to bee or wasp stings should carry an
emergency kit for the injection of epinephrine and should wear a medical
identification bracelet.
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BURNS

Over 1.2 million people are burned in the United States every year. Most of
these burns are minor and treated in the outpatient setting; however, approxi-
mately 60,000 burns are moderate to severe and require hospitalization. The
American Burn Association has established guidelines to determine which
patients may be treated in a general hospital setting and which should be
transferred to a specialized burn unit. Patients meeting the following criteria
should be treated at a designated burn center:

Second- and third-degree burns of greater than 10 percenttotal body surface
area (TBSA) in patients <10 or >50 years of age

Second- and third-degree burns over 20 percent of TBSA in patients ages
10 to 50

Full-thickness burns over 5 percent of TBSA in any age group

Any burn involving the face, hands, feet, eyes, ears, or perineum that may
result in cosmetic or functional disability

High-voltage electrical injury including lightning injury

Inhalation injury or associated trauma

Chemical burns

Burns in patients with significant comorbid conditions (e.g., diabetes melli-
tus, chronic obstructive pulmonary disease [COPD])

Pathophysiology

Burns are classified by cause into five different categories, into three zones of
injury, and by five different depths of injury (Table 45-1). Most of these
induce cellular damage primarily by the transfer of energy that induces coag-
ulative necrosis. Direct injury to cellular membranes is the cause of injury in
chemical and electrical burns. Clinical characteristics of the different burn
levels are described in Table 45-2.

Initial Care and Resuscitation

The immediate treatment of a burn patient should proceed as with any trauma
victim. Airway is the first priority after removing the patient from the inciting
cause. If the patient is not breathing or has labored respirations, immediate
orotracheal intubation is performed with in-line stabilization of the neck.
Patients who are not intubated should be given oxygen by mask. All burned
patients are placed on oxygen saturation monitors, but normal readings should
be interpreted with caution. The presence of carbon monoxide (CO) in the
blood, which has an affinity 280 times that of oxygen for hemoglobin, can
falsely elevate oxygen saturation. The treatment for CO inhalation is 100 per-
cent O, by endotracheal tube or face mask. This will decrease the half-life of
CO from 4 hours (when breathing room air) to 45 minutes. Measurement of
carboxyhemoglobin levels will give an estimate of the amount of CO in the
blood. It must be emphasized that as generalized edema develops in the
course of resuscitation, compromise of the airway may increase and mandate
early intubation.

Intravenous access is the next priority. Venous access is best attained
through peripheral catheters in unburned skin, though veins in burned skin
can be used. The initial rate of intravenous fluids can be estimated by multi-
plying the estimated TBSA burned by the weight in kilograms and dividing by

405
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TABLE 45-1 Definition of Burn Types, Zones, and Depth of Injury

Burn categories Zones of injury Burn depth
Flame Zone of Coagulation  First degree (epidermal)
Scald Zone of Stasis Superficial second degree
Contact Zone of Hyperemia (superficial dermal)
Chemicals Deep second degree (deep dermal)
Electricity Third degree (full thickness)
Fourth degree (deep organ
involvement)

8. Thus the rate of infusion for a 80-kg man with 40 percent TBSA burned
would be 80 kg X 40% TBSA/8 = 400 mL/h.

Most burn units around the country use something similar to either the
Parkland or Brooke formula for initial resuscitation estimates. For burned
children, formulas are modified to account for changes in surface area:mass
ratios (Table 45-3). These formulas are guidelines to direct physicians in the
amount of fluid necessary to maintain adequate perfusion. All of these formu-
las calculate the amount of volume given in the first 24 hours, one-half of
which should be given in the first 8 hours. Responses are monitored by mon-
itoring the volume of urine output, which should be at 1.0 mL/kg/h.
Appropriate changes in infusion should be made hourly.

Patients should initially be placed on clean sheets with cotton gauze placed
on the wounds. Cold water and ice do not reduce the level of injury. Initial treat-
ment in addition to keeping the wounds clean should be left to the physicians

TABLE 45-2 Clinical Characteristics of Burn Levels

Burn depth Clinical characteristics
First degree Erythematous
(epidermal)

Blanch

Painful to touch
Will heal with minimal effort, treatment directed at
symptomatic relief with NSAIDs, soothing salves
Superficialseconddegree  Erythematous
(Partial-thickness)
Wet and often blistered
Painful to touch
Will heal in 7-14 days by re-epithelialization
Require coverage with topical antimicrobials or
artificial skin covering
Deep second degree Pale and mottled
(Partial-thickness)
Do not blanch
May have a pseudoeschar that is soft
Remain painful to pinprick
Will heal in 14-28 days with severe scarring

Third degree Hard leathery eschar that is white or cherry red
in color
(Full-thickness)
Painless
Will require excision and grafting for healing
Fourth degree Thermal injury to underlying organs in addition to

the skin
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TABLE 45-3 Resuscitation Formulas

Formula Crystalloid volume Colloid volume Free water

Parkland 4 mL/kg/% None None
TBSA burn

Brooke 1.5 ml/kg/% 0.5 ulL/kg/% 2.0 Liters
TBSA burn TBSA burn

Galveston 5000 mL/m? burned None None

(Pediatric) + 1500 mL/m? total

responsible for definitive care of the burns. Nasogastric tubes and bladder
catheters are placed on admission to decompress the stomach, treat any early
ileus, and to monitor the progress of resuscitation through urine output.
Determination of burn size is assessed by the “rule of nines” (Fig. 45-1).
Another method of estimating smaller burns is by using the area of the patient’s
palm, which is approximately | percent TBSA; the palm is transposed visually
on the wound to determine its size. This method is helpful when evaluating
splash burns and other burns of uneven distribution. Children have a relatively
larger portion of the body surface area on the head and neck, and the Berkow
formula is used to determine burn size in pediatric patients (Table 45-4).
When deep second- and third-degree burn wounds encompass the circum-
ference of an extremity, peripheral circulation to the limb can be compro-
mised. Development of generalized edema beneath a nonyielding eschar
impedes venous outflow and will eventually affect arterial inflow to the distal
beds. Extremities at risk are identified on either clinical examination or by
measurement of tissue pressures greater than 40 mm Hg. These extremities

4.5 4.5

FIG. 45-1. Determining burn size by the “rule of nines.”
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TABLE 45-4 Berkow Chart for Estimation of Burn Size in Children

Area Uptoly 14y 59y 10-14y 15y
Head 19 17 13 11 9
Neck 2 2 2 2 2
Anterior trunk 13 13 i3 13 13
Posterior trunk i3 13 13 i3 13
Buttock 25 205 215 235 2.5
Genitalia 1 1 1 1 1
Upper arm 4 4 4 4 4
Lower arm 3 3 3 3 3
Hand 25 2.5 2.5 25 2.5
Thigh 5:5 615 8 815 9
Leg 15 5 515 6 6:5
Foot 315 3:5 35 315 8'5

require escharotomy, which is performed by incising the lateral and medial
aspects of the eschar. The constricting eschar must be incised completely to
relieve the impediment to blood flow. The incisions are carried down onto the
thenar and hypothenar eminences, and along the lateral sides of the digits to
completely open the hand if it is involved. If vascular compromise has been
prolonged, reperfusion after an escharotomy may cause reactive hyperemia
and further edema formation in muscle compartments. A standard fasciotomy
in the involved extremity may then be needed.

A constricting truncal eschar can cause a similar phenomenon, except the
effect is to decrease ventilation by limiting chest excursion. Decreased venti-
lation of a burn patient should prompt inspection of the chest with appropriate
escharotomies to relieve the constriction and allow inspiration of adequate
tidal volumes.

Chemical Burns

In the case of chemical burn, the wound is copiously irrigated with several
liters of water or saline to neutralize the offending agent. Care must be taken
to direct the drainage of the irrigating solution away from unburned areas to
limit the area of skin exposed to noxious chemicals. Attempts at neutralization
of acidic or basic solutions will only result in heat production and extend the
injury. Acids cause coagulative necrosis and are therefore confined. This is in
contrast to basic solutions, which will cause liquefactive necrosis and extend
further into the tissues until the offending agent is removed.

Hydrofluoric acid is a toxic substance. When exposed to biological tissues,
the fluoride ion precipitates all available calcium, making hypocalcemia the
immediately life-threatening complication. In addition to copious irrigation,
the exposed skin should be treated with 2.5 percent calcium gluconate gel to
provide pain relief and limit the spread of the fluoride ion. All these patients
should be monitored closely for prolongation of the QT interval with contin-
uous electrocardiographic monitoring. Changes in the QT interval should be
treated with 20 mL of 10 percent calcium gluconate per liter of lactated
Ringer’s solution used in resuscitation.

Electrical Burns

Electrical burns are unique in that the location of the injury is mostly inter-
nal. Electrical current proceeds down the path of least resistance, which is
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via nerves, blood vessels, and muscle, thus sparing the skin. With any sig-
nificant electrical injury. vigorous intravenous resuscitation should be given
with attention to myoglobinuria from muscle damage. Urine output should
be maintained at greater than | mL/kg/h, with intravenous mannitol and
bicarbonate given to increase renal tubular flow, alkalinize the urine and
decrease precipitation of hemochromogens in the renal tubules. Patients
should also be monitored for cardiac arrhythmias. Serial examinations of the
extremities are necessary to detect any vascular compromise, and fas-
ciotomies are often necessary.

The Burn Wound

The choice of dressing should be individualized based on the characteristics
of the treated wound. Wounds trom first-degree burns are minor with minimal
loss of barrier function. These wounds require no dressing and are treated
with topical salves to decrease pain and keep the skin moist. Wounds from
second-degree burns can be treated with an antibiotic ointment such as silver
sulfadiazine covered with several layers of cotton gauze under elastic wraps.
The dressing should be changed daily. Alternatively, the wounds can be
treated with a temporary biologic or synthetic covering (e.g., Biobrane®).

Deep second- and third-degree burns will not heal in a timely fashion with-
out autografting. In fact, the dead tissue only serves as a nidus for inflamma-
tion and infection that may ultimately be fatal. Most burn surgeons now
follow a practice of early excision and grafting for full-thickness wounds.
This technique has made conservative treatment of full-thickness wounds a
practice to be used only in the elderly and when anesthesia and surgery are
contraindicated.

After a burn wound has been excised, the wound must be covered. This
covering is ideally the patient’s own skin. Wounds involving 20 to 30 percent
of the TBSA can usually be closed at one operation with autograft split-thick-
ness skin. In these operations, the skin grafts are either not meshed, or are
meshed with a small ratio (2:1 or less) to improve the cosmetic result. In
major burns, the amount of available autograft skin may be limited such that
the wound cannot be completely closed. One method of treatment is to use
widely expanded autografts (4:1 or greater) covered with cadaver allograft to
completely close the wounds for which autograft is available. The 4:1 skin
heals underneath the cadaver skin in approximately 2l days, and the cadaver
skin will fall of f. The portions of the wound that cannot be covered with even
widely meshed autograft are covered with allograft skin in preparation for
autografting when donor sites are healed. Ideally, areas with less cosmetic
importance are covered with the widely meshed skin to close most of the
wound prior to using nonmeshed grafts at later operations for the cosmetically
important areas, such as the hands and face.

Occasionally, skin grafts will not adhere. Loss of skin grafts is due to one
or more of the following reasons: (1) fluid collection under the graft. (2)
shearing forces that disrupt the adhered graft, (3) presence of infection, or (4)
an inadequate excision of the wound bed with remaining necrotic tissue.

Antimicrobials

Topical antibiotics can be divided into two classes, salves and soaks (Table
45-5). Salves are generally applied directly to the wound with cotton dress-
ings placed over them. and soaks are poured into cotton dressings on the
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TABLE 45-5 Common Salves and Soaks Used to Treat Burn Wounds

Salves

Advantages

Disadvantages

Silver sulfadiazine
(Silvadene 1%)

Mafenide acetate
(Sulfamylon 11%)

Polymyxin B/
neomycin/bacitracin

Broad spectrum
Relatively painless
on application

Broad spectrum
Penetration of eschar
Wide spectrum
Painless on application

Colorless allowing direct
inspection of the wound

Transient leukopenia

Does not penetrate eschar
May tattoo dermis with
black flecks

Painful on application to
partial thickness burns
May cause an allergic rash
Carbonic anhydrase activity
Antimicrobial coverage
less than alternatives

Mupirocin Broad spectrum Expensive

(Bactroban) (especially species)

Nystatin Broad antifungal May inactivate other
coverage (Sulfamylon) antimicrobials

Soaks Advantages Disadvantages

Silver nitrate (0.56%) Complete antimicrobial Black staining when
coverage exposed to light
Painless Electrolyte leaching

Mafenide acetate
(Sulfamylon 5%)
Sodium hypochlorite
(Dakins' 0.05%)

Acetic acid

Same as salve

Broad-spectrum
coverage

Broad-spectrum coverage
(especially Pseudomonas)

Methemoglobinemia
Same as salve

Inactivated with protein
contact

Cytotoxic

Cytotoxic

wound. Each of these classes of antimicrobials has its advantages and disad-
vantages. Salves may be applied once or twice a day, but may lose their effec-
tiveness between dressing changes. Soaks will remain effective because
antibiotic solution can be added without removing the dressing; however, the
underlying skin can become macerated.

Inhalation Injury

One factor that contributes to mortality in burns is the presence of inhalation
injury. Smoke injury adds another inflammatory focus to the burn, and
impedes the normal gas exchange vital to critically injured patients. In most
inhalation injuries, damage is caused primarily by inhaled toxins. Heat is gen-
erally dispersed in the upper airways, whereas the cooled particles of smoke
and toxins are carried distally into the bronchi and alveoli. Thus the injury is
principally chemical in nature.

A patient with smoke inhalation often presents with a history of exposure to
smoke in an enclosed space, hoarseness, wheezing, and carbonaceous sputum.
It may also be associated with facial burns and singed nasal vibrissae.
Because each of these findings has poor sensitivity and specificity, the diag-
nosis is often established by the use of bronchoscopy or '**xenon ventilation
scanning.
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Management of inhalation injury is directed at maintaining open airways
and maximizing gas exchange while the lung heals. A coughing patient
with a patent airway can clear secretions very effectively, and efforts
should be made to treat patients without mechanical ventilation if possible.
If respiratory failure is imminent, intubation should be instituted, with
chest physiotherapy and suctioning performed frequently. Mechanical ven-
tilation should be used to provide gas exchange with as little barotrauma as
possible.

Inhalation treatments have been effective in improving the clearance of tra-
cheobronchial secretions and decreasing bronchospasm. In addition to routine
respiratory treatments, heparin administered directly into the lungs in a nebu-
lized form (5000 units in 3 mL normal saline every 4 hours) decreases forma-
tion of fibrin casts.

RADIATION INJURIES

Radiation consists of both particles (e, 3, and neutrons) and photons (y- and
x-rays) which have differing energies and tissue penetrance. The potential for
biologic injury with each depends on the amount of energy transmitted by the
particle or photon when it interacts with the target, which is referred to as /in-
ear energy transfer (Table 45-6).

Exposure to radiation can be classified into three types:

* Small contained events affecting one or more persons;

* An industrial incident affecting large numbers of people with varying
degrees of severity (e.g., a nuclear power plant meltdown); and

 Detonation of a nuclear device.

Radiation Incidents

A significant radiation incident is one in which an individual receives an
injury that meets at least one of the following criteria:

* A whole-body radiation dose of at least 25 rem (0.25 Sv):

¢ A skin dose of at least 600 rem (6 Sv);

* An absorbed dose of at least 75 rem (7.5 Sv) to tissues other than the
skin; or

* Internal contamination of at least one-half the maximum permissible body
burden (MPBB) as defined by the International Commission on Radiolog-
ical Protection (ICRP). This number is different for each radionuclide and
can be found in the ICRP manual.
Radiation incidents must be reported to the Radiation Emergency

Assistance Center/Training Site (REAC/TS) in Oak Ridge, Tennessee. The

telephone number for REAC/TS is (615) 482-2441.

TABLE 45-6 Types of Radiation, Relative Energies, Penetrance, and Relative
Hazard

Relative energy Penetrance into Relative
(MeV) tissue (cm) hazard
« (Two protons and
two neutrons) 1-5 .0007-0044 Low
B (One electron) 0.2-1.0 .017-34 Moderate

v (One photon) 0.1-10 20-150 High
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Pathophysiology

Radiation damage to cells is caused by the transfer of kinetic energy from par-
ticles or photons to other molecules, causing ionization of mostly oxygen, and
the formation of free radicals (such as the hydroxyl radical). These highly
toxic compounds then react with normal biologic molecules to cause cellular
damage, mostly to the phospholipid membranes and DNA. Different cell
types have different sensitivities to radiation based on characteristics of the
individual cell (Table 45-7).

Treatment

Once resuscitation has begun and the initial trauma assessment is complete,
decontamination of any open wounds should be begun. These wounds are
assumed to be contaminated with radioactive material, and should be gently
irrigated with copious quantities of water or saline. The irrigant should be dis-
posed of properly. Irrigation is continued until the area reaches a steady state
or absence of radiation is detected by a Geiger counter. Attention should then
be turned to the intact skin, where decontamination proceeds with gentle
scrubbing with a soft brush under a steady stream of water for 3 to 4 minutes.
Following this, an application of hexachlorophene solution for a 2-minute
scrub is recommended. After two more rounds of the above procedure are
done, diluted hypochlorite bleach (3 percent) (1 part commercial bleach to 10
parts water) can be used to remove more radioactive particles.

During stabilization of the patient, important information to gather includes
the type of radiation, whether the source was sealed, the duration of the expo-
sure, and the distance from the source. These data are necessary to calculate
the dose. A complete blood count should be performed as soon as possible,
with particular attention to the total lymphocyte count (TLC), as this is the
most accurate indication of degree of radiation injury (Table 45-8).

Localized Radiation Injury

Radiation injuries are either localized or whole-body, depending on the cir-
cumstances of the exposure. The term localized radiation injury refers to an

TABLE 45-7 Radiosensitivity of Human Cell Types
Radiosensitivity Cell Types

Very high Lymphocytes
Hematopoietic cells
Intestinal epithelium
Spermatogonia, ovarian follicular cells

High Urinary bladder epithelium
Esophageal epithelium
Intermediate Endothelium
Fibroblasts

Pulmonary epithelium
Renal epithelium
Hepatocytes

Low Hematopoietic stem cells
Myocytes
Chondrocytes
Neural cells
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TABLE 45-8 Significance of Absolute Lymphocyte Count on Prognosis

Lymphocyte count Significance and prognosis
>2000/mm?3 Normal; no injury suspected; prognosis good
1200-2000 mm3 Mild exposure; significant but probably not lethal
500-1200 mm?3 Moderate exposure; prognosis guarded
100-500 mm? Severe exposure; prognosis poor

<100 mm? Lethal

injury involving arelatively small portion of the body. Erythema of the skin is
often the first sign, and the sooner it appears, the higher the dose of exposure.
Depilation is also helpful in determining the extent of localized injury and
may occur as soon as 7 daysafterexposure. Moist desquamation equivalent to
a second-degree burn develops over a period of 3 weeks, and occurs with
doses of 12 to 20 Gy. The latency period is shorter with higher doses. Full-
thickness ulceration and necrosis are caused by closes in excess of 25 Gy, and
onset varies from weeks to months after exposure.

Management of Localized Injuries

After decontamination, mild erythema should be treated conservatively with
light dressings if needed. Any dry desquamation can be treated with lotions to
moisturize the skin, while moist desquamation should be treated as a second-
degree burn wound. Wounds with high radiation exposure may ultimately
convert to full-thickness necrosis from obliterative endarteritis and require
skin grafting, flap coverage, or amputation.

Whole-Body Exposure

As with localized injury, the extent of manifestation of whole-body exposure
depends on the dose of radiation received. The effects are primarily on the
hematopoietic, gastrointestinal, cardiovascular, and central nervous systems.
With relatively lower doses (<15 Gy), bleeding, infection, and electrolyte
loss can occur from damage to the intestinal mucosa and blood cell compo-
nents. Higher doses (>15 Gy) will cause cardiovascular collapse and circula-
tory failure.

The dose absorbed will determine which one or all of the three courses
described below transpires:

1. Hematopoietic symptoms-—exposure to | to 4 Gy causes pancytope-
nia with an onset of 48 hours and a nadir at 30 days. Opportunistic
infections and spontaneous bleeding can also occur.

. Gastrointestinal symptoms—exposure to 8 to 12 Gy will cause gas-
trointestinal symptoms in addition to pancytopenia. Severe nausea,
vomiting, cramping. and watery diarrhea occur within hours of the
exposure. This resolves. then in 4 to 7 days, the epithelium of the
bowel sloughs, which causes bloody diarrhea and loss of the intesti-
nal barrier mechanisms. Sepsis and massive fluid losses ensue.

3. Neurovascular symptoms—exposure to >15 Gy causes immediate

total collapse of vascular tone superimposed on the above symptoms.

[8%]

Management of Whole-Body Injuries

The management of whole-body irradiation is aimed primarily at symptoms
of cellular loss until these systems can regenerate themselves. Except for
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removal of internal radiation, no treatment can speed up the process.
Resuscitation needs may also be high to maintain euvolemia and urine output
because of volume losses.

Patients with less than 1 Gy of exposure can be treated as outpatients if
there are no other injuries. For those with more than | Gy exposure, they
should be admitted and kept until the symptoms have subsided.
Gastrointestinal bleeding, diarrhea, infections, anemia, and diffuse bleeding
from pancytopenia may occur with varying degrees of severity. If the expo-
sure is more than 2 Gy, a bone marrow transplant as a salvage maneuver
should be considered. If this is considered, the blood analysis and cell typing
should be completed promptly because severe radiation exposure may so
rapidly deplete the peripheral lymphocytes that none remain to serve as a
basis for identification.
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46 Temperature-Associated
Injuries and Syndromes

SYSTEMIC HYPOTHERMIA
Primary Accidental Hypothermia

Primary hypothermia is defined as a core temperature below 35°C caused by
excessive exposure to snow, wind, water, or altitude. It is considered primary
because thermoregulatory mechanisms remain intact, and the patient becomes
cold due to environmental stress. Patients typically have a number of physio-
logic abnormalities, including acidosis, electrolyte disturbances, dehydration,
hypoxia, respiratory failure, intense vasoconstriction, and cardiac dysfunc-
tion. These complications may not be apparent until rewarming is initiated,
and may become progressively worse as body temperature increases. Control
of these abnormalities may be more important determinants of outcome than
the specific method of rewarming used. If the physiologic problems are cor-
rected and cardiopulmonary function is maintained, mortality is relatively
low. and primarily depends upon associated comorbidity.

Body temperature may continue to decrease (afterdrop) even after removal
from the cold. Since the risk of fibrillation rises rapidly as the core tempera-
ture drops to 30°C, rewarming should be more aggressive as the core temper-
ature approaches this level. The afterdrop was previously believed to be due
to peripheral vasodilatation, with washout of cold, acidotic blood sequestered
in the periphery, but there is little evidence to support this mechanism. Only a
small amount of blood remains in the vasoconstricted periphery of a hypother-
mic patient. Several studies have measured peripheral blood flow, and noted
no change in flow through skin or muscle during the afterdrop, and this phe-
nomenon has been observed in fibrillating patients without any circulation.

Heat always flows from an area of higher temperature to one of lower tem-
perature. Therefore, heat naturally flows from the core to the periphery, caus-
ing the central temperature to decrease. Intensive core rewarming to offset the
dissipation of central heat, and aggressive external rewarming to reduce the
abnormally elevated core to periphery temperature gradient are the best meth-
ods for eliminating or decreasing the duration of the afterdrop.

In determining whether or not to resuscitate a patient without cardiac activ-
ity, it is reasonable to attempt to determine if cooling preceded or caused car-
diac arrest, or if hypothermia occurred afterwards. However, there are several
reports of hypothermic patients who have been successfully resuscitated after
several hours of cardiopulmonary resuscitation (CPR). Therefore resuscita-
tion should generally be continued until the absence of cardiac activity is doc-
umented after raising the body temperature to a level that does not preclude
defibrillation (30°C).

Secondary Accidental Hypothermia

Secondary hypothermia occurs when the patient has abnormal heat produc-
tion and heat-conserving mechanisms, and becomes hypothermic while being
subjected to only relatively mild cold stress. The mortality rate is far higher
than that of primary hypothermia due to its association with severe underlying
diseases (e.g., trauma, stroke, hypoglycemia, hypothyroidism). This very high
mortality is especially true for the trauma patient. One study demonstrated a
mortality of 40 percent when the core temperature was less than 34°, 69 per-

415
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cent when the temperature dropped to less than 33° and 100 percent with
hypothermia of 32°C or less. Shock appears to be the primary risk factor in
injured patients. Heat production is due to oxidation, and is therefore propor-
tional to oxygen consumption. Aggressive resuscitation is the key manage-
ment priority for prevention and treatment of secondary hypothermia in the
injured patient.

Hypothermia and Outcome

Due to the strong correlation between hypothermia and injury severity, it is
difficult to use retrospective data to determine if mortality is due to the
hypothermia, or to the severity of the underlying injuries. A recent random-
ized trial used an extracorporeal arteriovenous warmer to rapidly reverse
hypothermia in cold, critically injured patients to determine if rapid rewarm-
ing improved outcome. During resuscitation, 43 percent of patients random-
ized to standard (slower) rewarming methods died, compared to 7 percent
randomized to rapid rewarming (p <0.01). Rapid rewarming also reduced
crystalloid and blood requirements. This suggests that hypothermia has a par-
ticularly detrimental effect during resuscitation, and survival can be
improved by aggressive rewarming. A suggested treatment algorithm is
shown in Fig. 46-1.

Hypothermia and Coagulation

Coagulation assays are performed by heating both the blood and the reagents
to 37°C before conducting the assay. regardless of the patient’s core tempera-
ture. When assays are performed at the patient’s body temperature the results
are significantly prolonged in comparison to the 37°C test result. This appears
to be due to a reduction in the reaction rates of the enzymes involved in the
clotting process. Platelet dysfunction may also occur. Systemic hypothermia
to 32°Cnearly triples the bleeding time (Ivy method).

Protective Effects of Hypothermia

There has been recent interest in the use of hypothermia for neuroprotection
after traumatic brain injury. However, two recent randomized prospective tri-
als showed no improvement in neurologic outcome, and an increase in infec-
tions and length of hospital stay. Given the detrimental effects of systemic
hypothermia on critically injured patients, hypothermia should be prevented
oraggressively treated in all patients. Strategies for utilizing the potential ben-
efits of hypothermia have not yet been identified.

Rewarming Methods

Specific heat is the amount of heat required to raise the temperature of | kilo-
gram of a substance by | degree centigrade. The specific heat of the human
body is 0.83 kcal/kg/°C. Thus a 70-kg patient must acquire 58.1 kcal (70 kg
X 0.83 kcal/kg/°C) to increase body temperature by | degree.

Airway Rewarming

At 41°C, fully saturated air can hold 0.05 mL H,O/L. At 32°C, air can hold
only 0.03 mL H,O/L. When a patient with a body temperature of 32°C
inspires a liter of saturated airat 41°C, 0.02 mL of H,O condenses within the
airway. With a minute ventilation of 10 L/min (600 L air/h), 12 mL H-O/h
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FIG. 46-1. Algorithm for treatment of hypothermia.

condenses within the airway. Condensation liberates 0.58 kcal/mL of conden-
sate (latent heat of vaporization). Thus the amount of heat provided by airway
rewarming under these conditions is 6.96 kcal/h (12 mL H,O/h X 0.58
kcal/mL H,O), which is only sufficient to raise the body temperature by
0.12°C/h (6.96 kcal/58.1 kcal/°C).

Convective Rewarming

Air blankets emit 24,000 L/h of warm (43°C) air. Since the density of air is
0.0012 kg/L, roughly 28.8 kg of air is emitted. The specific heat of air is 0.24
kcal/kg/°C. Given the high flow rate, the temperature of the air decreases by
only I to 2 degrees as it passesover the body. Thus this method provides only
6.9 to 13.8 kcal/h (28.8 kg air/h X 0.24 kcal/kg/°C).

However, when two masses are in contact, heat always flows from the
warmer object to the colder one, regardless of the differences in their heat
content. If the air surrounding the skin is warmer than the skin, the patient
cannot lose heat except by sweating. Since most heat is lost through the skin,
these devices are effective at limiting heat loss by creating a warm environ-
ment around the patient, but little heat is actively transferred to a patient by
the use of warm air.

Body Cavity Lavage

Since the specific heat of water is 1 kcal/kg/°C, when a liter of 42°C water
exits the body at 37°C, 5 kcal of heat is left in the body, which increases body
temperature by 0.08°C. As the patient warms, the temperature of the exiting
water increases, resulting in less heat transfer unless longer dwell times are
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used. Continuous irrigation is advisable, using thoracic cavity lavage via two
ipsilateral chest tubes.

Warm Intravenous Fluids

The amount of heat transferred is equal to the temperature difference between
the fluid and the patient. A liter of 42°C {1uid infused into a 32°C patient pro-
vides 10 kcal of heat, which will increase body temperature by 0.17°C/L (10
kcal/58.1 kcal/°C). Due to the high specific heat of water, warm intravenous
fluid can have a significant effect on cold patients with high fluid resuscitation
requirements.

Extracorporeal Rewarming

Cardiopulmonary bypass relies on the principle of continuous warm intra-
venous fluid infusion, but circumvents the patient’s fluid requirement limita-
tions by recirculating the patient’s blood. The specific heat of blood is 0.9
kcal/L/°C. If 32°C blood is warmed to 41°C and reinfused, 8.1 kcal/L of heat
is transferred. At a flow rate of 2.5 L/min, the initial heat transfer rate will
equal 1250 kcal/h. Using a similar calculation method, an extracorporeal arte-
riovenous fistula with a flow rate between 200 and 350 mL/min will provide
an initial heat transfer rate of between 97 and 170 kcal/h.

Spontaneous Rewarming

Normal oxygen consumption produces | kcal/kg/h. A 70-kg patient will gen-
erate sufficient heat to rewarm at a rate of 1.2°C/h. With shivering, heat pro-
duction can increase threefold. The patient’s own heat production is the most
important source of heat gain.

FROSTBITE AND NONFREEZING COLD INJURIES

Frostbite is defined as local freezing of tissues, resulting in ice crystal forma-
tion within the extracellular space. This causes osmotic transport of water out
of the cell and cellular dehydration, and if prolonged leads to mechanical tis-
sue injury due to enlarging ice crystals. Pain and numbness are the typical
symptoms, and pain usually becomes severe during thawing. The frozen body
part appears waxy or white. During thawing, severe hyperemia, edema, and
blistering occur. Edema, as well as red cell and platelet dumping, cause pro-
found circulatory stasis, which may lead to ischemia, with progression to gan-
grene. Autonomic dysfunction due to nerve damage is also acommon sequela.
The absence of edema during rewarming, or cyanosis that does not blanch
with pressure are poor prognostic signs. The depth and extent of damage to
frostbitten tissue is often not apparent for days or even weeks after injury.

Decreasing the time the tissues are frozen by rapid rewarming signif cantly
decreases the extent of damage and reduces the progression of injury.
Standard treatment consists of immersion in a warm water bath (40 to 42°C)
until rewarming is complete and flushing is observed down to the tips of the
fingers or toes and sensation returns. Early debridement should be avoided,
even in the face of obvious necrosis, unless infection occurs. Postponement
for as longas 2 to 3 months, and allowing spontaneous amputation of tissues,
maximizes tissue preservation. Significant healing usually takes place. and
the amount of resection required is considerably less than initially anticipated.
Early surgical treatment is limited to treatment of compartment syndrome,
which sometimes occurs after thawing.
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Local treatment while awaiting demarcation consists of elevating the body
part to minimize edema, gentle daily nonabrasive cleaning, preferably in a
whirlpool bath, air drying of tissues, placing cotton between the digits to min-
imize maceration, using a tent to prevent abrasion, and avoiding pressure
spots. Prophylactic antibiotics are not indicated. Blisters should be left intact,
as they provide sterile coverage of underlying tissues. After resolution of
edema, digits should be exercised during the whirlpool bath, and physical
therapy begun.

Trench foot, or nonfreezing cold injury, is due to repeated long-term expo-
sure to cold water at near-freezing temperatures. There is no ice crystal for-
mation, and the pathophysiology appears to be due to intense arterial
vasospasm. Peripheral myelin sheaths are particularly sensitive to cold and
ischemia, and undergo degeneration and chronic neuropathic changes. The
feet initially feel cold and painful, and appear waxen, but not frozen. After
rewarming, a hyperemic phase ensues, with intense burning and blister for-
mation. Local warmth and pain may last for weeks. Chronic pain and cold
sensitization, Raynaud’s phenomenon, numbness, and motor nerve abnormal-
ities are the most common sequelae. Treatment consists of rapid rewarming,
elevation, pain control, and range-of-motion exercises to minimize disability.

HEAT OVERLOAD SYNDROMES

There are two main categories of heat-related illness: heat exhaustion and
heat stroke. Heat exhaustion is characterized by profuse sweating and pro-
gressive hypovolemia, with tachycardia, tachypnea, dizziness, and profound
fatigue. Treatment consists of removing the patient from the heat, oral or
intravenous hydration, removal of clothing, and increasing evaporative and
convective heat losses by fanning with mist, by dry fanning after moistening
the body with water or alcohol, or by placing the patient in an artificially
cooled environment or in a cool bath. It should be noted that with high ambi-
ent temperatures (=37.8°C, 100°F) fanning will actually increase heat stress.
Fanning can also be rendered ineffective by high humidity. If the ambient
temperature exceeds 90°F, fanning does not result in cooling if the humidity
exceeds 35 percent.

Heat stroke is a much more serious illness characterized by complete ther-
moregulatory dysfunction, with hyperpyrexia and absence of sweating.
Mortality is between 17 and 80 percent in most reports. The two key signs that
distinguish heat stroke from heat exhaustion are the absence of sweating and
the presence of neurologic findings ranging from stupor to coma and convul-
sions, which are present in all patients. The duration of hyperpyrexia, rather
than its magnitude, appears to be the more critical determinant of outcome.
Therefore, early, rapid cooling is essential, and usually results in complete
neurologic recovery, while delays in treatment usually result in permanent
sequelae.

The adverse effects of heat on the heart are common, with many patients
demonstrating ischemia or conduction defects. However, multiple organ fail-
ure with acute respiratory distress syndrome, hepatic failure, disseminated
intravascular coagulation, rhabdomyolysis, and renal failure are the most fre-
quent causes of death after cooling. High circulating levels of endogenous
pyrogens with proinflammatory effects, such as tumor necrosis factor, inter-
leukin-1, and gamma interferon have been detected in victims of heat stroke,
and have been proposed as mediators of the multisystem organ failure which
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often occurs, and which has striking similarities to the systemic inflammatory
response syndrome (SIRS).

Treatment consists of intravenous therapy with fluids at 18°C, whole-body
cooling, control of neurologic symptoms such as seizures, treatment of acid-
base and electrolyte abnormalities, and treatment of multisystem involve-
ment. Due to the effects of hyperpyrexia on cardiac function, fluid
replacement may need guidance with central pressure monitoring. At the
point of collapse patients may be peripherally dilated, but during cooling
vasoconstriction may occur, making accurate determination of volume status
difficult.

Surface cooling is adequate in most cases, and internal cooling and peri-
toneal or pleural lavage is generally not necessary except in cases thought to
be due to malignant hyperthermia or neuroleptic malignant syndrome. in
which there is an ongoing abnormal rate of heat production. Fanning after
moistening the body surface with water or alcohol, or cold water immersion
are the most commonly used treatments. Excessive cold should be avoided. as
this may prompt vasoconstriction and reduce the rate of cooling, and potent
vasoconstricting drugs to treat hypotension should probably also be avoided.
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INTRODUCTION

Although major strides have been made in the acute care of the injured, the
availability of rehabilitative services and their integration into systems of
trauma care have been slow. Each yearmore than 2.5 million people hospital-
ized for injury survive to hospital discharge. Traumacare systems must strive
to reduce impairment, not just mortality, and must return individuals to the
highest functional level possible (Table 47-1).

Brain and spinal cord injury have a tremendous impact on function, and
necessitate the greatest application of rehabilitation resources. Orthopedic
injuries, notably those of the spine, lower extremities, and hand, also require
special services, and can lead to significant disability.

The Rehabilitation Team

An interdisciplinary team orchestrating different therapies in a coordinated
fashion is required for optimal rehabilitation (Table 47-2). Physician supervi-
sion and interaction between the physician and therapists is crucial.
Involvement of the trauma physician in recognizing the need for rehabilitation
and fostering the process through communication with the other team mem-
bers is paramount. The team must identify the needs of each individual patient
and assign the needed services. The team must address mobility, activities of
daily living, communication, cognition, psychological well-being, and sexual
function. A qualified physician (often a physiatrist) should lead the interdisci-
plinary team, but any member of the team may take the lead in their area of
expertise. The trauma surgeon should be an active participant in this team.

SPECIFIC ORGAN SYSTEM INJURY
Brain Injury

In the United States, more than 100,000 individuals per year suffer disability
due to brain injury. Although a small percentage of brain injury survivors are
vegetative, the majority regain some measure of independence, and many
return to work after appropriate rehabilitation.

Assessment of the needs of brain-injured patients is an ongoing process.
Initial prediction of neurologic outcome is unreliable. Early assessment of
needs may be possible in patients with mild injury (Glasgow Coma Scale
score [GCS] >12), but initial appraisal of those with moderate (GCS 9 to 12)
and severe (GCS <9) injury can be misleading. In comatose patients, serial
evaluation of their response to brain-directed therapy must be part of planning
for rehabilitation. Prolonged posttraumatic coma is associated with poor sur-
vival, and as duration of coma increases, chances of functional recovery
decrease.

Initial rehabilitative efforts for the moderate to severely brain-injured
patient focus on physical needs. Abnormal muscle tone due to posturing or
spasticity may occur. Early efforts must also address prevention of decubitus
ulcers. Frequent changes in position and the use of special beds may be of
benefit. but must be tailored to acute brain-directed therapy, avoiding
increases in intracranial pressure due to position. Careful attention to cervical
orthosis care is necessary to prevent occipital decubitus ulcers. Passive range
of motion and splinting of major extremity joints may prevent contractures.
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TABLE 47-1 Definitions

Impairment

Any loss of or abnormality of psychological, physiologic, or anatomic structure
or function.

Disability

Any restriction or lack resulting from an impairment of ability to perform any
activity in the manner or within the range considered normal for a human being.
Handicap

A disadvantage for a given individual resulting from an impairment or disability.

In less-severely injured patients, and those with severe injury who recover,
evaluation for cognitive deficits must take place. Shock and multiple extracra-
nial injuries have been demonstrated to reduce cognitive outcome, and efforts
to prevent secondary brain injury must have priority. Following this. early ini-
tiation of cognitive rehabilitation in severely injured patients leads to
improved outcome. An integrated brain injury recovery program should be
started once life-threatening physiologic disturbances have been corrected
and critical brain injury management has been completed. Behavioral abnor-
malities are common among patients recovering from severe brain injury.
During acute care, agents such as haloperidol or chlorpromazine may be
required to control agitation or aggressive behavior.

Minor head injury cannot be ignored. Some patients with minor head injury
develop postconcussive syndrome and its attendant significant disability.
Persistent subjective neurologic complaints such as headache, vertigo, nau-
sea, emotional lability, or other nonspecific symptoms should alert the clini-
cian to this disorder. Evaluation by a neurologic specialist and appropriate
therapy should be initiated.

Spinal Cord Injury

There are approximately 8000 to 10,000 new cases of spinal cord injury in the
United States yearly, and about 200,000 paraplegics and tetraplegics. Acute
care is focused on stabilization of bony and ligamentous injury, and prevention
of extension of neurologic injury. Rehabilitative efforts should be begun as soon
as physiologic stability is secured. Mobility is of primary concern for patients

TABLE 47-2 Members of the Rehabilitation Team

Physiatrist
Orthopedist

Physical therapist
Occupational therapist
Speech therapist
Rehabilitation nurse
Psychologist
Neuropsychologist
Psychiatrist
Recreational therapist
Prosthetist/orthotist
Vocational counselor
Nursing staff

Social worker
Respiratory therapist
Trauma surgeon
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with paralysis. Passive range of motion and splinting for joints below the level
of paralysis should be started as soon as possible. Active range of motion of
upper extremities should be begun, particularly in low tetraplegics and para-
plegics. Patients’ families should be involved in this effort as much as possible.
As in head-injured patients, contractures and decubiti are a significant risk, and
steps to prevent them are necessary. In the supine patient, the occiput, scapulae,
vertebrae, elbows, sacrum, coccyx, and heels are pressure points at risk.
Lifelong decubitus ulcer prophylaxis is necessary for these patients.

As soon as bony stability is established, active mobilization of the patient
should be initiated. Early in acute hospitalization, a regimen of daily stool
softeners and suppositories should be instituted to develop bowel training and
control. Bladder training should begin when the patient is stable and urine
output is low enough to allow intermittent catheterization less than 6 times a
day. Whenever possible, the patient should be trained to do self-catheteriza-
tion until reflex voiding patterns develop.

Planning with inpatient social services, insurance company rehabilitation
nurses, and community support services must be started early, to prepare the
patient for reintegration into society.

Orthopedic Injuries

Although the early fixation of lower-extremity fractures is frequently under-
taken to reduce respiratory and infectious complications, it affords the oppor-
tunity to institute early rehabilitative care. Teaching transfer and gait training
may be the only requirements for patients with isolated injury, but those with
multiple fractures may require extensive physical rehabilitation. Early use of
continuous passive motion devices to maintain joint mobility may be of ben-
efit, particularly in patients with multisystem injury.

Multisystem Injury

Multisystem trauma victims pose challenges to the rehabilitation system, just
as they do to the acute care system. Prioritization of needs and sequential
introduction of treatments should be used to optimize outcome. As many as
70 percent of survivors of severe trauma can return to their prior work status.
Severity of injury is a poor predictor of return to work, but specific injuries
such as brain, spinal cord, and major extremity fractures may be predictive.
Return to social function is likely after multisystem trauma; this emphasizes
the need fororganized acute rehabilitation services.

The need for vocational rehabilitation must be emphasized for this popula-
tion. A significant number must change their employment, particularly those
with cognitive deficits. Vocational rehabilitation is critical to either adapting
forreturn to previous work, or identif ying and developing another work skill.
Psychological support is also important for these patients.

PEDIATRIC TRAUMA

Systems for pediatric trauma care have developed more recently than those
for adults, and rehabilitation systems for children have also been slow to
develop. Availability and integration of acute rehabilitation services for chil-
dren is critical to their postinjury function. Without rehabilitative services,
injured children with impairments may not recover or adapt, resulting in
accentuated disability or handicap. Fifty-five percent of children are found to
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have functional limitations | year after severe injury, and those with good out-
come after brain injury frequently have major functional deficits. Social and
psychological factors must play a major role in planning pediatric rehabilita-
tion. The child’s family should be intimately involved in all phases of the
rehabilitation of their child. Psychosocial support should be available for the
family. Transfer to inpatient or outpatient specialized pediatric rehabilitation
rather than a general rehabilitation facility is especially important for children
with severe injury.

AMPUTEE REHABILITATION

Injuries are responsible for 75 percent of upper-extremity amputations and 20
percent of lower-extremity amputations in the United States. In many cases,
the need for amputation after trauma is clear. While salvage of a damaged limb
is desirable, it should not be attempted if it appears likely that the limb will not
be functional or if attempted salvage may threaten the patient’s survival.
Unsuccesstul limb salvage attempts can prolong hospitalization. rehabilitation,
and return to function, particularly for severe lower-extremity injury. Below-
knee amputation has a better functional result than above-knee amputation. but
a tibial length of 6 cm or more must be preserved for prosthetic fitting. Knee
disarticulation leads to good function but poor cosmesis. In the upper extrem-
ity, wrist and elbow disarticulations have poor cosmesis and function. In chil-
dren less than 12 years of age, bony overgrowth at the amputation point can be
ama jor problem. These stumps become painful and often require surgical revi-
sion. It is often better to amputate through a joint in children.

Postinjury function and pain control can be improved by sharp transection
of nerves, beveling of bone ends, placement of skin incisions to avoid adhe-
sions to bone, and careful muscle layer closure. Effective postinjury dressings
also contribute to good recovery. Soft elastic dressings provide even pressure
to help shrink the stump. Rigid dressings of stumps can provide for early
application of a prosthesis for mobilization and may reduce the incidence of
phantom sensation. Unfortunately, they reduce the possibility of wound
inspection.

Immediate postoperative goals include maintenance of range of motion,
control of swelling, pain management, and strengthening of uninvolved
extremities. As the wounds heal, strengthening of the residual limbs is help-
ful. In traumatic lower-extremity amputation, transfer training and ambula-
tion with crutches or walker should be started early. Training in activities of
daily living should also begin quickly for the upper-limb amputee.

Perioperative pain that fails to resolve is often due to neuroma. adhesions,
or inadequate muscle padding over bone ends. Phantom sensation occurs in
70 to 80 percent of amputees, but generally fades away. However, phantom
limb pain occurs in less than 20 percent of cases, and occurs more commonly
when the limb was painful prior to amputation. Modalities such as transcuta-
neous electrical nerve stimulation (TENS), massage, biofeedback, and
acupuncture may be helpful, but this pain is very difficult to treat. Analgesics,
antidepressants, anticonvulsants, and beta blockers may also be of some ben-
efit, as may nerve blocks or steroid injections.

HAND INJURIES

Hand injuries are quite common, and the keys to treatment are edema and pain
control, maintenance of range of motion, splinting, scar suppression. and
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muscle reeducation. Significant hand edema can occur with or without direct
hand trauma. The keys to controlling this edema are range-of-motion exer-
cises, massage, elevation, splinting, and elastic wraps. Two types of splinting
are useful after hand injury. Static splints are used to maintain position, pre-
vent contracture, and reduce swelling. Dynamic splints allow motion over a
controlled range. Precise fitting of these orthotics is crucial. Range-of -motion
machines may be helpful in the rehabilitation process. Strengthening, coordi-
nation, and muscle reeducation are important to the functional rehabilitation
of hand injury.

Pain is a common problem after hand injury. and can be disabling.
Desensitization is often successful in managing this pain. Fluidotherapy, hot
packs, ultrasound, paraffin, and TENS may also be helpful for hand pain, but
heat should not be used in patients with infection, impaired sedation. or
impaired cognition. As with phantom pain after amputation, drugs for pain
control may be helpful. Nerve block may be necessary for severe pain.

NERVE INJURY

Peripheral nerve and plexus injuries occur more frequently than commonly
recognized in multitrauma patients. As many as 20 percent of patients in
motor vehicle crashes sustain peripheral nerve injury. The majority of vehicle
crash-related injuries occur in the upper extremity in drivers. Median nerve
injury at the wrist and ulnar nerve injury at the elbow are also common.

Complete brachial plexus injuries are usually secondary to auto crashes,
and cause complete upper-extremity paralysis and sensory loss below the
shoulder. The lower brachial plexus is most commonly injured. and results in
a claw-hand deformity, with loss of ulnar sensation. Brachial cord injuries are
common in penetrating trauma. Bony injuries around the shoulder may be
associated with axillary nerve injury, and the musculocutaneous nerve or
radial nerve are injured in humerus fractures. Median nerve injury may be
associated with shoulder dislocation, wrist fracture, and penetrating trauma.
Ulnar nerve injuries are seen in wrist and elbow fractures and penetrating
trauma.

Lumbosacral plexus injuries are usually seen in pelvic fractures and are
rarely complete. The sciatic nerve may be injured by pelvic or femur fractures
or hip dislocation, as well as by penetrating trauma. The common peroneal
nerve is frequently injured in fibular head fractures, and the tibial nerve is
occasionally injured in tibia or ankle fractures.

The clinical examination is crucial in diagnosing peripheral nerve injury.
Magnetic resonance imaging (MRI) may be helpful in diagnosing plexus
injuries when they are suspected. Electrodiagnosis is crucial to diagnosis of
both peripheral nerve and plexus injuries. These studies, however, may not be
diagnostic until 3 weeks after injury.

Surgery may be useful to relieve compression and for nerve repair or graft-
ing. Bracing is used to maintain range of motion and limb function, particu-
larly with medial, ulnar, and peroneal nerve injury. It is crucial that the patient
be informed that nerve injuries require many months to resolve, and that
deficits may be permanent.

COMORBIDITY AND AGE

There have been few studies regarding the impact of preexisting conditions or
age on functional outcome in trauma. and their results are contradictory. The
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reported rate of return to function of injured elderly ranges from 8 to 70 per-
cent. Injury-related factors that impact most on outcome in older patients are
central nervous system injury, shock, and sepsis.

Preexisting conditions such as drug or ethanol dependency, or psychiatric
or chronic medical disorders may necessitate modification of the rehabilita-
tion plan. The neuropsychiatric and dependency problems must be addressed
as part of rehabilitation, and care must be taken to reduce the physical expec-
tations of those with limits imposed by neurologic, cardiac, pulmonary, vas-
cular, or other disease. Age alone is not a contraindication to rehabilitation
efforts, but those over 75 years of age have a higher risk of poor outcome. par-
ticularly with brain injury.

ECONOMICS OF REHABILITATION

Recent advances in rehabilitation services have allowed disabled individuals
to lead more productive lives, but with a significant cost. Rehabilitation ser-
vices are expensive. The total cost of care for spinal cord injury in the United
States was more than $6.2 billion in 1989, and the 1988 costs for traumatic
brain injury exceeded $25 billion.

Rehabilitation services are often difficult or impossible to arrange for
patients with limited financial resources and/or poor social support. Medicare
and Medicaid generally do not pay for traumatic brain injury programs. In
some states, funds for auto crash victims may not be available until legal cases
have been settled, leading to delays in services. Other patients may exhaust
their resources during acute care hospitalization.

For these reasons, it is crucial to begin planning for rehabilitation early in
the patient’s course. Social services should be consulted early in order to
investigate insurance and other resources available to the patient, as well as
support systems and patient and family preferences. Monitoring of the
patient’s progress by payors and potential rehabilitation facilities is routinely
conducted in orderto assess the patient’s suitability for rehabilitation. Patients
with severe brain injury who remain in deep coma for prolonged periods may
not be candidates for rehabilitative services.

Different patients require different resources. The choice of inpatient or
outpatient programs and acute or subacute programs should be based on
patient needs. On average, acute rehabilitation centers provide 5 hours perday
of therapy. Patients must be motivated and able to tolerate this level of activ-
ity to benefit from these programs. Subacute programs generally provide
about half as much coordinated therapy, with less intensity, and may be more
appropriate for patients with reduced stamina or medical problems for use as
a stepping-stone to acute rehabilitation. For patients with limited potential,
nursing homes may be appropriate. Day therapy or home services may be
appropriate for patients recovering well from traumatic brain injury, or after a
short acute rehabilitation inpatient stay. For home services to work to the
patient’s benefit, however, family support and supervision must be available,
particularly for the brain-injured patient.
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48 Management of Battle
Casualties

A reasonable question to be raised by the reader of a book devoted to trauma
is why it should contain a separate section on the management of battle casu-
alties. The reasons for this are many, and one of the most important is contro-
versy over the differences and similarities in the management of civilian and
battle casualties. The controversy is probably specious. On the one hand, there
are clear similarities between civilian wound management and battle wound
management. On the other hand is the fact that differences in the management
of battle casualties are simply reflections of the unique features of war
surgery. It is for this reason that civilian surgeons must have preparation
before attempting to care for battle casualties.

The purposes of this chapterare multiple. We will point out the similarities
and differences in the management of civilian and battle casualties, as well as
some of the problems identified in providing optimal battle-casualty manage-
ment, and tell how civilians can best prepare for and participate in this process
when called upon. In addition, we will briefly review the threat of terrorism.

SIMILARITIES IN TRAUMA MANAGEMENT

Severe wounds. no matter what their etiology, have a similar pathophysiology
and are subject to the same principles of wound repair. A civilian shotgun
blast and burn injury involve kinetic energy and destruction similar to those
encountered in military wounds. All wounds will initiate certain components
of the inflammatory cascade. The most severe wounds are capable of causing
an imbalance in this cascade that contributes to the pathophysiology of multi-
ple organ failure.

The resuscitation of patients with civilian and war wounds is remarkably
similar. Many of the current resuscitative techniques used in civilian trauma
centers were learned during wartime surgery. It is useful to follow the most
recent history of {luid resuscitation. During World War I, fluid resuscitation
was accomplished mainly with normal saline. gelatin solution. and blood. The
amount of fluid given was based on the estimated blood loss. Cannon recog-
nized that the degree of shock in the severely injured patient always seemed
worse than would be explained by the measured or estimated amount of blood
loss. Experimental studies done after the war did not provide a resolution to
this question, which Cannon termed exemia. During World War I1, resuscita-
tion continued to be accomplished mainly with normal saline, plasma, protein
solution, and whole blood. Fluids were restricted and did not compensate for
losses into the intracellular space or for the interstitial edema surrounding a
wound. As a consequence, many patients arriving at battalion aid stations in
severe shock ultimately developed renal failure, and up to 80 percent subse-
quently died as a consequence of this. The same principles held during the
Korean Conflict, but between the Korean and the Vietnam conflicts. studies
by Shires and others showed that during shock there was a significant intra-
cellular sequestration of fluids that required an exaggerated initial resuscita-
tion and appropriate amounts of blood. According to Lucas. this resulted in
three distinct phases of resuscitation. As a consequence of this better under-
standing of fluid resuscitation, the Vietnam Conflict saw patients survive who
would not previously have done so, and renal failure was not as common as
previously experienced. In contrast, a new phenomenon occurred: the so-
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called *Da Nang lung.” This represented a form of adult respiratory distress
seen in severely injured patients. The pulmonary failure responsible for this
distress, and what later was to become recognized as sequential organ failure,
were consequences of more critically injured patients surviving beyond
surgery, and to some extent probably also represented overzealous fluid
administration. It was not initially recognized that in these critically injured
patients, the management of fluid hydrostatic pressure in the pulmonary cir-
culation was important in helping to prevent capillary leakage in the lung.
From this, it can be appreciated that concepts developed in peacetime and put
in practice during wartime led to the evolution of modern fluid resuscitation.

In general, the surgical techniques used in critically injured patients,
whether civilian or military, are essentially the same. A neurosurgeon’s cran-
iotomy does not differ whether it is performed in a modern trauma center or in
a field hospital.

The approach to managing penetrating neck injuries is somewhat different
in a military than in a civilian trauma center. The availability of arteriograms
is limited, and wounds of proximity will therefore be explored, even more so
for high-energy fragment wounds and high-velocity wounds than those gen-
erally seen in civilian medicine, because they may damage surrounding tis-
sues even if they do not directly hit them. Because of this, most neck injuries
will be explored and debrided. Although precise data are unavailable, the rate
of thoracotomy for war wounds is probably higher than in a civilian setting.
The operative approach and control of hemorrhage are no different.

Celiotomy, including the approach to the retroperitoneum and pelvis and
the general principles for control of bleeding, is precisely the same in the mil-
itary and civilian setting. It is in orthopedic injuries that some major differ-
ences in management exist between peacetime and wartime situations.
External fixators are more commonly used in war, and almost all wounds are
closed secondarily or skin grafted at a later date. In general, peripheral vas-
cular injuries, whether in wartime or peacetime, are managed in a similar
manner.

Intensive care and organ supportare provided using the same principles and
equipment whether one is in a level | traumacenter or acombat support hos-
pital. The ma jor differences relate to how long one can keep a patient close to
the combat zone, and the rapidity with which a severely injured patient’s con-
dition permits evacuation of the patient. This creates special problems that
will be addressed in the section on differences in military and civilian trauma
management.

Optimally. rehabilitation is instituted as soon as possible after severe
injury, even in a theater of war. Obviously this is limited in a war zone
because of the austerity of resources.

DIFFERENCES IN TRAUMA MANAGEMENT

A significant difference in the management of civilian and war injuries is in
the amount of prehospital time. Even in rural areas of the United States, pre-
hospital time does not usually exceed 30 minutes. In urban areas, on-scene
and transport times are often less than 15 minutes. In contrast, to remove a
battle casualty from a fire zone usually requires more than an hour under even
the best of circumstances—a delay that is more serious in the case of high-
velocity rifle wounds and multiple fragmentation wounds. It can thus be
appreciated that wounds to the torso, head, and neck can have much higher
mortality rates in the prehospital combat setting.
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Differences also exist in resuscitation in a wartime situation. Because of
the number of casualties that may arrive simultaneously at a treatment cen-
ter, surgeons may not be able to participate directly in resuscitation since
they are busy with lifesaving surgery. Resuscitation may be delegated to
nonsurgeon physicians, corpsmen, and nurses who have been trained in
resuscitation. Clearly, itis prudent to train such individuals prior to arrival in
the theater of war.

The kinds of wounds seen in a military situation have obvious differences
from those seen in civilian settings. In addition to differences in the velocity
of wounding projectiles, high-energy fragment wounds are fairly common,
and during Operation Desert Storm they accounted for 42 percent of the
wounds of 204 soldiers, as compared to only 10 percent caused by gunshots.

Prehospital resuscitation in a combat zone obviously differs from that in a
civilian setting. In the Persian Gulf War, soldiers wounded in action gave high
praise to the combat medics, and the Combat Lifesaver Program was thought
to be very valuable. Unfortunately, although the U.S. Army has invested
heavily in studies of hypertonic saline, this was not investigated in the combat
setting of the Persian Gulf War. The use of saline for resuscitation remains
controversial, particularly in desert warfare. However, it should be noted that
during Operation Just Cause, many parachutists had hypotensive episodes
during the induction of anesthesia, probably as a consequence of not having
taken any fluids for 8 to 12 hours prior to their surgery. Pneumatic antishock
garments (PASGs) are bulky and not currently available in situations involv-
ing heavy combat. Hemoglobin solutions may be optimal in the prehospital
setting in combat, but their use will have to await the results of clinical trials
in a civilian setting. At present, resuscitation in a combat prehospital setting is
primarily accomplished with Ringer’s lactate and the control of bleeding
where possible. Once the patient arrives in a casualty-collecting point,
MASH, or combat support hospital, resuscitation is done much as in a civilian
setting. The exception may lie in the personnel who perform the resuscitation.

Although surgical approaches to the control of bleeding are similar for
civilian and war injuries, major differences exist in the way in which various
wounds are handled. Soldiers often wear protective headgear, and the man-
agement of penetrating injuries to the head almostalways includes obligatory
surgical exploration. Abdominal injuries are also treated with techniques dif-
ferent from the standard ones developed for civilian practice. A colon injury
would never be closed primarily; colostomy is mandatory. No attempts are
made to save the spleen. Vascular injuries must be approached differently in
a combat setting because arteriograms and other diagnostic modalities are
usually unavailable. Thus proximity injuries would be explored. and although
synthetic grafts have been used in civilian practice, autologous tissue would
be used in a war zone. A major difference in the operative management of
trauma in a war zone as opposed to the civilian setting has to do with injuries
involving soft tissue. In a war zone, soft-tissue injuries must be debrided rel-
atively extensively in order to remove clothing and debris associated with the
battleficld. Antibiotics are routinely used, and the patient is always hospital-
ized for a period of observation and wound care.

It can be appreciated from the foregoing that a major difference between
military and civilian wound care is the lack of continuity of care surrounding
military surgery. A primary goal in treating battlefield casualties is to evacu-
ate them as soon as possible. Accordingly, the surgeon cannot follow the
patient’s postoperative care. Wound management must be standardized by
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protocol in order to minimize complications and mortality. As the patient is
evacuated to higher levels of care, there must be an explicit understanding of
how wounds have been managed at prior levels. If a surgeon in a forward
combat support hospital has performed a primary closure of the colon in a
patient who develops a fever on the fourth or fifth postinjury day at an evacu-
ation hospital, it might not be appreciated that the patient had surgery, thus
setting the stage for an adverse outcome. Protocols are also necessary for
wound debridement, irrigation, and antibiotic treatment. In a theater of war it
is often impossible to maintain the complete antibiotic armementarium that a
surgeon may have access to in civilian practice. Although it is not difficult to
appreciate these relatively minor differences in operative care, it seems that
they must be learned by the surgeons first entering combat at the start of every
new conflict.

UNIQUE FEATURES OF MILITARY SURGERY

One of the unique features of surgery in war is the number of patients that can
arrive simultaneously at a treatment center. Following a firefight or forward
action, the casualty rate may be as high as 30 percent. Depending on the num-
ber of combat units involved, it can be appreciated that this may temporarily
overwhelm the nearest medical facilities. Triage becomes critical. Optimally.
the casualties should be distributed to multiple medical units, but this may be
impossible because of geography, the battlefield situation, and resources for
evacuation. Triage at the medical center becomes equally critical, since
patients whose lives are most at risk may often wait hours for lifesaving
surgery. It makes no sense to spend an inordinate amount of time trying to
salvage one individual when 10 others could be saved with shorter procedures
or more simple lifesaving surgery.

Another feature unique to combat surgery is the mobility of forward med-
ical units. This was particularly appreciated in Operation Desert Storm, in
which armor and mobile cavalry units moved more than 100 miles a day.
Having medical resources keep up with these units poses incredible logistic
problems. A MASH or combat support hospital takes time to move.
Moreover, in modern conflict the enemy must be assumed to have surface-to-
air missiles, which makes the evacuation of casualties by helicopter impossi-
ble. Because of the need for mobility, plans are already being made to have
fast-forward surgical teams accompany the lead troops and provide lifesaving
surgery in a war zone.

Surgery under combat conditions is often austere. It is impossible to pro-
vide all of the modern diagnostic equipment and supplies found in a civilian
trauma center. The surgeon may not have a wide choice of antibiotics or
suture materials. It may be impossible to provide air conditioning in the oper-
ating room or f'or patients in recovery and intensive care units. Nevertheless,
despite these austere conditions, it is possible to deliver surgical care of a
quality essentially equal to that in any modern civilian hospital.

Evacuation of casualties may be the most unique feature of combat surgery.
It is often difficult for the surgeon to understand why a critically injured
patient must be transferred postoperatively to a higher-level care center. The
purpose of far-forward surgical units is simply to provide lifesaving surgery.
After this has been accomplished, it is in the best interest of the wounded sol-
dier to be evacuated to a higher-level care facility away from the battlefield.
Often, it is difficult to precisely determine the best time for the evacuation.
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The military tactical situation, nature of the patient’s wounds, anticipation of
new casualties, and overextension of resources are all part of the equation in
deciding an evacuation time. In general, patients in a forward area should be
held there for no longer than 24 to 36 hours postoperatively, and approxi-
mately 40 percent of bed capacity should be kept open for anticipated new
casualties.

Another feature of surgery during wartime is the environment. Wars are
frequently fought in environmentally hostile areas. The problem can be com-
pounded by persistent rain, snow, mud, or tropical heat. Desert warfare cre-
ates unusual problems that may influence resuscitation, as well as additional
needs for fluid in the postinjury period. The cleanliness and tidiness of a large
university hospital are not achievable in a tent or combat support hospital.

Some wounds are obviously unique to surgery during war. Fragments and
high-velocity missiles cause most such wounds. The locations of wounds are
quite different than those seen in civilian trauma care. Blast injuries from air-
bursts or in confined spaces will produce pulmonary injuries. Underwater
explosions cause their own type of injury to hollow intra-abdominal viscera.
Mixtures of fuel and air produce a combination of blast and burn injuries and
hypoxia. Thermal burns are inevitable in a setting in which fuels and high
explosives are universally employed. Most conflicts causea 10 to 11 percent
burn rate among all casualties. Penetrating injuries may result not only from
high-velocity missiles, but also from peculiarly shaped fléchettes or cluster-
bomb fragments specifically designed to cause maximum tissue damage.
Inhalation injuries may be secondary to the combustion of ammunition, vari-
ous plastics, or rocket fuel. Aerosols of metal fragments are used to cloud
electromagnetic transmissions, and if inhaled cause pulmonary damage. The
increasing use of directed-energy beams such as laser beams, charged-particle
beams, and high-powered microwaves is certain to lead to new and unique
injuries in conflicts of the future. Finally, there are the problems of nuclear,
biologic, and chemical warfare. These three potential causes of injury empha-
size the need for reserve surgeons to have appropriate training and preparation
prior to combat duty.

TERRORISM

Military surgery and civilian trauma surgery now face a common problem:
terrorism. The bombing of the Marine barracks and the two terrorist bombings
of U.S. military facilities in Saudi Arabia show the vulnerability of our troops
to terrorist activities. How realistic is the threat of terrorist activity in the
United States? Between 1980 and 1990 there were 12,216 bombing incidents
in the United States. The majority of these were pipe bombs. In 1990 alone
there were 1582 bomb incidents (53 percent were pipe bombs). There were
222 injuries in 1990 and 27 deaths. The trend over this 10-year period was for
bomb incidents to increase each year. More recently, powerful explosive
devices have been constructed with seemingly mundane materials and
exploded in public buildings. This is illustrated by the massive destruction
following the detonation of a 1800-kg ammonium nitrite (fertilizer) and diesel
fuel bomb in Oklahoma City in 1995, which killed 167 individuals and
destroyed the 9-story Alfred P. Murrah Federal Building. That explosion. plus
the one in the World Trade Center in 1993, make large bombs not only a threat
but also a reality. Finally, the terrorist attacks of September 11, 2001 on the
Pentagon and the World Trade Center demonstrated how far we have to go
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before we are ready to deal with a large number of trauma patients in a very
short time period in the civilian sector.

Since terrorist organizations operate outside of the law, they are not
restricted in their choice of weapons or targets. Conventional weapons and
explosives are the most commonly used. However, weapons systems that uti-
lize radioactive, chemical. and biological components can and have been
used. A vivid example occurred when the Aum Shinrikyo cult in Japan used
sarin nerve gas in the subway system of Tokyo (see below). It is now evident
that both military and civilian surgeons must be prepared to deal with con-
ventional weapons as well as nuclear, biological, and chemical weapons.
Military units are not immune to terrorist activities such as those that occurred
in Beirut, Lebanon and a military housing facility in Saudi Arabia.

The threat of terrorism from biological weapons is already a reality. One
incident occurred in September 1984, when 750 people became sick after eat-
ing in restaurants in The Dalles, Oregon. A member of the cult founded by the
Bahgwan Shree Rajneesh had spread Sa/monella bacteria on salad bars in four
local restaurants in an attempt to disrupt the electoral process in eastern
Oregon. There are other examples of biological weapons being confiscated in
other parts of the United States. The intent was to use these agents in terrorist
activities.

One of the most serious examples of the threat posed by chemical terror-
ism occurred in Japan. In June of 1994, the Aum Shinrikyo cult either acci-
dentally or intentionally released sarin gas in the community of Matsumoto.
leading to several deaths and 200 casualties. This was followed in March of
1995 by a widespread attack on the Tokyo subway system. Sarin gas was
placed in five subway cars on three separate lines. The attack was planned
for the early morning rush hour and coordinated to occur beneath the
Japanese National Government Office buildings. Twelve people were killed
and there were 5500 casualties related to this single attack. The cult had also
purchased a Russian helicopter with the intent using it for aerial spraying of
nerve gas. The chemical and biological weapons available are summarized
in Tables 48-1 and 48-2.

Injuries caused by explosives can be divided into primary, secondary, ter-
tiary, and miscellaneous blast injury. Often casualties will sustain a mixed
type of injury, although secondary blast injury usually predominates. Most
terrorist bombings generate low mortality rates. although there are several
notable exceptions. Frykberg and Tepas provided an excellent overview of the
injuries sustained by a group of 3357 casualties from 220 explosions. Of the
2934 immediate survivors, 881 (30 percent) were hospitalized and only 40
deaths (1.4 percent) were noted in this group. Soft-tissue (55.4 percent), head
(31.4 percent), and bony extremity (10.9 percent) injury predominated. The
majority of operations were performed for soft-tissue (67.0 percent) and
skeletal (17.5 percent) injuries. Despite the preponderance of injury to and
operation for soft-tissue and skeletal injury. no mortality was observed in
patients with injury confined to these areas. Mortality was highest in those
casualties with abdominal (19.0 percent) and chest injury (15.1 percent).
Because of the high percentage of casualties with minor injuries, one of the
major challenges for medical personnel will be the rapid identification of the
small number of patients who are severely injured.

The risk of terrorism has increased worldwide and the United States is not
immune from these acts, committed by both internal and external perpetra-
tors. Most disaster plans anticipate a large number of casualties from natural



TABLE 48-1 Chemical Agents

Class Examples Mechanism Symptoms Treatment
Nerve agents Tabun (GA) Inhibition of Weakness Atropine
Sarin (GR) acetyicholinesterase Salivation 2-PAM
Soman (GD) Miosis
VX Paralysis
Hypoxia
Vessicants Mustard (HD) Alkalation Eye inflammation
Decontamination
(blister agents) Nitrogen mustards Upper respiratory tract irritation
(HN1, HN2, HN3) Skin blisters
Choking agents Phosgene Variable Tearing Supportive
Diphosgene Coughing
Dyspnea
Pulmonary edema
Cyanide (blood) agents Hydrogen cyanide (AC) Form stable complexes with  Hypoxia Nitrites

Cyanogen halides
(i.e., cyanogen chloride, CK)
Incapacitating agents Quinuclidinyl benzilate
Cannabinols
Barbiturates

metalloporphyrins

Variable

Central nervous system
alterations

Physostigmine

2-PAM, 2-pyridine aldoxime methochloride
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TABLE 48-2 Biological Agents

Agent Class Transmission Symptoms Treatment
Anthrax (Bacillus Bacteria Inhalation of Dyspnea Vaccination
anthracis) bacillus or spores Cyanosis Antibiotics

Pumonary edema
Respiratory failure
Bubonic plague Bacteria Fleas Fever Vaccination
(Yersinia pestis) Delirium Antibiotics
Cutaneous lesions
Salmonella spp. Bacteria Ingestion Gastrointestinal symptoms Antibiotics
Fever
Botulinum toxin Bacterial neurotoxin Inhalation Paralysis Supportive
(Clostridium botulinum) Contact (skin or wound)
Gas gangrene Bacteria Wound infection Necrotizing soft- Antibiotics

(Clostridium perfringens) tissue infection Surgical debridement
Fever
Ebola Virus (Filoviridae) Body fluids Fever Supportive
Hemorrhage No specific treatment
Convulsions
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disasters such as earthquakes, transportation accidents, and even large indus-
trial explosions and fires. We believe it is prudent to now include disaster
medical care planning for blast as well as nuclear, biological, and chemical
(NBC) attacks.

Secondary and tertiary blast injuries should not require changes in our cur-
rent disaster plans, other than preparing for the possibility of being over-
whelmed with the sheer numbers of patients involved in the blast. However,
surgeons and other health care providers do not commonly see primary blast
injuries. The unique damage to air-containing organs and the risk of air
embolism need to be incorporated into our educational programs for physi-
cians, nurses, and prehospital personnel.

Casualties from NBC terrorism will challenge our disaster medical plans
and health professionals to the extreme. Not only will the large number of
casualties be potentially overwhelming, there is the added risk of contamina-
tion from the patients and the environment. Protective devices are available to
minimize contamination of health care providers. Mission-oriented protective
posture (MOPP) gear is available for military use and, in theory, civilian use.
MOPP is indispensable for protection against chemical vapors and also pro-
vides protection for biological aerosols. It is even somewhat protective
against nuclear fallout. Surgical masks and cloth collectors can filter particles
smaller than one-tenth of a micron, thus reliably providing fairly effective
protection against a biological terrorist attack.

For surgeons, nurses, or paramedics working in the actual disaster area,
some type of protective clothing will be necessary. Unfortunately, studies by
the military have shown that claustrophobia, difficulties with breathing appa-
ratus, overheating, dehydration, failure to recognize danger, and anxiety com-
monly occur in this type of setting. In studies of simulated chemical and
biological warfare environments, between 4 and 10 percentof participants ter-
minated the exercise because of psychological symptoms (predominantly
claustrophobia, anxiety, or panic). These studies have profound implications
for the civilian sector, where minimal (if any) training is conducted in the
delivery of emergency health care utilizing protective clothing. Inability of
care providers to tolerate prolonged periods within protective clothing will
only resultin secondary casualties among the health care workers secondary
to patient contamination.

The other component of NBC terrorism that has to be incorporated into dis-
aster medical care is detection of the various agents. Gas chromatography and
other types of chemical detectors are fairly sensitive and specific for chemical
agents. Detectors for biological agents are available, and the recent develop-
ment of polymerase chain reaction (PCR) technology has increased sensitiv-
ity. The downside is that the process takes a long time to perform and the
apparatus is quite elaborate. Enzyme-linked immunosorbent assay (ELISA)
and mass spectrometry are more practical, the equipment needed is relatively
small, and it can be produced at low cost. Measurement of radioactivity is
easy and cheap.

Although the first priority at the disaster scene or in a triage area would be
detection, the second priority is decontamination and maintaining the safety
of those individuals doing the decontamination. Very few disaster plans
include a comprehensive decontamination component. This decontamination
would require large quantities of water, the ability to apply it to the casualty,
and a means of disposing of contaminated waste water and clothing. If the
health care workers doing the triage are not wearing MOPP gear, it will be
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unsafe for them to render lifesaving resuscitation until the patient has been
decontaminated.

After triage detection and decontamination have taken place, the patient
would be admitted to an acute care facility, and treatment appropriate for the
cause of injury would commence. It is imperative that treatment protocols for
blast, nuclear, biological, and chemical injuries be incorporated into the dis-
aster medical plan. Physicians and nurses who have never treated such casu-
alties must have a reference easily available, not only to assist in diagnosis,
but to aid in the choice of appropriate treatment.
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49 Principles of Critical Care

The term critical care pertains to care given as part of the crisis or turning
point of a disease or injury. While initial operative management of traumatic
injury has historically been regarded as the live-or-die turning point. this lit-
eral definition reflects the contemporary importance of postoperative man-
agement of the trauma patient. Critical care may be defined loosely as the
process of high-frequency physiologic monitoring coupled with short-
response-time pharmacologic, ventilatory, and procedural interventions. This
activity is designed to reestablish normal homeostasis and minimize compli-
cations of primary, secondary, and iatrogenic injury. Surgical critical care is
inherently different from medical intensive care in that surgical patients. and
particularly trauma patients. require intensive care as the result of an acute
surgical intervention or injury, and not as part of the (often inexorable) pro-
gression or exacerbation of chronic disease. This fundamental difference
affects a multitude of patient management practices and decisions.

The inherent integration between surgical critical care and the management
of severe traumatic injury is reflected by the organization and contents of this
manual in that numerous elements of critical care are discussed in the context
of the management of specific injuries. This chapter will focus on elements of
critical care essential to the management of the acutely injured patient and
briefly review some of the more recent developments in the management of
specific organ-system dysfunction.

DISEASE SEVERITY SCORING IN THE INTENSIVE CARE UNIT

A number of scoring systems for critically ill patients have been developed.
Of these, the APACHE scoring system, introduced in 1981, is one of the most
widely used scoring systems, using indices of chronic illness as well as acute
physiologic measures. APACHE II (1985) was an attempt to trim the number
of variables, focusing on those with higher predictive powers. The APACHE
II system, with scores ranging from O (least ill) to 71 (most ill), was subse-
quently evaluated using hospital deaths in over 5000 patients in 13 centers.
APACHE II was less effective in predicting mortality in surgical patients, in
moderate risk patients, and for specific subgroups such as patients with sepsis
and major trauma.

APACHE III (1991) was created to further refine the ability of this scor-
ing system to assess ICU patients. The wide distribution and validation of
this version, however, has been limited because of the proprietary nature of
the product, with the statistical analysis and weights not in the public
domain.

Other critical illness severity scoring systems include: the Therapeutic
Intervention Scoring System (TISS). which assigns point values to therapeu-
tic interventions rather than physiologic abnormalities like APACHE; the
Simplified Acute Physiology Score (SAPS II), based on a logistical model
that includes 17 total ICU variables: and the mortality probability model
(MPM II). also based on a logistical model, but providing a prediction of mor-
tality at various times following ICU admission.

In addition to general models for the prediction of ICU mortality, several
investigators have proposed scaled scores of specific organ dysfunction in
order to grade and compare the severity. Sauia and coworkers (1994) updated
their previously proposed postinjury multiple-organ failure score (Denver
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MOF Score). Another organ dysfunction score reflecting lung dysfunction
was developed by Murray, and is used widely in clinical research studies as a
means for quantifying the severity of acute lung injury and acute respiratory
distress syndrome (ARDS).

PHYSIOLOGIC MONITORING IN THE INTENSIVE CARE UNIT

Monitoring, for purposes of the early detection of organ system deterioration,
is an essential component of critical care. Most ICU-specific monitoring
involvesinvasive hemodynamic monitoring, ventilatory monitoring, intracra-
nial dynamic monitoring, and surveillance for ICU infections.

Hemodynamic Monitoring

Hemodynamic monitoring is directed at assessing the results of resuscitation
and maintaining adequate tissue and organ perfusion. It is generally recog-
nized that we continue to lack reliable, direct measures of tissue perfusion,
and must rely on more global physiologic measurements that may or may not
accurately reflect events at the tissue level. Most routine hemodynamic mon-
itoring in the ICU is performed using indwelling vascular catheters: arterial
lines, central venous pressure lines, and pulmonary artery lines.

While central venous pressure (CVP) lines are useful in assessing intravas-
cular volume in the majority of trauma patients, the utility of CVP pressures
decreases in the setting of left heart disease or failure, and severe acute lung
injury. Modified pulmonary artery catheters now allow both continuous car-
diac output monitoring, and assessment of right heart ejection fraction and the
secondary calculation of right ventricle end-diastolic filling volume, which
provides a more accurate measure of potential preload-recruitable increases in
cardiac index, as well as assessment of right heart failure.

The arterial base deficit (BD) is a value calculated using the Henderson-
Hasselbalch relationship between pH, Paco, and serum bicarbonate that rep-
resents the stoichiometric equivalent of base that has to be added to the pH to
return the patient to a normal pH of 7.40. Arterial BD is routinely calculated
by blood gas analyzers and provides perhaps the best accessible metabolic
indicator of shock states in the setting of major hemorrhage. It hasbeen shown
to be superior, as an indicator of hemorrhagic shock, to other parameters such
as blood pressure, pulse, and urine output. In the setting of major hemorrhage,
normalizing BD should be a primary goal of resuscitation in the operating
room or ICU. BD is a nonspecific indicator of metabolic acidosis, however,
and levels may be elevated with ethanol, cocaine, and methamphetamine
ingestion, as well as seizures.

Transesophageal echocardiography (TEE) has been used for a number of
years as an intraoperative monitor for high-risk cardiovascular patients. Its
use as a potential monitoring device in the ICU has been limited by expense
and lack of available expertise and well-defined indications, but it has been
used successfully in some centers in lieu of the pulmonary artery catheter for
the acute assessment of cardiac function.

Monitoring of Mechanical Ventilation

The principal focus of a great deal of critical care is the management and
monitoring of mechanical ventilation. Ventilatory monitoring involves five
areas: (1) gas exchange (the level of arterial oxygenation and the ability of
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the lungs to oxygenate the blood); (2) ventilation (the ability of the lungs to
exchange CO,), (3) lung mechanics (the elastic and resistive properties of the
lungs); (4) inspiratory/expiratory pressures (the degree of positive pressure
applied to the lungs during mechanical ventilation); and (5) the ventilatory
capacity of the patient. Ventilatory and hemodynamic monitoring are inextri-
cably linked due to the ability of transmitted mean intrathoracic pressures to
impair cardiac output and the effect of cardiac output on deadspace ratios,
shunt fraction, and arterial oxygenation.

Arterial oxygen tension (Pa0,) and continuous oximetric saturation provide
the most readily available assessment of oxygenation, but do not provide
information relative to the oxygen concentration being administered. Other
measures of gas exchange include the alveolar arterial oxygen gradient, the
(calculated) intrapulmonary shunt fraction, and the ratio between the Pao, and
F10,. Arterial CO, tension remains the most accurate means of assessing ven-
tilation. Continuous on-line determination of the end-expiratory PCO is also
being used increasingly as an indirect reflection of Paco,. The accuracy of
end-tidal Pco, over time depends on a constant alveolar-arterial CO, gradient.
This gradient is known to vary considerably with cardiac output, deadspace
ratios, airway resistance, and metabolic rate. As a result, longer-term ETCO,
monitoring in patients with more severe cardiac or pulmonary insufficiency is
notrecommended.

The mechanical properties of the airways and lungs are static and dynamic
compliance. Compliance, the change in volume produced by a given change
in pressure, is typically calculated from measured intratracheal (or ventilator
circuit) pressures, and includes both lung and chest wall compliance.
Compliance may be calculated based on peak inspiratory pressures (PIP) and
incorporate any tube, airway, or bronchial resistance (dynamic compliance),
or on the basis of inspiratory hold pressures (static compliance). Compliance
is nonlinear and is increased at very low and very high lung volumes. The nor-
mal compliance of the lung and the chest wall (static) is approximately 100
mL/cm H,O. Compliance is an important indicator of other disease states and
is often a reflection of intra-alveolar injury.

GENERAL MANAGEMENT OF MECHANICAL VENTILATION

Acute respiratory failure constitutes the most common indication for admis-
sion to many surgical critical care units, and is a common sequela of ma jor
injury. Principal indications for endotracheal intubation and mechanical ven-
tilation include the following:

. Airway control and maintenance

Need for mechanically augmented ventilation

Need to improve oxygenation via increased F10, or positive end-
expiratory pressure (PEEP)

Need to tightly control Pao, and Paco, for traumatic brain injuries
Prophylactic intubation for shock, neurologic injuries, inhalation
injuries, etc

=

w s

Ventilatory Modes

The principal physiologic effect produced by mechanical ventilation is related
to positive versus negative airway pressures, as is the case during spontaneous
ventilation. Positive pressure has a number of salutary effects on gas
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exchange produced mainly by the recruitment of marginal alveolar air spaces,
increasing functional residual capacity, improving ventilation-perfusion
matching, and decreasing intrapulmonary shunt. Adverse effects of positive
pressure relate to its ability to produce barotrauma and ventilator-induced
lung injury through the use of either excessive inflation volumes or inflation
pressures, and the potential for impairment of cardiac output produced by
increases in mean intrathoracic pressure. In general, some degree of both salu-
tary and adverse effects of mechanical ventilation are common to all modes of
mechanical ventilation since they all utilize, to varying degrees, positive
insufflation pressures. The most common ventilatory modes and techniques
and their descriptions are shown in Table 49-1.

TABLE 49-1 Common Modes of Mechanical Ventilation
Ventilatory mode or technique Description

Assist control (AC) Volume-controlled mode with preset V, and mini-
mum rate. Cycles may be triggered by patient
with delivery of full TV. Not appropriate as a
weaning mode.
Intermittent mandatory Similar to AC, with minimum preset rate.
ventilation (IMV) Additional machine cycles are not triggered by
patient, but spontaneous breathing, subject to
set EEP, is allowed between machine cyles.
May be used as a weaning mode. Synchronous
mode (SIMV) used to avoid breath “stacking.”
Pressure support Pressure-limited, pressure-triggered by patient,
ventilation (PSV) without preset rate of TV. Allows machine-
augmented spontaneous ventilation. Used
commonly as a weaning mode. May be used
with SIMV. Rate is entirely patient-derived.
Time-cycled pressure Pressured controlled/limited, time-cycled with
control (PCV) minimal preset rate. Used commonly with
inverse ratio (inspiratory time > expiratory time)
ventilation. Used frequently in the setting of
acute lung injury. Not appropriate for weaning.
Airway pressure release Pressure-controlled/limited, time-cycled. Allows
ventilation (APRV) spontaneous breathing, but releases ambient
airway pressure, lowering lung volume and
limiting barotrauma.
Inverse ratio Technique whereby normal inspiratory: expira-
ventilation (IRV) tory (l:E) ratios of between 1:2 and 1:1.2 are
reversed, prolonging the inspiratory phase.
Depending on respiratory rate, this may result
in the establishment of intrinsic (auto) PEEP,
caused by air trapped in constricted (ARDS-
injured) airways. This controlled air trapping
may improve oxygenation by increasing FRC
and decreasing intrapulmonary shunt.
Permissive hypercapnea Technique whereby low tidal volumes =+ lower
ventilatory rates are used in order to limit
volutrauma and ventifatory-induced lung injury.
Paco, may increase to >60-70 mm Hg with pH
limited to =7.2.

ARDS, acute respiratory distress syndrome; EEP, end-expiratory pressure;
FRC, functional residual capacity; PEEP, positive end-expiratory pressure;
TV, tidal volume; V,, total ventilation.
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Ventilator-Induced Lung Injury

It has become increasingly recognized that the process of positive pressure
insufflation of the lungs may. in the setting of ARDS and decreased compli-
ance, produce a secondary injury. This so-called ventilator-induced lung
injury may further contribute and prolong the inflammatory injury to the lung
by overdistention of injured airspaces. Overt barotrauma with spontaneous
pneumothorax is the most obvious result of this process, but many now
believe that the inflammatory injury may also be amplified by high tidal vol-
ume volutrauma to the lung, based on a series of recent comparative studies
of high versus low tidal volume.

Limiting airway pressures and/or tidal volume, while straightforward from
a ventilator standpoint, often produces secondary hypercapnea and corre-
sponding acidosis. The practice of allowing this to occur in the setting of acute
lung injury and low tidal volume ventilation is called permissive hypercapnea.
The acidosis produced may be countered a variety of ways, assuming that
there is incomplete renal compensation.

Weaning from Mechanical Ventilation

One of the primary and unique functions of a critical care team, and one that
often occupies considerable time and effort, is the management of weaning
from mechanical ventilation. Ventilator weaning is the transition process by
which the patient, as opposed to the mechanical ventilator, assumes the func-
tion of the ventilatory pump—moving air into and out of the lungs. The
process is typically gradual, and may or may not incorporate a directed pro-
gram of respiratory muscle strength and endurance conditioning. Weaning
should not be equated with extubation, although there is frequently a strong
temporal association in the course of critical illness. Ventilator weaning may
be complex and require the careful analysis of a variety of conditions and fac-
tors pertaining to the function of other organ systems.

The group of patients that require prolonged, directed efforts at weaning
from mechanical ventilation are those with longer-term or permanent
decreases in ventilatory work or ventilatory capacity. This group might
include patients with high spinal cord injury, those with post-ARDS pul-
monary fibrosis, and elderly patients recovering from prolonged respiratory
failure or malnutrition. In many cases, this patient population is distin-
guished by their need for some sort of respiratory muscle strength condi-
tioning to compensate for chronically increased ventilatory work or
decreased capacity.

Under normal circumstances, it is thought that the ratio of resting venti-
latory reserve compared to normal ventilatory work is approximately 10:1,
creating a large margin of safety in most patients. Ventilatory failure, a
failure of the ventilatory pump, occurs when this safety margin is over-
come and ventilatory capacity is exceeded by the work requirements. In
analyzing the treatable causes of ventilatory failure as part of the weaning
process, it is useful to separate the various causes into those acting to
increase ventilatory work and those acting to reduce ventilatory capacity
(Table 49-2). Efforts at ventilatory weaning should be directed at reversing
or decreasing injury and iatrogenically related increases in work of breath-
ing, and instituting measures that will improve the patient’s ventilatory
capacity.



TABLE 49-2 Factors Pertaining to Ventilatory Capacity and Work of Breathing

Decreased ventilatory capacity

Cause

Treatment

Malnutrition
Metabolic derangements:

PO, Mg**, Ca**, etc
Cardiac insufficiency

Spinal cord injury

Chest wall injury,
thoracotomy incision/pain
Abdominal injury/laparotomy

Critical illness polyneuropathy

Decreased muscle
strength/atrophy

Functional limitation:
fear/anxiety, lack of motivation,
lack of understanding

Chronic respiratory muscle weakness caused
by protein-calorie insufficiency and catabolism
Typically associated with hyperalimentation
and inadequate replacement

Underlying disease, myocardial infarction,
blunt myocardial injury

Primary injury

Dysfunctional respiratory patterns caused

by pain, splinting or mechanical instability

of the chest wall

Dyssynchronous respiratory pattern associated
with laparotomy =+ opiate agents

May be associated with prolonged use of
paralytic agents and steroids. Nonspecific

Nonspecific. Disuse atrophy associated with
prolonged mechanical ventilation, prolonged
critical illness, prolonged catabolic state

Lack of understanding process and goals.
Poor tolerance of decreased tidal volumes/rate

Establish anabolic state. Ensure adequate nutrition.
Recovery may be prolonged. [anabolic steroids]
Replenishment. Adjustment of hyper/enteral
alimentation. Evaluate other causes

Establish diagnosis and appropriate monitoring to
evaluate function and volume status. Treat under-
lying cause of myocardial insufficiency. May require
inotropic agents

Abdominal binding to improve function and tussive
capacity. Upright posture. Establish program for
respiratory muscle conditioning

Directed analgesia: epidural opiates + bypivacaine
or other methods. [surgical stabilization of chest
wall in selected cases]

Pain control. Ambulation (if possible). Early respira-
tory muscle exercise (e.g., incentive spirometry)
Confirm diagnosis and exclude other causes.
Limit/discontinue use of paralytic agents +
steroids. Establish program for respiratory muscle
conditioning. Expectant.

Exclude other causes. Treat other reversible
causes of decreased ventilatory capacity or
increase WOB. Early establishment of program for
respiratory muscle conditioning.

Reassurance, encouragement, “coaching,”

careful use of anxiolytics. Use of different weaning
ventilatory modes
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TABLE 49-2 continued

Increased ventilatory work

Cause

Treatment

Decreased pulmonary and
chest wall compliance

Decreased abdominal compliance

Increased airway resistance

Increased minute volume
requirements: increases in
physiologic/anatomic deadspace.
Increased minute volume
requirements: CO, production,
metabolic acidosis

Surfactant depletion/sepsis/ARDS, chronic/acute
pulmonary fibrosis, endobronchial hemorrhage,
massive fluid resuscitation and chest wall edema,
high FRC ventilation/overdistention
lleus/abdominal distention, intra-abdominal
compartment syndrome (IACS), ascites
Endotracheal tube size/obstruction/narrowing.
Bronchospasm, bronchial mucus plugging

Acute lung injury, barotrauma, emphysema,
decreased cardiac output, excessive breathing
circuit deadspace

Infection, SIRS, high carbohydrate substrates,
excessive hyper or enteralimentation

Restrict high pressure/volume ventilation. Assess
PEEP/TV compliance grid. Active or passive diuresis
NG decompression. Restriction of enteral alimenta-
tion temporarily. Diagnose and treat. IACS,
fluid/salt restriction, diuresis as needed

Consider up-sizing ETT. Wean with pressure sup-
port sufficient to overcome tube resistance.
Bronchodilators as needed. Suctioning and
mucolytic agents as needed. [bronchoscopy]
Restrict high pressure/volume ventilation. Treat.
myocardial dysfunction as above. [tracheostomy]

Diagnose infection. Pyrolytics. Alter nutritional
substrate to higher lipid content. Adjust
hyper/enteral alimentation.

ARDS, acute respiratory distress syndrome; ETT, endotracheal tube; FRC, functional residual capacity; NG, nasogastric; PEEP, positive end-
expiratory pressure; SIRS, systemic inflammatory response syndrome; TV, tidal volume; WOB, work of breathing.
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The Weaning Process

A weaning method consists of the application of a specific ventilatory mode
with the goal of reduction and eventual removal of mechanical ventilatory
support. A weaning ventilatory mode is typically one that allows stepwise
decrements in the amount of machine support of the work of breathing (e.g..
intermittent mandatory ventilation [IM V], pressure support ventilation [PSV],
or a combination). The mode of ventilation used for the weaning process is
probably less critical than the method used.

The critical distinction between weaning methods is those that incorporate
a conditioning regimen for respiratory musculature and those that do not.
Ventilatory reconditioning programs should involve the common elements of
periods of vigorous muscle work, separated by periods of complete ventila-
tory muscle rest. Ventilatory rest may be accomplished by the use of several
modes, but is most easily accomplished through the use of assist control with
a rate set just slightly lower than the patient’s demand rate. This approach of
periodic ventilatory reconditioning exercises separated by rest periods has
been associated with faster ventilator weaning in controlled trials.

Decisions regarding the specific method, mode, and initial settings may be
individualized and incorporated into a formal weaning protocol for difficult
patients. The use of such protocols for ventilator weaning has been associ-
ated with reduced ventilator days and reduced ICU costs. A general
approach to ventilator weaning involving reconditioning is shown as a pro-
tocol in Fig. 49-1.

Weaning Versus Extubation

A clear distinction should be made between weaning from mechanical venti-
lation (stepwise reduction in machine-related ventilatory work) and actual
removal of the endotracheal tube (extubation). In most circumstances, the
weaning process should begin as soon as actual or anticipated organ system
instability has resolved. High Fi0, requirements or low compliance should not
necessarily constitute a contraindication to begin the weaning process, partic-
ularly for patients with longer-term decreases in ventilatory capacity or
increases in ventilatory work.

Factors entering into the decision to discontinue endotracheal intubation. in
addition to increasing ventilatory capacity and decreased demands, include
tussive capacity, the extent of mucous secretions, and anticipated organ-sys-
tem stability (Table 49-3).

Analgesia and Conscious Sedation

During the last decade, there has been a fundamental change in the perception
of the role of pain and anxiety in the outcome of critically ill patients. These
patients have historically been perceived as being at risk primarily from the
adverse effects associated with treatment. More recently, the contribution of
pain and anxiety to morbidity and possibly even mortality is better appreci-
ated, particularly in the ICU. The development of improved analgesic and
sedative agents, and the expanding use of regional anesthetic techniques have
led to greater efforts to develop uniform approaches to the management of
conscious sedation and postinjury pain. Consensus recommendations to guide
analgesic and sedative therapy in the ICU are available. It is now recognized
that analgesia and sedation are important components of quality critical care.
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Candidate for ventilatory No Continue full mechanical
reconditioning? 2> ventilatory support
¥ Yes
Reversible causes of increased )
ventilatory work or decreased No See Table 49-3 and begin
capacity being treated? 2> Lreatmehit
¥ Yes
Assessment of ventilatory
capacity and ventilatory work
¥ OK
Estimate ventilator settings that Typically start with ~60-80% of
will permit periods of full ventilator support using IMV
reconditioning exercise not to (percentage of AC rate) or pressure
exceed 2-3 hours support (percentage of PIP on
¥ OK AC mode)
Begin daily or twice-daily periods Reconditioning “sprink&” may be
of reconditioning exercise with terminated for evidence of fatigue
COMPLETE REST in between (increased RR, decreased TV)
periods
¥ OK
: Yes Increase the level of ventilatory
ratertdeveaps Y| 33 | sipor by 10 a repea
exhaustion? exerdise. Allow_48 hours of
ventilatory rest if exhausted.
¥ No
Decrease level of ventilator OK Allow COMPLETE VENTILATORY
support by ~10% and repeat 2> REST in between exercise
exercise. periods and repeat process.

FIG. 49-1. Generalized example of ventilator weaning protocol. AC, assist
control; PIP, positive inspiratory pressure; IMV, intermittent mandatory ventila-
tion; RR, respiratory rate; TV, tidal volume.

Opioid agents (e.g., morphine, fentanyl) are mainstays in the treatment of
pain in the ICU. Recently, an executive panel has published recommendations
regarding preferred parenteral opioid agents in the treatment of pain in adult
ICU patients. This analysis, based on an exhaustive review of the literature,
supports the use of parenteral morphine, fentanyl, and hydromorphone as
agents of choice for the treatment of pain in the ICU.

In addition to pain, it is often necessary to treat anxiety arising from pro-
longed or uncomfortable ICU care. The benzodiazepines (midazolam,
lorazepam, and diazepam) have been the cornerstone of anxiolytic, amnestic,
and sedative therapy for adult ICU patients, but the introduction of propofol
has expanded the number of agents available for this indication. Recent rec-
ommendations suggest the use of propofol or midazolam for routine short-
term ICU sedation, and lorazepam for long-term sedation.

COMPLICATIONS OF CRITICAL CARE

A discussion of the wide variety of critical illness complications is beyond the
scope of this brief overview. Two of the most common ICU complications are
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TABLE 49-3 Suggested Criteria for Extubation

Extubation criteria Associated physiological parameters
(all must be met) or physical findings
Ability to maintain e Adequate laryngeal function
and protect airway ¢ Intact gag and swallowing reflexes
e Adequate leak around deflated endotracheal
tube balloon

¢ No evidence for cord/laryngeal edema

Exclusion of possible cord/laryngeal
function/edema by laryngoscopy as needed
Mental status commensurate w/airway protection
Fio, =.4 and adequate O, saturation (>97%)

No requirement for PEEP

Adequate independent ventilation

Minute ventilation <10-12 L/min

Respiratory rate <30-35

Maximum inspiratory flow >—30, PEEP ventila-
tory capacity >12-15 mL/kg

Toleration of minimal ventilator support of T-piece
without clinical evidence of ventilatory fatigue

Ability to maintain
adequate oxygenation

Ability to maintain
adequate ventilation

Ability to clear e Adequate tussive capacity (subjective)
secretions ¢ No significant impairment of mucocilliary function
e Secretions not excessive
e Postextubation tracheal suctioning not difficult
and suctioning requirements not excessive
No expected ¢ No developing major infection, sepsis, etc
deterioration in organ ¢ Adequate cardiac reserve
system function ¢ No anticipated deterioration in neurological, pul-
(reintubation not monary, or cardiac function
anticipated) * No short-term need for reoperation

ventilator-associated pneumonia (VAP) and central venous catheter (CVC)
infection.

VAP occurs frequently in patients with prolonged mechanical ventilation,
and is associated with a variety of factors and injuries, including

* Prolonged endotracheal intubation

» Nasogastric tubes

* The prolonged use of chemical paralytic agents

* Traumatic brain injury with immobility, upright position, and limited pul-
monary functioning

Use of H, blockers or proton pump inhibitors for the prevention of stress
gastritis

There is evidence that pneumonia may exacerbate multiple organ failure
and ARDS, and sepsis from pneumonic sources as a secondary factor might
also be expected to substantially worsen outcome. A number of approaches to
preventing VAP have been used over the years, including reestablishing nor-
mal gastric acidity, selective contamination of the GI tract, prophylactic use of
antibiotics, and the use of modified endotracheal tubes designed to allow sub-
glottic suctioning of fluid thought to contribute to VAP. Despite the apparent
efficacy of some of these methods in reducing the incidence of VAP, effects
on overall mortality have been more difficult to demonstrate.

In the United States, it is estimated that between 35,000 and 50,000 patients
are affected annually by CVC bacteremia, representing roughly 2 to 9 percent
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of all catheters. Some of the variability in incidence is related to a lack of a
consistent definition of catheter-related sepsis or catheter-related infection. A
CVC infection may be diagnosed on the basis of the presence of clinical sep-
sis, the presence of an indwelling CVC, and identical organisms isolated from
peripheral cultures and catheter tips. Factors that have been associated with or
causal to CVC infections include:

» Suboptimal aseptic line placement and site preparation
* Multiuse lines and multilumen catheters

* Polypropylene or PVC versus Silastic catheters

* Hyperalimentation lines

* Use of occlusive dressings

Antibiotic-impregnated cuffs or catheters

Duration of placement

Migratory skin colonization, hub colonization, contaminated insertion, and
bacteremic seeding are all mechanisms whereby organisms gain access to
indwelling catheters. Depending on patient population, ICU practices, sever-
ity of illness, and protocols for placement and maintenance of CVCs, variable
rates of infection and different sites of colonization have been reported. This
inherent heterogeneity has acted to perpetuate the substantial confusion that
exists in many critical care units with respect to developing optimal manage-
ment protocols for CVCs.

The question of prophylactic rotation of CVC sites with or without changes
over a guidewire has yet to be definitively resolved. The conventional routine
of frequent (every 3 days) rotation of sites has given way to a more selective
approach involving CVC change over a guidewire, with site rotation based on
catheter tip culture results. Protocols governing the management of CVC
infections are helpful in standardizing and optimizing management, but must
be tailored to each individual ICU.

It is important to note that each individual intensive care unit will have
varying combinations of line insertion protocols, dressing change protocols,
catheter manipulation usage rates, patient demographics, and severity of ill-
ness, all of which interact to create unique CVC infection epidemiology in
each unit. The most rational approach to prevention of CVC infections should
typically begin with careful analysis of the standards and practices within a
given unit, catheter colonization rate data (if available), and the clinical inci-
dence of suspected and documented CVC-related sepsis.
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50 Bleeding and Coagulation
Problems

Important to the concept of rapid control of surgical bleeding is an under-
standing of the physiology of bleeding and coagulation complications. The
complex interactions between formed blood elements, plasma constituents
(Table 50-1), and the blood vessel wall act to prevent undue hemorrhage and
preserve vascular integrity while maintaining the fluid nature of blood.
Derangements of hemostasis during the acute resuscitation of the severely
injured trauma patient may contribute significantly to death. Prompt attention
to and correction of these factors is necessary if such patients are to be sal-
vaged. Moreover, disorders of natural anticoagulant systems that occur hours
or even days after the initial traumatic insult are important to consider. These
processes may lead to venous thromboembolic complications and serve as a
major cause of late morbidity and even mortality in the trauma patient.

PHYSIOLOGY OF HEMOSTASIS
Blood Vessel Contraction

Transection of small vessels is followed by intense spasm and resultant vaso-
constriction. Both catecholamines and thromboxane A, (TXA,) act to pro-
duce vasoconstriction and platelet aggregation. This results in a decrease in
the total number of platelets needed for plug formation, ultimately leading to
decreased bleeding.

Primary Hemostasis

Formation of the platelet plug is referred to as primary hemostasis. Exposure
of the subendothelium initiates primary hemostasis, with platelet adhesion,
aggregation, and plug formation occurring in the first few minutes after
injury. Subsequent consolidation and stabilization occur as the coagulation
cascade leads to fibrin formation and stabilization.

Secondary Hemostasis

The conversion of fibrinogen to fibrin, culminating in the formation of an
insoluble fibrin clot, constitutes secondary hemostasis. The mechanisms
involved in secondary hemostasis are complex and best described as a water-
fall effect or the coagulation cascade (Fig. 50-1). The extrinsic pathway and
the intrinsic pathway are critical in forming thrombin, fibrin monomers. and
ultimately a stable fibrin clot. A number of checks and balances are normally
present, which serve to control the process of coagulation and prevent mas-
sive thrombosis. These include blood flow, circulating protease inhibitors,
and some proteolytic enzymes which have antithrombotic properties.

Fibrinolysis

Tissue plasminogen activator (tPA), released from endothelial cells adjacent
to a thrombus, converts plasminogen to plasmin, the most potent fibrinolytic
protein in the body (Fig. 50-2). Venous stasis, exercise, and thrombin may
also lead to the release of tPA. Pharmacologic agents such as urokinase (UK)
and streptokinase (SK) also convert plasminogen to plasmin, which actively
degrades both fibrinogen and [ibrin at the sites of deposition. The result is the
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TABLE 50-1 Human Clotting Factors

Name Synonym Pathway Levels Half-life
Factor | Fibrinogen Common 250 mg/dL 120 h
Factor 11 Prothrombin Common 100 pg/mL 72h
Factor V Proaccelerin Common 10 pg/mL 36 h
Factor VIl Proconvertin Extrinsic 1 pwg/ml 5h
Factor VIl Antihemophillic factor  Intrinsic 7 pg/mL 10 h
Factor IX  Christmas factor Intrinsic 4 pg/mL 24 h
Factor X Stuart-Prower factor Common 5 pg/mL 40 h
Factor XI  Plasma thromboplastin  Intrinsic 4 pg/mL 65 h
antecedent
Factor XII  Hageman factor Intrinsic 30 pg/mL 60 h
Factor XIII  Fibrin-stabilizing factor Common 10 pg/mL 150 h
Platelets Primary 225,000/mm®  8-11 days
hemostasis

Modified from Blaisdell FW: Bleeding, in Wilmore DW, Cheung LY, Harken
AH, Holcroft JW, Meakins JL, (eds): Scientific American Surgery. Copyright
1998 by Scientific American Inc. All rights reserved.

formation of fibrin degradation products, the smallest of which is termed the
D dimer. A number of nonplasmin fibrinolytic mechanisms are also present.
Protein C and cofactor protein S act to inactivate factors V and VIII, thus
inhibiting clotting. Both are produced in the liver. Antithrombin III binds to
thrombin in such a way that it prevents factors V and VIII. as well as platelets,
from being activated. Again, as a result, clotting is inhibited.

TESTS OF COAGULATION

The complex system of primary hemostasis, secondary hemostasis, and fibri-
nolysis cannot be completely assessed with any single test. Some of the criti-
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FIG. 50-1. Secondary hemostasis. (Reproduced, with permission, from
Thompson AR, Harker LA (eds): Manual of Hemostasis and Thrombosis, 3rd
ed. Philadelphia, FA Davis, 1983, p. 25.)
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TABLE 50-2 Common Tests of Coagulation

Test Normals Comments

Platelet count 150-400 K/mm?®  Quantitative test

Bleeding time 4-7 min Qualitative test of platelet func-
tion

Prothrombin time 11-14 sec Extrinsic and common pathways

Partial thromboplastin 22-30 sec Intrinsic and common pathways

time

Fibrinogen level 170-410 mg/dL  Quantitative test

Fibrin degradation <18 p.g/mL Nonspecifically detects fibrin

products degradation

D dimer <0.5 pg/mL More specific than fibrin degra-
dation products for pathologic
thrombolysis

cal tests available for modern coagulation assessment are summarized in
Table 50-2. Understanding the fundamental purpose of these tests is important
to the understanding of coagulation in general.

The most frequently used test of primary hemostasis is the bleeding time,
which measures the time to formation of the platelet plug. Tests of secondary
hemostasis include the prothrombin time (PT) and the partial thromboplastin
time (PTT). The PT measures the function of the extrinsic and common path-
ways of the coagulation cascade and is most sensitive to low levels of factors
VII (one of the vitamin K-dependent factors, along with factors II, IX, and X).
The PTT evaluates the intrinsic and common pathways of the coagulation cas-
cade. It can detect deficiencies of all coagulation factors except factors VII
and XIII.

There are a number of tests that measure the presence of fibrinogen degra-
dation products (FDP). These include the measurement of FDP, as well as the
more specific testing for the presence of D dimer, which is usually indicative
of lysis of stable, crosslinked fibrin, and does not react with derivatives origi-
nating from fibrinogen or uncrosslinked fibrin. As a result, the D dimer assay
may be a more reliable marker of pathologic thrombolysis.

Thrombus
Venous stasis
Exercise
Thrombin
Fibrinogen and fibrin
tPA
Plasminogen ——————p  Plasmin
UK
SK

Fibrin degradation products
D dimer

FIG. 50-2. Fibrinolysis. tPA, tissue plasminogen activator; SK, streptoki-
nase; UK, urokinase.



CHAPTER 50 / BLEEDING AND COAGULATION PROBLEMS 455

COMORBID COAGULATION DEFECTS

Studies have demonstrated that preexisting disease in the trauma victim may
predict outcome independent of age and injury. The presence of a coagulation
defect in trauma patients also significantly increases hospital length of stay.
especially in older patients. Regardless of the cause of the comorbid coagula-
tion defect, each can have far-reaching implications in the overall outcome of
the injured patient. Some of the comorbid conditions potentially leading to
coagulation defects are summarized in Table 50-3. These include hepatic
insufficiency, renal insufficiency, hemophilia, coumadin therapy, aspirin use,
and alcohol intoxication.

HYPOCOAGULABILITY AFTER MAJOR TRAUMA

Ongoing bleeding, despite control of all surgical hemorrhage, is common in
the severely injured trauma patient. Such coagulopathic bleeding has been
recognized as a major cause of early death after major trauma. Most believe
that a number of specific injuries may lead to a rapid development of a coag-
ulopathic state in the trauma patient. Brain injury, severe pulmonary contu-
sion, and severe hepatic injury have been implicated as specific injury
complexes, which result in the release of thromboplastin leading to intravas-
cular activation of the extrinsic cascade, activation of thrombin, and forma-
tion of fibrin clots. With the subsequent vigorous fibrinolysis, D-dimer levels
are elevated, coagulation factors and fibrinogen are depleted, and dissemi-
nated intravascular coagulation develops.

Of even greater concern is the potential development of the so-called
“bloody vicious cycle.” This cycle of coagulopathy after exsanguination
occurs through a number of mechanisms and can lead to progressive
hypothermia and acidosis. This then leads to additional bleeding and a pro-
gressive spiral may develop, ultimately resulting in the demise of the patient.

Recognition of this cascade leading to physiologic exhaustion led to the
development of a “damage control” approach in the massively exsanguinating
patient. Damage control calls for abbreviation of laparotomy and other opera-
tive procedures after initial control of hemorrhage and contamination has
been secured. Aggressive attempts to control the physiology targeted at
improvement of coagulation function are then undertaken in the intensive care
unit. The algorithm in Fig. 50-3 can be utilized for most injured patients.
Specific blood products can be given to correct identified abnormalities and
effect hemostasis, and in virtually all cases massive transfusion of blood prod-
ucts is required. In this situation, both clinical and laboratory coagulopathy is
usually noted. Massive transfusion protocols may be necessary to meet the
needs of the exsanguinating patient.

A third type of hypocoagulable state can exist in the injured patient.
Disseminated intravascular coagulation (DIC) typically results from the com-
bination of shock and a clotting stimulus. It occurs as a result of the release of
thromboplastic substances secondary to this stimulus, which initiates the
coagulation cascade and reflexively activates systemic fibrinolysis. If the
clotting stimulus escalates, intravascular coagulation factor consumption
increases and a critical depletion of factors can occur. Moreover, as fibrinoly-
sis occurs and fibrinogen is degraded by thrombin and plasmin, split fibrin
degradation products accumulate. As a result, hemostatic failure occurs and
the consumptive coagulopathy of DIC becomes clinically evident. Treatment
centers on resuscitation of the patient and prompt removal of the inciting stim-



TABLE 50-3 Common Comorbid Coagulation Disorders

Disorder

Lab Findings

Treatment

Comments

Hepatic insufficiency

Renal insufficiency
Hemophilia

Warfarin (coumadin)
therapy

Aspirin use

Acute alcohol
intoxication

Increased prothrombin time

Decreased platelets

Increased bleeding time

Increased partial thromboplastin
lime

Increased prothrombin time

Increased bleeding time
Increased bleeding time

Fresh frozen plasma/vitamin K
Platelet transfusion
Desmopressin/dialysis

Factor replacement

Fresh frozen plasma/vitamin K

Platelet transfusion
Hydration

Associated with increased mortality

Secondary to hypersplenism

Desmopressin effect transient

Fresh frozen plasma replacement
inefficient

Vitamin K therapy makes reanticoagulation
with coumadin difficult

Irreversibly “poisons” platelets

Transient effect
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yPLT——— PLT transtusion

APT ——  FFP/vitamin K

Lab Tests APTT—> FFP
Platelet count / :
PT YFibrinogen - Cryoprecipitate
PTT i
Fibrinogen \
Massive Massive transfusion
bleeding protocol
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Hypothermia Acidosis
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Damage control

FIG. 50-3. Aigorithm for bleeding trauma patient. FFP, fresh frozen plasma,
PLT, platelet; PT, prothrombin time; PTT, partial thromboplastin time.

NO .
. Risk Factors
No Prophylaxis Present?

Pneumatic Compression Devices or
Low-Molecular-Weight Heparin

NO

High
Follow Clinically el

YES

Surveillance Very High
Ultrasound Risk?

Consider IVC Filter or
therapeutic anticoagulation (Heparin/Warfarin)

FIG. 50-4. Aigorithm for venous thromboembolism prophylaxis. IVC, inferior
vena cava. (Source: Division of Trauma and Surgical Critical Care, Hospital of
the University of Pennsylvania, Philadelphia.)
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ulus. If these measures are ineffective, a heparin bolus may be warranted, fol-
lowed by platelet and FFP administration. There may also be a role for e-
aminocaproic acid (EACA). EACA may abolish or reduce the tendency
toward fibrinolysis and allow for some hemostasis to occur.

HYPERCOAGULABILITY AFTER TRAUMA

Although coagulopathic bleeding represents a dramatic manifestation of the
acute pathophysiologic changes after major trauma, the insidious onset of a
hypercoagulable state is equally important in the postin jury period. As a result,
venous thrombosis, pulmonary embolism (PE), and even death can occur.
Recentreviews of trauma populations suggest an incidence of lower extremity
thrombosis of greater than 50 percent when no prophylaxis is employed, with
nearly one-third of these thromboses extending to the popliteal vein or above.
The incidence of pulmonary embolism, despite prophylactic measures, may
approach S percent in association with some injury complexes. The patho-
physiology of venous thrombosis is based on the triad of stasis, endothelial
damage, and hypercoagulability. The injured patient often demonstrates all
three of these elements, andas a result, is at exceptional risk for venous throm-

TABLE 50-4 Risk Factors for DVT and PE

At Risk

Age >40 years

Injury Severity Score >9
Blood transfusion(s)
Surgical procedure =2 h
Lower-extremity fracture(s)
Pelvic fracture

Spinal cord injury
Immobilization

Pregnancy

Estrogen therapy

History of DVT/PE
Mailignancy
Hypercoagulable state (e.g., ATT Ill deficiency)
Extensive soft-tissue trauma
Congestive heart failure

At High Risk

Age >50 years

Injury Severity Score =16

Femoral central venous catheter

Abbreviated injury Score =3 (any one body region)
Glasgow Coma Scale score =8

Spinal cordinjury

Pelvic fracture

Femurtibia fracture

Venous injury

At Very High Risk

Spinal cord injury with paralysis

Abbreviated injury Score-Head/Neck =3 + long-bone fracture (upper/lower)
Severe pelvic fracture (posterior element) + long-bone fracture

Multiple (=3) long-bone fractures

Source: Division of Trauma and Surgical Critical Care, Hospital cf the
University of Pennsylvania, Philadelphia, PA.
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bosis. While both stasis and endothelial damage play a clear role in the patho-
physiology of venous thrombosis, the hypercoagulable state is complex and
incompletely understood. Low levels of antithrombin I, protein C, and pro-
tein S have all been implicated in the process. Moreover, increased platelet
adhesiveness and alteration of the coagulation cascade may well be important.

The diagnosis of both deep venous thrombosis (DVT) and pulmonary
embolism can be difficult and is based on a preponderance of both clinical and
diagnostic evidence. Most important for both is the need for prophylaxis,
prompt recognition, and treatment. Prophylaxis algorithms for deep venous
thrombosis are being developed and implemented in many institutions. One
such algorithm is described in Fig. 50-4. High-risk patients are followed with
serial duplex ultrasonography. Very high-risk patients undergo placement of
a prophylactic vena cava filter. Table 50-3 lists the risk factors for DVT and
PE. Using an approach such as this, a fatal pulmonary embolism in the high-
risk and very high-risk groups can be greatly reduced. Despite this success,
additional research in the field of hypercoagulable states and their sequelae
after a ma jor trauma is needed.
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o | Cardiovascular Failure

Cardiac failure is defined as cardiac output that is inadequate relative to the
input of the heart and the metabolic needs of the body. Blood flow may be
inadequate for several reasons, including global decreases in cardiac output,
decreases in regional microvascular perfusion despite adequate global cardiac
output, and increases in metabolic demand without an appropriate compen-
satory increase in perfusion.

DETERMINANTS OF CARDIAC OUTPUT

In the absence of significant regurgitant flow, cardiac output is equal to
average ventricular stroke volume (SV) multiplied by heart rate. When man-
aging patients with a pulmonary artery catheter (or other means of deter-
mining cardiac output), clinicians should routinely calculate the SV, thereby
isolating the effects of therapeutic manipulations on ventricular perfor-
mance independent of heart rate. SV, which is equal to the end-diastolic vol-
ume minus the end-systolic volume, is a function of three variables: preload,
afterload. and contractility. The normal SV in adults is approximately 50 to
100 mL.

Preload

Increasing preload increases the force of contraction. In the intact ventricle,
the force of contraction is determined by end-diastolic volume (EDV) and
not end-diastolic pressure (EDP), although the latter is often used as a proxy
for the former in clinical practice. Although it cannot be conveniently mea-
sured directly in patients, left ventricular EDP (LVEDP) is well approxi-
mated by left atrial pressure or pulmonary artery wedge pressure (PAWP),
parameters that can be assessed in the clinical setting using a pulmonary
artery (Swan-Ganz) catheter floated through the right heart at the bedside.
In clinical practice, the most important determinant of preload is intravas-
cular volume. Hypovolemia can be caused by any of the following factors
(alone or in combination): external or internal losses of whole blood (i.e.,
hemorrhagic shock): contraction of the (cell-free) intravascular space due to
external fluid losses (e.g.. diarrhea or inappropriate polyuria); and contrac-
tion of the intravascular fluid compartment due to internal sequestration as
edema fluid.

Venous return, and hence preload, is also a function of vasomotor tone of
the major venous capacitance vessels. Venous return (i.e., preload) is
adversely affected by increased intrathoracic pressures. This is the primary
mechanism leading to shock and hypotension in patients with tension pneu-
mothorax. Intrathoracic pressure is also increased to a variable extent by inter-
mittent positive-pressure ventilation (IPPV) and the application of positive
end-expiratory pressure (PEEP).

Afterload

Ventricular afterload describes the forces that retard ventricular ejection of
blood and is best expressed in terms of ventricular wall stress at the end of
systole. It is approximated by systemic vascular resistance (SVR).

SVR (in dyne - sec - cm ™) is calculated using the hemodynamic equivalent
of Ohm’s law:

460
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SVR =80 (MAP — CVP)/CO

where MAP is mean arterial pressure (in mm Hg), CVP is central venous pres-
sure (in mm Hg), and CO is cardiac output (in L/min). The normal value for
SVR is 770 to 1500 dyne - sec - cm™.

Contractility

Contractility describes the performance of the cardiac muscle independent of
preload and afterload. Using a pressure-volume diagram and end-systolic vol-
ume at several afterload states, the inotropic state or contractility of the
myocardium can be determined. For any given stroke volume, increasing
afterload increases the external work performed by the heart during a cardiac
cycle. Reducing afterload is an important clinical tool to improve the balance
between myocardial oxygen demand and delivery (provided that the arterial
blood pressure is not reduced so much as to impair diastolic perfusion of the
coronary arteries).

Heart Rate

Heart rate is a determinant of cardiac output. Ordinarily. increasing heart rate
increases output by simply increasing the number of ejections per unit time.
When heart rate is very high, the diastolic interval is shortened enough to
interfere with ventricular filling, and cardiac output is compromised. In the
clinical setting, rapid ventricular rates often occur in patients with preexisting
ischemic heart disease; tachyarrhythmias can also adversely affect cardiac
output by upsetting the balance between myocardial oxygen delivery (Do,)
and oxygen utilization (V0,), leading to impaired contractility from ischemia.

Myocardial Dysfunction

Inadequate cardiac output in surgical and trauma patients is most often due to
systemic hypovolemia (i.e., inadequate preload). However, inadequate
global perfusion also can be caused by a deterioration in the intrinsic perfor-
mance of the heart regardless of loading conditions. Most often, acute reduc-
tion of myocardial performance occurs as a complication of acute myocardial
infarction.

In treating myocardial dysfunction, whether in trauma patients or in other
individuals with critical illness, consideration should be given to all of the
four factors affecting cardiac output (i.e., heart rate, preload, afterload, and
contractility). The effect of volume infusion on pressure measurements
should be assessed; for example, a volume expander can be infused until the
CVP increases by some target value (e.g., 3 cm H>O). Manipulation of after-
load, contractility, or heart rate generally requires pharmacologic intervention
(Table 51-1).

Pharmacologic Agents Useful in the Management of Myocardial
Dysfunction

Dopamine
Dopamine is an endogenous catecholamine that is capable of stimulating
cardiac B3, receptors, peripheral a-adrenoreceptors, and dopaminergic recep-
tors in the splanchnic, renal, and other vascular beds. The effects of
dopamine are dose dependent. At low doses (2 to 3 p.g/kg/min), dopamine
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TABLE 51-1 Inotropic Agents and Vasodilators Used in the Treatment of
Cardiac Failure

Dosage
Add mg

Drug Function to 250 mL pg/mL p.g/kg/min
Epinephrine ay, By, B2 agonist 2 8 1-20
Norepinephrine «, B; agonist 4 16 8-64
Phenylephrine o4 agonist 60 240 40-180
Dopamine Dopamine, ay, By agonist 400 1600 2-20
Dobutamine a4, By agonist 250 1000 2-20
Amrinone Phosphodiesterase 800 3200 5-10
Milrinone inhibitor 40 160 0.375-0.75
Nitroglycerine  NO donor 50 200 0.1-8
Nitroprusside ~ NO donor 100 400 0.1-7
Vasopressin V1, V2, V3, oxytocin 100 U 04 U/mL 0.04 U/min

NO, nitric oxide.

increases renal blood flow (RBF), glomerular filtration rate (GFR), and
urine output in normal human volunteers. At higher infusion rates (5 to 20

g/kg/min), dopamine increases heart rate, cardiac output, and systemic
arterial blood pressure. The value of low-dose dopamine as a renal protec-
tive agent is a topic of enormous controversy. Low-dose dopamine has been
shown to improve urine flow in critically ill patients.

Dobutamine

Dobutamine is a synthetic catecholamine that binds to a;-, B,-, and B,-adren-
ergic receptors. Dobutamine is structurally related to isoproterenol. In vivo,
dobutamine exerts a powerful inotropic effect, but unlike isoproterenol, it is
only a weak chronotrope. Because increasing heart rate increases myocardial
oxygen demand, marked tachycardia is undesirable in the management of low
cardiac output states, particularly in patients with coronary occlusive disease.
Compared with most other sympathomimetic amines in clinical use, dobuta-
mine has relatively minimal effects on peripheral vasomotor tone, perhaps
because of opposing o, (vasoconstricting) and 3, (vasodilating) effects. The
increase in cardiac output, induced by dobutamine, clearly is partly due to
decreased vascular impedance (i.e., afterload reduction due to peripheral
vasodilation) leading to improved ventricular-vascular coupling (Fig. 51-1).
Though dobutamine is clearly valuable in the management of many critically
ill patients, it should not be employed thoughtlessly. In one recent study,
using intravenous volume loading to increase preload was preferable to infu-
sion of dobutamine as the primary intervention to improve visceral Do, in
trauma patients.

Epinephrine

Epinephrine is an endogenous catecholamine with both - and B-adrenergic
activity. Epinephrine is occasionally used to treat low-output states after car-
diopulmonary bypass or myocardial infarction, but its superiority over other
agents (e.g., dobutamine) for these indications is not well documented.
Certainly, epinephrine is far more potent than many other agents; whereas
dobutamine is commonly infused at 5 to 20 pg/kg/min, epinephrine signifi-
cantly increases heart rate at doses as low as 10 ng/kg/min. In patients with
ventricular dysfunction secondary to sepsis refractory to treatment with dobu-
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FIG. 51-1. The effect of changes in afterload at constant preload and con-
stant inotropic state on stroke volume. Decreasing afterload (from A to B)
increases stroke volume.

tamine and dopamine, infusion of epinephrine has been shown to improve
mean arterial pressure (MAP), cardiac output, and right ventricular ejection
fraction. Infusion of epinephrine can provoke the development of metabolic
derangements, including hypokalemia, hyperglycemia. and ketoacidosis.

Norepinephrine

Norepinephrine is another endogenous catecholamine with - and B-adrener-
gic activity. Clinicians have been reluctant to use norepinephrine for the treat-
ment of shock because of concern about adverse effects on visceral
(particularly renal) blood flow, because it is a potent vasoconstrictor.
Nevertheless, there is increasing evidence that judicious use of norepineph-
rine may be valuable in certain shock states, especially those characterized by
hypotension and right ventricular pressure overload. In the setting of right
ventricular failure, norepinephrine, carefully titrated, may improve right ven-
tricular perfusion and function without adversely affecting peripheral perfu-
sion. In sepsis and septic shock, norepinephrine may be preferable to
dopamine for providing cardiovascular support.

Amrinone and Milrinone

Amrinone and milrinone are synthetic bipyridines with potent inotropic and
vasodilating actions. These agents inhibit the enzyme phosphodiesterase III,
and thereby increase intracellular concentrations of cyclic adenosine
monophosphate (cyclic AMP). The positive inotropic effects of these agents,
however, may be due to secondary changes in intracellular ionized calcium
metabolism rather than alterations in intracellular cyclic AMP. The positive
hemodynamic actions of these drugs are due both to positive inotropic effects
and peripheral vasodilation leading to decreased ventricular afterload. Unlike
dopamine, dobutamine, and other catecholamines, the pharmacologic effects
of intravenous amrinone and milrinone persist for a prolonged period after the
drugs are discontinued. In contrast to dobutamine and other catecholamines,
minute-to-minute titration of the dose of amrinone or milrinone does not make
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pharmacologic sense. Moreover, milrinone and amrinone tend to be “self-
weaning” agents, since circulating levels decrease gradually over a period of
several hours.

Bipyridine inotropes have been shown to improve cardiac performance in a
wide variety of clinical situations, including low cardiac output following car-
diopulmonary bypass, severe congestive heart failure, cardiogenic shock after
myocardial infarction, hypoperfusion after trauma, and in other forms of criti-
cal illness in adult patients. In some settings. additive improvements in cardiac
performance may be achieved by combining a bipyridine phosphodiesterase
I11 inhibitor with a catecholamine (e.g., dobutamine).

Vasopressin

Arginine vasopressin (AVP), the antidiuretic hormone in humans. is a potent
vasoconstrictor. AVP may be a very useful vasopressor in the management of
septic shock refractory to the effects of other, more commonly employed
agents.

Nitrovasodilators

Afterload reduction is widely used in the management of ventricular dysfunc-
tion. The most commonly used intravenous. titratable vasodilators are sodium
nitroprusside (SNP) and nitroglycerine (NTG). By releasing nitric oxide, both
of these compounds mimic the actions of this potent endogenous endothelial-
derived vasorelaxing factor. NTG is generally thought to have a greater effect
on capacitance than resistance vessels: i.e., NTG is said to be venoselective,
whereas SNP is thought to be a more “balanced” vasodilator. Both NTG and
SNP tend to increase intrapulmonary venous admixture and thereby worsen
arterial PO,: accordingly, in some instances, switching to an alternative
vasodilator (e.g.. labetalol) may improve systemic oxygenation. In managing
patients with ventricular dysfunction, inotropic agents are often best used in
combination with a carefully titrated nitrovasodilator.

Diastolic Dysfunction

Clinicians commonly focus on the systolic performance of the left ventricle.
Clearly, however, in order to function as a pump, the left ventricle must fill
during diastole. For the most part, filling of the left ventricle during diastole is
driven by the passive pressure in the pulmonary veins and the active contrac-
tion of the left atrium. A component of ventricular filling, however, also
occurs as a result of the elastic recoil of the muscular chamber producing dias-
tolic “suction.” Diastolic dysfunction can occur as a result of increased resis-
tance to passive filling and/or diminished elastic recoil. Causes of diastolic
dysfunction include excessively high heart rate, valvular heart disease (mitral
stenosis), and diminished diastolic compliance. Extraventricular factors,
notably pericardial tamponade due to effusion or hemorrhage, can also impair
diastolic performance. Diastolic dysfunction is best diagnosed by echocardio-
graphy. Treatment consists of afterload reduction, restoration of normal sinus
rhythm if possible. and maintenance of a normal atrial rate.

Pulmonary Artery Catheter

The flow-directed pulmonary arterial (Swan-Ganz) catheter can provide
clinicians with a wealth of hemodynamic data. With a standard thermodilu-
tion Swan-Ganz catheter, the following parameters are easily measured or
calculated: right atrial (central venous) pressure: systolic, diastolic. and
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mean pulmonary arterial pressure: PAWP; cardiac output; mixed venous
oxygen saturation; systemic Do0,; systemic VO,; and systemic oxygen
extraction. Using more sophisticated catheters, it is possible also to estimate
right ventricular ejection fraction and measure cardiac output and/or mixed
venous oxygen saturation on a continuous basis. Selective utilization of pul-
monary artery catheterization improves outcome for patients with trauma,
sepsis, or other forms of critical illness.

OPTIMAL ENDPOINTS FOR RESUSCITATION

Porter and Ivatury recently reviewed the available data regarding endpoints in
the acute resuscitation of victims of trauma. The conclusions are probably
applicable to critically ill and high-risk patients in general. Most clinicians
would agree that heart rate, systemic arterial blood pressure, skin temperature.
and urine flow (i.e., the primary endpoints of resuscitation used by clinicians
prior to the era of invasive hemodynamic monitoring) provide relatively little
information about the adequacy of oxygen delivery to tissues. Instead of titrat-
ing patients to a hemodynamic endpoint such as cardiac output, another
approach is to use a biochemical endpoint, such as arterial base deficit or
blood lactate concentration. These endpoints recognize that tissue hypoperfu-
sion leads to increased anaerobic metabolism. Accordingly, increases in arte-
rial base deficit and/or blood lactate concentration are evidence of an increase
in the rate of anaerobic metabolism. Numerous studies have documented that
high blood lactate levels portend an unfavorable outcome in patients with
shock, but it has not been proven that survival is improved when therapy is
titrated using blood lactate concentration as an endpoint.

Base deficit is more quickly and easily measured than lactate concentration,
and has been shown to have prognostic value in patients with shock. Although
intuitively reasonable, it remains to be proven that titrating therapy to a base
deficit endpoint improves survival.

Perhaps the most rational way to titrate resuscitation is to use a measure of
the adequacy of regional tissue perfusion. There are a number of highly com-
plex approaches to achieve this goal, such as using near infrared spectroscopy
or tissue capnometry. Given the present state of knowledge, the availability of
monitoring technologies, and the constraints on costs faced by all clinicians,
the most economical and effective way of determining the adequacy of resus-
citation probably is to combine routine hemodynamic monitoring (i.e., mea-
surements of intra-arterial and central venous pressure and urine flow) with
serial measurements of arterial base deficit and tissue PCO».
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52 Respiratory Insufficiency

Postinjury respiratory insufficiency can result from a variety of insults,
including direct chest trauma, abdominal trauma complicated by abdominal
compartment syndrome, and sepsis. These diverse topicsare discussed in the
textbook. This chapter will focus on postinjury acute respiratory distress syn-
drome (ARDS).

EPIDEMIOLOGY AND RISK FACTORS

The epidemiologic study of ARDS has been hampered by the lack of a uni-
form definition as well as the heterogeneity of causes. The recognition of
ARDS as a distinct clinical entity resulted from the description by Ashbaugh
and Petty in 1967. Until then, ARDS was variously referred to by other
names, such as shock lung, Da Nang lung, and traumatic wet lung.
Subsequent descriptions have outlined five principal criteria: hypoxemia
refractory to oxygen administration; diffuse, bilateral infiltrates on chest radi-
ograph: low static lung compliance; absence of congestive heart failure; and
presence of an appropriate at-risk diagnosis. Despite overall agreement
regarding these general criteria for the diagnosis of ARDS, considerable vari-
ability remains in their specific application. In 1994, a consensus conference
of American and European investigators agreed that ARDS should be viewed
as the most severe end of the spectrum of acute lung injury. They also recom-
mended diagnostic criteria for acute lung injury and ARDS (Table 52-1).

The 1972 report of the National Heart and Lung Institute Task Force of
Respiratory Diseases reported that there were approximately 150,000 cases of
ARDS per year (60to 71 cases per 100,000 person-years). Several subsequent
reports suggested that the actual incidence of ARDS was much lower, ranging
from 1.5 to 3 cases per 100,000 person-years. Based on a more recent
Scandinavian study and screening results from the National Institutes of
Health ARDS Network using the 1994 American-European Consensus
Conference on ARDS definition of ARDS, the original estimate of 70 cases
per 100,000 person-years may be most accurate.

Multiple clinical risk factors have been identified and can be broadly cate-
gorized into direct and indirect groups (Table 52-2). Direct factors are those
primarily associated with local pulmonary parenchymal injury and include
pulmonary contusion, aspiration, and pulmonary infection. Indirect factors
are those thought to be associated with systemic inflammation and resultant
lung injury. These include sepsis syndrome, multiple transfusions, and multi-
ple long bone fractures. Although hypovolemic shock occurs frequently in
trauma patients, it has not been demonstrated to be an independent risk factor
for ARDS. Unless shock is associated with significant tissue injury or other
known risk factors, it has not been shown to result in ARDS. Studies have
consistently found an increased incidence of ARDS when more than one risk
factor is present.

PATHOLOGY AND PATHOGENESIS

The pathologic features of ARDS are related to injury to the alveolocapil-
lary interface, which has been termed diffuse alveolar damage. The histo-
logic appearance of this damage can be divided into three overlapping
phases: (1) the exudative phase with edema and hemorrhage; (2) the prolif-
erative phase with organization and repair; and (3) the fibrotic phase with
end-stage fibrosis.

466
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TABLE 52-1 American-European Consensus Conference Definitions of Acute
Lung Injury and Acute Respiratory Distress Syndrome (ARDS)

Acute Lung Injury Criteria
Timing: Acute onset
Oxygenation: Pao,/Fio, =300 mm Hg (regardless of positive end-expiratory
pressure)
Chest radiograph: Bilateral infiltrates on anteroposterior chest radiograph
Pulmonary artery occlusion pressure: =18 mm Hg or no clinical evidence of
left atrial hypertension
ARDS Criteria
Same as acute lung injury except:
Oxygenation: Pao,/Fio, =200 mm Hg (regardless of positive end-expiratory
pressure)

Obtaining a better understanding of the mechanisms responsible for acute
lung injury continues to be an important challenge. This complex process
involves disturbances of inflammation, clotting, vascular control, and other
physiological systems. Better understanding of these cellular and molecular
events allows for the development of novel therapeutic approaches.
Mechanisms of lung injury include both cellular and humoral components.
Neutrophils, macrophages, and endothelial cells participate in the inflammatory
response in the lungs, resulting in release or activation of multiple mediators
of ARDS. Pathophysiologic features of ARDS are summarized in Table 52-3.

PATHOPHYSIOLOGY

Increased capillary permeability and pulmonary edema are hallmarks of
ARDS. The balance between pulmonary capillary fluid flux and lung lymph
flow governs pulmonary edema formation and is characterized by the Starling
equation. While ARDS is the most common cause of pulmonary edema from
increased permeability, a hydrostatic component may also be present in these
patients. This may result from aggressive volume resuscitation in patients
with shock in combination with pulmonary venous hypertension related to
release of inflammatory mediators.

ARDS frequently presents as hypoxemia that is refractory to increasing
supplemental oxygen administration. Hypoxemia results from ventilation-per-
fusion mismatching and right-to-left intrapulmonary shunting of blood flow.

TABLE 52-2 Clinical Risk Factors for ARDS

Risk Factor Frequency of ARDS (%)
Direct
Aspiration 12-36
Pneumonia 12-31
Pulmonary contusion 5-22
Toxic inhalation 2-17
Indirect
Sepsis syndrome 11-80
Multiple transfusions 5-36
Multiple fractures 2-21
Pancreatitis 7-18
DIC 23

DIC, disseminated intravascular coagulation.



TABLE 52-3 Pathophysiologic Changes of Modern Acute Respiratory Distress Syndrome (Low-Pressure Pulmonary Edema)

Pathologic change

Radiographic change Clinical finding

Phase 1 (Onset of parenchymal changes)*

Patchy alveolar infiltrates Dyspnea, tachypnea, cyanosis,
beginning in dependent lung tachycardia, coarse rales

No perivascular cuffs
(unless a component of high-
pressure edema is present)
Normal heart size

Phase 2 (Acute respiratory failure with progression, 2-10 days)

Diffuse alveolar infiltrates Tachypnea, tachycardia,
hyperdynamic state, sepsis,
syndrome, signs of
consolidation.diffuse rhonchi

Air bronchograms
Decreased lung volume
No bronchovascular cuffs
Normal heart

Physiologic change

Pulmonary hypertension, normal
wedge pressure, increased lung
permeability, increased lung water,
increasing shunt, progressive
decrease in compliance, moderate-
to-severe hypoxemia

Phase 1 changes persist, progression
of symptoms, increasing shunt
fraction, further decrease in
compliance, increased minute
ventilation, impaired oxygen
extraction of hemoglobin

Neutrophil infiltration, vascular
congestion, fibrin stands,
platelet clumps, alveolar
septal edema, intra-alveolar
protein, white cells, type 1
epithelial damage

Increased interstitial and alveolar
inflammatory exudate with
neutrophil and mononuclear
cells, type Il cell proliferation,
beginning fibroblast prolifera-
tion, thromboembolic occlusion

89¥%
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TABLE 52-3 continued

Phase 3 (Pulmonary fibrosis—pneumonia with progression, >10 days)t

Persistent diffuse infiltrates Symptoms as above, recurrent Phase 2 changes persist, recurrent
sepsis, evidence of multiple- pneumonia, progressive lung
system organ failure restriction, impaired tissue oxy-

genation, impaired oxygen
extraction, multiple-system
organ failure

Superimposed new pneumonic infiltrates
Recurrent pneumothorax

Normal heart size

Enlargement with cor pulmonale

Type Il cell hyperplasia, interstitial
thickening, infiltration of
lymphocytes, macrophages,
fibroblasts, loculated pneumonia
and/or interstitial fibrosis,
medial thickening and
remodeling of arterioles

*Process readily reversible at this stage, if initiating factor controlled.

TMultiple-system organ failure common; mortality rate >80% at this stage, as resolution is more difficult.

Reproduced, with permission, from Demling RH: Adult respiratory distress syndrome: Current concepts. New Horiz 1:388, 1993.
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Shunting results from perfusion of nonventilated alveoli, and the total amount
of pulmonary blood flow that perfuses nonventilated areas is termed the s/unt
fraction. Normally, the shunt fraction is less than 5 percent, but in ARDS it
may exceed 25 percent. Because blood flowing through a shunt is not
exposed to alveoli participating in gas exchange, supplemental oxygen is inef-
fective in increasing arterial oxygen concentration. Other techniques designed
to restore ventilation to nonventilated lung regions, such as positive end-expi-
ratory pressure (PEEP) or continuous positive airway pressure (CPAP), are
thus necessary to improve oxygenation. In ARDS, shunting is the result of
continued perfusion of atelectatic or fluid-filled alveoli. Hypoxic pulmonary
vasoconstriction is a protective mechanism that limits perfusion to poorly
ventilated alveoli and minimizes shunting. In ARDS, hypoxic pulmonary con-
striction is impaired, resulting in greater intra-pulmonary shunting. Multiple
factors may contribute to loss of hypoxic pulmonary vasoconstriction in acute
lung injury, including local prostaglandin or nitric oxide production.

In early ARDS, most patients are tachypneic from hypoxemia and are sec-
ondarily hypocapneic. With disease progression, hypercapnia may become a
prominent feature because of physiologic deadspace and CO, production.
Increased deadspace ventilation is invariably present. Deadspace is defined as
pulmonary parenchyma that is ventilated but not perfused. The normal dead-
space:tidal volume ratio is 30 percent, but in ARDS it can approach 90 per-
cent. Moreover, high minute ventilation requirements may be related to
persistent hypermetabolism and ongoing systemic inflammation with
increased CO, production.

Lung compliance is defined as the change in lung volume per change in
transpulmonary pressure. Normal lung compliance in a mechanically venti-
lated patient ranges from 60 to 80 mL/cm H,O. With ARDS. it is not unusual
to see greatly diminished lung compliance on the order of 10 to 30 mL/cm
H,O. Initially, reduced compliance is the result of interstitial and alveolar
edema with alveolar flooding. Surfactant dysfunction and terminal bronchio-
lar spasm contribute to loss of ventilated alveoli. In later ARDS, interstitial
fibrosis and parenchymal loss further reduce pulmonary compliance.

ARDS is characterized by diffuse pulmonary infiltrates on plain chest radi-
ograph, which were previously thought to be homogeneously distributed
throughout the lung. Computed tomography of the chest, however, subse-
quently demonstrated the parenchymal changes to be inhomogeneous with the
dependent lung regions most affected.

An alternative method to describe the mechanical properties of the lung is
to determine the static pressure-volume curve during inflation and deflation
(Fig. 52-1). In early ARDS, the lower inflection point represents the airway
pressure at which considerable alveolar recruitment occurs. The upper inflec-
tion point is where near-maximal inflation occurs such that further increases
in airway pressure result in alveolar overdistension and little change in vol-
ume. The “openlung approach” to mechanical ventilation in ARDS advocates
setting PEEP at or just above the lower inflection point to avoid repetitive
alveolar recruitment and collapse with each breath. In the later stages of
ARDS, the inflection points frequently disappear due to fibrosis.

PRESENTATION

The diagnosis of ARDS is based on the criteria used to define the syndrome.
Clinical findings are summarized in Table 52-3. Initially, dyspnea and
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FIG. 52-1. Idealized static pressure-volume curve demonstrating upper and
lower inflection points. The lower inflection point denotes the pressure where
alveolar recruitment occurs. The upper inflection point is the pressure where
alveolar overdistension occurs.

tachypnea are evident with a remarkably normal chest examination (radi-
ographically and clinically). Arterial oxygen saturation is preserved and
hypocapnia from hyperventilation is frequently noted. Physiologic and
pathologic evidence of lung injury quickly follows (12 to 24 hours later).
The chest x-ray shows bilateral patchy alveolar infiltrates with hypoxemia
evident on arterial blood gas determination. Heart size is normal with a lack
of perivascular cuffing unless the patient has concomitant cardiac disease or
received vigorous volume resuscitation. If ARDS persists and progresses,
acute respiratory failure necessitates mechanical ventilation with increasing
inspired oxygen concentrations. There is an increase in physiologic dead-
space and rising minute ventilation. Patients at this point may develop sepsis
syndrome with a hyperdynamic hemodynamic pattern. The radiographic pic-
ture worsens with more diffuse infiltrates, consolidation, and air bron-
chograms. Without resolution, progressive pulmonary failure and fibrosis
result. Pneumonia, oftenrecurrent, is frequent. Hypercapnia may worsen and
become more difficult to control. Multiple organ failure commonly develops
and is the most common cause of death.

MANAGEMENT

Because there is no proven specific treatment for ARDS, therapy primarily
involves supportive measures to maintain life while the lung injury
resolves. Such measures include identifying and treating predisposing con-
ditions, mechanical ventilatory support with oxygen, nutritional support,
nonpulmonary organ support, and hemodynamic monitoring as necessary.
Attention to detail is necessary to avoid nosocomial infection and iatrogenic
complications.
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Fluid Management and Hemodynamic Support

The appropriate use of fluids in managing patients with ARDS has been con-
troversial for more than two decades. Some investigators believe that hydro-
static intravascular forces contribute significantly to pulmonary edema in
ARDS, and favor early diuresis and fluid restriction to minimize interstitial
and alveolar edema. With this approach, pulmonary capillary wedge pressure
is maintained at 5 to 8 mm Hg. If necessary, cardiac output and blood pressure
are supported with vasopressors. Several nonrandomized studies suggest that
this approach may improve outcome. A careful randomized, controlled clini-
cal trial of this approach is warranted.

There is no clear evidence that the use of colloids for resuscitation in ARDS
improves outcome. It has been well documented that patients with acute lung
injury leak albumin and other high-molecular-weight proteins into the alveo-
lar space. Thus, colloids administered early in ARDS are likely to leak into
the pulmonary interstitium and are unlikely to be beneficial in reducing tissue
edema. Theoretically, this increase in interstitial tissue albumin could delay
the resolution of pulmonary edema. The use of colloids later in ARDS (when
the capillary permeability has been restored) has not been well studied. The
use of pulmonary artery catheters in patients with ARDS remains controver-
sial. These catheters are expensive, have significant potential morbidity, and
have not been reliably proven to improve outcome. Central hemodynamic
monitoring may be helpful, however, in the diagnosis and fluid management
of ARDS. Multiple studies have documented the inability to reliably predict
the volume status of patients with pulmonary edema. Moreover, the pul-
monary artery catheter allows the assessment of therapeutic intervention
(such as PEEP) on oxygen delivery and the rational use of vasopressors.

Mechanical Ventilation

Respiratory support is a cornerstone of the supportive management of patients
with or at risk for ARDS. It has become increasingly clear, however, that
mechanical ventilation can perpetuate or worsen lung injury. as well as result
in more readily recognized forms of barotrauma (mediastinal emphysema,
pneumothorax, etc). Traditional ventilation strategies used in the ICU have
evolved directly from anesthetic and surgical applications. Relatively large
tidal volumes (10 to 15 mL/kg) were used to achieve normal gas exchange
while avoiding microatelectasis and patient discomfort. With little modifica-
tion and the addition of PEEP, this approach was applied as the standard for
most critically ill patients. In the setting of ARDS, the conventional goals of
mechanical ventilation have been to achieve adequate oxygenation using the
least PEEP possible and a nontoxic F10,. This strategy was intended to mini-
mize or avoid hyperoxic lung injury and the adverse effects of PEEP. A grow-
ing number of intensivists are shifting their primary priority from optimizing
tissue oxygen delivery to ensuring adequate lung protection (Table 52-4).

In patients with ARDS, the aerated lung volume able to participate in gas
exchange is markedly reduced to one-third of the original volume. Thus, in
nonfibrotic stages of ARDS, the lungs may be thought of as small rather than
stiff. The use of conventional tidal volumes in this setting may result in alve-
olar overdistension with further impairment of gas exchange, frequent baro-
trauma, and ventilator-induced lung injury. One approach is to reduce tidal
volume in order to limit peak and plateau airway pressures while maintaining
adequate alveolar ventilation. The safe upper limit of airway pressure is not
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TABLE 52-4 Ventilatory Strategies in ARDS

Conventional Lung Protective
Goals Normal ABGs Acceptable ABGs
Nontoxic Fio, (=.50) Prevent alveolar damage
Adequate O, delivery Facilitate healing
Nontoxic Fio, (=.50)
Ventilator mode Volume-cycled Pressure-limited
Settings
Tidal volume 10-15 ml/kg 5-7ml/kg
PEEP 5-20 cm H,0 as needed Sufficient to prevent tidal
recruitment/derecruitment,
and achieve acceptable
PaO,/Fio, ratio
I:E ratio 1:2-1:4 1:4-4:1
Plateau airway As required by PEEP <85 cm H,0
pressure and tidal volume

I:E ratio, inspiratory: expiratory ratio; PEEP, positive end-expiratory pressure.

known. Maintaining a transalveolar pressure gradient lower than 35 to 40 cm
H-O has been suggested for two reasons. First, pressures in excess of this have
been shown to cause lung injury in animal models. Additionally, the normal
lung is at total capacity with a transalveolar pressure gradient of 35 to 40 cm
H>O. The plateau airway pressure is a rough approximation of the peak alve-
olar pressure and represents a convenient target for lung-protective ventila-
tory strategies. A recent prospective, randomized trial by the NIH ARDS
Network has validated this approach and demonstrated a 22 percent reduction
in mortality in ARDS patients ventilated with lower tidal volumes (6 mL/kg
compared to 12 mL/kg of body weight).

PEEP is one of several methods of increasing mean airway pressure and
improving oxygenation and has become a key element of all ventilator man-
agement strategies for ARDS. PEEP improves oxygenation by enhancing
lung volume, increasing functional residual capacity (FRC), and recruiting
collapsed alveoli. Moreover. extravascular lung water is redistributed from
the alveolar to the interstitial space. The net effect is an increase in total alve-
olar surface available for gas exchange and a decrease in the shunt fraction.
Lung compliance may also be improved. It should be emphasized that PEEP
is solely a supportive measure with no direct therapeutic effects. Prophylactic
PEEP has not been shown to prevent the development of ARDS in at-risk
patients or to alter the outcome in established ARDS. The use of PEEP in
patients with ARDS has two primary goals: adequate tissue oxygen delivery
and the reduction of Fi0, to nontoxic levels. However, increasing PEEP above
a certain level may have significant adverse effects, including impaired
venous return, falsely elevated PCWP, decreased cardiac output, alveolar
overdistension, increased intracranial pressure and deadspace, decreased oxy-
genation, and barotrauma.

With recent ventilatory strategies emphasizing pressure-limiting tech-
niques, using the lowest level of effective PEEP seems logical. This approach
has been associated with less barotrauma and cardiac compromise. The use of
minimal PEEP, however, does not address the potential damage from
repeated alveolar opening and collapse with each breath. This forms the basis
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for the “open lung” ventilation strategy, in which static pressure-volume
curves are used to select a PEEP level above the lower infection point to pre-
vent alveolar end-expiratory collapse. Confirmatory clinical trials of the open
lung approach are in progress.

With improvement in the patient’s lung injury, PEEP should be withdrawn
as quickly as can safely be accomplished to avoid the complications of PEEP.
However, premature attempts at PEEP reduction will only delay resolution of
lung injury and prolong the need for ventilatory support. PEEP weaning
should be performed in an orderly fashion; PEEP is reduced slowly in 2.5- to
5-cm H,O increments with serial monitoring of arterial oxygen saturation
using ABGs or oximetry. A significant decrease in Pao, should prompt a
quick return to previous levels of PEEP. Once alveolar collapse and loss of
FRC occur, higher levels of PEEP for more prolonged periods may be needed.
Generally, PEEP should not be reduced by more than 3 to 5 cm H,Oina 12-
hour period.

Traditional ventilation of ARDS patients has stressed the avoidance of
hypercapnia and respiratory acidosis. This goal can be difficult to meet with
the increased physiologic deadspace and hypermetabolism frequently associ-
ated with ARDS. Moreover, pressure-limited ventilatory strategies may lead
to decreased minute ventilation and hypercapnia. Controlled hypoventilation
with increased Paco, is referred to as permissive hvpercapnia. Gradual
increases in Paco, are usually well tolerated, provided renal compensation is
adequate and severe acidosis (pH <7.1) does not occur. Several reports doc-
ument that permissive hypercapnia in the setting of ARDS is remarkably well
tolerated. Ideally, this strategy should be implemented slowly over several
hours to allow compensatory mechanisms to act. The role of sodium bicar-
bonate infusion is unclear. In most institutions, sodium bicarbonate would not
be administered unless the pH was lower than 7.2. With increased experience,
however, many centers reserve bicarbonate infusion for pH less than 7.0.
Sedation is mandatory with permissive hypercapnia in mechanically venti-
lated patients in order to control respiratory drive and prevent discomfort.
Even with heavy sedation, however, respiratory drive may be insufficiently
suppressed, resulting in patient-ventilator dyssynchrony. Neuromuscular
blockade may be necessary in these patients. Contraindications to permissive
hypercapnia include increased intracranial pressure or other cerebral disor-
ders in which intracranial hypertension may be detrimental. Uncorrected
hypovolemia and significant cardiac disease are relative contraindications due
to the negative inotropic effects of permissive hypercapnia.

Clinical experience with other nonconventional modes of ventilatory sup-
port (such as prone ventilation, high-frequency ventilation, partial liquid ven-
tilation, extracorporeal life support, or tracheal gas insufflation) is too limited
and their use cannot be routinely recommended.

PHARMACOLOGIC THERAPY

No specific medications have been shown to be efficacious in the treatment of
ARDS. The ability of corticosteroids to attenuate the inflammatory response
would seem to make them ideal treatment for ARDS, but large prospective
clinical trials showed no survival benefit with high-dose steroids in early
ARDS. Several anecdotal reports, however, support the use of steroids in late
ARDS. The ARDS Network is currently enrolling patients in a multicenter,
prospective, randomized, double-blind, clinical trial of steroids in late ARDS.
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With the success of surfactant replacement in neonatal respiratory distress
syndrome, exogenous surfactant replacement has been suggested for treat-
ment of ARDS. Clinical trials to date have been disappointing but interest in
this therapy remains strong.

Studies of other drugs such as ibuprofen, inhaled nitric oxide, prostacyclin,
prostaglandin E,, and lisophylline have been uniformly disappointing. Further
investigation and clinical trials are underway.

OUTCOME

Mortality associated with ARDS has historically ranged from 40 to 60 per-
cent. The majority of deaths are related to sepsis and multiple organ failure.
Respiratory failure is a cause of death in only 15 percent of patients. Over the
past 4 to 5 years, several reports have suggested that mortality in ARDS has
improved. Varying definitions and heterogenous patient populations make
assessment of outcome changes difficult. [n an attempt to address some of
these problems, Milberg and colleagues analyzed temporal trends in ARDS
fatality rates from 1983 to 1993 at the same institution. They used the same
ARDS definition over the entire [0-year period. Overall mortality rates
declined starting in 1987 and reached a low of 36 percent in 1993. The decline
in mortality was strongest in sepsis-related ARDS.
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577 Acute Renal Failure

Acute deterioration of renal function often complicates care of trauma
patients, increasing morbidity and mortality through effects on nearly all other
organ systems. The most common etiologies of renal dysfunction are renal
hypoperfusion and toxin-mediated (radiocontrast, antimicrobials) renal
parenchymal injury. This intrinsic renal failure—most often manifesting as
acute tubular necrosis—has a gradual onset, requires time to resolve, and has
major therapeutic and prognostic implications.

DEFINITIONS

Acuterenal failure (ARF) is abrupt (hours or days) deterioration of renal func-
tion with a decrease in glomerular filtration rate (GFR), or renal tubular injury
compromising the kidneys’ ability to maintain fluid or electrolyte homeosta-
sis. Most commonly, investigators define ARF as an increase in serum creati-
nine (P¢,) of 0.5 mg/dL or greater from baseline, and a 50 percent reduction in
calculated creatinine clearance (Cc¢,). Acute azotemia is any increase in serum
blood urea nitrogen (BUN) or creatinine of greater than 50 percent over base-
line in 24 hours.

Acute renal failure may or may not include a decrease in urine output.
Acute oliguria is typically defined as urine output (UOP) less than 400 mL
in any 24-hour period. Nonoliguric and high-output renal failure refer to
accumulation of nitrogenous waste products or failure to maintain water or
electrolyte homeostasis in the face of a 24-hour UOP of 400 to 1000 mL and
greater than 1000 mL, respectively. Anuria is any urine volume lower than
50 mL/d.

RISK FACTORS

Primary risk factors for development of ARF include renal hypoperfusion,
exposure to nephrotoxins, and preexisting renal insufficiency.

NORMAL RENAL PHYSIOLOGY

The major aspects of renal function are renal blood flow, glomerular filtration,
and tubular excretion and reabsorption. Normally, renal blood flow (RBF) is
20 to 25 percent of cardiac output and is directed primarily to the renal cortex
to optimize glomerular filtration with proportionate perfusion of the renal
medulla. Both total RBF and distribution of blood flow within the kidney are
maintained relatively constant over a wide range of arterial blood pressure
(autoregulation), and are governed by neural, hormonal, and local paracrine
influences. Mechanisms regulating RBF and GFR include tubuloglomerular
feedback (TGF), the renin-angiotensin system, vascular myogenic responses,
sympathetic innervation, and circulating catecholamines.

The primary role of the renal tubules is concentration of the urine via reab-
sorption of sodium and water. In addition, glucose, potassium, chloride. and
phosphate are actively reabsorbed in the tubules. Urea undergoes passive
reabsorption in the tubules, depending on tubular flow rates. Creatinine. on
the other hand, depends chiefly on GFR for elimination, allowing its use to
estimate GFR. Hydrogen and ammonium ions are secreted in the proximal
and distal tubules, depending on serum and urine pH.

Within the medulla, tubules and vasarectaare arranged in parallel bundles
allowing maximum concentrating ability by a countercurrent exchange system.
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The medullary thick ascending limb (MTAL) is responsible for the generation
of an osmotic gradient by active reabsorption of sodium, a process that gener-
ates a large oxygen demand. If oxygen demand is increased from basal condi-
tions, the cells of the medulla, particularly the cells of thick ascending limbs,
are atrisk for severe hypoxia. This combination of low regional oxygen deliv-
ery and high cellular oxygen consumption creates a tenuous oxygen supply-
demand relationship, placing renal tubules at risk for ischemic injury and
contributing to the pathophysiology of acute renal failure.

PATHOPHYSIOLOGY OF ACUTE AZOTEMIA AND ACUTE TUBULAR
NECROSIS

Etiologies of acute azotemia are typically categorized according to anatomic
location (prerenal, postrenal, or intrinsic) (Table 53-1). Prerenal azotemia is
the most common cause of declining urine output and accumulation of nitro-
gen wastes. GFR declines when effective circulating volume, mean arterial
pressure, and renal blood flow decrease below levels at which renal autoregu-
lation can maintain flow to the glomerulus. In response to hypovolemia,
aldosterone and antidiuretic hormone (ADH) are secreted to conserve sodium
and water, respectively. As a result, the kidney produces a small volume of
concentrated urine with low sodium content. Due to low urine flow rates,
BUN is reabsorbed in the tubules, resulting in azotemia. Prompt recognition
and rapid treatment usually rapidly reverses prerenal azotemia. While renal
tubular cell integrity is maintained in reversible prerenal azotemia, severe and
prolonged azotemia can result in tubular cell dysfunction or cell death result-
ing in acute tubular necrosis.

In the critically ill inpatient, the most common source of postrenal azotemia
is blockage of a neglected Foley catheter. Intrinsic renal azotemia in trauma
patient is most commonly due to renal tubular damage, particularly to the
cells of the ascending limb of the loop of Henle located in the outer renal
medulla. These cells are particularly vulnerable to hypoxia and nephrotoxins,
and damage to these cells is central to the pathophysiology of acute tubular
necrosis (ATN).

Aminoglycosides are the single most common cause in drug toxicity-
induced ATN. An estimated 10 to 25 percent of patients treated with amino-
glycosides develop some degree of renal insufficiency. Aminoglycosides
such as gentamicin are directly toxic torenal proximal tubular cells.

Risk factors for development of aminoglycoside nephrotoxicity include
prolonged exposure to aminoglycosides (high serum trough levels), volume
depletion, sepsis, and advanced patient age. Synergistic toxicity may also
occur with other drugs, such as amphotericin B, nonsteroidal anti-inflamma-
tory drugs, cyclosporine, radiographic contrast, and antimicrobials such as the
cephalosporins and vancomycin. Because nephrotoxicity is more closely
related to trough concentrations, and antimicrobial efficacy varies with peak
concentrations of the drugs, once-a-day dosing of aminoglycosides may be
less nephrotoxic with equal efficacy in patients with normal renal function.

Polyene antimicrobials such as amphotericin are particularly nephrotoxic.
Amphotericin B damages tubular cell and lysosomal membranes, and causes
profound renal vasoconstriction. Amphotericin toxicity depends on total dose:
Less than 600 mg rarely produces significant alterations in renal function,
whereas cumulative doses exceeding 3 g cause significant renal toxicity in
over 80 percent of patients. Maintaining adequate hydration with intravenous
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TABLE 53-1 Common Etiologies of Acute Oliguria

Prerenal

Dysfunction due
to renal
parenchymal injury

Postrenal/
obstructive

Hypovolemia
Hemorrhage
Gastrointestinal fluid loss (nasogastric suction, high-
output fistula, diarrhea, etc)
Renal loss (excessive diuretic use, diabetes
insipidus, diabetes mellitus)
Surgery
Burns
Decreased effective vascular volume
Sepsis
Hepatic failure
Anaphylactic shock
Neurogenic shock
Vasodilators
Impaired cardiac function
Myocardial infarction
Pulmonary embolus
Cardiac tamponade
Congestive heart failure
Mechanical ventilation
Glomerulonephritis
Poststreptococcal glomerulonephritis
Systemic lupus erythematosus and other connective
tissue disorders
Scleroderma
Malignant hypertension
Eclampsia/preeclampsia
Others
Vasculitis
Interstitial nephritis
Drugs (e.g., methicillin)
Infection
Neoplasm (e.g., lymphoma, leukemia, or sarcoidosis)
Acute tubular necrosis
Ischemia (prerenal events)
Antibiotics (amphotericin, aminoglycoside)
Radiocontrast agents
Pigment load (e.g., myoglobin as in rhabdomyolysis)
Heavy metals (mercury)
Solvents (carbon tetrachloride, ethylene glycol)
Ureteral obstruction
Stone
Infection (pyelonephritis)
Traumatic disruption
Urethral obstruction
Obstruction of Foley catheter
Mucus
Blood clots

saline over the course of treatment is the most effective means of reducing this
dose-dependent toxicity. Lipid-encapsulated preparations of amphotericin
have reduced toxicity, but at a markedly increased cost. Lists of dialyzable
and nondialyzable drugs are found in Table 53-2.

Radiocontrast-induced acute renal failure is common in hospitalized
patients. Risk factors contributing to radiocontrast-induced ARF include pre-
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TABLE 53-2 Dialyzable and Nondialyzable Drugs
Negligible clearance by IHD

Antibiotics Cardiovascular agents Miscellaneous
Amphotericin B Amiodarone Benzodiazepines
Azidothymidine Digoxin Cimetidine
Cefotetan Diltiazem Cyclosporine A
Ciprofloxacin Disopyramide Famotidine
Clindamycin Esmolol Morphine
Cloxacillin Labetalol Omeprazole
Doxycycline Metoprolol Phenytoin
Erythromycin Propafenone Prednisone
ltraconazole Propoxyphene
Ketoconazole
Nafcillin
Vancomycin

Significant clearance by IHD
Antibiotics Miscellaneous
Acyclovir Allopurinol
Aminoglycoside Atenolol
Ampicillin Captopril
Aztreonam Cyclophosphamide
Trimethoprim-sulfamethoxazole N-acetylprocainamide
Flucytosine Ranitidine
Ganciclovir Sotalol
Imipenem
Isoniazid
Metronidazole
Most cephalosporins
Piperacillin

IHD, intermittent hemodialysis.

existing renal insufficiency, diabetes mellitus, and depletion of extracellular
volume. Radiocontrast agents produce local (medullary) ischemia related to
endothelin release and depressed nitric oxide—mediated vasodilatation.

Contrast-induced renal failure can be ameliorated by pre- and postimaging
saline and volume loading or avoiding contrast studies altogether. Loop
diuretics and mannitol have been proposed but not proven as useful prophy-
laxis. Indeed, mannitol appears to increase the risk for contrast nephropathy in
diabetic patients with preexisting renal disease. Fortunately, the clinical
course of contrast nephropathy is usually self-limited. Oliguria is rare, and
serum creatinine usually peaks within 72 hours after administration. The
majority of patients return to baseline renal function by 7 to 10 days.
However, up to 30 percent of patients, especially those with the known risks
described above, sustain permanent functional loss. In any case, adequate
saline fluid loading before infusion of radiocontrast remains the mainstay of
prophylaxis against damage from these agents.

Common etiologies of oliguria are outlined in Table 53-1. Laboratory cri-
teria for azotemia and oliguria are set forth in Table 53-3.

Many injuries can set the stage for pigment-induced renal injuries.
Rhabdomyolysis is the release of free myoglobin from skeletal muscle after
muscle necrosis. Besides major crush injuries and prolonged limb ischemia,
seizures, drugs (heroin, cocaine, amphetamines), toxins (isopropyl alcohol,
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TABLE 53-3 Laboratory Indices of Intrinsic Renal Dysfunction and Prerenal
Azotemia/QOliguria*

Prerenal azotemia Renal dysfunction
Plasma Cr:BUN >20 <10
Urine osmolality >500mOsm/L or >100 <350 mOsm/L or
over plasma < plasma
Urine specific gravity >1.020 >1.010
Urine sodium <20 mEg/L >30 mEq/L
Fractional excretion
of sodium <1% >2%
Uci/Por >40 <20

*Laboratory values unreliably distinguish between intrarenal and obstructive
pathology.

BUN, blood urea nitrogen; Pc,, serum creatinine; Ug,, urinary creatinine.

ethylene glycol), streptococcal infections, and myositis can cause rhabdomy-
olysis.

Once filtered, pigment accumulates in proximal tubule cells by endocyto-
sis. If urine pH is below 7.0, myoglobin is converted to ferrihemate, which is
directly toxic to renal cells. Diagnosis is secured by the finding of heme pig-
mentin the urine in the absence of red blood cells, and an elevated serum cre-
atinine phosphokinase in patients with clinical findings consistent with
rhabdomyolysis or hemoglobinuria. The diagnosis can be suspected with the
appearance of dark (cola-colored) urine containing dark brown granular casts.

Treatment is by aggressive volume resuscitation, careful hemodynamic
monitoring, and diuresis of at least 100 mL/h. While mannitol is often
employed to maintain diuresis, little evidence supports this practice. Because
both pigment precipitation and conversion to ferrihemate depend on aciduria,
sodium bicarbonate (typically around 3 ampules in each liter of 5 percent dex-
trose in water [DSW]) is added to intravenous fluids to maintain an alkaline
urine pH.

Other causes of intrinsic renal dysfunction include nonsteroidal anti-
inflammatory drugs, the abdominal compartment syndrome, and sepsis.

Few organ systems escape the effects of ARF. [f ARF produces increased
free water and sodium load, volume complications can occur. including con-
gestive heart failure, pulmonary edema, and hypertension. Arrhythmias occur
in 10 to 30 percent of patients and can be exacerbated during intermittent
hemodialysis. Pericarditis may occur in severe uremia. Gastrointestinal com-
plications of uremia include anorexia. nausea, emesis, and ileus.
Gastrointestinal bleeding can occur in up to 30 percent of patients with acute
renal failure, particularly as BUN levels exceed 80 mg/dL and platelet dys-
function ensues. Neurologic changes occurring in patients with uremia
include confusion, asterixis, somnolence, and seizures. Neurologic manifes-
tations are sometimes exacerbated by electrolyte shifts during intermittent
hemodialysis. Conversely, such symptoms can be improved following dialy-
sis therapy.

Uremia also produces hematologic abnormalities. Increased hemolysis in
uremia leads to anemia compounded by decreased erythropoiesis as renal
secretion of erythropoietin falls. While some advocate administration of
recombinant erythropoietin, transfusion of packed red blood cells is clearly
the better choice for correction of anemia in the trauma patient. Platelet
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dysfunction produces a risk of clinically significant bleeding as BUN rises
above 60 to 80 mg/dL. Because this dysfunction is not corrected by platelet
infusion, desmopressin or dialysis may be required to treat significant hem-
orrhage from the gastrointestinal tract or intracranial bleeds.

DIAGNOSIS AND MANAGEMENT
Prevention

The most important therapeutic modality in the management of ARF is pre-
vention: maintenance of intravascular volume, avoidance of hypotensive
episodes, minimization of toxic exposures, aggressive treatment of infection,
and early intervention.

A general algorithm for diagnosis and management of acute renal dysfunc-
tion is shown in Fig. 53-1. In general, the objectives of ARF management
include early identification of renal dysfunction, elimination of obstruction as
a source of compromise, identification and treatment of prerenal failure, lab-
oratory confirmation of renal parenchymal damage, optimization of intravas-
cular volume and oxygen delivery, trial of loop diuretics, elimination of
nephrotoxins, correction of associated metabolic abnormalities, institution of
renal replacement therapies if indicated, provision of adequate nutrition, and
adjustment of drug dosages to account for decreased clearance.

Renal Replacement

Despite decades of use, no consensus indications for the initiation or dosing
(frequency and duration) of renal replacement therapy have been widely
accepted, and aspects of its use are controversial. Early dialysis may avoid
uremic complications, simplify fluid management, and facilitate nutrition
delivery. On the other hand, hemodialysis is not a benign procedure. Patients
routinely experience hypotension requiring increased pressor support. cardiac
arrhythmias, hypoxemia, complications, and infections at dialysis catheter
sites. Despite these arguments, dialysis has some clear indications.

Renal replacement therapy is indicated for any one of several life-threaten-
ing metabolic derangements: fluid overload, severe uremia, critical elec-
trolyte abnormalities, metabolic acidosis that cannot be compensated by
hyperventilation, and some toxins. Dialysis for clinical volume overload
should be approached with care: in the trauma population, hypovolemia is
more common and far more dangerous than fluid overload. As BUN
approaches 100 mg/dL, patients exhibit mental status changes and coagulopa-
thy secondary to platelet dysfunction. Some clinicians advocate earlier initia-
tion of dialysis (e.g., when BUN reaches 60 mg/dL) in order to avoid
complications of azotemia. The mostcommon electrolyte abnormality treated
with dialysis is hyperkalemia. Values greater than 7 mEq/dL are thought to be
critical, but any value above normal accompanied by electrocardiographic
changes is an emergency. Metabolic acidosis is best addressed by remedying
the underlying cause of the acidosis. In general, timing and frequency of
hemodialysis are best decided within a daily clinical context rather than sim-
ply by strict laboratory criteria.

Three forms of renal replacement therapy are commonly used in hospitals
today: peritoneal dialysis, intermittent hemodialysis, and continuous renal
replacement. Peritoneal dialysis (PD) is a poor choice to treat ARF in trauma
patients. Established efficacy has made intermittent hemodialysis (IHD) the



482 PARTV / MANAGEMENT OF COMPLICATIONS AFTER TRAUMA
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FIG. 53-1. General algorithm for diagnosis and treatment of oliguria and
azotemia. ACS, abdominal compartment syndrome; BUN, blood urea nitro-
gen; DO2I, oxygen delivery; ECG, electrocardiogram; FENa, fractional excre-
tion of sodium; IHD, intermittent hemodialysis; K,, potassium; MAP, mean
arterial pressure; P, pulse; PRBCs, packed red blood cells; UOP, urine output;
U/S, uitrasound.

standard therapy for ARF. Besides ready availability in most hospitals, IHD
rapidly removes fluid, solutes, and toxins; however, these advantages are tem-
pered by dangers. Due to rapid volume solute shifts, intermittent dialysis in
the critically ill patient in the intensive care unit is associated with episodes of
hypotension, hypoxemia, hemolysis, and cardiac arrhythmias. Rapid solute
shifts have also been associated with worsening of cerebral edema. Moreover,
IHD is associated with increased oxygen consumption and decreased oxygen
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delivery, leading to intestinal mucosal acidosis that persists after the proce-
dure is complete. Finally, hemodialysis activates the systemic inflammatory
reaction by priming neutrophils, activating the complement system, causing
generation of reactive oxygen species, and increasing release of leukotrienes
and proinflammatory cytokines.

Continuous Renal Replacement Techniques

Even with biocompatible membranes, many patients are too unstable to toler-
ate IHD. To provide renal replacement to these patients, various continuous,
low-flow replacement therapies have been devised. These methods differ in
the method used as the driving force for blood flow through the device and of
the mechanism of solute removal. Arteriovenous (A V) circuits use mean arte-
rial pressure (MAP) as the driving force. Venovenous (VV) circuits use an
external pump as the driving force and generally permit better control and
higher flow rates. Arteriovenous systems (e.g., continuous arteriovenous
hemofiltration [CAVH]) are the simplest and least expensive systems, but
require morerisky arterial access and depend on a MAP of atleast 80 mm Hg
for effective flow. VV systems utilizing external pumps add complexity and
cost, but are generally more efficient. Both systems require anticoagulation of
the external system via citrate or heparin.

Continuous renal replacement techniques (CRRT) use highly permeable.
biocompatible, synthetic membranes that allow gradual, continuous removal
of fluids and solutes. They are more effective than IHD in clearing nitroge-
nous wastes and providing nutrition without risk of volume overload. They
also have a lower incidence of cardiac arrhythmias and decreased exacerba-
tion of cerebral edema in patients with closed head injuries.

Nutrition

A common mistake in treating patients with renal dysfunction is withholding
protein calories for fear of driving serum nitrogen levels upward. Nutritional
support should take precedence over withholding renal replacement therapy.

Drug-Kidney Interactions

Because most drugs and their metabolites are at least partly metabolized and
excreted by the kidney, pharmacokinetics of most drugs can be drastically
altered in ARF. The following mechanisms are important in altering available
druglevels during acuterenal failure: decreased filtration, decreased tubular
secretion, decreased tubular reabsorption, and altered volume of distribution.
Drug therapy should be designed specifically for each patient in ARF. Dosing
tables or the hospital pharmacist should be consulted for a dosing regimen.
Many drugs are best avoided altogether in the setting of ARF.
Aminoglycosides and amphotericin B may precipitate or aggravate renal dys-
function. Other drugs have active metabolites that accumulate to toxic levels
in renal failure. For example, normeperidine, the renally excreted active
metabolite of meperidine, can rapidly accumulate in ARF and cause neuro-
toxicity, including seizures. Morphine is the preferred analgesic in ARF, but
it should also be used with caution; decreased protein binding in ARF
increases the bioavailability of a given dose of morphine. As with meperidine.
metabolites of diazepam can accumulate and cause prolonged sedation in
patients with ARF. Other drugs carry large electrolyte loads, potentially exac-
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erbating electrolyte disorders in ARF. Examples include carbenicillin and
ticarcillin (sodium loads), potassium penicillin (potassium load), and many
antacids (magnesium load). Hemodialysis also affects drug dosing.
Postdialysis dosing is recommended for drugs that are cleared during dialysis.

OUTCOMES

Most patients with renal dysfunction can be managed without dialysis if
treated early. [f allowed to progress, ARF contributes significantly to morbid-
ity and mortality. Older age and a higher number of dysfunctional organ sys-
tems have the strongest association with mortality in ARF. Higher mortality is
also seen in ARF secondary to ATN than from other etiologies. Finally,
patients with oliguric ARF have an eightfold increased risk of requiring dial-
ysis and a correspondingly worse prognosis than nonoliguric patients.
Patients who survive initiation of dialysis have less than a 25 percent chance
of requiring chronic dialysis, demonstrating the ability of the kidney to
recover from severe injury with time. Most survivors regain nearly normal
renal function within 30 days.
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54 Nutritional Support

Nutritional therapy is an integral part of the management of severely injured
patients. Nutritional risk does not result from preexisting defects in protein
stores but rather from the hypermetabolic response to injury and subsequent
sepsis induced by the inflammatory and hormonal responses.

The modern era of nutrition support can be traced to the successful central
venous infusion of hypertonic solutions of dextrose and protein hydrolysates,
but recently there has been renewed interest in the enteral route in severely
injured trauma patients.

THE ENDOCRINE RESPONSE TO STRESS AND INJURY

There are differences between hypercatabolism of injury, stress, or sepsis, and
starvation. In starvation, amino acids provide the substrate for gluconeogene-
sis, but fatty acids, ketone bodies (KB), and glycerol become the primary sub-
strate within 7 to 10 days as insulin levels drop. The respiratory quotient
([RQ], aratio of CO, production to O, consumed) is approximately 0.6 to 0.7
during starvation, indicative of fat utilization.

In hypermetabolism, the RQ ranges from 0.80 to 0.85. Catecholamines
induce hepatic glycogenolysis and gluconeogenesis and inhibit insulin
release; elevated cortisol stimulates glycogenolysis, muscle proteolysis, and
gluconeogenesis and induces a peripheral insulin resistance; and insulin ana-
bolic effects for protein synthesis, lipogenesis, and glycogenesis are inhibited.
Muscle provides the primary substrate for glucose.

The Nutrient Prescription: Issues Common to Enteral and Parenteral
Feeding

Estimating Nutritional Needs

The most common calculation used to determine basal energy expenditure
(BEE) is the Harris-Benedict formula, defined as follows:

For males: BEE = 66 + (13.8 X W) + (5 X H) — (6.8 X A)
Forfemales: 665 + (9.6 X W) + (1.8 X H) — (4.7 X A)

where W is the weightin kilograms, H is the height in centimeters. and A the
age in years. These values were increased by stress (ranging from 1.25 to 2)
and activity factors, but indirect calorimetry has shown that these factors
overestimate nutrient needs, which increase only 10 to 20 percent above the
BEE.

Caloric density for nutrients is as follows: | g protein provides 4 kcal, | g
of hydrated glucose in total parenteral nutrition (TPN) provides 3.4 kcal ver-
sus 4.0 kcal in enteral formulas, and | g of fat (as an enteral form) provides 9.1
kcal, but | g of intravenous fat emulsions (IVFE) contains 10 kcal/g because
of emulsifiers. Standard TPN solutions are described in Table 54-1. If 30
kcal/kg is provided, 90 percent of patients will reach their energy requirement
with overfeeding in only 15 to 20 percent. Our approach is to provide 30
kcal/kg/d after severe trauma and decrease to 25 kcal/kg as hypermetabolism
decreases.

Glucose Requirements

Glucose should provide 50 to 60 percent of calories. The maximal rate of glu-
cose oxidation is 5 mg/kg/min or 7.2 g/kg/d. In a 70-kg man, this is approxi-

485



486 PARTV / MANAGEMENT OF COMPLICATIONS AFTER TRAUMA

TABLE 54-1 Examples of TPN Formulas Used in Trauma Patients

Type Carbohydrate Protein Fat

Standard #1 D20W AA 5% Lipids 2%
Standard #2 D1s5wW AA 5% Lipids 3%
Concentrated D3owW AA 6% Lipids 4%
ARF—no dialysis D30wW AA 2% Lipids 2%
ARF—dialysis D30W AA 4% Lipids 2%

AA, amino acids; ARF, acute renal failure.

mately 500 g of glucose, which is met by 2 L of a 25 percent dextrose solu-
tion. Blood sugars should be maintained below 220 mg percent.

Fat Requirements

Fat should be given at a dose of | g/kg/d to provide 20 to 30 percent of calo-
ries if triglyceride levels are below 300 mg/dL. The maximum adult dose of
IV lipid is 2.5 g/kg/d. Greater amounts may be used in hyperglycemic
patients, but hyperlipidemia, cholestasis, increased risk of infection, and per-
haps immunosuppression may occur.

Protein Requirements

The recommended dose of amino acids or protein for stressed or septic
patients without renal dysfunction is 1.5 to 2 g/kg/d. If blood urea nitrogen
(BUN) levels climb above 60 mg/dL, protein should be reduced to 1.3 to 1.5
g/kg/d. As stress resolves, protein is reduced to | to 1.5 g protein/kg/d. Burn
patients typically receive 2 to 2.5 g/kg/d.

Formula Recommendations

For nonseptic, nonstressed patients provide a calorie:nitrogen (Cal:N) ratio of
130:1 to 160:1 with 1.5 g of protein/kg/d. For stressed or septic patients with-
out renal failure, provide a Cal:N ratio of 80:1 to 120:1 with 1.5 to 2 g of pro-
tein/kg/d. For burn patients provide a low Cal:N ratio with 35 to 40 total
kcal/kg/d and 2 to 2.5 g of protein/kg/d.

For severely injured patients, immune-enhancing diets (IEDs) with a Cal:N
of 50:1 to 60:1 (due to supplemental glutamine [GLN} and/or arginine [ARG]
and/or branched-chain amino acids [BCAA]) should provide 2.0 to 2.2 g/kg of
protein (0.32 to 0.35 g of N/kg/d). BUN often rises to 50 mg/dL but rarely
higher if renal function is normal.

For patients with renal failure, provide about 0.6 to 0.8 g of protein/kg/d
predialysis with a Cal:N of 300:1 to 375:1. Specialized, essential amino acid
solutions provide little if any additional benefit. A high Cal:N ratio may con-
trol K*, Mg**, and PO, 2, but they should be removed initially and added as
necessary. With dialysis, increase protein to | to 1.2 g/kg/d and reduce the
Cal:N ratio to ~200.

For pulmonary failure in trauma patients, overfeeding and resultant lipoge-
nesis rarely pose clinically significant problems due to CO, production. and
high fat pulmonary-specific formulas are not recommended.

With hepatic failure and multiple-organ dysfunction syndrome (MODS),
avoid excessive protein restriction. Intravenous solutions are better tolerated
(e.g., | to 1.5 g/kg/day) than the enteral protein. Although high-BCAA for-
mulas for hepatic failure are available, severe failure with MODS usually
does not respond.
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Enteral Feeding

There appears to be immunologic benefit when nutrients are delivered enter-
ally. Randomized studies show reduced rates of intra-abdominal abscess and
pneumonia with enteral feeding compared to TPN or no feeding. The algo-
rithm for nutrition support posttrauma is shown in Fig. 54-1.

Access During Celiotomy for Trauma

The abdominal trauma index (ATI) (Table 54-2) can be rapidly tabulated at
the operating table and enteral access obtained in patients with an ATI of 25
or greater. Certain intra-abdominal injuries (colon, pancreas, liver, or duode-
num) are at increased risk of developing septic complications. Patients requir-
ing celiotomy with insignificant intra-abdominal injuries who will benefit
from enteral access are also shown in Fig. 54-1. Principles of safe postpyloric
access are listed in Table 54-3.

Closed-Head Injury Patients

There is no clear evidence that early administration of enteral or parenteral
feeding reduces sepsis or improves outcome after severe head injury. Wait
until GI tract function returns and gastroparesis resolves (generally within 3 to
4 days)and start intragastric enteral nutrition. Add a prokinetic agent on days
4 and 5, if necessary, and start TPN if gastroparesis persists.

Burn Patients

Start intragastric feeding within 12 hours to reduce the incidence of gastro-
paresis. Clinical data suggests a blunting of the hypermetabolic response.

Diet Choice By the Enteral Route

In critically ill patients at high risk of developing sepsis (ATI =25, Injury
Severity Score [ISS] >20; Fig. 54-1), some clinical data support use of IEDs
containing omega-3 fatty acids, nucleotides, BCAA, ARG, and/or GLN.
Otherwise, in severely injured patients a Cal:N of approximately 80:1 to
120:1 should be used. As stress resolves, increase the Cal:N to 130:1 to 160:1
and reduce protein to | to 1.5 g protein/kg.

Diet progression is determined by the type of formula used. Table 54-4
provides an advancement protocol for chemically defined elemental formula
diets. Start more complex diets full strength at 15 mL/h for the first 6 to 8
hours in patients with previous hemodynamic instability only after resuscita-
tion and splanchnic perfusion is adequate. Advancement to 25 mL/h after 6 to
8 hours and at increments of 25 mL/h/day depending on tolerance. Examine
the abdomen daily!

Patients with an ATI = 40 and bowel injuries have increased bloating,
cramps, and general intolerance when advanced quickly and may require
slower advancement.

Prokinetic Agents

Impaired gastric emptying may limit intragastric feeding. If persistent beyond
3 to 4 days. a prokinetic agent such as metoclopramide or erythromycin may
enhance emptying.
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FIG. 54-1. Protocol for nutrition support at the Presley Trauma Center. ATI, Abdominal Trauma Index; BSA, body surface area; CHI,
closed head injury; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; NG, nasogastric; TPN, total parenteral nutrition.
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TABLE 54-2 Calculated Sepsis Risk Using the Abdominal Trauma Index (ATI)

Organ Risk Organ Risk factor
injured factor Scoring injured scoring
High Risk Low Risk
Pancreas (5) 1. Tangential Kidney (2) 1. Nonbleeding
2. Through-and-through 2. Minor debridement or suturing
(duct intact) 3. Major debridement
3. Major debridement or distal duct injury 4. Pedicle or major calyceal
4. Proximal duct injury 5. Nephrectomy
5. Pancreaticoduodenectomy
Ureter 2) 1. Contusion
Large intestine  (5) 1. Serosal 2. Laceration
2. Single wall 3. Minor debridement
3. =25% Wall 4. Segmental resection
4. >25% Wall 5. Reconstruction
5. Colon wall and blood supply
Major vascular  (5) 1. =25% Wall Bladder (1) 1. Single wall
2. >25% Wall 2. Through-and-through
3. Complete transection 3. Debridement
4. Interposition grafting or bypass 4. Wedge resection
5. Ligation 5. Reconstruction
Moderately High Risk
Duodenum (4) 1. Single wall Extrahepatic
2. =25% Wall Biliary (1) 1. Contusion
3. >25% Wall 2. Cholecystectomy
4. Duodenal wall and blood supply 3. =25% Wall
5. Pancreaticoduodenectomy 4. >25% Wall
5

. Biliary enteric reconstruction
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TABLE 54-2 continued

Liver (4) 1. Nonbleeding peripheral Bone (1) 1. Periosteum
2. Bleeding, central, or minor debridement 2. Cortex
3. Major debridement or hepatic artery ligation 3. Through-and-through
4. Lobectomy 4. Intra-articular
5. Lobectomy with caval repair or extensive 5. Major bone loss
bilobar debridement
Moderate Risk Small bowel (1) 1. Single wall
Stomach (3) 1. Single wall 2. Through-and-through
2. Through-and-through 3. =25% Wall
3. Minor debridement 4. >25% Wall
4. Wedge resection 5. Wall and blood supply or >5
injuries
Spleen (3) 5. >35% Resection
1. Nonbleeding Minor vascular (1) 1. Nonbleeding small hematoma
2. Cautery or hemostatic agent 2. Nonbleeding large hematoma
3. Minor debridement or suturing 3. Suturing
4. Partial resection 4. Ligation of isolated vessels
5. Splenectomy 5. Ligation of named vessels

Sources: Adapted from Moore DE, Dunn EL, Moore JB, et al: Penetrating Abdominal Trauma Index. J Trauma 21:439, 1981; and Borlase BC,
Moore EE, Moore FA: The Abdominal Trauma Index—A critical reassessment and validation. J Trauma 30:1340, 1990.
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TABLE 54-3 Principles of Safe Enteral Feeding Access

Choose the tube appropriate for expected needs:
* Needle catheter: 3-4 weeks
e | arge-bore tube: Chronic needs
e Transgastric jejunostomy: If contraindication to direct small bowel access
or for simultaneous gastric drain. Read the instructions provided!

Obtain safe postpyloric access:
e Position jejunostomy to avoid afferent loop tension if distension occurs.
e Create lax Witzel tunnel.
e Suture 6-10 cm of jejunum to the anterior abdominal wall.
e Position atthe lateral aspect of the rectus sheath away from the midline.

Complications of Enteral Feeding

Mild abdominal distension is not uncommon but does not necessitate discon-
tinuation of feedings. If patients complain of severe discomfort or cramping,
slow the rate if pain is not incisional. Daily abdominal examinations are
mandatory.

The incidence of diarrhea is 5 to 25 percent in tube-fed patients, depending
on the definition of diarrhea. Antibiotic-induced enterocolitis, magnesium
medications, or sorbitol account for 75 percent of cases. Prokinetic drugs may
cause diarrhea. If multiple antibiotics were given, Clostridium difficile should
be suspected and proctosigmoidoscopy should be performed, particularly if
patients are guaiac positive. C. difficile was found in over 50 percent of
patients with diarrhea receiving multiple antibiotics and enteral nutrition.

Change the formula to isotonic formula with fiber if diarrhea occurs and
reduce the rate by 50 percent. Stop prokinetic agents and all enteral medica-
tions. Perform sigmoidoscopy and test for C. difficile. If positive, start appro-
priate therapy.

Mechanical Complications

Occlusion of feeding tubes is not uncommon. Size 14 or 16 F tubes can be
replaced, but clogged 5 and 7 F needle catheter jejunostomies (NCJ) may
require removal. Occlusion of an NCJ within 24 to 48 hours is usually caused
by akink at the fascia. Withdraw the NCJ 5 or 6 cm while flushing, cut of f the
NCJ beyond the kink, and reconnect. Give no medications via an NCJ since
elixirs coagulate feedings and occlude the tube.

Parenteral Feeding

The percutaneous subclavian vein approach is the best procedure. Alternative
methods include the internal jugular vein and the femoral vein, but these carry

TABLE 54-4 Protocol for Advancement of Chemically-Defined Diet

Strength Rate Duration
1/4 50 mL/h 8h
1/4 75mL/h 8h
1/4 100 ml_/h 8h
1/2 100 mi/h 8h
3/4 100 ml/h 8h
Ful 100 mL/h 8h
Full 125 mL/h*

*If required.
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an increased risk of catheter sepsis and deep venous thrombosis (with femoral
lines). When starting central TPN, decide whether to: (1) use the current cen-
tral line for TPN (e.g., triple-lumen catheter, Swan-Ganz catheter), (2) change
the present catheter to a new catheter with the modified Seldinger technique
and a flexible guidewire, or (3) place an entirely new central line. Swan-Ganz
(SG) catheters may be used temporarily in hemodynamically unstable
patients. Once stable, change the SG to a triple-lumen catheter using the mod-
ified Seldinger technique. Use silicone or polyurethane elastomers, which are
less thrombogenic than polyethylene. Change the central catheter with a ster-
ile guidewire and culture the tip after obtaining central and peripheral blood
cultures if suspected catheter sepsis occurs with chills and shaking, hyperther-
mia, tachypnea, tachycardia, and leukocytosis with left shift. [f a pathologic
organism grows with > 15 colony-forming units, change the catheter site.

TPN Formulas

Preprinted order forms minimize confusion, especially when there are multi-
ple prescribers. Table 54-1 lists several common TPN formulas.

IVFEs provide essential fatty acids. Essential fatty acid deficiency (EFAD)
is prevented by giving 2 to 4 percent of calories as essential fatty acids (i.e.,
linoleic acid and linolenic acid). The maximum dose in adults is 2.5 g/kg/d,
but should be limited to | g/kg/d as a continuous infusion or as part of a total
nutrient admixture (TNA) given over 24 hours. Provide a lower dose (0.5 to |
g/kg/d as a continuous infusion) with acute respiratory distress syndrome
(ARDS) due to oxygenation problems with rapid infusions (3 mg/kg/min).
Withhold lipids with hypertriglyceridemia (e.g., >500 mg/dL). Biochemical
evidence of EFAD develops within 2 weeks on a fat-free TPN regimen and
symptoms can occur within | week.

Electrolyte components of TPN (Table 54-5) may vary considerably in
these patients depending on serum concentrations, concomitant drug therapy,
acid-base status, preinjury nutritional status, and extrarenal losses of fluid and
electrolytes.

Provide daily vitamins in the TPN solution as suggested by the American
Medical Association Nutrition Advisory Group (AMANAG) (Table 54-6).
Parenteral multivitamin products (e.g., MVI-12, Astra Merck) meet recom-
mendations for 12 of the vitamins, but vitamin K is not included and must be
added to the TPN individually (5 to 10 mg/wk or 0.5 to 1 mg/d).

Provide the trace elements zinc, chromium, copper, manganese, and sele-
nium. Copper and manganese should be withheld in patients with cholesta-
sis. Patients with substantial ostomy losses are prone to zinc deficiency and
given at least 5 mg/d of zinc. Parenteral molybdenum and iodine are also
available.

TABLE 54-5 Electrolytes in TPN

Electrolyte Usual requirement perday  Standard TPN concentration/L

Sodium 100-150 mEq 40-60 mEq/L

Potassium 80-100 mEq 20 mEg/L as phosphate
(more if anabolic) 20 mEg/L as acetate

Magnesium 8-30 mEq 8 mEg/L as sulfate

Calcium 10-15 mEq 5 mEg/L as gluconate

Phosphorus 20-40 mmol 15 mmol/L as K* salt or Na™ salt
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TABLE 54-6 Parenteral Vitamins Recommended by AMANAG Guidelines*

Vitamin Dose
Vitamin A 3300 U
Vitamin D, 200 U
Vitamin E 10 mg
Thiamin 3 mg
Riboflavin 3.6 mg
Pyridoxine 4mg
Niacin 40 mg
Pantothenate 15 mg
Biotin 60 ng
Folate 400 ng
Cobalamin 5pg
Ascorbic acid 100 mg

*Vitamin K must be given as a single entity in adults.

Most patients can be started on TPN and advanced to a desired goal over 2
to 3 days. A reasonable initiation rate is 25 to 50 mL/h with advancement by
25 to 40 mL/h/day to the desired goal.

Provideregular insulin with glucose =200 mg/dL due to stress and/or dia-
betes or with moderate to severe glucosuria (=500 mg/dL). Add regular
human insulin to the TPN solution, usually beginning with at least 15 U/L.
Add an insulin drip and limit the TPN rate with extreme glucose intolerance.

Monitoring Therapy

TPN fluid provides 50 to 95 percent of the patient’s intake at the goal rate.
Concentrate the formula and reduce sodium in overloaded patients. Monitor
electrolytes daily until stable. Add additional IV fluids for euvolemic patients
requiring larger volumes due to unusual losses (e.g., fistula).

ADDITIONAL READING

Borlase BC, Moore EE, Moore FA: The Abdominal Trauma Index—A critical reassess-
ment and validation. J Trauma 30:1340, 1990.

Frankel WL, Evans NJ, Rombeau JL: Scientific rationale and clinical application of
parenteral nutrition in critically ill patients, in Rombeau JL, Caldwell MD (eds):
Clinical Nuirition, Vol 2. Parenteral Nutrition, 2nd ed. Philadelphia, WB Saunders.
1993, p 597.

Hwang T-L, Hwang S-L, Chen M-F: The use of indirect calorimetry in critically ill
patients—Relationship with measured energy expenditure to Injury Severity Score,
Septic Severity Score, and APACHE I score. J Trauma 34:247, 1993.
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1992.



55 ‘ The Immune Response

The complex entity of inflammation and infection with ensuing organ dys-
function and failure continues to be the leading problem after injury and
surgery. When systemic inflammation progresses to multiple and remote
organ failure, the mortality rate increases, ranging from 30 to 80 percent
despite state-of-the-art intensive care medicine. Major injury is thus a pro-
found threat to survival, and nearly 50 percent of patients who survive the ini-
tial injury phase go on to suffer from subsequent inflammatory or infectious
complications. The causes for these complications of multisystem injuries are
extensive tissue necrosis, prolonged hemorrhagic shock. and significant alter-
ation of circulating cytokines, prostaglandins, and coagulation factors.

Severe injury results in major dysfunction of host defense mechanisms, a
consequence of a systemic, diffuse, nondiscriminant, and excessive inflam-
matory response, together with a failure of cell-mediated immune function.
While parts of the immune system are stimulated, others are depressed in a
complex series of events that is yet not completely understood (Fig. 55-1). On
one hand, the nonspecific immune system is activated, as white blood cells
and macrophages mobilize to the site of injury with activation of complement
and opsonins. Following tissue injury acute-phase proteins are produced as a
part of the immune response with interleukin-6 (IL-6) production and release
of other proinflammatory cytokines. On the other hand, circulating immuno-
suppressive factors including suppressor T cells appear because of tissue
necrosis and shock, and this may impede the activity of white blood cells as
well as lung and liver macrophages. All of these factors may contribute to
increased susceptibility to infection.

The immune system can cope with a modest injury, but when the injury is
severe and overwhelming, with extensive tissue necrosis, the immune sys-
tem is activated systemically and may become self-destructive. A response
that should be localized to the area of the wound and is critical for healing
and survival may become generalized and produce remote organ damage. It
has been reported by a number of groups that remote organ failure usually
affects the lungs first, followed by the liver, the gut, and the kidneys, while
circulatory failure occurs in the later stages. Survival of septic patients is
generally dependent upon identification of the septic focus. If a treatable
causeforsepsis is not found, mortality often follows with frequency in direct
proportion to the number of organs that fail. During recent years a number of
clinical and experimental studies have reported significant gender differ-
ences regarding incidence and survival of septic complications in trauma
patients. It appears that immune function after hemorrhagic shock and/or
severe trauma is influenced by detrimental effects of male sex steroids,
while female sex steroids appear to beneficially influence posttraumatic
immune functions.

PRIMING

Neutrophil priming is initiated by exposure to antigens (e.g., lipopolysaccha-
ride [LPS]) or proinflammatory cytokines (e.g.. tumor necrosis factor-a
[TNF-a) as well as granulocyte macrophage colony-stimulating factor (GM-
CSF), and results in an upregulation of reduced nicotinamide adenine dinu-
cleotide phosphate (NADPH) oxidase activation. The priming process plays a
crucial role in neutrophil-mediated tissue damage, and it has been shown that
superoxide anion generation is markedly enhanced in primed neutrophils.

494
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FIG. 55-1. Intercellular signal transduction of circulating and tissue-fixed
immunocompetent cells with proinflammatory intercellular mediators during the
development of the systemic inflammatory response. CNS, central nervous
system; ELAM-1, endothelial leukocyte adhesion molecule; ICAM-1, intercellu-
lar adhesion molecule; IL-1, interleukin-1; IL-6, interleukin-6; MCP, monocyte
chemotactic protein; TNF, tumor necrosis factor.

Although this process was thought to be irreversible, there are data that indi-
cate that neutrophil priming is reversible.

IMMUNOLOGIC DERANGEMENTS FOLLOWING INJURY
Prostaglandin E, and Interleukin-2

There is a wide array of immunologic derangements after injury, shock.
trauma, burns, and extensive surgical procedures. They are induced mainly
by macrophage activation, a significant inhibition of the bone marrow, and
changes in the specific (Table 55-1) and nonspecific (Table 55-2) immune
system. Following major injury, lymphopenia (CD3* lymphocytes) and
simultaneous monocytosis (CD 14 ™ cells) have been reported. Flow-cytomet-
ric analysis of lymphocyte subpopulations demonstrates a massive decline of
CD4" T-helper cells, while interleukin-2 (IL-2) receptor expression on the
surface of lymphocytes is also reduced. The CD8" cytotoxic and suppressor-
active T cells that play a central role in posttraumatic immunosuppression are
found to be unchanged or elevated, which leads to a conversion of the
CD4:CD8 ratio to a value below 1. These alterations of circulating lympho-
cyte subpopulations have been reported to continue as long as 21 days after
trauma. Shock, trauma, and burns have been shown to produce a severe inhi-
bition of mitogenic stimulation of lymphocyte proliferation which appears to
be related to the release of excessive prostaglandin E,. A number of clinical
studies have reported that the depression of lymphoblastogenesis after severe
trauma may exacerbate the development of infectious complications.
Moreover, depression of IL-2 biosynthesis has been observed instantaneously
after injury and has been shown to persist for a longer period of time. The
detrimental effects of depressed IL-2 synthesis are important since this
effects T-cell replication, clonal T-cell expansion, and B-cell antibody pro-
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TABLE 55-1 Specific Immune Functions That Are Altered Following
Hemorrhage and Tissue Trauma

Myelodepression

Lymphopenia

—ggg ratio <1

T- and B-cell proliferation |

Release of lymphokines (IL-2, IL-3, y-IFN) {
Lymphocyte IL-4 and IL-10 release T

IL-2 receptor exEression

NK cell activity

Alteration of M$/T-cell interaction

HLA-DR antigen expression {

DTH skin test reactivity |

Inhibition of B-lymphocyte differentiation
Plasma cells: IgM synthesis and secretion |
Shift from IgM — IgG synthesis

DTH, delayed-type hypersensitivity; IgM, IgG, immunoglobulin M and G; NK,
natural killer.

duction. Suppression of IL-3 and interferon gamma (IFN-v) synthesis from
lymphocytes has also been described after major trauma. In addition to the
inhibition of IL-2 receptor expression, there is a striking decrease in HLA-
DR antigen (human leukocyte antigen-DR, a class II major histocompatibil-
ity complex antigen) expression on macrophages after injury. HLA-DR
expression appears to be more severely depressed in patients who developed
or died of sepsis, when compared with patients who had an uneventful recov-
ery from trauma. Addition of IFN-+y to peripheral mononuclear leukocyte cul-
tures obtained from these patients induced an increase in HLA-DR antigen
expression.

TABLE 55-2 Nonspecific Immune Functions That Are Altered Following
Hemorrhage and Tissue Injury

Monocytosis
Plasma levels of TNF-a and IL-6 T
Mdé TNF-a and IL-6 secretion accelerated
Md L-1 secretion
Md PGE, synthesis T
PGE; plasma levels T
PMN
Chemotaxis
Phagocytic capacity |
B,-Integrin expression 4
LTB, synthesis {
Release of O, radicals { T
Release of elastase T
Acute-phase protein synthesis T
C3a plasma levels T
Cathepsin, lactoferrin, myeloperoxidase levels T
Neopterin plasma levels T
Depletion of fibronectin, opsonins, and AT Il plasma levels T

AT IlI, antithrombin Ill; C3a, complement 3a; IL, interleukin; LTB, leukotriene B;

PGE,, prostaglandin E,; PMN, polymorphonuclear neutrophils; TNF, tumor
necrosis factor.
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Delayed-Type Hypersensitivity Response

The delayed-type hypersensitivity (DTH) response to ubiquitous antigens
provides a global assessment of the host defense response. Patients with infec-
tious complications who show an intact DTH skin response usually respond
appropriately to their infection, do not develop multiple-organ failure (MOF)
and survive, whereas anergic patients fail to control their infections. After 20
years of experience with the DTH response it was concluded that anergy in
this test has a strong association to sepsis-related mortality in intensive care or
trauma patients; nonetheless, statistical significance was not seen in elective
surgical patients due to areduction in overall patient mortality.

B-Lymphocyte System

In patients with major surgery. a massive depression of B-cell differentiation
and immunoglobulin M (IgM) synthesis has been observed when peripheral
mononuclear cells were cultured and stimulated with pokeweed mitogen. The
degree of suppression correlated well with the amount of macrophage sup-
pression in the peripheral blood mononuclear cell (PBMC) cultures, while
IgG and IgA synthesis were not affected by trauma. Additional studies in
purified B-cell cultures confirmed these observations and showed a persistent
IgM/IgG shift.

Activated Macrophages

There is evidence that altered behavior of activated macrophages plays a key
role in the abnormal inflammatory and cell-mediated immune response after
severe injury. Shock, trauma, burns, and hemorrhagic shock as well as endo-
toxemia and bacteremia induce profound monocyte and macrophage activa-
tion with increased synthesis and secretion of inflammatory mediators, which
may contribute to remote organ as well as multiple-organ failure. Clinical
studies have reported that increased release of proinflammatory cytokines
(e.g., IL-6, TNF-a) by macrophage cultures from patients after ma jor surgery
is associated with septic complications as well as impaired outcome.

Cytokine Changes

The response to trauma is initiated within the immune system at the moment
of injury, and all patterns of trauma (sepsis, hemorrhage, ischemia, reperfu-
sion, soft tissue trauma, and burns) may activate macrophages and induce the
release of proinflammatory cytokines. The production and release of all
cytokines is altered by physiologic stress, and it is well recognized that
changes in the synthesis and release of cytokines play an important role in
mediating functional changes of the immune as well as the circulatory system.
Nonetheless, clinical studies of the relationship between circulating proin-
flammatory cytokine levels and development or onset of septic complications
have thus far failed to provide compelling data. The therapeutic targeting of
elevated TNF-a levels in patients with severe sepsis did not provide any clin-
ical benefit. Nonetheless, in patients with inflammatory bowel disease, signif-
icant benefit has been observed following administration of long-acting
TNF-a antibodies.

Despite the inconsistent findings regarding the effects of severe trauma on
circulating levels of pro- and anti-inflammatory cytokines as well as the lack
of correlation between serum concentrations of these mediators and the devel-
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opment of infectious complications, it appears that increased generation of IL-
I, IL-6, and possibly TNF-a contribute to the acute phase response and a
hypermetabolic phase that accompanies trauma. The exact role of these medi-
ators in the pathogenesis of multiple-organ failure, however, remains unclear.
There is nonetheless evidence indicating that severe immunosuppression
involving T- and B-cell function may result from the effects of stress-related
alterations in cytokine release. With regard to this, it has been suggested that
trauma causes a disintegration of the monocyte-T-cell interaction, which is
associated with profound changes in macrophage forward regulatory capaci-
ties and substantial depression of T-cell function.

In addition to the above mentioned alterations of cytokine release, a pro-
found deficit of IL-1 and IL-8 production which may last for several days has
been observed after severe trauma. This deficit may contribute to the immun-
odeficiency of traumatized as well as septic patients, because these cytokines
in low concentrations are involved in the upregulation of all essential humoral
and cellular immune functions. Inadequate IL-1 synthesis appears to be a sub-
stantial component of defective IL-2 synthesis following trauma. Moreover, a
significant shift of the cytokine response toward the T-helper lymphocyte
(Ty?2) direction following major trauma—as indicated by excessive upregula-
tion of IL-4—has been observed, and it appears to originate {rom the CD8"
rather than the CD4 " phenotype.

Polymorphonuclear Neutrophil Antibodies

Abnormal function of polymorphonuclear neutrophils (PMNs) after severe
trauma has been interpreted by some as a sign of unresponsiveness, while oth-
ers have observed PMN hyperactivation. These contradictory findings most
likely are time-dependent, since early postinjury (<6 hours) and delayed
(>48 hours) PNM functioning are different. A significant correlation between
the degree of PMN dysfunction and morbidity has been observed. PMN dys-
function after trauma includes decreased phagocyte activity, reduction of
intracellular bacterial killing, a decrease of glucose oxidation and oxygen con-
sumption, a reduction of hydrogen peroxide production, as well as loss of
lysosomal enzymes.

Repair and healing or perpetuation of acute inflammation is characterized
by a complex network of interacting cellular and humoral defense mecha-
nisms. Among the numerous inflammatory mediators, the proteolytic lysoso-
mal enzyme PMN elastase is highly destructive when released extracellularly
and contributes to organ dysfunction after injury. A number of investigators
have observed a correlation between increased circulating levels of elastase
and the development of organ failure.

GOALS OF IMMUNOTHERAPY

The principal clinical goal of modem immunotherapy after major trauma must
be to prevent the conversion of the systemic inflammation seen in an immuno-
compromised host into bacterial sepsis. Several strategic approaches to pre-
vent the development of late multiple-organ dysfunction appear feasible
(Table 55-3). Nonetheless, until now, all clinical trials in septic patients with
or without gram-negative bacterial infections employing therapy such as anti-
LPS monoclonal antibodies, anti-TNF antibodies, soluble TNF receptors, IL-
| receptor antagonists, or other agents have not shown a significant clinical
benefit. The major reason all these sepsis trials failed is thatthey treated “sep-
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TABLE 55-3 Crucial Issues in the Decision Process for Preventive
Immunotherapy in Trauma Patients

Patient selection (injury severity)

Timing

Choice of cellular targets

Downregulation but not complete shutdown of inflammatory response
Strengthening of specific immune response

Cost

sis” and not specific diseases. Moreover, patients differ in their immune
response and antigen exposure genetically, by gender, and in numerous other
ways that we do not yet understand (Table 55-4).

Ideally, the immunotherapy chosen should prevent the posttraumatic sys-
temic inflammatory response from becoming an irreversible autodestructive
inflammation with or without infection. Such an intervention must be
employed as early as possible following trauma and it should protect multiple
cellular targets (e.g., lymphocytes, macrophages, granulocytes, and endothe-
lial cells). It should protect the host from cell hyperactivation as well as
exhaustion. It is most likely that only a combination of several drugs will be
effective in controlling the posttraumatic dyshomeostasis. Crucial issues in
the complex field of preventive immunomodulation for the control of sys-
temic inflammation include patient selection, timing of adminstration, the dif-
ficulty in avoiding a complete shutdown of inflammatory responses. and the
cost of therapy. It is clear that the increased susceptibility to infection after
injury correlates with injury severity and thus with the degree of uncontrolled
inflammation. A combined therapeutic strategy should include (1) a global
short-term (=72 hours) downregulation of inflammatory macrophages and
PMN activity, (2) the prevention of excessive macrophage stimulation via
neutralization of circulating endo- and exotoxins with high doses of polyva-
lent immunoglobulins and soluble complement receptors, and (3) upregula-
tion of cell-mediated specific immune activity to overcome posttraumatic
paralysis by administration of IFN-y and granulocyte colony-stimulating fac-
tor (G-CSF).

Despite the progress that has been made in our understanding of the mech-
anisms of host defense dysfunction in trauma, shock. and sepsis, employing
immunotherapeutic interventions effectively in surgical patients in the near
future will depend on (1) our ability to measure the activation state of host
defenses accurately, (2) a clear comprehension of the interactions among the
various components of the immune system during health and disease, and
(3) a much more rapid and precise identification of pathogens and microbial
toxins.

TABLE55-4 Reasons for the Failure of Sepsis Trials

Treatment of different complex diseases in the same way

Overlap and redundancy of mediators

No single factor or mediator is consistently lethal

Inconsistent timing of treatment

Modulation of inflammation as an essential biologic function

Uncertainty about whether immune deficiency or immune excess was treated
Diversity of genetic background

Diversity of “immunological experience”
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56 Postinjury Multiple-Organ
Failure

Multiple-organ failure (MOF) emerged as a new syndrome 25 years ago as a
result of our ability to keep patients alive with advanced technology. Despite
intensive investigation, it remains the leading cause of late postinjury deaths
in the intensive care unit today.
DEFINITIONS

Systemic Inflammation Response Syndrome (SIRS):

To make this diagnosis, at least two of the following need to be present:

* Temperature above 38°C or below 36°C

* Heartrate >90 beats/min

* Respiratory rate >20 breaths/min or a Paco, <32 mm Hg

» White blood cell count (WBC) >12,000 cells/mm’ or <4000 cells/mm°,
or >10 percent immature (bands) forms

Sepsis:
SIRS in the presence of an identifiable source of infection.

Acute Respiratory Distress Syndrome (ARDS):

Acute onset

Pao,/F10, <200 (regardless of positive end-expiratory pressure [PEEP]
level)

Bilateral infiltrates seen on frontal chest radiograph

Pulmonary capillary wedge pressure (PCWP) =18 mm Hg or no clinical
evidence of left atrial hypertension

Multiple-Organ Failure:

The Denver MOF score includes four organ systems (pulmonary, renal, cardiac,
and hepatic) and each system’s function is graded on a scale of zero to three (0
normal, | mild, 2 moderate, and 3 severe) to reflect a continuum of physiologic
derangement. Individual organ failure is defined as a dysfunction grade of two
or more, while MOF is defined as the sum of simultaneous individual organ
dysfunction grades, after 48 hours of admission, of four or more. (Table 56-1).

Current Epidemiology

Over a 4-year period, 457 patients were prospectively followed, and 70 (15 per-
cent) developed MOF. A high Injury Severity Scale score (ISS), increasing
number of units of red blood cell (RBC) transfusion, elevated base deficit, and
elevated lactate levels were associated with MOF. MOF patients suffered sig-
nificantly more major infections (87 percent versus 23 percent), minor infec-
tions) 41 percent versus 23 percent), and nonseptic complications (53 percent
versus |2 percent) than patients without MOF (Table 56-2). Additionally, MOF
patients required more mechanical ventilator days (18.6 = 1.5 versus 3.1 *=
0.3), longer ICU stays (25.6 = 2.2 versus 87 = 0.5 days), and had a higher
mortality rate (25 of 70 patients [36 percent] versus 13 of 387 patients [3 per-
cent]). The mortality per number of failing organs was: one organ, |1 percent
(7/16); two organs, 24 percent (7/30); three organs, 60 percent (6/10); and four
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TABLE 56-1 Multiple-Organ Failure Score

Grade 0 Grade 1 dysfunction Grade 2 dysfunction Grade 3 dysfunction

Pulmonary* Normal ARDS score >5 ARDS score >9 ARDS score >13
Renal Normal Creatinine >1.8 mg/dL Creatinine >2.5 mg/dL Creatinine >5 mg/dL
Hepatict Normal Bilirubin >2 mg/dL Bilirubin >4 mg/dL Bilirubin >8 mg/dL
Cardiact Normal Minimal inotropes Moderate inotropes High inotropes
*ARDS score = A + B + C + D + E, pulmonary capillary wedge pressure (PCWP) =18 cm H,0, or clinical setting where high PCWP is not
anticipated.
A. Pulmonary findings by plain chest radiography

0 = Normal

1 = Diffuse, mild interstitial marking/opacities

2 = Diffuse, marked interstitial/mild airspace opacities
3 = Diffuse, moderate airspace consolidation

4 = Diffuse, severe airspace consolidation

B. Hypoxemia (Pao,/Fio,) C. Minute ventilation (L/min) D. Positive end-expiratory pressure (cm H,0)
0 = Normal 0=<11 0=<6
1 =175-250 1=<11-13 1=6-9
2 =125-174 2 = <14-16 2 = 30-39
3 =280-124 3 =<17-20 3= 14-17
4 = <80 4 =2>20 4 =>17
E. Static compliance (mL/cm H,0)
0= >50
1 =40-50
2 = 30-39
3 =20-29
4 = <20

TBiliary obstruction and resolving hematoma excluded.

fCardiac index <23.0 |./min/m? requiring inotropic support. Minimal dose, dopamine or dobutamine <5 p.g/kg/min; moderate dose, dopamine or

dobutamine 5-15 png/kg/min; high dose, greater than moderate doses of above agents.
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TABLE 56-2 Septic Complications for Patients With and Without MOF
No. Infections/No. Patients (% Patients)

Complications MOF (n = 70) No MOF (n = 387) P Value
Major infections 91/61 (87%) 103/88 (23%) 0.001
Pneumonia 60/55 (79%) 84/80 (21%) <0.001
Empyema/iung abscess 2/2 (3%) 414 (1%) 0.230
Abdominal abscess 13/13 (20%) 4/4 (1%) <0.001
Wound 11/11 (16%) 4/4 (1%) <0.001
Other 5/5 (7%) 717 (2%) 0.024
Minor infections 50/29 (41%) 61/45 (23%) 0.001
Urine 13/12 (17%) 21/20 (5%) 0.001
Catheter 18/11 (16%) 11/11 (3%) <0.001
Wound 9/9 (13%) 10/10 (3%) 0.007
Sinus 6/6 (9%) 5/5 (1%) 0.003
Other 4/4 (6%) 14/14 (4%) 0.499

organs. 62 percent (8/13). An analysis of the temporal distribution of the onset
of the MOF revealed that in 27 patients (39 percent), MOF occurred early (i.e.,
was present on day 3), while in the remaining 43 patients (61 percent), MOF
presented late (after 3 days). The risk factors for “early MOF™ and “late MOF™
identified by multiple logistic regression analysis were different (Table 56-3).
To determine the potential causal relationship between major infectious
complications and early versus late MOF, the temporal relationship between
the onset of infection and serial MOF scoring was examined. Major infections
were classified in four categories: (1) “not related” because it was community
acquired or occurred in the hospital 4 or more days before the onset of MOF:
(2) a potential “trigger” if the MOF score on the day of diagnosis was less than
4 (i.e., no MOF) and rose 3 points or more within 72 hours; (3) “worsening
MOF” if MOF was present on the day of diagnosis (i.e., MOF score =4) and
rose 3 points or more within 72 hours; or (4) potential “symptom” if the major
infection occurred after MOF was present and was associated with a rise in
the MOF score of less than 3. The potential impact of major infections on the
clinical course of early MOF compared with late MOF is shown in Table 56-4.

Unifying Hypothesis: Postinjury MOF Occurs as a Result of a
Dysfunctional Inflammatory Response

Following major trauma, patients are resuscitated into an early state of sys-
temic hyperinflammation (i.e., SIRS) (Fig. 56-1). The initial intensity of SIRS
is dependent on the amount of tissue injury, the degree of shock, and the pres-
ence of host factors (such as age and comorbid disease). Mild to moderate
SIRS is presumed to be beneficial and resolves as the host recovers. However,
if the initial insult is massive (the “one-hit” model), the resulting severe SIRS

TABLE 56-3 Risk Factors for MOF

Early MOF (= day 3) Late MOF (> day 3)

ISS =25 Age >55 years

Early PRBCs >6 units Early PRBCs >6 units

ED systolic BP <90 mm Hg Early base deficit >8 mEqg/L

Lactate =2.5 nmol/L at 13-24 Lactate =2.5 nmol/L at 13-24
hours after admission hours after admission

ISS, Injury Severity Score; PRBC, packed red blood cells; ED, energy depart-
ment.
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TABLE 56-4 Classification of Major Infection in Early and Late MOF
32 Major infections/23 patients (85%)

Early MOF (n = 27)  Not Related Trigger Worsen Symptom
Pneumonia 2 (6%) 1(3%) 3(9%) 14 (44%)
Abdominal abscess 2 (6%) 2 (6%)
Wound infection 1(3%) 4 (6%)
Other infections 3 (9%)
Total 2 (6%) 2 (6%)" 5(16%) 23 (72%)
59 Major infections/38 patients (88%)
Late MOF (n = 43) Not Related Trigger Worsen Symptom
Pneumonia 15 (25%) 11 (19%) 1(2%) 13 (22%)
Empyema/abscess 1(2%) 1(2%)
Abdominal abscess 2 (3%) 3 (5%) 1(2%) 3 (5%)
Wound infection 2 (2%) 1(2%) 3 (7%)
Other 1(2%) 1(3%)
Total 19 (32%) 16 (27%)" 3 (5%) 21 (36%)

*P = 0.025 number of major infections serving as “triggers” for early MOF
compared to late MOF.

can precipitate early MOF. Alternatively, early MOF can occur when vulner-
able patients are exposed to early secondary inflammatory insults (the “two-
hit” model). At the same time, negative feedback systems (i.e., counter anti-
inflammatory response syndrome [CARS]) act to limit certain components of
SIRS so that it does not become an autodestructive process. This results in
delayed immunosuppression. Again, mild to moderate delayed immunosup-
pression is presumed to be beneficial, but when it is severe, it is associated
with major infectious complications (principally pneumonia) and late MOF.

Evolving Concepts in the Pathogenesis of Postinjury MOF

Numerous mechanisms have been proposed and extensively studied. A com-
prehensive discussion is beyond the scope of this chapter. The following are
mechanisms consistent with the above hypothesis:

|. Flow-dependent and -independent impaired oxygen consumption. The
efficacy of maximizing DO, in traumatic shock is time-dependent,
similar to that observed in septic shock. Early volume loading can dra-
matically increase DO, and VO,. However, a significant subset of
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FIG. 56-1. Unifying hypothesis for the cause of multiple-organ failure. SIRS,
systemic inflammatory response syndrome; MOF, multiple-organ failure.
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patients who are in the later stages of shock fail to increase VO,. A

persistent elevated lactate level despite above-normal DO, may be

indicative of impaired mitochondrial function and is highly predictive
of MOF and death.

. Reperfusion injury:

a. Xanthine oxidase-dependent reactive oxygen metabolites: With
reperfusion, oxygen becomes available to catalyze the xanthine oxi-
dase-mediated oxidation of hypoxanthine to uric acid. There is a con-
comitantburst of superoxide production which is converted into more
toxic reactive oxygen metabolites.

b. Neutrophil chemotaxis. Ischemia/reperfusion activates cytosolic
phospholipase-A, which then generates platelet-activating factor and
other eicosanoid derivatives that act as chemoattractants. Resident
macrophages and mast cells have also been implicated in recruiting
polymorphonuclear neutrophils.

c. Neutrophil adherence to the endothelium is a necessary step in poly-
morphonuclear neutrophil (PMN)-mediated injury and is mediated by
3--integrins on the PMN and members of the immunoglobulin super-
family (intercellular adhesion molecule-1; ICAM-1) on the endothe-
lium. In basic laboratory models, blocking integrin-ICAM-1
interactions by specific antibodies can prevent PMN-mediated
endothelial cell injury and improve organ function.

. The “two-hit” hypothesis: PMN priming is defined as the amplification
of a cellular physiologic response to a second stimulus. The priming
response in the PMN is now recognized to include the upregulation of
the CDI11/CDI18 adhesion molecule and enhanced release of reactive
oxygen metabolites, proteases, elastases, and cytokines on activation.
Many biological mediators relevant to postinjury MOF have been
demonstrated in vitro to prime PMN responses, including interleukins
(IL-1, IL-6, and IL-8), tumor necrosis factor, platelet-activating factor
(PAF), leukotriene B4 (LTB,), lipopolysaccharide (LPS), and comple-
ment-derived C5a. The physiologic purpose of priming is to enhance
bacterial killing at sites of infection; however, after severe trauma, the
inflammatory response bombards PMNs with a multitude of priming
and activating stimuli which can then lead to cytotoxic responses, result-
ing in tissue injury.

. Fat embolism syndrome (FES) is characterized by the triad of mental
confusion, acute lung injury, and petechiae. The role of FES in provok-
ing ARDS and MOF remains unclear. The potential deleterious role of
early fracture fixation in patients with associated head and chest injuries
is an area of current investigation.

. The gut hypothesis: In early MOF, shock can cause persistent gut
hypoperfusion and sloughing of villus tips. Either or both of these events
may allow bacteria and their by-products access to the mucosal-associ-
ated lymphoid tissue, which may become activated and release local and
systemic proinflammatory mediators to amplify SIRS. The gut may
serve as a reservoir for pathogens in late MOF-associated infections. It
is not clear at this time, however, if late gut-associated infections are the
cause of ongoing MOF.

. Role of blood transfusions: Blood transfusions have been clearly identi-
fied to be a risk factor for MOF. Laboratory studies suggest that blood
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TABLE 56-5 Steps To Minimize MOF in High-Risk Patients

Initial emergency department evaluation and management
Appropriate triage: Operating room, angiography suite, or intensive care unit
Early shock resuscitation (first 24 hours)

Maximize oxygen delivery

Early recognition of abdominal compartment syndrome, missed injuries, or
ongoing bleeding
Early nutritional support (within 48 hours)

Enteral route preferred

Immune-enhancing enteral diet
Prevent secondary nosocomial infections

Appropriate prophylactic antibiotics and avoidance of prolonged use of
therapeutic antibiotics

Minimize gastrointestinal tract colonization

Early fracture fixation

Early mobilization

Aggressive respiratory care to prevent pneumonia

Remove indwelling devices as soon as possible
Early diagnosis and treatment of late infections
If MOF occurs:

Control source of inflammation

Support failing organs

Provide nutritional support

Prevent further iatrogenic injury

transfusions may activate the primed PMN. If this holds true clinically,
alternative transfusion strategies should be sought, including the further
development of blood substitutes.

7. Role of initial trauma in promoting infection. Severely injured patients
develop late immunosuppression and an increased risk for nosocomial
infections. Intra-abdominal infections have become a less frequent
inciting event for MOF while ventilator-associated pneumonia occurs
frequently in MOF patients and has roughly a 30 percent attributable
mortality.

8. Role of infection in promoting MOF. Basic laboratory studies have sup-
ported the clinical observation that infection with systemic sepsis can
cause ARDS and MOF.

See Table 56-5 for a list of means to prevent or minimize MOF in high-risk
patients.
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tomy. 92

Brown recluse spider. 403-404
Brown-Séquard’s syndrome, 59
Bruit de moulin, 200
BTLS (basic trauma life support)
course. 30
BTLS Foundation, 30
Buckshot pellets. 228
Bullard laryngoscope. 65
Bullets. injuries from, 39-42
Bupivacaine, 396
Burns
antimicrobials. 409-410. 410¢
burn wound. 409
chemical burns. 408
classification, 406¢
clinical characteristics, 406¢
electrical burns, 408-409
enteral feeding, 486
genitalia, 302
inhalation injury, 410-411
initial care and resuscitation.
405-408, 407f, 407r-408¢
older patients. 391-392
overview, 405
pathophysiology. 405, 406¢
size estimation, 407, 407f
children, 407. 408«
BURP (backward. upward. and
right sided pressure) maneu-
ver. 64

C
Cactrodecrus macrotans, 404
Candida albicans, 122
Candida spp., 123-124, 123t
Capnocytophaga, 398
Capnography. 108
Cardiac... See also “*Heart” entries
Cardiac concussion. 200
Cardiac contusion. 199
Cardiac failure, definition of, 459
Cardiac massage
emergency department thoraco-
tomy, 95
Cardiac tamponade, 46, 78-79
anesthesia for, 114
Cardiogenic shock
blunt cardiac injury, 79
directed resuscitation of failing
heart, 80-81
myocardial infarction. 79-80



overview, 79
preexisting heart failure, 79
Cardiopulmonary bypass (CPB),
168
blunt ascending aortic injuries,
207
Cardiotocographic monitoring
(CTM) devices, 306
Cardiovascular failure
cardiac output, determinants of
afterload, 459-460
contractility, 460
heart rate, 460
myocardial dysfunction, 460
overview, 459
preload, 459
diastolic dysfunction, 463
endpoints for resuscitation, 464
overview, 459
pharmacologic management
amrinone, 462-463
dobutamine, 461, 462f
dopamine, 460-461
epinephrine, 461-462
milrinone, 462-463
nitrovasodilators, 463
norepinephrine, 462
overview, 4617
vasopressin, 463
pulmonary artery catheter, 463-
464
CARS (counter anti-inflammatory
response syndrome), 503
Cat bites, 398, 399:
genitals, 302
Catheter arteriography, 204-205
Cavitation, 31-32, 39-40
CAVR (continuous arteriovenous
rewarming), 319
Cefotetan, 118¢
Cefoxitin, 1 18¢
Ceftizoxime, | | 8¢
Celiotomy
indications for. See Abdominal
injuries, diagnostic
approaches to
military versus civilian setting,
429
Centers for Disease Control and
Prevention (CDC)
bloodborne and airborne
pathogen guidelines, 17
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Central venous catheter (CVC)
infection, 449-450
Cervical esophageal trauma, 180

Cervical spine
fractures, 156
immobilization, 25, 61
suspected injury, 61
Cesarean section following injury.
308
Chemical injuries, 408
eyes, 136
hands, 338
Chemical terrorism, 433, 434+
Chest. See also Thoracic entries
radiographs, 99-100, 171-172,
179, 188
acute injury, 162-163
blunt chest trauma, 189¢
primary survey, 52t
secondary survey
cautions, 56-57
diagnostic pearls, 56
overview, 56
Chest wall injuries
classification
clavicular fractures, 173-174
first and second rib fractures,
174
flail chest, 175-176
hemorrhage, 173
large open defects, 173
lung herniation, 173
penetrating wounds, 172
rib fractures, 174-175
scapular fractures, 173
scapulothoracic dissociation,
173
sternal fractures, 174
sternoclavicular joint disloca-
tion, 174
traumatic asphyxia, 172
diagnosis
history, 170
laboratory and radiographic
data, 171-172
physical examination, 171
initial management, 170
outcome and complications,
176
overview, 170, 171f
pathophysiology. 170
Cioprofloxacin, 118¢
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Circulation
prehospital care, 25
primary survey
cautions, 48-49
diagnostic pearls, 47-48
treatment pearls, 48
Citrobacter spp., 123t
Clavicular injuries
dislocations, 327-328, 329f
fractures, 173-174, 327, 329¢
Clindamycin, 118¢
Clostridia, 402
Clostridium difficile, 124, 490
Clostridium perfringens, 115
Clotted hemothorax, 192-193
Clotting factors, 458¢
Cnidra, 403
Coagulation
abnormalities, 88
comorbid defects, 453-454, 455¢
hypercoabulability after major
trauma, 456f, 457-458, 457t-
458t
hypocoabulability after major
trauma, 454, 456f, 457
hypothermia and, 416
tests, 452-453, 454+
Coagulopathy, 312
following head injury, 130
Cobras, 400
Cocaine
overview, 379-380
physiologic effects, 380
“Colar sign,” 100
Cold injuries, 418-419
Collisions, automobile. See Motor
vehicle collisions
Colonic injuries
diagnosis, 270
results, 272-273
treatment, 270-272, 271¢, 272f
colostomy, 270-272, 2711,
272f
exteriorized repair, 270
primary repair, 270-272, 2711,
2i2f
Colostomy, 270-272, 2711, 272f
Combined scoring systems, 6
Combitube, 24, 62, 64f
Compartment syndrome, 316, 317,
320, 342

Complications after trauma
acute renal failure. See Acute
renal failure
bleeding and coagulation prob-
lems. See Bleeding and
coagulation problems
cardiovascular failure. See
Cardiovascular failure
immune response. See Immune
response
management. See Complications
after trauma, management
of
multiple-organ failure. See
Postinjury muitiple-organ
tailure
nutritional support. See
Nutritional support
respiratory insufficiency. See
Acute respiratory distress
syndrome (ARDS)
Complications after trauma, man-
agement of
central venous catheter (CVC)
infection, 449-450
disease severity scoring in the
ICU, 440-441
mechanical ventilation
analgesia and conscious seda-
tion, 447-448
extubation, 447, 449¢
overview, 442
ventilator-induced lung injury,
444
ventilatory modes, 442-443,
443t
weaning from, 444, 445¢-446t,
447, 448f
overview, 440
physiologic monitoring in the
ICU
hemodynamic monitoring, 441
mechanical ventilation moni-
toring, 441-442
overview, 441
ventilator-associated pneumonia
(VAP), 121, 1211, 449
Compression (force of), 32-33
Compressive shock
cardiac tamponade, 78-79
overview, 77-78



tension pneumothorax, 78
Computed tomography (CT)
abdominal injuries, 104-106, 1051,
2151, 216-218, 222, 277
pediatric, 385
duodenal injuries, 261
gastric trauma, 256
helical dynamic CT, 163
liver and biliary tract, 240
overview, 216-218
pancreatic injuries, 264
spiral (fast), 99, 101-103
splenic injuries, 251, 251¢
thoracic injuries, 163, 188
urologic trauma, 295, 296f
Concurrent evaluation, 19
Conscious sedation
mechanical ventilation, 447-448
Conservation of energy law, 31
Continuous arteriovenous rewarm-
ing (CAVR), 319
Continuous positive airway pres-
sure (CPAP), 469
Contractility, 460
Contrast esophagography, 179
Convective rewarming, 417
Copperheads, 399-401
Corals, 403
Coral snakes, 400, 402-403
Corneal abrasion, 135
Cormneal foreign bodies, 136
Corneoscleral lacerations, 139
Cotton-mouths, 399-400
Counter anti-inflammatory
response syndrome (CARS),
503
CPB. See Cardiopulmonary bypass
CPCP (continuous positive airway
pressure), 469
CRAMS (Circulation, Respiration,
Abdomen/chest, Motor, and
Speech) Scale, 10
Cranial nerves V and VII, 142
Cranium, injury to. See Traumatic
brain injury
Cricothyroidotomy, 69-70
prehospital setting, 28, 69-70
Critical care, definition of, 440
Crotalids, 399-402
Cryoprecipitated antihemophilic
factor (AHF), 84, 85¢
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CT. See Computed tomography

CTM (cardiotocographic monitor-
ing) devices, 306

CVC (central venous catheter)
infection, 449-450

Cystography, 299-300

D
Damage control, 281, 454
abdominal compartment syn-
drome
definition, 316
measurement of intra-abdomi-
nal pressure, 316, 317¢
proposed classification, 316,
317t
damage control operations
abdominal arteries, 314-315
abdominal trauma, 313-315
abdominal veins, 315
definition, 311
extremity, vascular trauma in,
315
gastrointestinal tract, 314
heart, 313
incision closures, 316
intra-abdominal packing, 315
intraoperative indications,
311-312,312¢
liver, 313
lung, 312-313
pancreas, 314
spleen, 313-314
thoracic trauma, 312-313
incisional hernia, late closure of,
320-321
intensive care before reoperation
endpoints of resuscitation, 319
need for emergency reopera-
tion, 319-320
reversal of metabolic failure,
319
operative techniques
absorbable meshes, 318
permanent meshes, 318-319
slide fastener, 318
temporary silos, 318
towel clip closure of the skin,
317
Velcro analogue, 318
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Damage control, operative tech-
niques (cont’d.)
zippers, 318
overview, 311
reoperation
open wound, 320
release of abdominal compart-
ment syndrome, 320
routine reoperation, 320
Da Nang lung, 429, 465
DAWN (Drug Abuse Warning
Network), 379
Deep veinous thrombosis (DVD),
4571,458
Defibrillators, 25
Delayed-type hypersensitivity
(DTH) response, 496
Denver Health Medical Center, 96,
316
Descending thoracic aorta, injury
to, 208-209
Desflurane, 111
Diagnostic imaging
angiography. See Angiography
blunt abdominal/pelvic trauma,
103-106, 1057 106f
overview, 99
thoracic trauma
esophageal injury, 103
extrapleural hematoma, 100
hemidiaphragm rupture (lef't),
100
hemidiaphragm rupture (right),
100
hemopericardium, 101
lung contusion, 100
lung laceration, 100
major arterial injury, 101-103,
102f
mediastinal hemorrhage (MH),
101-103, 102f
overview, 99-100
penetrating thoracic trauma, 103
pleural effusion (hemothorax),
100
pneumomediastinum, 101
pneumothorax, 100
potential rupture of the
diaphragm—blunt trauma,
103-104, 104f
tracheal injury, 103

Diagnostic laparoscopy. See
Laparoscopy
Diagnostic peritoneal lavage
(DPL)
abdominal trauma, 103-104, 215-
pediatric, 385
diaphragmatic injuries, 234
duodenal injuries, 261
gastric trauma, 256
liver and biliary tract trauma, 240
pelvic fractures, 289-290, 291f
splenic injury, 251-252, 2511
Diaphragm, injury to
anatomy, 231-232, 232f
associated injuries, 233
diagnosis, 234-235
imaging, 103-104, 104f
incidence, 233-234, 233¢
morbidity and mortality, 239
overview, 231
physiology, 232-233
surgical strategies
acute phase, 235-238, 236f-
238f, 2361-237t
chronic phase, 238-239
overview, 235
DIC (disseminated intravascular
coagulation), 454, 457
Digital thoracotomy, 168. 168¢
Direct orotracheal intubation, 62-
66, 65f
Disability
definition of, 422t
primary survey
cautions, 50
diagnostic pearls, 49-50
overview, 49
treatment, 50
Disasters, 9. See also Terrorism
Disease severity scoring
APACHE scoring system, 440
mortality probability model
(MPM 1), 440
postinjury multiple-organ failure
score (Denver MOF Score),
441,500, 5011
Simplified Acute Physiology
Score (SAPS), 440
Therapeutic Intervention Scoring
System (TISS), 440



Dislocations
clavicular, 327-328, 329f
lower extremity
foot, 354, 355¢
hip, 350, 350¢
injury combinations, 345,
3471, 355¢
knee, 352-353
overview, 344, 345¢-346¢
sternoclavicular joint, 174
upper extremity
clavicle, 327-328, 329f
elbow, 3321, 333-334
glenohumeral joint, 328, 330,
330t
hand, 336, 336¢
overview, 322, 323£-324f
scapula, 322, 327
shoulder (proximal humerus),
328
wrist (carpus), 3341, 335
Disseminated intravascular coagu-
lation (DIC), 454, 457
Distal femur fractures, 350z, 352
Distal radius and ulna fractures,
3387385
Dobutamine
myocardial dysfunction, 461,
462f
Dog bites, 398-399, 399¢
genitals, 302
Domestic abuse
older patients, 391
Dopamine
myocardial dysfunction, 460-461
Double-lumen endotracheal tubes
(DLET), 113
Down-and-under pathway (frontal
impact collisions), 34
DPL. See Diagnostic peritoneal
lavage
Dressings, 398
Drug abuse. See Alcohol;
Substance abuse
Drug Abuse Warning Network
(DAWN), 379
DTH (delayed-type hypersensitiv-
ity) response, 496
Duffy antibodies, 86
Duodenal injuries
combined pancreatic-duodenal
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injuries, 267-268
diagnosis, 261
duodenal hematoma, 263
overview, 261
treatment, 261-263, 262f, 262¢
Duplex ultrasonography
peripheral vascular injuries, 359
DVD (deep veinous thrombosis),
4571, 458

E
Ears
secondary survey
cautions, 55
diagnostic pearls, 55
overview, 55
Echography, 135
ECMO (extracorporeal membrane
oxygenation), 185
E. coli, 1181, 1211, 1231, 254
EDP (end-diastolic pressure), 459
EDYV (end-diastolic volume), 459
Edwin Smith Surgical Papyrus, 161
Eikenella corrodens, 398
Ejection from motorcycles, bicy-
cles, and mopeds, 38
Elapids, 399-400
Elbow injuries
dislocations, 332+, 333-334
fractures, 3311, 333
Electrical burns, 408-409
Electrocardiogram
primary survey, 51¢
Emergency department thoraco-
tomy. See Thoracotomy
Emergency medical services
(EMS), 8, 17
Emergency medical technician
(EMT), 10, 17
Emergency Medical
Technician—Basic (EMT-
B), 22
Emergency Medical
Technician—Intermediate
(EMT-D), 22
Emergency Medical
Technician—Paramedic
(EMT-P), 22-23
Empyema, 193
End-diastolic pressure (EDP), 459
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End-diastolic volume (EDV), 459
Endocrine response to stress and
injury, 484
Endoscopic retrograde cholan-
giopancreatography
(ERCP), 264, 267
Endoscopy, 179
Endotracheal intubation, 24, 113
End-tidal CO, monitor
baseline, during primary survey,
52t
Energy exchange, physics of
cavitation, 31-32
laws of motion and energy, 31
Enteral feeding
access during celiotomy for
trauma, 486, 4881-489¢
burn patients, 486
closed-head injury patients, 486
complications, 490
diet choice, 486, 490r
overview, 486, 487f
Enterobacteraciae, 402
Enterobacter spp., 120, 1211, 123t
Enterococcus spp., 123t
Entrance wounds, 42
EOA (esophageal obturator air-
way), 24
Epinephrine
anaphylactic shock, 82
myocardial dysfunction, 461-462
Equipment, prehospital care
airway management, 24
breathing adjuncts, 24-25
cardiopulmonary resuscitation
adjuncts, 25
circulation, 25
overview, 24
ERCP (endoscopic retrograde
cholangiopancreatography),
264, 267
Esophageal injury, imaging, 103
Esophageal obturator airway
(EOA), 24
Esophageal-tracheal combitube, 62,
64f
Esophageal trauma
clinical presentation, 178-179
evaluation
contrast esophagography, 179
endoscopy, 179
overview, 180

plain radiographs of neck or
chest, 179
incidence, 178, 1 791
overview, 178
pathophysiology
blunt injury, 178
penetrating injury, 178
surgical anatomy, 178
treatment
cervical esophagus, 180
thoracic esophagus, 180-182,
181f
Esophagography, 179
Etomidate, 110, 110z, 112, 112¢
European Resuscitation Council, 62
Exemia, 428
Exit wounds, 42
Exploding bullets, 40
Extensor tendon injuries, 338-339
Extracorporeal membrane oxygena-
tion (ECMO), 185
Extracorporeal rewarming, 418
Extrapleural hematoma, imaging,
100
Extremities, injury to
lower extremities. See Lower
extremity fractures and dis-
locations
prehospital care, 27
upper extremities. See Upper
extremity injuries
vascular trauma, damage control
techniques, 315
Extubation, 447, 449:
Eye injury
diagnosis, 133. 134f
diagnostic testing, 135
examination
anterior segment, 135
globe, 135
miscellaneous components,
135
ophthalmoscopy, 135
orbit and eyelids, 133
pupils, 133
visual acuity, 133
history, 133
overview, 133, 134f
secondary survey
cautions, 55
diagnostic pearls, 54
overview, 54



specific injuries
blunt ocular trauma, 136
chemical injuries, 136
corneal abrasion, 135
corneal foreign bodies, 136
corneoscleral lacerations, 139
hyphema, 137-138
intraocular foreign body, 139
lens injuries, 138
lid lacerations, 140
ocular adnexa, 140
orbital fracture, 136-137, 145
penetrating trauma, 139-140
retinal tears and detachment,
138
retrobulbar hemorrhage, 138
subconjunctival hemorrhage,
137
traumatic iridocyclitis, 138
traumatic optic neuropathy,
139
Eyelids
examination of, 133
injury diagnosis and treatment,
134f
lacerations, 140

F
Facial trauma
diagnosis, 142
fracture management
alveolar ridge/palate, 145-146
frontal sinus, 146
Le Fort fractures, 146, 1471
mandibular fractures, 146
maxilo-mandibular fixation
(MMF), 143-144
nasal fractures, 145
nasoethmoidal/orbital region,
136-137, 144-145
orbit, 136-137, 145
overview, 143, 144t
surgical approaches, 144¢
zygoma, 144
initial assessment, 141
postoperative care, 146-147
radiographic studies, 142
treatment, 142, 143f
Falls, 38
older patients, 390-391
Fasciotomy, 365, 402
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FAST. See Focused abdominal
sonography for trauma
Fat embolism syndrome (FES), 504
Fat requirements, 485
Femoral neck fractures, 350-351,
350t
Femoral shaf't fractures, 350¢, 351-
352
Fentanyl, 110
Fetal assessment, trauma during
pregnancy, 306-307
FFP (fresh frozen plasma), 84, 85z,
384
Fibrin glue, 246
Fibrinolysis, 451-452, 453f
Finger fracture technique, 242-243,
246
Fire ant bites, 403
Firefighters and EMS services, 22,
29
First law of motion, 31, 34, 36
First responder, 8, 10, 22
Fish, venomous, 403
Fixed-wing aircraft, 26
Flail chest, 46
overview, 175
treatment, 175-176
Flexor tendon injuries, 340
Flight nurses, 23
Flight physicians, 23
Fluid management
ARDS patients, 471
prehospital setting, 28-29
Flumazenil, 110
Focused abdominal sonography for
trauma (FAST), 103, 168-
169
baseline, during primary survey,
53t
cardiac injury, 195-196
pediatric injuries, 385
pelvic fractures, 290, 291f
pregnant patients, 307
splenic injury, 250-252, 251+
Foot fractures and dislocations,
3501, 354-355
Foreign body (eye), 139
Fractures
cervical spine, 156
clavicular, 173-174
facial
alveolar ridge/palate, 145-146
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Fractures, facial (cont’d.)

frontal sinus, 146

Le Fort fractures, 146, 147t

mandibular fractures, 146

maxilo-mandibular fixation
(MMF), 143-144

nasal fractures, 145

nasoethmoidal/orbital region,
136-137, 144-145

orbit, 136-137, 145

zygoma, 144

immobilization, 26
lower extremity

acetabular fractures, 348-349,
350¢

ankle, 3501, 354

distal femur, 3501, 352

femoral neck, 350-351, 350¢

femoral shaft, 350r, 351-352

foot, 3501, 354-355

injury combinations, 345,
3471, 355t

intertrochanteric, 3501, 351

malleolar ankle, 350¢, 354

overview, 344, 345¢, 355t

patella, 3501, 352

pelvic ring injuries, 347-348,
3471, 3491-3501

physical signs, 345, 348f-349f

pilon, 3501, 354
proximal tibia, 350z, 352
radiography, 345-346
subtrochanteric, 350t, 351
tibial shaft, 3501, 353-354
lumbar spinal fractures, 156
pelvic. See Pelvic fractures
rib, 174-175
scapular, 173
sternal, 174
thoracic spine, 156
upper extremity
clavicle, 327, 329t
distal radius and ulna, 3331,
B85S
elbow, 331¢, 333
hand, 3351, 336, 338, 339f
humerus, shaft of, 330, 3311,
332
overview, 322, 323£-324f
scapula, 322, 327, 328¢
shoulder (proximal humerus),
328, 3301

wrist (carpus), 3341, 335
Fragmentation (penetrating
injuries), 40
Fresh frozen plasma (FFP), 84, 851,
384
Frontal impact collisions
down-and-under pathway, 34
motorcycles, bicycles, and
mopeds, 37
overview, 33-34
up-and-over pathway, 34-35
Frontal sinus fractures, 146
Frostbite, 418-419
hands, 338
Fusobacterium, 398

G
Gallbladder injuries. 247
Gastric decompression, 517
Gastric injuries. See Stomach and
small bowel injuries
Gastrografin, 179, 244
GCS (Glasgow Coma Scale), 3, 31,
10, 49, 127, 129¢, 384, 42|
Gelfoam, 292
Genitourinary tract. See Urologic
trauma
Gentamicin, 118¢
Geriatric trauma
cost, 392
outcomes and approach to care.
392
overview, 388. 3897, 392-393
patterns of injury
assault, 391
burns, 391-392
domestic abuse, 391
falls, 390-391
overview, 390, 390t
vehicular trauma, 391
physiology of aging and impact
of comorbidity
ability to influence outcome.
390
cardiovascular system, 388
central nervous system, 389
musculoskeletal system, 390
overview, 388
renal system, 389
respiratory system, 388-389
withholding care, 392



GFR (glomerular filtration rate),
475
Glasgow Coma Scale (GCS), 3, 31,
10, 49, 127, 129z, 384, 421
Glasgow Outcome Scale, 131, 1311
Glenohumeral joint dislocations,
328, 330, 330¢
Globe, examination of, 135
Glomerular filtration rate (GFR),
475
Glucose requirements, 484-485
Granulocytes, 84, 857
Great vessel injury, thoracic. See
Thoracic great vessel injury
Ground units
nurses, 23
physicians, 23
transport vehicles, 26
Guidelines for the Management of
Severe Head Injury, 132
Gunshot wounds, 41
abdominal
diagnostic laparoscopy, 228
diagnostic peritoneal lavage,
228
observation, 227-228
overview, 227
bilobar hepatic, 244
neck, 150, 152
shotgun, 150, 152, 228-229

H
Haemophilus spp., 120, 1211, 254
Handguns, 150
Handicap, definition of, 4221
Hand injuries
amputation and replantation,
341-343
boutonniére deformity, 339-340
chemical burns, 338
compartment syndrome, 342
diagnosis
history, 337
radiographic analysis, 338
dislocations, 336, 336¢
extensor tendon injuries, 338-339
fingertip amputations, 342-343
flexor tendon injuries, 340
fractures, 335¢, 336, 338, 339f
frostbite, 338
high-pressure injection injuries,
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342
mallet finger, 339
rehabilitation, 424-425
ring avulsion injuries, 340-341
Hangman’s fractures, 156
Harris-Benedict formula, 484
Head injuries
enteral feeding, 486
initial assessment and resuscita-
tion, 127-128, 128f
prehospital care, 27
secondary survey
cautions, 54
diagnostic pearls, 54
overview, 54
traumatic brain injury. See
Traumatic brain injury
Heart failure, carcliogenic shock
and, 79
Heart injuries. See also “*Cardiac”
and “Cardio...” entries
blunt trauma, 79, 199-201
damage control techniques, 313
definitive treatment, 197-198
penetrating injuries
diagnosis, 195-196
etiology, 195
historic perspective, 195
injury severity, 198, 199¢
pathophysiology, 195
postoperative complications,
199, 200f
prognostic factors, 198-199
results of treatment, 198
treatment
emergency center manage-
ment, 196-197, 197f
prehospital management, 196
Heat overload syndromes
heat exhaustion, 419
heat stroke, 419-420
treatment, 420
Helical dynamic computed tomog-
raphy (CT)
acute thoracic injury, 163
Hemidiaphragm rupture, imaging,
100
Hemopericardium, imaging, 101
Hemorrhage. See Bleeding and
coagulation problems
Hemorrhagic shock
clinical diagnosis, 74
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Hemorrhagic shock (cont’d.)
identification of bleeding site,
76-77
increased oxygen requirement
after resuscitation, 75, 76f
physiology, 73-74
resuscitation, 74-75, 75¢
tachycardia mostcommon sign
of, 47
Hemostasis, physiology of, 451-
452, 452f-453f
Hemostatic methods in managing
complex hepatic injuries
bilobar hepatic gunshot wounds,
244
debridement, 243
deep liver suturing, 243
drains, 244
finger fracture technique, 242-
243
hepatic resection, 244-245
mesh hepatorrhaphy, 245
perihepatic packing with heparo-
tomy pads, 245
selective hepatic artery ligation,
245
viable omental pack, 243-244
Hemothorax, 189-190, 191
clotted hemothorax, 192-193
imaging, 100
Hepatic iminodiacetic acid (HIDA)
scanning, 223, 247
Hepatitis, 17
Hepatitis A, 17
Hepatitis B, 17
transfusion transmitted, 88, 89¢
Hepatitis C, 17
transfusion transmitted, 88, 891
Hepatitis D, 17
Hepatitis E. 17
Hepatitis G, 17
Heroin, 380-381
High-energy firearms, 41
High-pressure injection injuries, 342
Hip dislocations, 350, 3507
HIV (human immunodeficiency
virus), 17, 17-18
human genital bites, 302
substance abuse and, 381
transfusion transmitted, 88, 89t
HTLV
transfusion transmitted, 89¢

Human bites, 302, 398, 399¢
Humerus, shaft of, fractures, 330,
331y, 332
Hydras, 403
Hydromorphone, 110
Hydrozoa, 403
Hyphema, 137-138
Hypnotics, 68-69
Hypothermia, 311
coagulation and, 416
macroaggregates and, 90
outcome, 416, 417f
pediatric, 384
preventing or decreasing, 50, 279
primary accidental, 415
protective effects of, 241, 416
rewarming methods. See
Rewarming methods
secondary accidental, 415-416

I
IADSA (intra-arterial digital sub-
traction arteriography), 360
ICISS (International Classification
of Diseases, Injuries and
Causes of Death [ICD]-
based Injury Severity
Score), 5
Imaging. See Diagnostic imaging
Imhotep, 161
Imipenem, | 18¢
Immune response
immunologic derangements fol-
lowing injury
activated macrophages, 496
B-lymphocyte system, 496
cytokine changes, 496-497
delayed-type hypersensitivity
(DTH) response, 496
polymorphonuclear neutrophil
antibodies, 497
prostaglandin E, and inter-
leukin-2, 494-495, 495¢
immunotherapy goals, 497-498,
498t
overview, 493, 494f
priming, 493-494
Impairment, 421
definition of, 4221
IMV (intermittent mandatory venti-
lation), 443t



Incisional hernia, 320-321
Infection prevention, diagnosis, and
management
intra-abdominal infection
abdominal abscess, 117, 119f
overview, 117, 118¢
nosocomial infections
Candida sepsis, 123-124
Clostridium difficile enterocol-
itis, 124
intravascular device infection,
122-123, 123t
overview, 120
pneumonia, 120-122, 121t
urinary tract infection, 122,
123t
overview, |15
pleural space infections, 118, 120
prehospital setting
hepatitis, 17
HIV (human immunodefi-
ciency virus), 17-18
meningococcal meningitis, 18
overview, 17
tuberculosis, 18
wound infection
open fracture wounds, 116,
117t
overview, | 15
surgical wounds, 116-117
traumatic wound infection,
115-116
Inhalation injury, 410-411
Initial assessment
preparation for, 43
primary survey. See Primary sur-
vey
secondary survey. See Secondary
survey
tertiary survey, 59-60
Injection injuries, 342
Injury Severity Score (ISS), 4-5
enteral access and, 486
Injury severity scoring
anatomic scores, 4-5
combined scoring systems, 6
overview, 3, 6
physiologic scores, 3-4, 41
Innominate artery, injury to, 208
Insect bites
bee stings, 404
fire ants, 403
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overview, 403
spider bites, 403-404
wasp stings, 404
Intercostal artery, injury to, 210
Interhospital transfer, 8, 12
Intermittent mandatory ventilation
(IMV), 443;
Intermittent positive-pressure venti-
lation (IPPV), 459
Internal mammary artery, injury to,
210
International Classification of
Diseases, Injuries and
Causes of Death (ICD)-
based Injury Severity Score
(ICISS), 5
Intertrochanteric fractures, 3501,
351
Interventional radiology, 106-107.
See also Angiography
Intra-abdominal infection, 117,
1181, 119f
Intra-abdominal packing, 315
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66, 65f
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Isoflurane, 111
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295, 296f, 298-299
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Kidd antibodies, 86
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anatomy
entrance and exit wounds, 42
overview, 41-42
blasts, 38-39
blunt trauma, physics of, 32-33
damage and energy levels, 40-41
falls, 38
lateral impact, 35-36
mopeds, 37-38
motorcycles, 37-38
occupant protection, 37
off-center, 36-37
pedestrians, 38
penetrating injuries
cavitation, 39-40
energy exchange, 39
exploding bullets, 40
fragmentation, 40
size and profile, 40
tumble, 40
rear impact, 36
rotational, 36-37
vehicular collisions
bicycles, 37-38
frontal impact, 33-35
lateral impact, 35-36
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motorcycles, 37-38
occupant protection, 37
off-center, 36-37
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Left carotid artery, injury to, 210
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Lens injuries, 138
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nonoperative management,
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hemostatic methods, 242-2435,
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complications, 246-247
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gallbladder injuries. 247
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injury scale, 2417
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sequential vascular clamping,
246
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Liver transplantation, 246
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“Load and go” versus “stay and
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management
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3501
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351, 350«
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pilon fractures, 3507, 354
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clotted hemothorax, 192-193
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Lung isolation, anesthesia for, 113
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abdominal injury, 223
nerve injury, 425
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to, 371
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Midazolam, 110z, 1121
Military antishock garment
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Battle casualties
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ejection, 38
frontal, 37
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Motion, laws of, 31
Motorcycle collisions
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ejection, 38
frontal, 37
overview, 37-38
Motor vehicle collisions
frontal impact, 33-35
lateral impact, 35-36
occupant protection, 37
off-center rotational, 36-37
older patients, 391
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cles, mopeds), 37-38
overview, 33
rear impact, 36
rollover, 37
MRI. See Magnetic resonance
imaging
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definitions, 500
dysfunctional inflammatory
response, 502-503, 503/
epidemiology, 500, 502, 503¢
overview, 500, 5017-5021, 505f
pathogenesis, proposed mecha-
nisms of, 503-505
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National Association of Emergency
Medical Technicians
(NAEMT)
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(NIDA), 379
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Neck trauma
penetrating
anatomy, 148-149, 149f
evaluation, 149-151, 151t
management, 151-152, 152f
operative approach, 153
overview, 148, 153
secondary survey
cautions, 56
diagnostic pearls, 56

INDEX 527

overview, 55-56
Neisseria meningitidis, 18
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Nerve grafts, 372-373
Nerve injury
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nerve injury
rehabilitation, 425
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cautions, 59
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Neurogenic shock
spinal cord injury, 77
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in continuity, 370, 374
terminal, 373-374
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5
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myocardial dysfunction, 463
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myocardial dysfunction, 462
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overview, 120
pneumonia, 120-122, 121z
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Notification time, 19-20
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flight nurses, 23
ground nurses, 23
overview, 23
Nutritional support
endocrine response to stress and
injury, 484
enteral feeding
access during celiotomy for
trauma, 486, 4881-4891
burn patients, 486
closed-head injury patients,
486
complications, 490
diet choice, 486, 4901
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formula recommendations, 485
nutritional prescription
fat requirements, 485
glucose requirements, 484-485
nutritional need estimation,
484, 4851
protein requirements, 485
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parenteral feeding
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TPN formulas, 4851, 491-492,
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bloodborne and airborne
pathogen guidelines, 17
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Off-center collisions, 36-37
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tomy, 92-93
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frontal, 37
overview, 37
Ophthalmoscopy, 135
Opioids. [10-111
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examination of, 133
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fractures, 144-145
Orthopedic injuries
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bloodborne and airborne
pathogen guidelines, 17
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prehospital care, 24-25
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Packed red blood cells, 84. 85¢
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complications. 268-269
damage control techniques, 314
diagnosis, 263-264
intraoperative evaluation. 264-
265, 265t
overview, 261
treatment
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without duct injury, 265-266
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with probable duct disrup-
tion, 266-267
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“Paper bag effect” lung rupture. 34
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overview, 490-491
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4911-492¢
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Patella fractures, 3501, 352
PATI (Penetrating Abdominal
Trauma Index), 5
Patient packaging
cervical immobilization. 25
fracture immobilization, 26
overview. 25
spine immobilization, 25
PAWP (pulmonary artery wedge
pressure), 459
PE (pulmonary embolism), 457.
457t
Pedestrian collisions, 38
older patients, 391
Pediatric trauma
airway assessment, 382
burn size estimation, 407, 4081
circulation, 382
drug dosages, 3831
hypothermia, 384
overview, 382, 3831, 387
rehabilitation, 423-424
specific injuries, management of
abdominal injuries, 385-386
central nervous system, 384-
385
orthopedic injuries, 387
thoracic injuries, 385
vascular injuries, 386
vascular access, 382-384
vascular injuries, 366
PEEP (positive encl-expiratory
pressure), 442, 459, 469.
471-473,472¢
Pelvic fractures
abdomen, evaluating, 289-290
anatomy. 288, 289f
associated injuries, 293, 293,
347
classification. 288, 290t
diagnosis, 288-289
initial management, 289
open, 292-293
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overview, 290, 291/
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293¢
pelvic ring, 347-348, 3471, 349t-
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Pelvic injuries

fractures. See Pelvic fractures
prehospital care, 27
racliographs, 521, 288-289, 349¢
secondary survey

cautions, 57

diagnostic pearls, 57

overview, 57

Penetrating Abdominal Trauma

Index (PATI), 5

Penetrating injuries

abdominal, 118, 223-224
chest wall. 172
esophageal, 178
eyes, 139-140
gunshot wounds. See Gunshot
wounds
heart, 195-196. 198-199, 199,
200/
kinematics of
cavitation, 39-40
energy exchange, 39
exploding bullets, 40
fragmentation, 40
size and profile, 40
tumble, 40
lung and pleura. 190-192
neck, 148-153. 149/, 151/-152f
scrotum, 301
spine. 159
stab injuries. See Stab wounds
thoracic trauma, imaging, 103
tracheobronchial, 183, 184f

Penile injuries. 301
Pentagon attack, 432-433
Percutaneous transtracheal catheter

ventilation (PTCV), 28

Pericardial tamponade

emergency department thoraco-
tomy, 91-92
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Pericardiotomy, 95
Perineum
secondary survey
cautions, 58
diagnostic pearls, 58
overview, 57
Peripheral nerve injury
brachial plexus injuries, surgical
approaches to, 370-371
classification, 370
diagnostic studies of nerve
function
laboratory tests, 369-370
motor function, 369
sensory function, 369
function of peripheral nerves,
368
median nerve, surgical
approaches to, 371
microneural anatomy, 368
nerve degeneration and regenera-
tion, 368-369
neuromas
neuromas in continuity, 374
terminal neuromas, 373-374
operative repair
artificial conduits, 373
nerve grafts, 372-373
primary repair, 372
secondary repair, 372
overview, 368, 374
radial nerve, surgical approaches
to, 372
results of repair, 373
ulnar nerve, surgical approaches
to, 371
Peripheral vascular injury
complications, 366-367
diagnosis
arteriography, 359-360
digital contrast studies, 360
history, 357, 358f
noninvasive studies, 358-359
physical examination, 357,
3581-3591
venography, 360
epidemiology, 356
nonoperative management
endovascular management,
361
observation, 360-361

ultrasound-guided therapy,
361
operative management
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cular injuries, 366
fasciotomy, 365
immediate amputation, 362
intra-arterial vasodilators, 365
obtaining vascular control, 362
overview, 361-362
pediatric vascular injuries, 366
sympathectomy, 365
techniques of arterial and
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364t
wound management, 364
outcome, 367, 367t
pathophysiology, 356-357
postoperative care, 366
Peritoneal lavage, 215¢
Peritonitis following traumatic
injury, 117, 1182
Permissive hypercapnea, 4431, 473
Pharyngotracheal lumen airway
prehospital care, 24
PHTLS (prehospital trauma life
support) course, 30
Physicians, prehospital setting
flight physicians, 23
ground units, 23
overview, 23
Physiologic scores, 3-4, 41
Pilon fractures, 3501, 354
Piperacillin/tazobactam, 118t
Plasma, 84
Platelets, 84, 851
Pleural effusion (hemothorax),
imaging, 100
Pleural injuries. See Lung and
pleural injuries
Pleural space infections, 118, 120
Pneumatic antishock garment
(PASG), 29, 278
Pneumomediastinum, imaging, 101
Pneumonectomy, 192
Pneumonia, nosocomial
aspiration-associated, 121-122
non-ventilator-associated, 120
overview, 120
ventilator-associated, 121, 121z,
449
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imaging, 100
Porta hepatis injuries, 286-287
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(PEEP), 442, 459, 469, 471-
473,472t
Postinjury multiple-organ failure
definitions, 500
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pathogenesis, proposed mecha-
nisms of, 503-505
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abdominal evaluation, 307
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cesarean section following
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injury prevention, 310
outcomes following trauma and
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physiologic alterations in preg-
nancy, 303, 304+
primary survey, 304-305, 305/
secondary survey
fetal assessment, 306-307
maternal assessment, 306
Prehospital care
basic philosophy, 26-27
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basic trauma life support
(BTLS) course, 30
prehospital trauma life support
(PHTLS) course, 30
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airway management, 24
breathing adjuncts, 24-25
cardiopulmonary resuscitation
adjuncts, 25
circulation, 25
overview, 24
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direct (on-line), 19
indirect (off-line/protocols), 19
overview, 18-19
overview, 17, 26-27
patient packaging
cervical immobilization. 25
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care rendered, 19
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response time, 20
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system design
advanced life support (ALS), 21



532 INDEX

Prehospital care, system design
(cont’d.)
basic life support (BLS), 21
tiered response system, 21-22
transport
of dead or apparently dead
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to trauma center, 27
transport vehicles
aeromedical, 26
ground, 26
trauma incident evaluation
overview
18
safety, 18
scene, 18
situation, 18
triage criteria, 27-28
Prehospital trauma life support
(PHTLS) course, 30
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Pressure support ventilation (PSV),
443
Primary survey
airway
cautions, 44-45
diagnostic pearls, 43
treatment pearls, 43
breathing and ventilation
cautions, 47
diagnostic pearls, 46
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treatment pearls, 46-47
circulation
cautions, 48-49
diagnostic pearls, 47-48
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cautions, 50
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treatment, 50
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secondary survey, proceeding to,
50
spinal cord protection
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Pringle maneuver. 246, 286

Propofol, 110z, 1121

Prospective evaluation, 19

Protein requirements, 485

Proteus spp., 1211, 123t
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Pseudomonas spp., 120, 1211, 1231,
402

PSV (pressure support ventilation),
443;

PTCV (percutaneous transtracheal
catheter ventilation), 28

Pulmonary artery catheter, 463-464

Pulmonary artery, injury to, 210

Pulmonary artery wedge pressure
(PAWP), 459

Pulmonary contusion, 190

Pulmonary embolism (PE), 457,
457t

Pulmonary vein, injury to, 211

Pulse oximetry, 108

primary survey, 51t
Pupillary response, 127-128, 133
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care rendered, 19
on-scene time, 20
overview, 19
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system efficiency, 19-20
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Radial nerve, surgical approaches
to, 372
Radiation Emergency Assistance
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Radiation injuries
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413
overview, 411, 411¢r
pathophysiology, 412, 4121
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treatment, 412, 413¢
whole-body exposure, 413-414
Radiographs, 99-100
chest. See Chest radiographs
esophageal, 179
eye injuries, 135
facial, 142
hand, 338
lower extremity injuries, 345-346
neck, 179
pelvic, 52, 288-289, 3491
thoracic. See Diagnostic imaging,
thoracic trauma
Rapid sequence induction, 62
Rapid sequence intubation
prehospital setting, 28
Rattlesnakes, 399-402
RBCs (red blood cells), 84, 85t
RBF (renal blood flow), 475-476
REAC/TS (Radiation Emergency
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Site), 411
Rear impact collisions, 36
Recombinant factors, 84, 86
Rectal injuries
diagnosis, 273-274
overview, 273
treatment, 274-275, 275¢
Red blood cells (RBCs), 84, 85¢
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age and, 425-426
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amputee rehabilitation, 424
brain injury, 421-422
comorbitidy and, 425-426
economics of,, 426
hand injuries, 424-425
multisystem injury, 423
nerve injury, 425
orthopedic injuries, 423
overview, 421, 422¢
pediatric trauma, 423-424
rehabilitation team, 421
spinal cord injury, 422-423
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Renal blood flow (RBF), 475-476
Renal failure, acute. See Acute
renal failure (ARF)
Renal injury
indications tor surgery, 297-298,
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Reproductive system trauma
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pregnant patients. See Pregnancy.
trauma during
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equipment, prehospital, 25
head injuries, 127-128, 128f
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41,6, 10
Rewarming methods
airway rewarming, 416-417
body cavity lavage, 417-418
convective rewarming, 417
extracorporeal rewarming, 418
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Rh typing, 86
Rib fractures, 174-175
Rifles, 150
Ring avulsion injuries, 340-341
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Rotational collisions, 36-37
Rotor-wing aircraft, 26
RTS (Revised Trauma Score), 3-4.
41,6, 10
“Rule of nines,” 407f
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Schyphozoa, 403
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injury severity. See Injury sever-
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ears, 55
eyes, 54-55
genitalia, 57-58
head, 54
maxillofacial area, 55
musculoskeletal, 58
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Sepsis, 500, 502¢
Septic shock, 81-82
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Shear, 33
Shock
adrenal insufficiency, 81
alcohol-related conditions, 82
anaphylactic shock, 82-83
battle casualties, 428
cardiogenic shock
blunt cardiac injury, 79

directed resuscitation of failing
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myocardial infarction, 79-80
overview, 79
preexisting heart failure, 79
compressive shock
cardiac tamponade, 78-79
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tension pneumothorax, 78
hemorrhagic shock
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identification of bleeding site,
76-717
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resuscitation, 74-75, 75t
neurogenic shock
brain injury, 77
spinal cord injury, 77
overview, 71
pathophysiology of
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preexisting medications, 82
septic shock, 81-82
thiamine deficiency, 82
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injuries
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fractures, 328, 3307
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for, 113
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SIRS (systemic inflammation
response syndrome), 420.
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score, 4
Sistrurus (rattlesnakes), 400
Slide fasteners, 318



Small bowel injuries. See Stomach
and small bowel injuries
Snake bites
coral snake envenomation, 402-
403
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Sodium thiopental, 110, 110z, 112¢
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classification, 155-156
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treatment, 157-159
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primary survey, 45-46, 46
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