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Definition

The ABCDE of trauma care represents

a systematic approach to goal-oriented initial
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evaluation and resuscitation of injured patients.

It is a five-step sequence:

• A. . . Airway must be either maintained or

secured while protecting the cervical spine

• B. . . Breathing must be either supported or

controlled while oxygen is delivered

• C. . . Circulation is supported and hemorrhage

contained

• D. . . Disability is assessed and the risk of

secondary injury is restricted

• E. . . Exposure helps evaluate the full extent of
obvious injuries/Environmental control helps

minimize or prevent hypothermia

The ABCDE sequence is usually performed in

a coordinated team effort. The primary survey is

followed by a more detailed secondary survey.

The “golden” hour of trauma care refers to the

entire initial period of trauma assessment and

resuscitation that plays the crucial role in trauma

outcomes. Advanced Trauma Life Support®

(ATLS®) represents the foundation of the

ABCDE procedure.
Preexisting Condition

The epidemic of trauma has massively increased

the need for field responses and hospital treatment

of injured patients in the modern era. Injury is

a disease that can affect any body system; it may

lead to quick deterioration of vital functions, and
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an instantaneous or early death. Conversely, con-

sequences of a contained traumamay lead to long-

term disease, disability, and late death. It has been

emphasized “that injury kills in certain reproduc-

ible time frames” and that the greatest threat to life

should be recognized and treated first (ATLS

2008). Thus, the purpose of the ABCDE approach

is to highlight the effective sequence of evaluation

and resuscitation in trauma. The primary survey

must never be delayed in order to obtain a detailed

medical history. The lack of definitive diagnosis

should never impede the application of an indi-

cated treatment.

There are three peaks of death caused by or

related to trauma. The tallest peak occurs within

1 hour of injury. Severe traumatic brain injuries

and high spinal cord injuries may result in apnea

while rupture of the heart or injury of large blood

vessels may lead to rapid exsanguination. Rapid

physiologic deterioration due to apnea, exsangui-

nation, or both may cause death within minutes of

such severe trauma. The second peak occurs

within first 24 h of injury (typically within

first few hours) as a consequence of concealed

hemorrhage within the intracranial, thoracic,

abdominal, and pelvic cavities, or hemorrhages at

multiple sites. Once the threshold of physiologic

decompensation of a vital organ is reached, life-

threatening neurologic, respiratory, or hemody-

namic deterioration may occur. The third peak of

trauma-related death occurs a few weeks subse-

quent to injury. These late deaths are usually

caused by sepsis or multiple organ failure.

However, the distribution of deaths may differ

between various trauma systems, e.g., urban vs.

rural systems. Advanced medical care has

improved survival in modern trauma systems,

and it hasmodified the classic trimodal distribution

of trauma-related deaths to bimodal distribution.

The first peak still occurs within the first hour,

while the second peak occurs 24–48 h subsequent

to trauma (Demetriades et al. 2005). However,

there is no discernible peak of trauma-related

death after the 48 h period. The mechanism of

injury, the body area affected by the major impact

of the mechanical force, and age of the injured

patient are the most important determinants of

trauma outcome. Severe head injuries do not
follow described temporal distribution of death

(Demetriades et al. 2005). In general, penetrating

injuries cause more early deaths than blunt inju-

ries. However, blunt trauma may be more difficult

to diagnose and treat than penetrating trauma.

Assessment is more difficult because the symp-

toms and signs of internal injuries may be still

subclinical and thus the pathologic process not

easy to diagnose. Additionally, multiple concur-

rent injuriesmay have opposing physiologic resus-

citation goals, e.g., coexisting traumatic brain

injury vs. intraabdominal hemorrhage. The sever-

ity of total body injury in case of multitrauma is

related to the number of injuries and to the severity

of every individual injury present.

Only injury prevention can significantly

reduce the number of instantaneous deaths caused

by trauma. This is a major public health problem

especially among adolescents and young adults.

On the other hand, early recognition of concealed

hemorrhage(s) that represent significant threat to

life or a vital organ function may help reduce

the number of early deaths. Since injuries kill

in reproducible time frames and a successful sur-

gical intervention provides a definitive treatment,

this initial time period is often referred to as

“the golden hour of trauma care.” Triage may be

necessary in case of multiple persons injured as

well as in case of disasters in order to prioritize

care based on severity of injuries, make rational

decisions about transport, and the most optimal

use of available medical resources.
Application

Primary Survey

In order to achieve necessary rapidity and com-

pleteness of trauma evaluation and resuscitation,

primary survey is usually a team effort. The

ABCDE sequence is a process repeated at differ-

ent levels of care until definitive trauma care can

be provided. It starts at the site of injury and it

continues on a transport vehicle by the prehospital

team. The primary survey is then performed in the

emergency room by the hospital team. The initial

trauma assessment and resuscitation involves

coordinated participation of multiple medical
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professionals with a team leader facilitating

active communication, directing, and supervising

procedures. Close communication between the

prehospital team and the hospital team is impor-

tant. On one hand the assistance may be provided

to the prehospital team, while on the other hand

admitting team’s preparation and consequently

the trauma patient’s resuscitation may be facili-

tated by such communication. Sometimes, if it is

obvious or highly suspected that a potentially

lifesaving immediate surgical intervention is

unavoidable, the team leader, usually a trauma

surgeon, may decide to transfer a trauma victim

directly from the emergency room to the

operating room. Otherwise the primary survey is

followed by the secondary survey, laboratory, and

imaging investigations.
Airway

Airway Assessment

Due to the rapidity of hypoxic brain injury, death

may be imminent without an immediate interven-

tion in cases of severe airway obstruction or

significant ventilatory compromise. Thus, ensur-

ing airway patency, while protecting the cervical

spine, is the first resuscitation priority in trauma

care. Patient’s ability to produce normal voice is

a reassuring sign about preserved patency of the

upper airway. However, the extent and the mech-

anism of injury may point toward the potential for

development of a progressive and potentially

fatal respiratory failure. Progressive airway

edema as a consequence of a severe inhalational

injury or blunt neck trauma may exemplify such

risk. On the other hand, compromise of ventila-

tion is frequent with tension pneumothorax or

massive hemothorax. Thus, securing the airway

by performing a prophylactic tracheal intubation

will prevent the potential for loss of the airway

or ventilatory failure under such clinical

circumstances.

Airway evaluation is performed simulta-

neously with administration of supplemental oxy-

gen, assessment of the efficacy of spontaneous

ventilation, and measurement of arterial hemoglo-

bin saturation using the pulse oximeter. If airway
patency is preserved, spontaneous ventilation is

maintained, and an imminent or progressive air-

way compromise is not anticipated, administration

of supplemental oxygen and close monitoring of

such trauma victim may be sufficient. Otherwise,

airway must be secured while protecting the

cervical spine. The patency of a compromised

airway may be attained by chin-lift, jaw-thrust,

and bag-valve-mask ventilation. Placement of

a supraglottic, glottic, or infraglottic airway may

follow depending on the initial assessment of the

trauma victim, expertise of resuscitators, availabil-

ity of drugs, and the airway equipment. Any cer-

vical spine movement must be minimized while

performing airway rescue procedures either by

applying manual inline immobilization or by

maintaining cervical collar in place.

Airway Maintenance

Due to multiple circumstantial factors, tracheal

intubation in the field may be very challenging,

incidence of hypoxia is frequent, and thus risks

and benefits of placing an artificial airway, when

muscle paralysis is required, must be cautiously

considered. This is especially true in medical sys-

tems where prehospital trauma care is provided by

less experienced providers and risks of intubation

failure may be high (Cobas et al. 2009). Hypoxia

of significant degree and duration may be espe-

cially damaging to patients with traumatic brain

injury. Maintenance of normocapnia is another

important factor that determines the outcome of

brain injured patients (Davis et al. 2004; Boer et al.

2012). Thus, in order to avoid potential devastat-

ing risks of muscle paralysis and hypoxia one

should always carefully consider feasibility of air-

way maintenance as an airway management

option under difficult trauma circumstances.

Bag-valve-mask ventilation is the first step in

maintenance of the airway and it has two goals:

(a) assessing its efficacy as a temporary airway

maintenance tool and (b) increasing lung oxygen

reserve in order to ensure maximal length of the

safe apnea time following anesthetic induction.

Effective application of bag-valve-mask ventila-

tion may prove difficult in patients having any of

the following seven findings: beard, obesity, no

dentition, elderly (older than 55), history of
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snoring, Mallampati class III or IV, and abnormal

mandibular protrusion test (El-Orbany and

Woehlck 2009). Clinicians often refer to the first

five findings by using their initial letters and

constructing the mnemonic BONES. Because of

frequent difficulty with patient cooperation,

assessment of the Mallampati class and mandib-

ular protrusion may be impossible under trauma

circumstances. Difficult mask ventilation may be

managed by insertion a supraglottic airway as

a rescue ventilatory device or as a bridging venti-

latory device until a definitive airway can be

placed (Dupanovic et al. 2010). Other rescue

options include use of an esophageal airway or

an esophageal-tracheal tube.

Definitive Airway

Rapid-sequence intubation (RSI) represents

a standard approach in attaining and securing

the airway. This procedure may be performed in

the field, on a transport vehicle, in the emergency

room, or in the operating room. Some of the

indications for RSI in trauma are apnea, hypoxia,

hypercarbia, obtundation, coma, Glasgow Coma

Scale �8, shock, and severe inhalation injury.

Performance of the RSI in the field or on

a transport vehicle is much more challenging

than in the controlled setting of an emergency

room or the operating room. Thus, careful con-

sideration of physical exam findings, vital signs,

injuries, and distance to the hospital is necessary

before making a decision about the RSI.

Preventing additional harm exemplified in hyp-

oxic brain injury or pulmonary aspiration is the

highest priority. A trauma victim that requires

intravenous drug administration, which will

cause apnea, also requires a rapid airway assess-

ment. The mnemonic LEMON (look, evaluate,

Mallampati, obstruction, neck mobility) is easy to

remember and may be useful in assessment of

potential tracheal intubation difficulty. However,

there are inherent problems with the validity of

airway assessment in general patient population

and especially in trauma victims. TheMallampati

score has only moderate sensitivity and slightly

better specificity. Additionally, a trauma victim

may not be cooperative enough to allow oropha-

ryngeal evaluation. Thus, simply looking and
evaluating the face, the neck, the ability of the

trauma victim to open the mouth, and to produce

voice may provide clues about risks of drug-

induced apnea. If physical clues pointing toward

a difficult tracheal intubation are present and the

specific circumstances allow the RSI to be post-

poned, this should be done until the personnel

capable of creating a surgical airway is present

and equipment is available (Dupanovic et al.

2010). Since the cervical spine must be protected,

manual in-line stabilization will be routinely

applied during the RSI in order to reduce neck

mobility and restrict the risk of secondary cervi-

cal spine injury. However, this protective maneu-

ver may result in increased difficulty of laryngeal

visualization, increased pressure of the laryngo-

scope blade, and potential for pathologic

craniocervical motion (Santoni et al. 2009; Aziz

2013). The other feasible protective option that

can be used during RSI is leaving the cervical

collar in place and using a video laryngoscope for

tracheal intubation.
Breathing

Airway patency is only a prerequisite for ade-

quate ventilation, which will depend on proper

function of the entire respiratory system. In

trauma situations, this particularly means intact

function of the chest wall, diaphragm, and lungs.

Physical assessment of these components is

accomplished by inspection, palpation, and aus-

cultation. Inspection may detect signs of respira-

tory distress or a penetrating chest wall injury.

Palpation of the chest may detect subcutaneous

emphysema or rib fractures. Auscultation will

evaluate for presence and quality of breath

sounds. Pulse oxymetry will provide a quick

assessment of oxygenation. Severe chest injuries

such as tension pneumothorax or massive

hemothorax may compromise gas exchange,

hemodynamic status, and may require immediate

interventions. These conditions should be diag-

nosed during the primary survey. Chest X-ray

will help diagnose lung or chest wall injuries

that have compromised ventilatory function to

a lesser degree and have not been diagnosed
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during the primary survey. However, it should be

also noted that tracheal intubation and vigorous

ventilation can uncover and exacerbate a subclin-

ical pneumothorax. Thus, chest X-ray should be

obtained as soon as practical following tracheal

intubation.
Circulation

The shock represents inadequate vital organ per-

fusion and oxygen delivery due to circulatory fail-

ure. The hypovolemic shock is almost the norm in

severe trauma and is most commonly due to hem-

orrhage. The chance of survival of a bleeding

trauma victim will mostly depend on its location

and severity. The first priority in restoring ade-

quate circulation is stopping the bleeding, while

the second priority is replacing the intravascular

volume. On the other hand, hypovolemic shock

caused by loss of fluid and plasma with extensive

burns should be aggressively treated with crystal-

loids and colloids as indicated. Obstructive shock

may be a consequence of a tension pneumothorax

and traumatic pericardial tamponade. Neurogenic

shock may be a consequence of spinal cord injury.

External hemorrhage should be identified and

contained during the initial assessment. Major

body cavities are the main areas of concealed

blood loss: the chest, abdominal cavity, retroper-

itoneal space, and pelvis. Pneumatic antishock

garments can decrease bleeding in the abdomen,

pelvis, and lower extremities. Bleeding in the

abdominal cavity may tamponade itself and may

allow time for completion of necessary diagnos-

tic evaluation. Bleeding from intercostals arteries

often slows or stops following chest tube place-

ment and lung expansion. However, if severe

cavitary injury is not amenable to the above

resuscitative measures and is causing rapid

hemodynamic deterioration, an emergent surgi-

cal exploration may be necessary based just on

the clinical assessment during the primary

survey.

Basic hemodynamic assessment includes

inspection and palpation of skin (color and tem-

perature of extremities as well as capillary refill),

pulse palpation (the rate, regularity, and
strength), and assessment of patient’s level of

consciousness. Jugular venous distension may

be a presenting sign of the obstructive shock.

Noninvasive blood pressure measurements and

ECGmay provide additional information if avail-

able. Signs of poor circulation include pale,

cyanotic, cool extremities with delayed capillary

refill, tachycardia, weak peripheral pulses,

altered level of consciousness, and hypotension.

However, different age groups may have differ-

ent physiologic reserves and different responses

to hemorrhage. Children and well-trained ath-

letes may have large physiologic reserves and

tachycardia and/or hypotension may be a late

sign of hypovolemia. Once these signs become

apparent, hemodynamic deterioration may occur

very rapidly. On the other hand, elderly patients

may have a limited physiologic reserve and

their hemodynamic deterioration as a response

to hemorrhage may occur much sooner. Addi-

tionally, administration of beta-blockers or other

cardiotropic medications may further modify

patient’s hemodynamic response. A comprehen-

sive evaluation, anticipation based on the mech-

anism of injury, and frequent reevaluation are

necessary in order to avoid missed injuries and

rapid deterioration of hemodynamic status

because of under resuscitation.
Disability

A rapid neurologic evaluation as a component of

the primary survey establishes the patient’s level

of consciousness, pupillary size and reaction, and

signs of spinal cord injury. Glasgow Coma Scale

(GCS) should be performed to evaluate motor

response (1–6), verbal response (1–5), and eye

response (1–4). The minimum GCS is 3 points

and the maximum is 15 points. The GCS is pre-

dictive of patient neurologic outcome. An altered

level of consciousness requires reevaluation of

ABCs. Drug abuse and hypoglycemia should

also be considered. If these factors are excluded,

traumatic brain injury should be considered until

proven otherwise. The GCS 13–14 represents

mild impairment, 9–12 moderate, and 3–8 repre-

sents severe neurologic impairment.
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Exposure/Environmental Control

Undressing the patient facilitates assessment of

the extent of injury. However, this should take

place in a warm environment in order to prevent

unnecessary and potentially harmful heat loss.

With the same goal in mind, the patient should

be covered with warm blankets after completion

of the assessment. Additionally, pre-warming

of crystalloids and warming all other intrave-

nous fluids and blood products during their

administration is another important strategy

in preventing perioperative hypothermia in

trauma care.
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Abdominal Compartment Syndrome
as a Complication of Care

Khanjan H. Nagarsheth

R Adams Cowley Shock Trauma Center,

University of Maryland School of Medicine,

Baltimore, MD, USA
Synonyms

Abdominal compartment syndrome; Intra-

abdominal hypertension
Definition

Introduction

Intra-abdominal hypertension (IAH) and abdomi-

nal compartment syndrome (ACS) are causes of

morbidity and mortality in critically ill patients. It

is important to realize that IAHandACSmay affect

almost every organ system (Cheatham 2011).
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Intra-abdominal pressure (IAP) is normally

5–7 mmHg in adults. IAH is as sustained or

repeated pathologic elevation of IAP of 12 mmHg

or greater. This is further subdivided into four

grades based on pressure value. ACS is sustained

IAP greater than 20 mmHg associated with new

organ dysfunction/failure (Cheatham2011). Causes

of IAH and ACS include, but are not limited to,

intra-abdominal hemorrhage, pneumoperitoneum

from perforated viscus, and, most importantly in

the trauma patient, third spacing of fluid during

massive resuscitation.
Preexisting Condition

Physiology

Cardiovascular

Cardiac dysfunction is seen in patients with

IAH and ACS due to increased intrathoracic

pressure (ITP) from upward displacement of

the diaphragm. This increased ITP causes

decreased venous return to the heart, thereby

reducing cardiac output. When treating patients

with IAH or ACS, there is an association

between intra-abdominal pressure (IAP) and

ITP (Wauters et al. 2007). Fifty percent of the

IAP is transmitted and affects the ITP.

Cheatham and colleagues point out that catheter-

based hemodynamic measures such as pulmonary

artery occlusion pressure and central venous pres-

sure, therefore, have significant limitations as indi-

ces of volume status in the face of IAH.

Volumetric measurements such as end-diastolic

volume index can aid in directing adequate resus-

citation in these patients. Knowing this transmitted

relationship and using volume indexes for estima-

tion of preload could help to prevent inadequate

resuscitation and inappropriate use of vasoactive

agents in patients with IAH or ACS. Resuscitation

efforts geared towards a right ventricular end-

diastolic volume index (RVEDVI) goal-directed

model have been shown in the literature to result in

reduction of multiple organ failure (MOF) and

death (Cheatham et al. 1999). Using cardiac echo

and ultrasonography as a way of guiding resusci-

tation efforts in a patient with IAH and ACS can
help to avoid the dreaded complications of these

disease processes.

Respiratory

IAH results in increased ITP by decreasing chest

wall compliance and pulmonary parenchymal

compression. Pulmonary compression causes

increased pulmonary intravascular pressure and

pulmonary hypertension. In order to overcome

the alveolar compression and atelectasis, PEEP is

increased or added, in order to maintain oxygena-

tion and ventilation. Aggressive PEEP can result

in not only opening up atelectatic areas of the lung

but also overdistending the normal lung and also

inhibiting adequate ventilation (Cheatham 2011).

Renal

One of the first signs of end-organ hypoperfusion

associated with IAH and ACS is decreased urine

output. Renal dysfunction due to IAH usually

presents with oliguria at 15 mmHg and anuria at

30 mmHg in euvolemic patients with no under-

lying renal disease. This is believed to be due to

compression of the renal parenchyma and renal

vein along with decreased renal perfusion pres-

sures. This leads to renal microcirculatory dys-

function and decreased urine output. Urine output

is dependent on the renal filtration gradient (FG)

or the glomerular filtration pressure (GFP) minus

the proximal tubular pressure (PTP) that can be

estimated as mean arterial pressure (MAP) minus

two times the IAP (Cheatham 2011):
FG ¼ GFP� PTP ¼ MAP� 2� IAP
Application

Assessment of Intra-Abdominal Hypertension

and Abdominal Compartment Syndrome.

Intravesicular Pressure

Measurements are performed using a bladder

pressure monitor at the end of expiration in

a supine position with the transducer zeroed

at the iliac crest in the midaxillary line using

25 mL of saline instilled into the bladder.
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The measurement is taken in mmHg between 30

and 60 s after the saline is instilled and catheter

clamped. A caveat is that all abdominal muscle

contractions should be absent during the mea-

surement (Cheatham et al. 2006).

Intragastric Pressure

Intragastric pressure (IGP) monitoring has been

used in place of bladder pressure monitoring

in some experimental models to obtain an

abdominal pressure reading (Decramer et al.

1984). There is a close relationship between

IAP and IGP with potential for inaccuracy in

patients with ileus and in those who are being

enterally fed.

Abdominal Sonography in the Diagnosis

of IAH and ACS

Cavaliere and associates described the use of

ultrasound to measure changes in abdominal

vein dimension in the setting of simulated

increased abdominal pressure in normal volun-

teers as a marker of ACS. The authors used

a pelvic binder to create external compression,

inducing mild IAH (Cavaliere et al. 2011). They

used a Doppler to measure peak blood flow veloc-

ities at the end of expiration and also measured

the diameter of the inferior vena cava (IVC)

below the renal veins, the right suprahepatic

vein, the portal vein (PV), the right external

iliac vein, and the segmental branches of the

right renal artery. Statistically significant changes

in IVC and PV diameters were noted. There was

no significant change noted in peak velocities

through any of the vessels noted above, although

there was significant variability between individ-

uals. There is evidence based on CT scan studies

that reveal certain findings such as distorted IVC

shape and decreased AP diameter as well as flat-

tening of renal vasculature (Patel et al. 2007). It is

reasonable, based on the data presented by

Cavaliere’s group, to extrapolate that these find-

ings would hold true on US in patients with

a diagnosis of IAH or ACS.

Renal Duplex Ultrasound

Renal duplex ultrasonography has been used in

patients with many different kidney diseases to
determine their renal resistive index (RI which

correlates with renal function (Tublin et al. 2003).

The RI is defined as (peak systolic velocity –

end-diastolic velocity)/peak systolic velocity. The

method for obtaining the images as described in the

literature involves obtaining a pulse wave Doppler

sampling of the vessel at a 60� angle to the US

beam. Signals are obtained from the interlobar

arteries along the border of the medullary pyra-

mids. Typically one will obtain images and mea-

surements at multiple points in the organ and

average these values to calculate the RI. The nor-

malmean value for the RI is about 0.60 for patients

without underlying renal disease (Keogan et al.

1996). Cavaliere’s group also looked at the renal

microvasculature with Duplex ultrasonography

and calculated the RI in their subjects. The RI

was found to be higher in the subjects with mild

IAH. Although there has been some controversy as

to the usefulness of RI in patients with vascular-

interstitial diseases, there may be a role for its use

in helping to identify ACS at the renal microvas-

cular level.

Focused Transthoracic Echocardiography

The purpose of using transthoracic echocardiog-

raphy (TTE) in patients with IAH and ACS is to

determine cardiac function, intraventricular fill-

ing, and intravascular volume status quickly and

in a noninvasive manner. TTE can then be a tool

utilized by the clinician to garner information and

then base resuscitation efforts on volumetric

measurements (Cheatham et al. 1999). Classical

methods of assessing cardiac function and fluid

status include the use of pulmonary artery cathe-

ters and obtaining a pulmonary artery occlusion

pressure (PAOP) measurement. There have been

several studies that have shown no survival ben-

efit to employing this invasive technique. There-

fore using TTE to assess cardiac function and

assess volume status is a reasonable alternative

in people with IAH and ACS as it is noninvasive

and poses less potential risk to the patient.

Treatment of Abdominal Compartment

Syndrome

Decompressive laparotomy (DL) is the definitive

treatment of ACS. A recent meta-analysis of
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18 studies published between 1972 and 2004

looked at the effects of DL on patients with

ACS (De Waele et al. 2006). These 18 studies

yielded a total of 250 patients that had been

treated for ACS with DL. Of the 250 patients

noted, 161 were found to have before and after

IAP recorded in relation to their DL. As expected

there was a statistically significant drop in IAP

from a mean of 34.6 mmHg to a mean of

15.5 mmHg. They also noted that the mortality

in these studies, after DL, ranged from 22 % to

100 % with a mean of 49.2 %. This meta-analysis

noted that there were some improvements noted

in cardiac output, urine output, and respiratory

function as evidenced by improved PaO2/FiO2.

Nonoperative management of IAH and ACS

includes five alternate therapies, all aimed at

reduction of IAP. These therapies include the fol-

lowing: (1) evacuation of intraluminal contents,

(2) evacuation of intra-abdominal space-occupying

lesions, (3) improvement of abdominal wall com-

pliance, (4) optimization of fluid administration,

and (5) optimization of systemic and regional tissue

perfusion (Cheatham 2009). Each of these five

therapies consists of escalating interventions,

from noninvasive to more invasive with the final

step consisting of DL.

In looking more closely at the second therapy

listed, the graded management algorithm put

forth by Dr. Cheatham involves first obtaining

an abdominal ultrasound to identify the

space-occupying lesion or fluid collection.

Hemoperitoneum, ascites, intra-abdominal

abscess, retroperitoneal hemorrhage, and free air

can all be space-occupying lesions that can raise

the IAP. A recent review of results of percutane-

ous drainage for the treatment of IAH/ACS

revealed a success rate of 81 % (25/31)

in avoiding a DL (Cheatham and Safcsak 2011).

This same group found that successful manage-

ment of IAH/ACS with percutaneous drainage

was associated with drainage of greater than

1,000 mL of fluid or decrease in IAP by greater

than 9mmHg in the first 4 h after placement of the

drain. They recommended that in patients with

significant IAH (which they defined as IAP

20–25 mmHg) or patients with ACS, bedside

ultrasound should be performed to confirm the
presence of free intra-abdominal fluid or blood.

If a sufficient fluid pocket is identified which

would allow for safe placement of a drainage

catheter, this should be performed. Of course,

a caveat is in using US to decompress someone

who is actively bleeding and needs to be in the

operating room or in an interventional radiology/

angiography suite to address it, apart from the

ACS.
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Abdominal Compartment Syndrome

Jennifer Knight

Department of Surgery, West Virginia

University, Morgantown, WV, USA
Synonyms

Elevated intra-abdominal pressure; Intra-

abdominal hypertension
Definition

Abdominal compartment syndrome is a disease

process in critically ill patients from an elevation

of intra-abdominal pressures that results in

multisystem organ dysfunction or failure.
Preexisting Condition

Causes of Abdominal Compartment

Syndrome

Abdominal compartment syndrome (ACS) and

intra-abdominal hypertension result from increase

intra-abdominal pressures within the confines of
the abdominal cavity. This elevation in pressure

leads to impairment of the cardiac, pulmonary,

renal, gastrointestinal, hepatic, and central nervous

system function. There are both surgical and

nonsurgical causes of abdominal compartment

syndrome, and it is increasingly recognized as

a potential complication in critically ill patients.

Abdominal compartment syndrome can occur

from acute or chronic problems as listed in the

following table (Table 1). ACS can also be clas-

sified by primary abdominal pathologies or sec-

ondary to non-abdominal causes (Papavramidis

et al. 2011).

Pathophysiology of Abdominal

Compartment Syndrome

The abdominal compartment is a closed space

involving the diaphragm, pelvis, spine, and

abdominal wall musculature. While there is some

elasticity to this compartment, the overall pressure

within this space is at a steady state. Should the

volume of any of the contents of this space

increase, the pressurewithin the spacewill increase

as well. The resting pressure within the abdomen is

0 mm Hg in a normal patient and 5–7 mm Hg in

critical illness. Abdominal perfusion pressure is

calculated as the mean arterial pressure minus the

intra-abdominal pressure (IAP). Increases in IAP

can result in compromise of venous and arterial

blood flow within the abdomen.

TheWorld Society of the Abdominal Compart-

ment Syndrome (https://www.wsacs.org) has

defined intra-abdominal hypertension as a graded

disease process – Grade I: IAP 12–15 mm Hg,

Grade II: 16–20 mm Hg, Grade III: 21–25 mm

Hg, and Grade IV: IAP > 25 mm Hg. Abdominal

compartment syndrome is further subclassified

as hyperacute, acute, subacute, and chronic based

on the time the elevated pressure is maintained.

End-organ dysfunction that results from ACS

can affect many organ systems (Papavramidis

et al. 2011). Cardiovascular effects involve com-

pression of the intra-abdominal vessels and result

in decreased preload of the heart due to vena cava

compression and increased afterload due to

increased systemic vascular resistance from

compression of the abdominal aorta. As pressure

is transmitted across the diaphragm to the chest,

http://dx.doi.org/10.1007/978-3-642-29613-0_100537
http://dx.doi.org/10.1007/978-3-642-29613-0_100843
http://dx.doi.org/10.1007/978-3-642-29613-0_100843
https://www.wsacs.org/
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Acute causes of abdominal

compartment syndrome

Chronic causes of abdominal

compartment syndrome

Secondary causes of abdominal

compartment syndrome

Hemorrhage – intra-abdominal or

retroperitoneal

Intra-abdominal or

retroperitoneal tumor

Respiratory failure requiring high

positive end expiratory pressure

Peritonitis or intra-abdominal

abscess

Ascites from liver failure or

malignancy

Massive fluid resuscitation

Pancreatitis Pregnancy Prone positioning

Bowel distension from ileus,

obstruction, pseudo-obstruction

Obesity Peritoneal dialysis

Abdominal surgery with tight fascial

closure

Repair or reduction of large hernia

Insufflation with laparoscopic

surgery

Burns
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respiratory failure will worsen as tidal volumes

decrease and intrathoracic pressures increase.

Renal perfusion will be compromised resulting

in decreased urine output. Gastrointestinal

absorption and motility are impaired. Liver

function is decreased and direct hepatocellular

damage can occur.
Application

Diagnosis of Abdominal Compartment

Syndrome

The diagnosis of abdominal compartment syn-

drome is not always straightforward. The combi-

nation of elevated intra-abdominal pressures and

its consequence on organ function that make the

diagnosis (An and West 2008).

Signs and symptoms may be limited subjec-

tively due to this process being present in criti-

cally ill patients. Physical exam findings that

suggest elevated intra-abdominal pressures

include abdominal distention or peritonitis with

guarding or rigidity. Other signs may be

increased need for ventilator support either by

the need for increased pressure or volume needed

depending on the mode of ventilation being used.

Poor urine output and feeding intolerance may

also be early signs of organ dysfunction.

There is no imaging study that can reliably diag-

nose ACS. Plain x-ray may show distended bowel

loops. Ultrasonography may show the presence or
an increase of abdominal free fluid. CT imaging can

show abdominal pathologies that may lead to or be

a result of increased abdominal pressures such as

bowel edema or ischemia, or flattening of the vena

cava. None of these diagnose ACS; they may add,

however, to the information needed to make the

diagnosis in a critically ill patient.

Measurement of intra-abdominal pressures

remains the most accurate means of diagnosing

ACS as physical exam and radiographs have poor

sensitivity and specificity. IAP monitoring can be

performed directly or indirectly, intermittently or

continuously, and is safe and inexpensive. IAP

measurements from the bladder or foley are most

commonly used; however, nasogastric or direct

measurement through an intraperitoneal catheter

is an alternative if the foley cannot be used.

Abdominal compartment syndrome results

from the end-organ dysfunction that results

from prolonged elevated intra-abdominal hyper-

tension and is defined as a pathologic state caused

by IAP > 20–25 mm Hg, the presence of end-

organ dysfunction with the need for abdominal

decompression.

Treatment/Decompression of Abdominal

Compartment Syndrome

Preventative efforts are the first line options for

treatment of ACS. Fluid overload in the setting of

intra-abdominal sepsis, bowel obstruction, or

hemorrhage control are the lead causes of ele-

vated intra-abdominal pressures. Early detection



INTRA-ABDOMINAL HYPERTENSION (IAH) / ABDOMINAL
COMPARTMENT SYNDROME (ACS) MANAGEMENT ALGORITHM

In
tr

a-
A

b
d

o
m

in
al

 H
yp

er
te

n
si

o
n

 (
IA

H
)

A
b

d
o

m
in

al
 C

o
m

p
ar

tm
en

t 
S

yn
d

ro
m

e 
(A

C
S

)

Patient has IAH
(IAP ≥ 12 mmHg)

Initiate treatment to reduce IAP
Avoid excessive fluid

resuscitation
Optimze organ perfusion

(GRAD 1C)

IAP > 
20 mmHg

with new organ
failure?

YES

YES

YES

YESNO

NO

Patient has ACS

IDENTIFY AND TREAT
UNDERLYING ETIOLOGY

FOR PATIENT’S ACS

Does
patient have

Primary ACS?
Patient has Secondary or

Recurrent ACS

Definitions

IAH has resolved
Discontinue IAP measurements

and monitor patient for
clinical deterioration

Monitor IAP with
serial measurements

at least every 4
hours while patient is

critically ill
(GRADE 1C)

NO 1. Improve abdominal wall compliance
Sedation & analgesia
Neuromuscular blockade
Avoid head of bed > 30 degrees

2. Evacuate intra-luminal contents

3. Evacuate abdominal fluid collections

Nasogastric decompression
Rectal decompression
Gastro-/colo-prokinetic agents

Paracentesis
Percutaneous drainage

4. Correct positive fluid balance

5. Organ Support

Avoid excessive fluid resuscitation
Diuretics
Colloids / hypertonic fluids
Hemodialysis / ultrafiltration

Optimize ventilation, alveolar recruitment
Use transmural (tm) airway pressures

Consider using volumetric preload indices
If using PAOP/CVP, use transmural pressures

Pplattm = Plat - 0.5 * IAP

PAOPtm = PAOP - 0.5 * IAP
CVPtm = CVP - 0.5 * IAP

YES

IAP < 12 mmHg
consistently?

Medical treatment options to reduce IAP

IAH - intra-abdominal hypertension

ACS - abdominal compartment syndrome

IAP - intra-abdominal pressure

APP - abdominal perfusion pressure (MAP-IAP)

Primary ACS - A condition associated with injury
or disease in the abdomino-pelvic region that
frequently requires early surgical or
interventional radiological intervention

Secondary ACS - ACS due to conditions that do
not originate from the abdomino-peIvic region

Recurrent ACS - The condition in which ACS
redevelops following previous surgical or
medical treatment of primary or secondary ACS

Is IAP
> 20 mmHg with

progressive organ
failure?

Continue medical treatment options to reduce IAP
(GRADE 1C)

Is IAP < 12 mmHg
consistenly?

Measure IAP at least every 4 hours while patient is critically ill
(GRADE 1C)

Perform balanced resuscitation of patient preload, contractility, and
afterload using crystalloid / colloid / vasoactive medications

AVOID EXCESSIVE FLUID RESUSCITATION ( GRADE 2D)

IAH has resolved
Decrease frequency of IAP
measurements and observe

patient for deterioration

NO

Perform / revise abdominal
decompression with temporary

abdominal closure as needed to
reduce IAP (GRADE 2D)

Is IAP > 20
mmHg with

organ failure?

NO

Abdominal Compartment Syndrome, Fig. 1 Intra-abdominal hypertension/abdominal compartment syndrome

management algorithm
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of elevated pressures can prevent progression to

end-organ dysfunction.

TheWorld Society of the Abdominal Compart-

ment syndrome published an updated intra-

abdominal hypertension and abdominal
compartment syndrome consensus defintion and

clinical practice guideline in 2013. The WSACS’s

most recent recommendations for the clinical

practice guidelines are listed in Figs. 1 and 2.

A summary of management recommendations
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Patient has IAP ≥ 12 mmHg
Begin medical management to reduce IAP

(GRADE 1C)

Measure IAP at least every 4-6 hours or continuously.
Titrate therapy to maintain IAP £ 15 mmHg (GRADE 1C)

Evacuate intraluminal
contents

Evacuate intra-
abdominal space

occupying lesions

Improve abdominal
wall compliance

Optimize fluid
adminstration

Optimize systemic /
regional perfusion

•        The choice ( and success of the medical management strategies listed below is strongly related to both the etiology of
      the patient’s IAH / ACS and the patient’s clinical situation. The approriateness of each intervention should always be
      considered prior to implementing these interventions in any individual patient.
•        The invterventions should be applied in a stepwise fashion until the patient’s intra-abdominal pressure (IAP) decreases.
•        If there is no response to a particular intervention, therapy should be escalated to the next step in the algorithm.

Abdominal ultrasound
to identify lesions

Remove constrictive
dressings, abdominal

eschars

Aim for zero to
negative fluid balance
by day 3 (GRADE 2C)

Goal-directed fluid
resuscitation

Ensure adequate
sedation & analgesia

(GRADE 1D)

Avoid excessive fluid
resuscitation
(GRADE 2C)

Insert nasogastric
and/or rectal tube

Initiate gastro-/colo-
prokinetic agents

(GRADE 2D)

Abdominal computed
tomography to
identify lesions

Consider reverse
Trendelenberg

position

Fluid removal through
judicious diuresis

once stable

Hemodynamic
monitoring to guide

resuscitation

Resuscitate using
hypertonic fluids,

colloids

Percutaneous
catheter drainage

(GRADE 2C)

Minimize enteral
nutrition

Administer enemas
(GRADE 1D)

If IAP > 20 mmHg and new organ dysfunction / failure is present, patient’s IAH / ACS is refractory to medical management. 
Stronglyconsider surgical abdominal decompression (GRADE 1D).S

te
p

 4
S

te
p

 3
S

te
p

 2
S

te
p

 1

Consider
hemodialysis /
ultrafiltration

Consider colonoscopic
decompression

(GRADE 1D)

Discontinue enteral
nutrition

Consider surgical
evacuation of lesions

(GRADE 1D)

Consider
neuromuscular

blockade (GRADE 1D)

Abdominal Compartment Syndrome, Fig. 2 Intra-abdominal hypertension/abdominal compartment syndrome

medical management algorithm
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for noninvasive and minimally invasive treatment

is listed in the following table (Table 2).

It should be noted that while theWSACSmakes

no recommendations for diuretics, renal replace-

ment therapies, or albumin use, this statement is

made because no randomized controlled trials exist.
Multiple review articles still list these therapies as

viable options for medical treatment of ACS.

It is recommended that patients with ACS with

an intra-abdominal pressure of greater than 20mm

Hg and signs of organ dysfunction (abdominal

distention, decompensating cardiac, pulmonary,



Abdominal Compartment Syndrome, Table 2 Summary of recommendations from the WSACS (Kirkpatrick et al.

2013)

Noninvasive and

minimally invasive

treatment

Recommended

(yes or no or suggest) Comments

Sedation and analgesia Suggest Suggest that optimal pain and anxiety relief be achieved

Neuromuscular blockade Suggest Brief trials as a temporizing measure

Body positioning Suggest Some body positions may elevate IAP

Nasogastric/colonic

decompression

Suggest Liberal use when the stomach or colon is dilated in the

presence of IAH/ACS

Promotility agents Suggest Neostigmine be used for the treatment of established colonic

ileus not responsive to simple measures

Negative or neutral fluid

balance

Suggest A protocol to avoid positive accumulative fluid balance

Diuretics No recommendation There is lack of evidence to support this intervention

Renal replacement

therapies

No recommendation There is lack of evidence to support this intervention

Albumin No recommendation There is lack of evidence to support this intervention

Damage control

resuscitation

Suggest Use of enhanced ration of plasma/packed red blood cells for

massive hemorrhage

Paracentesis Suggest May be useful when obvious intraperitoneal fluid is present

and is preventing decompressive laparotomy

14 Abdominal Compartment Syndrome
and renal dysfunction) should undergo emergent

or urgent decompressive laparotomy. Laparotomy

should be considered in acute increased intra-

abdominal pressure of greater than 25 mm Hg

without organ dysfunction.

When preparing for decompressive laparot-

omy, it is important to ensure that the patient is

adequately resuscitated. The acute drop in intra-

abdominal pressure that occurs with decompres-

sion significantly lowers preload and will result in

hypotension or perhaps cardiac arrest. Commu-

nication with the anesthesiologist at the time of

operation is essential.

Once decompression has occurred, the open

abdomen should be managed with negative pres-

sure wound therapy. Primary fascial closure

should be achieved during the same hospital

stay as this decreases morbidity and improves

quality of life for these patients.

Complications of Abdominal Compartment

Syndrome

Death is the worst complication that can occur

from abdominal compartment syndrome, either
as a direct result of ACS or the process that

caused the ACS. Prevention, early detection,

and aggressive treatment are all measures to

decrease mortality from ACS.

Primary fascial closure is the goal for

definitive closure of the abdomen once the

underlying process is resolved and the patient

is more stable. The success rate of primary

fascial closure varies greatly across institu-

tions. When primary fascial closure is not

achieved, multiple options are available for

definitive closure, but all of these require more

surgical operations. Enterocutaneous or entero-

atmospheric fistulas may result. The morbidity

and decrease in quality of life is increased if

primary fascial closure cannot be achieved

at the time of initial hospitalization (Diaz

et al. 2010).

The multisystem organ failure that accom-

panies abdominal compartment syndrome may

be transient or could become permanent. Renal

failure requiring dialysis and respiratory failure

requiring tracheostomy are all possible compli-

cations from ACS.
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Abdominal Major Vascular Injury,
Anesthesia for

Zana Borovcanin

Department of Anesthesiology, University of

Rochester School of Medicine and Dentistry,

Rochester, NY, USA
Synonyms

Abdominal aorta injury; Celiac artery injury;

Iliac vascular injury; Inferior vena cava injury;

Mesenteric artery injury; Renovascular injury
Definition

The abdominal major vascular injuries are usu-

ally caused by penetrating abdominal traumas,

gunshot wounds, or stab wounds. The blunt

abdominal trauma may also cause major vascu-

lar injuries by rapid deceleration mechanism,

direct anteroposterior crushing, or direct lacera-

tion. In a prospective study of vascular abdom-

inal trauma caused by gunshot injuries in

217 patients who underwent exploratory lapa-

rotomy, the incidence of vascular trauma was

14.3 % (Demetriades et al. 1997). The incidence

of vascular injuries in patients undergoing lapa-

rotomy for stab wounds was 10 % (Feliciano

et al. 2000). In a review of 302 abdominal

vascular injuries, the most commonly injured

abdominal vessel was the inferior vena cava

(accounted for 25 % of injuries), followed by

aorta (21 %), the iliac arteries (20 %), the iliac

veins (17 %), the superior mesenteric vein

(11 %), and the superior mesenteric artery

(10 %) (Asensio et al. 2000).
Preexisting Conditions

For major vascular trauma purposes, the

abdomen is conventionally divided in four

anatomic areas (Fig. 1).
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Zone 1 (upper, central box) is the upper midline

retroperitoneum, from the aortic hiatus to

the aortic bifurcation longitudinally and

laterally from renal hilum to renal hilum.

This zone is subdivided into supramesocolic

and inframesocolic regions. It contains the

midline vessels, the aorta, the celiac artery,

the superior and inferior mesenteric arteries

and veins, the renal arteries and veins, as

well as the inferior vena cava.

Zone 2 (upper left and right boxes) is the lateral

perinephric area, encompassing the upper

lateral retroperitoneum from the renal hilum

laterally. It contains the renal vessels.
Zone 3 (lower box) is the pelvic retroperitoneum

from the aortic bifurcation inferiorly. It

contains the iliac vessels.

Zone 4 is the perihepatic area, which contains the

hepatic artery and veins, the portal vein, and

the retrohepatic inferior vena cava.

Anatomic Location of Hemorrhage

Midline supramesocolic hemorrhage or hema-

toma (superior to the transverse mesocolon) is

usually caused by injury to the suprarenal aorta,

the celiac axis, the proximal superior mesenteric

artery, or the proximal renal artery. Midline

inframesocolic hemorrhage or hematoma results
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from infrarenal aorta or inferior vena cava injury.

Lateral perirenal hematoma or hemorrhage

suggests injury to the renal vessels or kidneys.

Lateral pelvic hematoma or hemorrhage

indicates injury to the iliac artery, the iliac vein,

or both. Hepatoduodenal ligament hematoma or

hemorrhage indicates injury to the portal vein, the

hepatic artery, or both. Injury of the aorta above

or involving superior mesenteric artery will

produce abdominal pain, pararenal involvement

may lead to hematuria, or injury to the infrarenal

aorta may manifest as unilateral or bilateral lower

extremity ischemia.

Resuscitation

Patients sustaining major vascular injury usually

present with severe physiologic derangements due

to hemorrhage, tissue hypoxia, and the sequelae of

anaerobic metabolism. Severe hemorrhage may

lead to “lethal triad” of trauma: hypothermia,

coagulopathy, and acidosis. Patients require mas-

sive transfusion, generally defined as requiring

greater than twenty units of packed red blood

cells (PRBCs) within 24 h or more than 4–5 units

within an hour. Many current prehospital resusci-

tation protocols recommend insertion of periph-

eral intravenous lines and resuscitation with

isotonic crystalloid solution as soon as possible

following trauma. On arrival to the emergency

department the patient should have inserted

a minimum of two large caliber intravenous lines

(if not already placed in prehospital setting) and an

arterial line inserted in the upper extremities. If

adequate peripheral intravenous access is not pos-

sible to obtain, central line should be inserted at

thoracic inlet (internal jugular or subclavian

veins). The access site should be above the dia-

phragm in any patient with possibility of abdom-

inal or pelvic bleeding. At the time of line

insertion, blood should be drawn for type and

crossmatch, arterial blood gas, and laboratory

studies (CBC, chemistry, and coagulation).

Blood bank should be contacted and massive

transfusion protocol should be activated. Monitor-

ing used during the resuscitation phase includes

electrocardiography, blood pressure monitoring,

pulse oximetry, and capnography in intubated

patient. Placement of urinary and nasogastric
catheters is also considered part of the resuscita-

tion phase. Diagnostic testing, radiologic exami-

nation, and essential laboratory tests should not

delay patient’s resuscitation and transfer to the

operating room as indicated.

Trauma room preparation should include

setting up all equipment necessary for the

management of major trauma: rapid transfusion

device, fluid warmers, autologous cell saver

device, difficult intubation cart, equipment nec-

essary for the placement of invasive monitors,

and infusion pumps as necessary. The operating

room environment should be maintained as warm

as possible, and the infused fluid should be

prewarmed to 40–42 �C. Blood and blood

products should be immediately available in the

operating room. If patient is hemodynamically

unstable and crossmatched blood is not available,

blood transfusion should be initiated with

uncrossmatched blood (O Rh negative PRBC).

If uncrossmatched blood transfusion was

initiated, transfusion should be converted to

type-specific blood as soon as that one becomes

available. Serial measurement of hematocrit,

ionized calcium, and coagulation parameters is

necessary for guiding transfusion of blood

products (PRBC, fresh frozen plasma, platelets,

and cryoprecipitate).
Application

Anesthetic Management

Monitoring

Besides the American Society of Anesthesiolo-

gists standard monitoring, invasive monitoring is

necessary for abdominal major vascular injury

cases: arterial line, central venous pressure, and

potentially transesophageal echocardiography.

Arterial line is important for hemodynamic man-

agement on induction and during maintenance of

anesthesia and should be placed prior to induction

of anesthesia.

Induction of Anesthesia

These patients are considered “full stomach” with

high risk of aspiration. An adequate
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preoxygenation, rapid sequence induction and

intubation with cricoid pressure, and in-line

stabilization of cervical spine are recommended

approaches for the endotracheal tube placement.

Airway management may take place in the emer-

gency department or the operating room (if not

already performed in the prehospital setting).

Capnography is the most reliable method for

confirmation of endotracheal tube placement.

Etomidate and ketamine are the preferred

induction agents in hypotensive patients with

major abdominal vascular injury. Etomidate

(0.1–0.2 mg/kg) has the advantage of inducing

less hemodynamic changes in comparison to other

induction agents. Ketamine (0.25–1.0 mg/kg) may

cause hypertension and tachycardia from

endogenous catecholamine release, which may be

advantageous in patients with hemorrhagic shock.

It is important to recognize that both induction

agents can cause hypotension and decrease in

cardiac output in trauma patients; thus, conven-

tional dosages should be reduced. Succinylcholine

(1.0–1.5 mg/kg) is a neuromuscular blocker of

choice for rapid sequence induction, due to its

rapid onset (less than 1 min) and short duration

(5–10 min). If succinylcholine is contraindicated,

rocuronium (1.0–1.2 mg/kg) is recommended

neuromuscular-blocking agent for rapid sequence

induction. Cricoid pressure should be applied

throughout induction and attempts at intubation.

However, cricoid pressure can be released to ease

intubation or insertion of laryngeal mask airway if

necessary. Waking up the patient is not the choice

in patient with abdominal vascular injury, and

trauma team should be ready to rapidly proceed

with invasive airway in the case of unsuccessful

intubation and “cannot intubate, cannot ventilate”

scenario.

The patients with major abdominal vascular

injury have high abdominal pressure from

hemoperitoneum. Thus, patient’s abdomen and

thorax should be “prepped and draped” before

the induction of anesthesia because the latter is

often associated with rapid hemodynamic

decompensation in this patient group. After

rapid sequence induction and intubation, a rapid

midline incision is made to enter the abdomen.

Intraperitoneal blood is evacuated and abdomen
is rapidly packed in all four quadrants with

laparotomy pads. The surgery is then temporarily

suspended to allow anesthesia team to catch up

with the patient’s resuscitation as needed. Once

the patient is sufficiently hemodynamically

stable, a systemic exploration of the entire

abdomen is accomplished. Proximal and

distal control should be obtained for any vascular

injury.

Maintenance of Anesthesia

It is often very challenging to meet all objectives of

anesthetic maintenance and to provide adequate

depth of general anesthesia in a hemodynamically

unstable patient such as a patient with major

abdominal vascular injury. General anesthesia is

usually maintained with a combination of volatile

agent, benzodiazepines, and narcotics. Isoflurane,

sevoflurane, and desflurane all decrease arterial

blood pressure through reduction in systemic

vascular resistance. Thus, in hypotensive bleeding

patient, minimum alveolar concentration (MAC)

of volatile agent must be decreased, and the

anesthetic agent titrated to maintain minimum

necessary blood pressure and adequate tissue

perfusion.MACof 0.3–0.5 is often used in addition

to midazolam to prevent recall of intraoperative

events. Small boluses of midazolam may be

administered repeatedly throughout the surgery to

assure amnesia. Fentanyl is another adjuvant

anesthetic and is usually administered in

increments throughout the procedure. However,

fentanyl alone does not guarantee amnesia.

Aortic Cross-Clamping and Unclamping

Temporary clamping of the abdominal aorta may

be required during the surgery for abdominal

major vascular injuries, and adequate preparation

is essential to prevent severe hemodynamic

changes and decompensation. Application of

aortic cross-clamp results in a sudden increase

in afterload and systemic blood pressure.

Increased afterload results in increased left ven-

tricular end-systolic wall stress. These changes

are accompanied with decrease in cardiac output.

A sudden increase in afterload can lead to left

ventricular failure, especially in patients with

noncompliant left ventricle. All these changes
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are more profound in the case of a supraceliac

cross-clamp placement. The addition of inotrope

may be necessary in the case of left ventricular

failure. After the removal of aortic cross-clamp,

systemic vascular resistance and arterial blood

pressure decrease dramatically, as a result of

peripheral vasodilation. Vasodilation can become

systemic as the lactic acid is washed out of the

extremities into central circulation. In order to

minimize hypotensive response, volume loading

prior to cross-clamp release is necessary to raise

filling pressures to slightly above normal.

Acidosis should be corrected and calcium

replaced immediately after the removal of aortic

cross-clamp (Gelman 1995). The patient may

require temporary pharmacologic support to

achieve an acceptable blood pressure. Ephedrine,

an indirect alpha- and beta-receptor-stimulating

agent can be used. Other options include appro-

priate dosing of direct alpha- and beta-receptor

agonists such as epinephrine, norepinephrine,

and dopamine. Phenylephrine, a pure alpha1
receptor agonist, can be also used to increase

patient’s blood pressure. However, phenyleph-

rine has not been shown to improve end-organ

perfusion and may result in end-organ ischemia,

especially bowel ischemia, in hypovolemic

patients (Thiele et al. 2011). Transesophageal

echocardiography can be useful in differentiating

between myocardial ischemia and cardiac failure

versus continuous hemorrhage and consequent

hypovolemia. Myocardial ischemia or cardiac

failure results in elevated filling pressures, while

hemorrhage results in low filling pressures.

Damage Control Surgery (DCS)

DCS refers to a limited surgical procedure or set

of procedures with very discrete, life-saving

goals and the intent to defer more definitive repair

until resuscitation has occurred (Sagraves et al.

2006). The basic principles of DCS include rapid

surgical control of bleeding, control of sources of

contamination, and deferral of definitive proce-

dure until patient is more stable. Patients with

major abdominal vascular injuries may benefit

from early damage control and definitive recon-

struction at a later stage after resuscitation and

stabilization in the ICU. Damage control approach
should be considered before the patient becomes

severely hypotensive and coagulopathic. With the

damage control approach, any large vessel bleed-

ing should be surgically controlled and repaired in

an expeditious fashion. Any source of contamina-

tion, such as injury of gastrointestinal tract, should

be controlled as well. If possible, vascular conti-

nuity should be restored by either expeditious

definitive repair or temporizing measure such as

vascular shunt. The abdomen is closed temporar-

ily with vacuum dressing techniques in order to

prevent abdominal compartment syndrome. The

damage control strategy has been shown to lead to

better than expected survival rates for abdominal

trauma.

Abdominal Compartment Syndrome (ACS)

All patients with severe abdominal trauma,

especially vascular trauma, are at risk of

developing ACS. Major risk factors include

massive blood transfusion, prolonged hypoten-

sion, hypothermia, aortic cross-clamping,

damage control procedures, and tight closure of

abdominal wall. ACS is characterized by a tense

abdomen, tachycardia with or without hypoten-

sion, respiratory dysfunction with high peak

inspiratory pressure in mechanically ventilated

patients, and oliguria. After damage control

procedures, the abdominal wall should never be

closed under tension because postoperative

bowel edema results in ACS in most patients.

When the bowel edema improves, usually within

2–3 days, the patient is returned to the operating

room for definitive vascular repair and abdominal

wall closure. Knowledge of ACS is important,

and necessary measures for prevention of this

complication should be undertaken whenever

possible.
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Synonyms

Damage control surgery; Kidney injury; Kidney

insult; Liver contusion; Liver injury; Liver lacer-

ation; Nephrectomy; Pancreatic injury; Pancre-

atic insult; Splenic injury; Splenic laceration;

Splenic rupture
Definition

Traumatic force to the abdomen may be blunt or

penetrating. Solid organs of the abdomen are

different in their size, structure, and anatomic

positions. These factors along with the mecha-

nism of injury will be the main determinants of

the type and severity of abdominal solid organ

injury. The propensity for profuse bleeding

requiring surgical intervention occurs most

often with injury to the liver and spleen.
Preexisting Condition

Liver

The liver is one of the most commonly injured

organs in abdominal trauma (Polanco et al. 2008).

Both low- and high-grade injuries of the liver due

to blunt and penetrating trauma can be successfully

managed nonoperatively in the hemodynamically

stable patient (Ahmed and Vernick 2011).
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The grade of the liver injury, although important,

should not dictate the decision to proceed to

the operative suite. The patient’s hemodynamics

in the field or emergency room should remain

of primary importance regarding the decision

to proceed directly to the operating room or inter-

ventional radiology suite. For the stable patient,

imaging studies including focused assessment

by ultrasound for trauma (FAST) and computed

tomography (CT) scans remain the diagnostic

modalities of choice to further clarify and classify

liver injuries (Ahmed andVernick 2011) before the

operating room. The FAST scan is not designed to

identify the degree of organ injury but is useful in

assessing for blood in the abdomen. If available,

a CT scan provides details of the organ injuries

and can show active bleeding by extravasation

of contrast. Knowing the anatomic location of

the injury or injuries allows the anesthesiologist

to anticipate the amount of blood loss and the

scope and magnitude of the surgery and allows

for thoughtful placement of intravenous lines and

arterial access.

Spleen

The spleen is more commonly injured than other

hollow, viscous structures of the abdomen fol-

lowing blunt trauma. It is second only to the

liver in injuries sustained in blunt abdominal

trauma (Wilson et al. 1999). These patients will

often present in the trauma bay or emergency

room after sustaining an injury to the left thorax

or abdominal wall. Spleen injuries requiring

operative intervention often present with hypo-

tension due to hemorrhage but should be

suspected in any trauma patient who complains

of left upper quadrant tenderness or left shoulder

pain. Any patient who undergoes a splenectomy

should be vaccinated against pneumococcal

infections postoperatively.

Kidney

Renal injury occurs in approximately 1–5% of all

traumas (Shoobridge et al. 2011). The kidney is

frequently injured by a deceleration mechanism

as seen in motor vehicle accidents. Current man-

agement of hemodynamically stable patients with
kidney injuries is watchful waiting with serial

abdominal exams, trending of hemoglobin, and

CT scans. Heme identified on Foley catheter

placement or flank pain may suggest a renal

injury. Indications for exploration in renal trauma

include hemorrhage, renal pedicle avulsion, or

retroperitoneal hematoma (Shoobridge et al.

2011). Although at some centers it is possible to

salvage the injured kidney, often a nephrectomy

is performed (Kuan et al. 2006).

Pancreas

Injuries to the pancreas rarely occur in isolation

in the abdominal trauma patient. Injury to the

pancreas and duodenum is reported to be approx-

imately 5 % of all abdominal injuries (Choi et al.

2012). The pancreas can be injured by compres-

sion against the spinal column in an anterior-

posterior mechanism that can be seen with

motor vehicle accidents. The patient presents

often with upper abdominal and back pain.

Major ductal injury is the main determinant for

outcome with pancreatic injury (Choi et al.

2012). Patients with disruption of the major pan-

creatic duct typically require surgery.

Once a trauma victim arrives in the emergency

room, an initial history from either the patient or

EMS personnel is obtained. This history should

focus on the mechanism of injury as well as other

associated injuries including seatbelt imprint or

hematoma, lumbar spine fractures, rib fractures,

pelvic fractures, or chest or head injuries. Patients

with multiple injuries have increased incidence

of intra-abdominal injuries requiring surgery

(Wilson et al. 1999). If the ABCDE assessment

determines that the abdominal injury is

a penetrating injury, urgent surgical intervention

may be required. A hemodynamically stable with

a blunt abdominal injury with suspected solid

organ injury will likely undergo additional

assessment. The patient should have a cursory

set of labs drawn in the emergency room includ-

ing serum chemistry, hemoglobin, and coagula-

tion studies. The patient should also have an

arterial blood gas drawn to assess ventilation,

oxygenation, and base deficit. A type and cross

for blood products should also be sent.
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The unstable or deteriorating patient in the

trauma bay should be expedited to the operating

room or radiology suite within 15 min (Ahmed

and Vernick 2011). The patient should have

blood products including packed red blood cells,

fresh frozen plasma, and platelets available. Also,

if the hospital has a massive transfusion protocol

(MTP), it should be activated in the emergency

room to have the products available as soon as

possible in the operating room. Early activation

of the MTP has been shown to reduce mortality

(Kozar and McNutt 2010) in the trauma patient.

In addition to the standard ASA monitors, two

large-bore intravenous catheters should be

obtained. Since a significant abdominal venous

injury is possible, obtaining IV access on lower

extremities should be avoided if possible. Intra-

venous access placed on either the upper extrem-

ities or neck is more desirable. The patient should

also have an arterial line placed and rapid trans-

fusion system started.

Induction

If the patient is not yet intubated, induction of

anesthesia should be achieved with careful titra-

tion of medication to prevent profound hypoten-

sion. Induction can be achieved with etomidate,

propofol, or ketamine. Although all can be used

safely, it is important to appreciate that dosage

adjustments may be required in the hypovolemic

trauma patient to avoid worsening any

preexisting hypotension. During the “prep and

drape” period, a significant amount of crystal-

loids and colloids may need to be administered

in order to increase preload and minimize the

severity of hypotension post- laparotomy. Before

surgical incision a broad-spectrum antibiotic cov-

ering both gram-positive and gram-negative bac-

teria should be given. An orogastric tube should

also be placed to decompress the stomach.

Maintenance

The surgeon will proceed with the standard open

exploratory laparotomy incision, xyphoid pro-

cess to pubic symphysis. Once this incision is
made, an increase in bleeding from the abdominal

wounds may be noted since the tamponade effect

of the abdominal wall will be released. The anes-

thetic goal at this time is to maintain near-normal

hemodynamics by treating hypotension first

with warm fluid or blood products dependent on

the patient’s laboratory data and temporizing

only with vasopressors until fluid and product

administration can catch up. During this dynamic

time, the anesthesiologist should be reevaluating

the patient’s condition continually, including

checking vital signs, additional hemodynamic

monitors (pressure control variation and central

venous pressure), urine output, and laboratory

data with point of care testing if available. If the

blood pressure remains adequate throughout this

time, other anesthetic agents can be added includ-

ing narcotic pain medication and inhalational

anesthetics. Muscle relaxants are titrated to

achieve maximum surgical exposure. Depending

on the patient’s critical nature, tolerance to anes-

thetic agents may be minimal. These patients

should be given a benzodiazepine to decrease

the risk of recall and awareness during surgery.

The surgeon’s initial goal will be four-quadrant

packing, direct bleeding compression, and con-

trol of fecal contamination. The surgeon will

assess the liver as well as the spleen. If the patient

has injury to the hepatic artery or portal vein, the

surgeon may use the Pringle maneuver. The

Pringle maneuver is used to isolate and control

rapid blood loss associated with severe hepatic

injury. Hemodynamic changes associated with

the Pringle maneuver include hypotension due

to decreased venous return. If hepatic bleeding

is not controlled with this Pringle maneuver and

packing, there is concern for retrohepatic vena

cava or hepatic vein injury.

Fluids and blood products should be adminis-

tered according to the patient’s needs to help pre-

vent excess fluid administration and subsequent

bowel edema. If blood loss at any point becomes

excessive, communication with the surgeon ask-

ing for abdominal packing allowing a catch-up

time for product administration may be needed.

In addition frequently monitored temperature,

hemoglobin, calcium, coagulation studies, and
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platelets help to minimize coagulopathic bleeding.

Cell saver technique using salvaged blood is also

a viable option for blood administration. If at any

point in the operative course the patient develops

the triad of acidosis, coagulopathy, and hypother-

mia, the operative repair should be focused on

damage control surgery.

Trauma patients are prone to hypothermia.

The environment in which the patient was injured

and transfusion of unwarmed IV fluids and blood

products can further exacerbate hypothermia in

the trauma patient. The patient undergoing an

anesthetic also has skin exposure and loss of

normal physiological heat conservation such as

vasoconstriction and shivering. The hypothermic

patient has increased risk of coagulopathic bleed-

ing and ventricular ectopy as well as decreased

drug metabolism.

Pediatric Considerations

Blunt trauma is much more common than pene-

trating trauma in the pediatric population. Chil-

dren have proportionally larger intra-abdominal

organs than adults; the organs are closer together,

and the abdominal wall and cartilaginous rib cage

are weaker. These anatomical factors result in

higher risk of severe and/or multiple organ inju-

ries. The liver and spleen are the most frequently

injured solid organs in children (Loy 2008). Most

of these injuries may be managed nonoperatively.

Hemodynamic instability despite adequate fluid

and blood resuscitation (30–40 ml/kg) will be the

indicator of the need for urgent surgical repair.

Tachycardia is the most sensitive indicator of

hypovolemic shock in children.

Damage Control Surgery

If the decision by the surgeon is to proceed with

damage control surgery, the primary surgical

management goal changes from definitive surgi-

cal management to control of hemorrhage,

abdominal packing, and temporary abdominal

closure (Dutton 2012). The patient is then taken

to the intensive care unit for continued resuscita-

tion, optimization of hemodynamics, and correc-

tion of coagulation status before being brought

back to the operating room suite for definitive
repair of the intra-abdominal injuries. Good com-

munication with the surgery team regarding vital

signs and laboratory data helps the entire trauma

team decide if damage control is a more viable

option before the patient is severely acidotic,

hypothermic, and coagulopathic.
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Synonyms

Burn and plastics trauma fellowship; Emergency

and trauma care education programs; Masters

degree in trauma sciences (M.Sc.); Orthopedic

trauma fellowship; Trauma and critical care

electives; Trauma anesthesia fellowship; Trauma

care fellowship; Trauma, critical care, and acute

care surgery fellowship; Trauma radiology

fellowship; Trauma research fellowship; Trauma

surgery and critical care fellowship; Trauma

surgery fellowship
Definition

Trauma care refers to medical interventions

occurring in a timely manner shortly after the

injury causing body damage due to a physical

impact (such as damage caused by a motor

vehicle accident, explosion, or military combat).

The World Health Organization and other inter-

national and national trauma groups provide

guidelines for injury management. Academic

programs related to trauma care, emergencymed-

icine, critical care, and trauma surgery have

adopted these treatment standards and seek to

provide residency and fellowship training oppor-

tunities for health-care providers pursuing
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graduate-level education at locations throughout

the United States and parts of Europe.

The trauma.org database lists fellowships, lec-

tureships and research positions that focus on

trauma care. Additional information regarding

trauma education can be found through the Amer-

ican Association for the Surgery of Trauma

(www.aast.org), the Eastern Association for the

Surgery of Trauma (www.east.org) and the

Orthopaedic Trauma Association (www.ota.org).
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Synonyms

Cholecystitis
Definition

Acalculous cholecystitis (ACC) was first

reported in 1844 in a patient who just underwent

a femoral hernia repair. It is a rare, yet severe, and

potentially fatal condition affecting critically ill

and trauma patients. ACC is defined as inflam-

mation of the gallbladder without calculi

(Crichlow et al. 2012). Ultrasound examination

of the abdomen has been shown to be the most
accurate diagnosis of ACC in critically ill

patients. Thickening of the gallbladder wall to

3 mm has 90 % specificity, and 100 % sensitivity

while a wall thickness of 3.5 mm has 98.5 %

specificity and 80 % sensitivity. The other major

criteria for identifying ACC include gallbladder

wall edema, sonographic murphy’s sign (which

may be difficult if the patient is obtunded),

pericholecystic fluid, mucosal sloughing, and

intramural gas. Sludge, nonshadowing stones,

cholesterolosis, hypoalbuminemia, or ascites

can mimic a thickened gallbladder causing

a false-positive reading (Barie and Eachempati

2010).
Preexisting Condition

The incidence of ACC in critically ill trauma

patients has been reported to occur between

0.5 % and 18 % (Hamp et al. 2009), with a mor-

tality rate as high as 30 %. Multiple risk factors

have been shown to increase the risk of developing

ACC. Studies have demonstrated that the higher

the injury severity score (ISS) the more likely the

trauma patient is to develop ACC. The ISS is the

only risk factor that is considered an independent

variable (Pelinka et al. 2003). However, dependent

variables such as shock, requirements of blood

transfusions, duration of ventilatory support, use

of total parenteral nutrition (TPN), opioid therapy,

and tachycardia have also been identified as

risk factors for the development ofACC.Critically

ill trauma patients often experience episodes of

low cardiac output. This results in the release of

vasopressin and epinepherine, which interact syn-

ergistically causing splanchnic vasoconstriction

and hypoxia. When the splanchnic bed experi-

ences vasoconstriction secondary to shock or

the use of opioids, the celiac trunk, which is the

gallbladder’s blood supply, is restricted, resulting

in hypoxia. The hypoxic effects lead to decreased

mucin secretion. Mucin helps to protect the

gallbladder lining from bile salts and acids. The

build-up of irritants and the lack of blood flow can

lead to necrosis or irreversible cell injury (Sanda

2008). The use of opioids and TPN can result in

impaired gallbladder motility and emptying,
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leading to a distended gallbladder. The lack of

emptying allows for irritants to accumulate,

leading to further necrosis (Hamp et al. 2009).

Much research has demonstrated that majority

of these risk factors correlate with, and trigger,

one another. The risk factors a patient may have

are determined by their preexisting condition

and severity.
Application

It is often very difficult to diagnosis ACC. Seda-

tion, a low Glasgow Coma Scale, and distracting

injuries can make it difficult for a patient to

relay right upper quadrant abdominal pain and

tenderness. Laboratory data may not be useful in

a critically ill patient as their labs are often

already abnormal (Hamp et al. 2009). Fevers

and tachycardia, along with a generalized sep-

tic-like deterioration, are often the only signs

a clinician may have to help identify ACC.

Rapid and accurate diagnosis of ACC is essential

because gallbladder ischemia can quickly pro-

gress to gangrene, perforation, and death (Barie

and Eachempati 2010). Once identified, the treat-

ment of ACC is dependent upon the provider

and the patient’s presentation. Some studies

have shown that immediate cholecystectomy

should be performed in order to decrease mortal-

ity from the disease and improve outcomes.

However, an invasive option is often difficult in

an unstable trauma patient or a patient who has

undergone recent abdominal surgery. Other stud-

ies have supported the use of a percutaneous

cholecystostomy tube to be beneficial in the

treatment of ACC. The timing of removal of

the percutaneous cholecystostomy tube or if an

interval cholecystectomy is necessary once

the patient has stabilized has not been fully

studied.

ACC continues to be a severe condition that is

difficult to diagnose. Critically ill trauma patients

who remain or become unstable despite interven-

tion should have ACC considered as part of their

differential diagnosis. Early identification of the

disease can help to reduce mortality and improve

outcomes in the trauma patient.
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Synonyms

Hip socket fracture
Definition

Acetabular fractures are injuries that involve the

hip socket region of the pelvis, usually due to

a traumatic event that abnormally loads the prox-

imal femur and femoral head within the socket to

cause the fracture (Fig. 1).

Epidemiology

Acetabular fracture patterns are determined by

the hip position at impact, the local bone quality,

and the magnitude of the applied load. As the

load is further transmitted, the acetabular fracture

displaces, and the femoral head may dislocate

from the hip joint. These fractures commonly
Acetabulum Fractures,
Fig. 1 Excessive loading

of the proximal femur

through the femoral head

causes the acetabulum to

fracture. In this example,

the left-sided unstable

acetabular fracture

fragments are displaced

significantly as the

proximal femur intrudes

medially into the pelvis
occur in a bimodal age distribution. Older

patients have poor bone quality and sustain

them after a fall from standing. Young patients

have better bone quality and are also more

exposed to high-energy traumatic events such as

car and motorcycle crashes.

Osteology

Normal pelvic osteology is complex and confus-

ing, and displaced acetabular fractures are even

more challenging to thoroughly comprehend.

The acetabulum is a hemisphere-shaped recess

located between the ilium, ischium, and pubis. It

develops from the triradiate cartilage and matures

into the adult acetabulum. The acetabular surface

is concave and is mostly covered by hyaline car-

tilage. The fossa acetabuli is a recessed area in the

center of the acetabulum that contains fat and the

ligamentum teres. The acetabular labrum is

attached to the acetabular wall perimeter and the

hip capsule.

The Inverted Y Structural Concept

The structural acetabular concept describes it as

being located between the limbs of two boney

supports or “columns” shaped as an inverted Y.

The anterior column is comprised of the superior

pubic ramus, anterior acetabularwall, and the ante-

rior portion of the ilium and quadrilateral surface.

http://dx.doi.org/10.1007/978-3-642-29613-0_101723
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Fig. 2 These two medial

and lateral hemipelvis

illustrations demonstrate

the structural anterior and

posterior acetabular

columns. The anterior wall

area is a part of the anterior

column just as the posterior

wall area is a part of the

posterior column
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The posterior column is comprised of the greater

and lesser sciatic notches, posterior acetabular

wall, and the posterior half of the quadrilateral

surface. The two-column structural model was

intended to simplify the acetabular osseous

architecture so that clinicians could better

understand the injury patterns (Fig. 2).

Radiology

Acetabular fracture diagnosis and classification

schemes are based on the radiographic findings

and the two-column acetabular concept

(Judet et al. 1964). The normal radiographic

markers represent bony cortical surfaces and

edges revealed by tangential X-ray beams.

These cortical lines include the peripheral edges

of both the anterior and posterior walls; the dense

line representing the pelvic brim and superior

pubic ramus’ posterior cranial edge (iliopectineal

line); the dense line representing the pelvic brim

and quadrilateral surface (ilioischial line); the

dome region’s subchondral arc (sourcil); and the

acetabular “teardrop” representing the fossa

acetabuli, obturator sulcus, and a portion of the

quadrilateral surface. These six radiographic

markers help clinicians to better understand and

mark the two walls, the two supporting columns,

the weight-bearing dome, and the caudal joint.

Oblique acetabular imaging is accomplished by

rolling the patient 45� toward each side so the

fracture is seen in biplanar views. A pelvic com-

puted tomogram (CT) scan uses axial, sagittal,

and coronal images to further reveal the osseous

and soft tissue details related to the injury.
Surface-rendered three-dimensional images are

created from the CT information to further iden-

tify the specific fracture sites and displacements

(Fig. 3). Other imaging modalities may be indi-

cated for certain patients, for example,

a hemodynamically unstable patient with fracture

involving the greater sciatic notch may benefit

from pelvic angiography to assess the superior

gluteal artery. These angiographic images can be

used for diagnostic means and surgical planning

also.

Classification

Acetabular fractures are classified into two broad

categories, elementary and associated patterns.

The elementary patterns have a singular primary

fracture plane. Four of the five elementary pat-

terns involve a single wall or a single

column – these are the posterior wall, posterior

column, anterior wall, and anterior column pat-

terns. Unlike the other elementary patterns, trans-

verse acetabular fractures involve the two walls

and the two columns but are included in the

elementary group because transverse patterns

have a singular fracture plane. The associated

patterns have several primary fracture planes

combined together rendering the fracture more

complex than the elementary fractures. Four of

the associated patterns involve anterior and pos-

terior acetabular areas, while the posterior col-

umn with associated posterior wall fracture is

limited to the posterior acetabular column and

posterior wall areas only. The other four associ-

ated patterns that involve the anterior and



Acetabulum Fractures, Fig. 3 Three-dimensional sur-

face-rendered images generated from CT data are helpful

when planning the surgical treatment of a displaced ace-

tabular fracture. In this example, the right-sided transverse

acetabular fracture is seen to divide the joint into two

separate halves. The caudal fragment is displaced medi-

ally from the intact and stable cranial portion, and the

proximal femur remains in association with the displaced

caudal fragment. The 3D image also demonstrates a left-

sided sacroiliac joint disruption and pubic ramus fracture

Acetabulum Fractures, Table 1 Acetabular fracture

groups and specific injury patterns

Elementary Associated

Posterior wall Transverse/posterior wall

Posterior

column

T-type

Anterior wall Anterior column/posterior

hemitransverse

Anterior

column

Both column

Transverse Posterior column/posterior wall
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posterior acetabular areas are the transverse with

associated posterior wall, T-type, anterior col-

umn with associated posterior hemitransverse,

and associated both-column patterns. The associ-

ated both-column pattern is unique in that no

articular cartilage remains on the intact, stable

fragment (Table 1).

Initial Management

Patients with these fractures may present in

a variety of manners depending usually on the

mechanism of injury. Each patient is resuscitated

according to ATLS protocols, and plain pelvic

radiographs are obtained once the patient has
been stabilized. Fracture-dislocations are reduced

urgently once the fracture pattern details are

understood. Posteriorly directed dislocations are

usually associated with posterior wall, posterior

column/posterior wall, and transverse/posterior

wall acetabular fracture patterns. Medial disloca-

tions are usually noted with associated both-col-

umn, transverse, T-type, anterior column/

posterior hemitransverse, and posterior column

fracture patterns. Prior to closed reduction, the

treating physician should carefully assess the

femoral neck area on the X-rays for fracture.

Adequate muscle relaxation is mandatory prior

to the manipulative reduction attempt and can be

achieved using a variety of techniques. The

dislocated femoral head is then manipulated so

that it can be held beneath the area of the weight-

bearing dome. Skeletal traction may be needed to

secure this reduction.

Once the patient and the fracture have been

stabilized, secondary and tertiary repeat evalua-

tions are indicated to identify other injuries that

were initially missed. Pelvic imaging is then

obtained so the treatment can be planned.

Some dislocations are obstructed by bone

debris in the joint or misplaced soft tissue
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image identifies a displaced posterior wall fracture frag-

ment that is located between the femoral head and acetab-

ular dome causing a nonconcentric reduction. This was

one of five separate displaced posterior wall fracture frag-

ments that were noted to be within the joint. An open

reduction was indicated and performed urgently. The

displaced fracture fragments were first removed from the

hip joint so the femoral head could be congruent with

the acetabular dome. Then the individual fragments were

reduced and stabilized with two supporting plates
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structures such as the piriformis muscle tendon

due to the injury rendering it irreducible via

closed manipulation. These rare patients require

urgent open reduction (Fig. 4).

Nonoperative Treatment

For patients with stable and minimally displaced

acetabular fractures, nonoperative management

is recommended, consisting of protected weight

bearing on the injured extremity for 6–12 weeks

after injury. Serial weekly plain pelvic radio-

graphs are recommended for 1–3 weeks after

injury to assure that further fracture displace-

ment is not occurring and that the hip joint

remains congruent when nonoperative manage-

ment is chosen. Skeletal traction is used when

the fracture is unstable but the patient is a poor

candidate for surgery and the fracture reduction

is sufficient in traction. Usually ten pounds of

traction is applied through a distal femoral trac-

tion pin and simple pulley system attached to the

foot of the bed. When traction is chosen, the

head of the patient’s bed should be elevated to

decrease the risk of aspiration, especially in

elderly patients.
Operative Treatment

Displaced and unstable acetabular fractures are

treated operatively (Letournel 1993; Helfet et al.

1992). Open anatomical reduction with stable

internal fixation (ORIF) is recommended for the

majority of patients with these articular injuries.

Anatomical reduction restores the articular sur-

faces and lowers the risk of post-traumatic arthri-

tis formation. Access to the fracture fragments

allows the surgeon to directly clean the fracture

surfaces of organized hematoma and small bone

fragments that can obstruct the reduction and

physically manipulate the fracture fragments

into a reduced position. Clamps, wires, lag

screws, and other devices are routinely used to

temporarily maintain the reduction while the

definitive fixation is applied to the bone. The

Kocher-Langenbeck surgical exposure is used

for posterior acetabular injuries, and the

ilioinguinal surgical exposure provides access to

anterior acetabular fractures. For patients with

more complex fracture patterns, the two expo-

sures can be used in sequence either at the same

anesthesia or at a subsequent anesthesia. Some

recommend using the two exposures



Acetabulum Fractures, Fig. 5 This patient (previously

seen in Fig. 3) had a right transverse acetabular fracture-

dislocation as well as left pubic ramus fracture and SI joint

disruption. The acetabular fracture was treated operatively

using a posterior Kocher-Langenbeck exposure. The

reduction was accomplished after cleaning the fracture

surfaces and then clamping the transverse fracture.

A cancellous lag screw was inserted percutaneously in

the superior pubic ramus, and then two malleable plates

were applied posteriorly to stabilize the transverse frac-

ture. The SI joint injury and pubic ramus fracture were

treated with closed reduction and then screw fixation. An

initial iliosacral cancellous lag screw compressed the SI

joint, and the subsequent fully threaded cancellous screw

provided additional support. The acetabular lag screw,

iliosacral screws, and the retrograde superior pubic

ramus screw were all inserted percutaneously using

biplanar fluoroscopic imaging
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simultaneously (Routt and Swiontkowski 1990).

The extended iliofemoral and several other more

extensive surgical exposures have also been

advocated for difficult fracture patterns

(Siebenrock et al. 2002). Each surgical exposure

and patient positioning for surgery has associated

risks. When the lateral patient position is chosen,

the patient must be securely positioned on the

operating table, usually using a vacuum beanbag

and obstructing posts. In the lateral decubitus

position, the uninjured side is at risk to pressure

points particularly at the axilla, hip, and knee.

Medially displaced fracture fragments and insta-

bility are much more difficult to accurately cor-

rect in the lateral position. Prone patient

positioning risks blindness if hypotensive anes-

thesia is used and the eye regions are not relieved

of pressure. The airway access, upper extremi-

ties, and male genitalia are also at risk while the

patient is prone. When positioned prone,

supporting chest rolls suspend the abdomen to

facilitate mechanical ventilation during surgery.
The foundation for stable fixation is a well-

reduced fracture. In surgery, bone clamps are

initially positioned to hold the reduced fracture

fragments, and then lag screws and plates link

and stabilize the acetabular fracture fragments

together. Malleable plates are contoured pre-

cisely to match the cortical surfaces so the

implant functions best (Qureshi et al. 2004).

Long-length medullary screws are often used in

both the anterior and posterior columns to stabi-

lize the fractures (Fig. 5).

Manipulative reduction of the fracture frag-

ments with percutaneous fixation is another oper-

ative treatment method. These techniques usually

are reserved for patients who are unable to with-

stand a routine open reduction due to their overall

clinical condition and those fractures that are

minimally or essentially non-displaced and do

not involve the acetabular dome. In these patients,

simple traction maneuvers realign the major

fracture fragments so that medullary columnar

screws are inserted to stabilize the fracture.
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This technique may also be useful for morbidly

obese patients or those with soft tissue injuries

that preclude open procedures.

Arthroplasty has been used sparingly as

a primary treatment for certain patients with ace-

tabular fractures (Herscovici et al. 2010). Usually

this technique is reserved for older patients with

preexisting arthritis and extensive articular dam-

age such that the fracture cannot be reduced

accurately. Reduction and stable fixation of the

displaced column and wall components of the

fracture are still required initially so the replace-

ment cup can be securely placed into stabilized

acetabular fracture fragments. Patients with acute

acetabular fractures are not as medically opti-

mized as those with degenerative conditions

scheduled for elective total hip replacement.

A patient with acute acetabular fractures may

have other injuries or complications due to their

overall condition after trauma that threatens the

hip arthroplasty success.

Rehabilitation

Rehabilitation after acetabular fracture repair

consists of protected weight bearing on the

injured side using crutches or a walker for 12

weeks after surgery. During the initial 6 weeks,

the amount of pressure applied to the injured side

is limited to the weight of the extremity. Isomet-

ric muscle exercises and active range of motion

activities are allowed. During the second 6-week

time period, muscle strengthening exercises are

instituted along with gradual progression of load

applied to the injured limb. The goal of indepen-

dent ambulation at week 13 is achieved for most

patients.

Complications

Deep venous thrombosis (DVT), infection, and

symptomatic ectopic bone formation are several

of the complications associated with acetabular

fractures (Russell et al. 2001). A variety of tech-

niques such as early surgery, anticoagulation,

and sequential compression devices have been

advocated for DVT prophylaxis. Deep wound

infections are unusual but demand early and

aggressive surgical debridement along with appro-

priate intravenous antibiotics. Indomethacin,
targeted low dose irradiation, and muscle debride-

ment have been recommended to decrease the

incidence and extent of heterotopic ossification

(Rath et al. 2002; Moore et al. 1998).
Cross-References

▶ABCDE of Trauma Care

▶Acute Respiratory Distress Syndrome

(ARDS), General

▶Anticoagulation/Antiplatelet Agents and

Trauma

▶Avascular Necrosis of the Femoral Head

▶Catheter-Related Infections

▶Compartment Syndrome of the Leg

▶Damage Control Orthopedics

▶DVT, as a Complication

▶ Falls

▶Geriatric Trauma

▶Heterotopic Ossification

▶ Imaging of Abdominal and Pelvic Injuries

▶ Imaging of Spine and Bony Pelvis Injuries

▶Monitoring of Trauma Patients during

Anesthesia

▶Motor Vehicle Crash (MVC), Side Impact

▶ Pedestrian Injuries

▶Teamwork and Trauma Care

▶Venous Thromboembolism (VTE)

▶Venous Thromboembolism Prophylaxis and

Treatment Following Trauma
References

Helfet DL, Borrelli J Jr, DiPasquale T, Sanders R (1992)

Stabilization of acetabular fractures in elderly patients.

J Bone Joint Surg Am 74(5):753–765

Herscovici D Jr, Lindvall E, Bolhofner B, Scaduto JM

(2010) The combined hip procedure: open reduction

internal fixation combined with total hip arthroplasty

for the management of acetabular fractures in the

elderly. J Orthop Trauma 24(5):291–296

Judet R, Judet J, Letournel E (1964) Fractures of the

acetabulum: classification and surgical approaches

for open reduction. Preliminary report. J Bone Joint

Surg Am 46:1615–1646

Letournel E (1993) The treatment of acetabular fractures

through the ilioinguinal approach. Clin Orthop Relat

Res 292:62–76

http://dx.doi.org/10.1007/978-3-642-29613-0_456
http://dx.doi.org/10.1007/978-3-642-29613-0_111
http://dx.doi.org/10.1007/978-3-642-29613-0_111
http://dx.doi.org/10.1007/978-3-642-29613-0_465
http://dx.doi.org/10.1007/978-3-642-29613-0_465
http://dx.doi.org/10.1007/978-3-642-29613-0_113
http://dx.doi.org/10.1007/978-3-642-29613-0_236
http://dx.doi.org/10.1007/978-3-642-29613-0_541
http://dx.doi.org/10.1007/978-3-642-29613-0_645
http://dx.doi.org/10.1007/978-3-642-29613-0_126
http://dx.doi.org/10.1007/978-3-642-29613-0_326
http://dx.doi.org/10.1007/978-3-642-29613-0_345
http://dx.doi.org/10.1007/978-3-642-29613-0_137
http://dx.doi.org/10.1007/978-3-642-29613-0_531
http://dx.doi.org/10.1007/978-3-642-29613-0_529
http://dx.doi.org/10.1007/978-3-642-29613-0_491
http://dx.doi.org/10.1007/978-3-642-29613-0_491
http://dx.doi.org/10.1007/978-3-642-29613-0_576
http://dx.doi.org/10.1007/978-3-642-29613-0_334
http://dx.doi.org/10.1007/978-3-642-29613-0_508
http://dx.doi.org/10.1007/978-3-642-29613-0_455
http://dx.doi.org/10.1007/978-3-642-29613-0_527
http://dx.doi.org/10.1007/978-3-642-29613-0_527


Acid-Base Management in Trauma Anesthesia 33

A

Moore KD, Goss K, Anglen JO (1998) Indomethacin ver-

sus radiation therapy for prophylaxis against hetero-

topic ossification in acetabular fractures: a randomised

prospective study. J Bone Joint Surg Br 80(2):259–263

Qureshi AA, Archdeacon MT, Jenkins MA, Infante A,

DiPasquale T, Bolhofner BR (2004) Infrapectineal

plating for acetabular fractures: a technical adjunct to

internal fixation. J Orthop Trauma 18(3):175–178

Rath EM, Russell GV Jr, Washington WJ, Routt ML Jr

(2002) Gluteus minimus necrotic muscle debridement

diminishes heterotopic ossification after acetabular

fracture fixation. Injury 33(9):751–756

Routt ML Jr, Swiontkowski MF (1990) Operative treat-

ment of complex acetabular fractures. Combined ante-

rior and posterior exposures during the same

procedure. J Bone Joint Surg Am 72(6):897–904

Russell GV Jr, Nork SE, Chip Routt ML Jr (2001) Periop-

erative complications associated with operative treat-

ment of acetabular fractures. J Trauma

51(6):1098–1103

Siebenrock KA, Gautier E, Woo AK, Ganz R (2002) Sur-

gical dislocation of the femoral head for joint debride-

ment and accurate reduction of fractures of the

acetabulum. J Orthop Trauma 16(8):543–552
Aching

▶ Pain
Acid Burns

▶Chemical Burns
Acid-Base Management in Trauma
Anesthesia

Kellie Park and Jean Charchaflieh

Department of Anesthesiology, Yale University
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Synonyms

Acidosis, academia (respiratory versus

metabolic); Alkalosis, alkalemia (respiratory

versus metabolic)
Definition

1. Acidosis is defined as an overabundance

of acid in body fluids (Seifter 2011). It

occurs when there is an accumulation of acid

(hydrogen ion, H+) or loss of base (primarily

bicarbonate ion, HCO3
�). Acidosis can

be respiratory, metabolic, or mixed. Respira-

tory acidosis develops when carbon dioxide

(CO2) accumulates due to hypoventilation or

increased production. Metabolic acidosis

develops with accumulation of acids,

(ketones, lactate, uric acid, or ingested

acids), loss of HCO3
� through the kidneys

(renal tubular acidosis [RTA]) or the intestines

(diarrhea) or dilution of serum HCO3
�

(hyperchloremic metabolic acidosis)

2. Alkalosis is defined as an overabundance of

base (alkali) in body fluids (Seifter 2011).

It occurs when there is an accumulation of

(HCO3
�) or a decrease in acid (primarily

CO2). Alkalosis can be respiratory or

metabolic. Respiratory alkalosis occurs with

hyperventilation. Metabolic alkalosis occurs

secondary to loss of hydrogen (H+), chloride

(Cl�), potassium (K+), sodium (Na+), or free

water (H2O), due to vomiting, diarrhea, diuretic

or antacid use, and endocrine disorders.
Preexisting Condition

In trauma patients, bleeding and hypoperfusion

can lead to lactic metabolic acidosis. Massive

bleeding is the second most common cause

of death in the trauma (after head injury), and

about 3–5 % of trauma patients require massive

transfusion (more than one blood volume)

(Nunez et al. 2010).2 Fluid resuscitation with

few liters of NaCl can lead to hyperchloremic

metabolic acidosis. Hypoventilation due to trau-

matic brain injury (TBI) or analgesic/hypnotic

drugs can lead to respiratory acidosis.

Alternatively, pain and anxiety can lead to hyper-

ventilation and respiratory alkalosis. Preexisting

medical conditions such as diabetes mellitus

(DM) can be exacerbated with the stress of

trauma and lead to diabetic keto-acidosis (DKA)
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or hyperosmolar non-keto-acidosis (HONK).

Preexisting pulmonary, renal, or hepatic disease

impairs the body’s ability to handle trauma-

induced acid-base disturbances, such as impaired

ability of the liver to clear lactate through metab-

olism to bicarbonate. Impaired cardiac function

and/or autonomic dysfunction can impair the

ability of the cardiovascular system to compen-

sate for hypovolemic shock. It is likely that the

acid-base disturbance found in trauma patients be

of mixed nature and multifactorial (Morris and

Low 2008).
Application

Pathophysiology

The maintenance of a stable acid-base balance is

essential to life. The concentration of hydrogen

ion ([H+]) is expressed as pH, which is the

negative logarithm (to the base of 10) of the H+

concentration (mol/L) where a change of 1 unit

of pH expresses a 10-fold change in the opposite

direction of H+ concentration. A state of

acid-base balance is a state where the number of

[H+] and [OH�] ions is equal, and has a pH

value of 7, which is the pH of water at 25 �C.
Under normal physiologic conditions, human

plasma has a pH of 7.4 (slightly alkalotic). This

physiologic pH is maintained by the functions of

buffer systems that have the capacity to either

bind or release [H+] ions. These buffers

system are: (1) bicarbonate (H2CO3/HCO3
�),

(2) hemoglobin (HbH/Hb�), (3) proteins

(PrH/Pr�), (4) phosphates (H2PO4
�/HPO4

2�),
and (5) ammonia (NH3/NH4+) (Corey 2005).

Bicarbonate is the most important buffer in

plasma, Hb is important in blood, proteins are

important intracellularly, while phosphate and

ammonia are important in the urine.

Diagnosis

Diagnosis of acid-base disturbances consists of

two steps: first measuring serum pH to detect the

degree and direction of imbalance, and second

measuring carbon dioxide partial pressure (pCO2)
and HCO3
� concentration to perform a differential

diagnosis of the etiology of the disturbance.

Additional measurements such as the concentra-

tions of Na+, K+, Cl�, lactate, ketones, suspected
drugs, or toxic substances are measured in the

plasma and/or urine as well plasma osmolality to

further elucidate the etiology of the disturbance.

These measurements are facilitated by the

presence of arterial catheter, which allows

accurate, continuous measurement of blood

pressure (BP) as well as frequent blood sampling

for serial ABGs and other measurements.

Currently available point-of-care devices allow

for instant ABGs and measurements of other

substances. In the absence of ABGs, venous

blood gases (VBGs) may be used as substitute

since they do correlate with ABGs, BE, and

lactate levels (Kruse et al. 2011). Furthermore,

in shock, central VBGs may more accurately

reflect tissue pH levels than ABGs and elevated

lactate levels may indicate hypoperfusion, even

in the presence of normal BP and heart rate (HR).

A stepwise approach to diagnosis of acid-base

disturbance may consist of the following:

1. Blood pH is used to detect acidosis or alka-

losis based on deviation from 7.40 � 0.05.

2. PaCO2 is used to determine if the derange-

ment is respiratory acidosis or alkalosis.

3. HCO3
� and BE values are used to determine

if the derangement is metabolic acidosis or

alkalosis.

4. Change in pH is compared with changes

in paCO2 and HCO3
� to determine whether

the primary problem is respiratory or

metabolic.

5. In metabolic disorders, the predicted paCO2

is calculated to detect a coexisting respira-

tory component if the measured paCO2 falls

outside the predicted value, as follows:
(a) Metabolic acidosis: Predicted paCO2

should be = 1.5 ([HCO3
�]) + 8.

(b) Metabolic alkalosis: Predicted paCO2

should be = 40 + 0.6 (D[HCO3
�]).
6. In metabolic acidosis, the anion gap (AG) is

calculated to differentiate between high AG
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metabolic acidosis (HAGMA) and normal

AG metabolic acidosis (NAGMA), as

follows:
(a) AG ¼ Naþ½ � � Cl�½ � þ HCO3
�½ �ð Þ

(should be �12)

(b) AG is corrected down by 2 for every

1 g/dl decrease in serum albumin.
7. HAGMA can be due to accumulation of

ketones, lactates, aspirins, or alcohols.

8. In HAGMA, the serum osmolar gap (OG) is

calculated to detect the presence of

uncharged acidic osmolar substances, as

follows:
(a) OG = calculated osmolality–measured

osmolality (should be �10)

(b) Calculated osmolality = 2(Na+)

+ glucose/18 + BUN/2.8
9. NAGMA can be due to loss of HCO3
� from

intestines (diarrhea) or urine (RTA), dilution

of serum HCO3
� (hyperchloremic metabolic

acidosis) or ingestion of HCl.

10. In NAGMA, serum potassium is used to

differentiate hyperkalemic (�5.5 mEq/l)

NAGMA from hypokalemic (�3.5 mEq/l)

NAGMA.

11. Hyperkalemic NAGMA can be due to inges-

tion of HCl or RTA type IV.

12. In hypokalemic NAGMA, the urine anion

gap (UAG) is calculated to differentiate

RTA type I and II (positive UAG) from

intestinal loss of HCO3
� (negative UAG),

as follows:

UAG ¼ urine Kþ½ � þ urine Naþ½ � � urine Cl�½ �

13. In metabolic alkalosis, urine [Cl�] is used to

differentiate between low urinary chloride

metabolic alkalosis (LUCMA) and high

(�40 mEq/l) urinary chloride metabolic

alkalosis (HUCMA).
(a) LUCMA is more common and can be

due to volume depletion, vomiting, or

nasogastric (NG) suction.

(b) HUCMA can be due to corticosteroids,

mineralocorticoids, diuretics. or exces-

sive NaHCO3
� administration.
14. In metabolic disorders, the delta:delta is

calculated to detect further hidden metabolic

disorders, as follows:
(a) Delta:delta = (DAG: D[HCO3
�])

(b) DAG = measured AG – 12

(c) D[HCO3
�] = normal [HCO3

�] – mea-

sured [HCO3
�]

(d) DAG + measured [HCO3
�] should

be = 24 (normal [HCO3
�])

(e) if DAG + measured [HCO3
�] < 24 !

there is further NAGMA hidden

(f) if DAG + measured [HCO3
�] > 24 !

there is further metabolic acidosis hidden
Complications

Acidosis is part of the self-perpetuating lethal

triad of trauma of hypothermia, acidosis, and

coagulopathy, where each element in the triad can

contribute to the development of other elements and

perpetuates the cycle. Acidosis contributes to the

development of coagulopathy by impairing platelet

function, protease function, and thrombin genera-

tion (Curry and Davis 2012). Acidosis contributes

to the development of hypothermia by vasodilation

and impairing vascular response to endogenous and

exogenous catecholamines. Acidosis contributes to

the development of further acidosis by worsening

hypoperfusion through decreased cardiac contrac-

tility, increased cardiac irritability and predisposi-

tion to arrhythmias, impaired vasoactive response

to shock, and decreased response to endogenous

and exogenous catecholamines.

Hypoperfusion-induced lactic acidosis in

trauma has been found to be of diagnostic value

(correlates with degree of tissue hypoxia), thera-

peutic value (response to resuscitative measures),

and prognostic value (likelihood of organ failure

and death) (Manikis et al. 1996).

Treatment

Treatment of acid-base disorders depends on

the underlying causes. It is likely that acid-base

imbalance in trauma is of mixed nature and

multifactorial. Treatment of life-threatening acid-

base imbalance should be initiated while search

for the cause is ongoing. Hypoperfusion-induced
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lactic acidosis should be suspected in most cases

of bleeding. Massive bleeding requires the initia-

tion of massive transfusion protocol (MTP), which

refers to replacement of an entire blood volume

within 24 h, transfusion of 10 units of packed red

blood cells (PRBCs) in 24 h, or transfusion of

4 units of PRBCs in 1 h with ongoing needs

(Curry and Davis 2012).

Early transfusion of blood products facilitates

maintaining oxygen delivery and hemostatic

function as well as reducing tissue ischemia and

acid-base imbalance. The concept of hemostatic

resuscitation allows for some degree of mild

hypotension in order to decrease dilutional

coagulopathy, while it emphasizes early and

aggressive use of blood products. Recent

recommendations call for a transfusion ratio

of 1:1:1 for PRBCs, fresh frozen plasma (FFPs),

and platelets (Shere-Wolfe and Fouche 2012, and

Dutton 2012). Transfusion at a rate greater

than 1 unit/5 min can lead to citrate toxicity

manifesting as metabolic alkalosis and

hypocalemia.

Serial measurements of ABGs, pH, and lactate

levels can gauge the adequacy of resuscitation.

Initial serum lactate levels �4 mEq/L are associ-

ated with higher mortality (Manikis et al. 1996).

Reducing lactate levels by �5 % within the first

hour of resuscitation is associated with better

prognosis.

Administration of sodium bicarbonate to

treat severe acidosis should be accompanied

by increasing minute ventilation to clear the

associated increase in CO2 production.

When end-tidal CO2 (EtCO2) levels are mea-

sured, the gradient of EtCO2 to PaCO2 should

guide adjusting minute ventilation to avoid

hypoventilation and worsening acidosis.

Prophylactic hyperventilation (PaCO2 �
25 mmHg) is not recommended in traumatic

brain injury (TBI) because the resulting vasocon-

striction may worsen brain ischemia. Instead,

hyperventilation is only recommended as

a temporizing measure to lower intracranial

pressure (ICP) briefly during emergency craniot-

omy for intracranial blood evacuation. Often, the

respiratory alkalosis that is caused by briefly low-

ering PaCO2 is balanced by the hyperchloremia
metabolic acidosis that develops with isotonic

normal saline administration.

Prognosis

The ability to control acid-base disorders depends

on the ability to diagnose and treat the underlying

causes. In trauma patients, initial blood lactate

levels were found to differentiate survivors

(average 2.8 mEq/L) from non-survivors (average

4.0 mEq/l), with mortality risk reaching 95 % with

lactate level being (>10 mEq/l), while persistent

elevation of lactate levels was found to correlate

with increased risk of organ failure (Manikis et al.

1996). These findings support the recommendation

of admitting trauma patients with blood lactate

level>2.5 mEq/L with serial monitoring of lactate

levels during resuscitation until the trend is

reversed or serum lactates are cleared.
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Definition

Physician guided limitations to weight bearing or

range of motion to facilitate proper healing.

Trauma often results in injury to bone and soft

tissue to a degree that its structural integrity is

compromised. Fractures of load bearing bones

can no longer accept full weight without risk of

non-union. Areas of denuded skin that require

skin grafting may also be at risk of ‘not taking’

if the region bears weight or is put through range

of motion. Restriction of specific activities is

often necessary to allow proper healing.

The duration of activity restrictions depends

on the nature of the injury. Non-weight bearing

status for fractures of load bearing bones may be

necessary until callous formation occurs,

typically 12 weeks. Range of motion restrictions

for a soft tissue injury may require 1 or 2 weeks to

allow the tissue to heal.

Activity restrictions will impact the trauma

patient’s functional activity. NWB of the lower

limbs will affect the ability to ambulate and upper

limb non weight bearing may create difficulties

with bed mobility and self care tasks. Restrictions

on range of motion will affect both mobility and

self care. Physical and Occupational therapists

are instrumental in teaching the trauma patient

compensatory techniques to allow them to

function within the limits of their activity

restrictions.
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Synonyms

Abdominal compartment syndrome;

Intra-abdominal hypertension with organ

dysfunction
Definition

Abdominal compartment syndrome (ACS) is

characterized by critical organ dysfunction

within and beyond the abdomen resulting from

intra-abdominal hypertension (IAH).

Prevention

Particularly at risk is the trauma patient requiring

large-volume resuscitation and emergent

abdominal surgery as seen in battlefield trauma

(Kozar et al. 2008). It also can be seen in burn

patients or others requiring large-volume

resuscitation. Prevention can be accomplished

by use of temporary abdominal closure tech-

niques for patients who are at risk for develop-

ment of ACS or to closely monitor those at risk

and intervene early. This is a scenario often seen

in battlefield injuries necessitating damage con-

trol surgery, and these types of victims generally

have their abdomens left open, utilizing some

type of temporary abdominal closure.

Diagnosis

In a patient who is at risk of ACS, look for findings

that can be cardiopulmonary, gastrointestinal,

renal, and central nervous system in nature and

are consistent with IAH (Corbridge and Wood

2005). First, look for a distended, tense abdomen

in a patient who has had a major blood loss and/or
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fluid resuscitation. Elevation of the diaphragm by

IAH decreases pulmonary compliance and

increases work of breathing. IAH decreases

venous return to the heart by compression on the

inferior vena cava and worsening of ventricular

compliance and contractility. IAH decreases gut

perfusion and can result in gut ischemia and bac-

terial translocation. IAH causes decreasing renal

function, decreased urine output, and anuria

untreated. IAH can also cause an increase in intra-

cranial pressures and decreased cerebral perfusion

pressures (Ameloot et al. 2012). Intra-abdominal

pressure (IAP) is easily measured at the

level of the symphysis pubis through a saline col-

umn (50–100 mL) previously injected into an

empty bladder and connected to a pressure trans-

ducer or manometer. IAP of 25 mmHg is

an indicator to decompress the abdomen

(Cothren et al. 2010).
Treatment

Once ACS is identified, neuromuscular

blockers may decrease IAP, but decompressive

laparotomy with temporary abdominal closure

or revising a patient’s temporary abdominal

closure if the abdomen is already open

should be done. There are many described

methods of temporary abdominal closure from

towel clip or suture closure of the skin to tem-

porary silos.

Later in the patient’s course as midgut edema

resolves, and the risk of recurrent ACS has

passed, the open abdomen is closed and

techniques range from delayed fascial closure to

planned ventral hernia.
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Synonyms

ACOT; ACOTS; ATC; COT; Early trauma-

associated coagulopathy; TAC; TIC
Definition

Acute coagulopathy of trauma (ACOT) is an early

post-injury endogenous hypocoagulability that

occurs in severely injured trauma patients (Frith

et al. 2010). Approximately 25 % of trauma

patients arrive to the hospital with clinical and

biochemical evidence of impaired clot formation

and early clot lysis (Brohi et al. 2003). ACOT has

been strongly associated with hemorrhagic shock

states and is associated with a significantly worse

overall prognosis. Initial standard coagulations

studies, including international normalized ratio

of prothrombin time (PT) and partial thromboplas-

tin time (PTT), are insensitive, while viscoelastic

tests of clot strength such as thromboelastography

(Holcomb et al. 2012) can detect coagulation

defects early and can be used to guide resuscitation

of the coagulation system (Schochl et al. 2013).

The etiology of ACOT is at present unclear but

likely involves aspects of shock, coagulation fac-

tor depletion (Rizoli et al. 2011; Cohen et al.

2013), activation of protein C, enthusiastic throm-

bolysis, and platelet and endothelial dysfunction

(Frith et al. 2010). Current treatment includes lim-

iting exacerbating factors, such as the minimiza-

tion of crystalloid fluids (Cotton et al. 2012), and

avoidance of hypothermia and acidosis, in tandem
with prompt surgical control of hemorrhage; early

correction to normal coagulability with plasma,

cryoprecipitate, and platelet transfusion; and

selective use of antifibrinolytics.

There is some debate about whether ACOT is

a distinct coagulopathic entity or a subset of

disseminated intravascular coagulopathy with

a fibrinolytic phenotype (Gando et al. 2012;

Yanagida et al. 2013). Due to the heterogeneity

of timing and types of blood samples taken in

individual studies, more standardized research is

needed to elucidate the full range of pathophysi-

ologic changes that occur after trauma.
Cross-References

▶Coagulopathy

▶Coagulopathy in Trauma: Underlying

Mechanisms

▶ International Normalized Ratio

▶ Partial Thromboplastin Time

▶ Prothrombin Time
References

Brohi K, Singh J, Heron M et al (2003) Acute trauma

coagulopathy. J Trauma 54(6):1127–1130

Cohen MJ, Kutcher M, Redick B et al (2013) Clinical and

mechanistic drivers of acute traumatic coagulopathy.

J Trauma Acute Care Surg 75(Suppl 1):1

Cotton BA, Harvin JA, Kostousouv V et al

(2012) Hyperfibrinolysis at admission is an uncommon

but highly lethal event associated with shock and

prehospital fluid administration. J Trauma Acute

Care Surg 73(2):365–370

Frith D, Goslings JC, Gaarder C (2010) Definition and

drivers of acute trauma coagulopathy: clinical and

experimental drivers. J Thromb Haemost 8:1919–1925

Gando S, Wada H, Kim HK et al (2012) Scientific and

standardization committee on DIC of the international

society on thrombosis and haemostasis official com-

munications. Comparison of disseminated intravascu-

lar coagulation (DIC) in trauma with coagulopathy of

trauma/acute coagulopathy of trauma-shock (COT/

ACOTS). J Thromb Haemost 10:2593–2595

Holcomb JB, Minei KM, Scerbo ML et al (2012) Admis-

sion rapid thromboelastography can replace conven-

tional coagulation tests in the emergency department:

experience with 1974 consecutive trauma patients.

Ann Surg 256:476–486

http://dx.doi.org/10.1007/978-3-642-29613-0_100031
http://dx.doi.org/10.1007/978-3-642-29613-0_100032
http://dx.doi.org/10.1007/978-3-642-29613-0_100151
http://dx.doi.org/10.1007/978-3-642-29613-0_100404
http://dx.doi.org/10.1007/978-3-642-29613-0_100528
http://dx.doi.org/10.1007/978-3-642-29613-0_100528
http://dx.doi.org/10.1007/978-3-642-29613-0_101464
http://dx.doi.org/10.1007/978-3-642-29613-0_101517
http://dx.doi.org/10.1007/978-3-642-29613-0_118
http://dx.doi.org/10.1007/978-3-642-29613-0_21
http://dx.doi.org/10.1007/978-3-642-29613-0_21
http://dx.doi.org/10.1007/978-3-642-29613-0_68
http://dx.doi.org/10.1007/978-3-642-29613-0_75
http://dx.doi.org/10.1007/978-3-642-29613-0_83


Acute Kidney Injury 41

A

Rizoli SB, Scarpelini S, Callum J et al (2011) Clotting

factor deficiency in early trauma-associated

coagulopathy. J Trauma 71(5 Suppl 1):S441–S447.

doi:10.1097/TA.0b013e318232e688

Schochl H, Voelckel W, Grassetto A, Schlimp CJ

(2013) Practical application of point-of-care coagula-

tion testing to guide treatment decisions in trauma.

J Trauma Acute Care Surg 74:1587–1598

Yanagida Y, Gando S, Sawamura A et al (2013) Normal

prothrombinase activity, increased systemic thrombin

activity, and lower antithrombin levels in patients with

disseminated intravascular coagulation at an early

phase of trauma: comparison with acute coagulopathy

of trauma-shock. Surgery 154:48–57
Acute Compartment Syndrome

▶Compartment Syndrome of the Forearm
Acute Confusion

▶Delirium as a Complication of ICU Care
Acute Confusional State

▶ Preventing Delirium in the Intensive Care Unit
Acute Kidney Injury

Oleksa Rewa1 and Sean M. Bagshaw2

1Department of Critical Care Medicine,

Faculty of Medicine, University of Toronto,

Toronto, ON, Canada
2Division of Critical Care Medicine, Faculty of

Medicine and Dentistry, University of Alberta,

Edmonton, AB, Canada
Synonyms

Acute renal failure; AKI; ARF; Kidney failure;

Renal insufficiency
Introduction

Acute kidney injury (AKI), which represents

an abrupt deterioration of kidney function,

is a frequently encountered phenomenon in

hospitalized patients. The impact of AKI is most

profound among patients admitted to intensive

care units (ICU). The frequency of AKI among

critically ill patients is increasing, such that AKI

now complicates the course in an estimated

two-thirds of critically ill patients. This is likely

attributable to the growing prevalence of older

patients and more comorbid illness, including

preexisting chronic kidney disease (CKD),

diabetes mellitus, and cardiovascular disease.

For critically ill patients with more severe forms

of AKI, an estimated 50–70 % will require sup-

port with acute dialysis (i.e., also known as renal

replacement therapy (RRT)), which represents

a small (4–8 %) but important group of all

critically ill patients. For these individuals, RRT

initiation often results in a considerable

escalation in both the complexity and associated

costs of care. Moreover, these critically ill

patients also experience substantial morbidity,

including non-recovery of kidney function and

dialysis dependence, as well as excess mortality,

with hospital mortality rates commonly exceed-

ing 60 %. Thus, AKI remains a frequently

encountered entity in the ICU and is an important

therapeutic hurdle that deserves important

consideration when dealing with its conse-

quences and managing its various complications.
Definition

AKI, previously referred to as acute renal failure,

is a complex syndrome characterized by the acute

loss of renal excretory function, resulting in the

accumulation of nitrogenous end products of

metabolism and fluid. It is typically diagnosed

by the retention of markers of kidney function

(i.e., urea and creatinine) and oligo-anuria.

Traditionally, there has been a wide spectrum

of definitions for AKI used in the literature. These

definitions have used a range of conventional

surrogates of kidney function (i.e., urea, serum
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Acute Kidney Injury, Table 1 RIFLE classification

Change in serum creatinine

Change in estimated

glomerular filtration rate Urine output criteria

R – risk of kidney

dysfunction

Increase � 1.5 Decrease >25 % < 0.5 ml/kg/h for >6 h

I – injury Increase � 2 Decrease >50 % <0.5 ml/kg/h for >12 h

F – failure of the

kidney

Increase � 3

or
Cr � 354 mmol/L (acute rise

>44 mmol/L)

Decrease >75 % < 0.5 ml/kg/h for >24 h

or anuria for >12 h

L – loss of kidney

function

Loss of kidney function, which requires dialysis, for longer than 4 weeks

E – end-stage kidney

disease

Loss of kidney function, which requires dialysis, for longer than 3 months

The RIFLE classification includes biochemical as well as clinical parameters as outlined above. The worst of any of the

three parameters is considered when determining stage of renal injury

Acute Kidney Injury, Table 2 The AKIN classification

Stage Serum creatinine criteria

Urine output

criteria

1 Increase in sCr

�26.4 mmol/L

or
increase sCr to

�150–200 %

<0.5 ml/kg/h

for >6 h

2 Increase in sCr to

>200–300 %

<0.5 ml/kg/h

for >12 h

3 Increase in sCr >300 %

or
Cr�354 mmol/L (acute rise

>44 mmol/L)

or
on RRT

<0.3 ml/kg/h

for 24 h

or
Anuria >12 h

The AKIN classification includes both biochemical and

clinical criteria. It is important to note that these need to

occur over a maximal 48-h period to be considered acute.

As for the RIFLE classification system, the stage is based

on the most severe parameter

sCr serum creatinine, RRT renal replacement therapy
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creatinine (sCr), urine output, or a combination of

these) to describe the presence and severity of

function loss. This heterogeneity has presented

significant challenges for clinical investigation,

epidemiology, and therapeutic trials and likely

held up scientific progress in AKI research. In

2004, a consensus definition was published by

Acute Dialysis Quality Initiative (ADQI) group,

referred to as the RIFLE classification system

(acronym: risk, injury, failure, loss, and end-

stage renal disease) (Table 1). The classification

defined three grades of AKI severity (risk, injury,

failure) based on relative changes to sCr and/or

absolute changes in urine output. The outcome

classes (loss and end-stage kidney disease)

are based on the duration of RRT. This novel

classification scheme has been shown to have

value across a range of clinical studies for

identifying/classifying AKI, along with robust

prediction for clinical outcomes, and has been

widely integrated into the medical literature.

The RIFLE definition was later refined by the

Acute Kidney Injury Network (AKIN),

a consortium uniting representatives from all

major nephrology and critical care societies

(Table 2). This new definition recognized that

changes in glomerular filtration rate (GFR) may

be inaccurate for the detection of early kidney

injury, and thus only sCr and urine criteria were

included. It also specified that acute changes in

kidney function should occur in less than 48 h to

qualify as AKI. Finally, it simplified the AKI
staging to three stages – the first two being

progressive stages of renal dysfunction and the

third stage encompassing kidney failure. These

three stages were deemed to be successively

progressive along the continuum of kidney injury

ending in overt renal failure and have now been

consolidated into the KDIGO guidelines for AKI

(Kellum and Lameire 2012).

While the development of a consensus

classification scheme for AKI has been an

important landmark for AKI research, these
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classification schemes have notable limitations.

In particular, they still use surrogate markers of

kidney function rather than specific biomarkers

for kidney damage; they rely on a known

“baseline” creatinine for diagnosis, which is

often unknown; and they still diagnose AKI

relatively “late” after the injury stimulus has

occurred. These limitations will likely result in

these consensus definitions being modified over

time as new knowledge is gained. However, the

majority of studies now use the RIFLE and/or

AKIN definition for the diagnosis and

classification of AKI. This has improved

generalizability and comparisons across

epidemiologic investigations. Novel biomarkers

of kidney damage, such as neutrophil gelatinase-

associated lipocalin (NGAL), are increasingly

being characterized and may provide incremental

benefit for the early detection of kidney damage

and enable earlier triage to interventions, prior
Acute Kidney Injury, Table 3 Observational studies exam

Author Year Design N Incidenc

Shashaty

MG

2012 Single center

prospective

400 36.8 %

(AKIN)

Wohlauer

MV

2012 Single center

retrospective

2,157 2.13 %

(Denver

MOF

score – s

> 159)

De Abreu

KL

2010 Single center

retrospective

129 40.3 %

(RIFLE)

Gomes E 2010 Single center

retrospective

436 50.0 %

(RIFLE)

Moore EM 2010 Multicenter

retrospective

207

(TBI)

9.2 %

(RIFLE)

Bihorac A 2010 Multicenter

prospective

982

(blunt)

26.0 %

(RIFLE)

Costantini

TW

2009 Single center

retrospective

541 29.8 %

(AKIN)

Bagshaw

SM

2008 Multicenter

retrospective

9,449 18.1 %

(RIFLE)

Brandt

MM

2007 Single center

retrospective

1,033 23.8 %

(RIFLE)

Risk factors are those determined significant for the develop

those found to be significantly increased with the developme

MOF multiple organ failure, RBC red blood cell, LOS length
to decline or overt failure of kidney function,

beyond currently available conventional

measures.
Preexisting Condition

Scope of Clinical Problem

As aforementioned, AKI is common in critically ill

patients and may impact 2–50 % of major trauma

patients admitted to ICU, depending on the defini-

tion of AKI used for diagnosis (Bagshaw et al.

2008). Several observational studies have found

that the development of AKI in major trauma is

independently associated with a dose–response

increase in risk for hospital mortality (Table 3).

These data have also shown AKI contributes to

increased risk for development of multiorgan dys-

function and prolonged duration of ICU stay.

A number of non-modifiable and potentially
ining AKI in trauma

e Risk factors Outcome

African American, BMI >
30, DM, major abdominal

injury, unmatched packed

RBC transfusion

Mortality

Cr

Older age, shock, massive

RBC transfusion,

thrombocytopenia

MOF, mortality

Abdominal trauma,

furosemide use, sepsis,

hypotension

Mortality

Illness severity ICU LOS

Older age, illness severity –

Older age, female, obesity,

CKD, illness severity

Mortality, ICU

LOS

Older age, illness severity,

ICU length of stay

MOF, ICU LOS,

mortality

Older age, female,

comorbid illness, illness

severity

Mortality

Older age, ICU length of

stay, ventilator days

Mortality, ICU

LOS, cost

ment of AKI, and the outcomes included below are only

nt of AKI

of stay
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Non-

modifiable Trauma related Iatrogenic

Older age Arterial

underfilling

(hemorrhage/

hypovolemia)

HES

Female sex Anemia Contrast dyes

Race Rhabdomyolysis/

myoglobinemia

ACS

Obesity Renal contusion/

infarction

Fluid

accumulation

Comorbid

illness

Intra-abdominal

trauma

Medications

Cardiovascular

disease

Vascular

dissections/

thrombosis

Major

surgery

Chronic kidney

disease

Retroperitoneal

hematoma

Sepsis

Diabetes

mellitus

Transfusion

Abdominal compartment syndrome is listed as an iatro-

genic cause as it is often due to fluid administration.

Medications commonly associated with AKI include

NSAIDs, aminoglycosides, vancomycin, metformin, and

ACE inhibitors

HES hydroxyethyl starch, ACS abdominal compartment

syndrome
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modifiable factors have been shown to be associ-

ated with development of AKI in trauma, including

older age, female sex, African American, obesity,

and preexisting comorbid illnesses (i.e., chronic

kidney disease, diabetes mellitus), along with

severity of illness, abdominal trauma, shock,

sepsis, use of furosemide, thrombocytopenia, trans-

fusions of unmatched blood, as well as massive

blood transfusions. Table 4 summarizes the scope

of potential contributing factors for AKI in trauma.
Application

General Principles of Acute Kidney Injury

Prevention and Management

Accordingly, strategies to prevent or mitigate

AKI should be individualized while avoiding

further exposure to kidney insults and mitigating

the complications associated with kidney failure.

In general, the overarching tenets for ALL
potentially susceptible patients should consider

the following:

1. Consider the early use of invasive/functional

hemodynamic monitoring (i.e., arterial

catheter, central venous pressure, echocardi-

ography, pulmonary artery catheter, or

methods to measure stroke or pulse pressure

variation, abdominal compartment pressures)

where available to guide resuscitation.

The physiologic endpoints should be to ensure

adequate intravascular volume repletion,

preservation of cardiac output, mean arterial

pressure, and maintenance of oxygen carrying

capacity (i.e., hemoglobin).

2. Monitor and maintain fluid and electrolyte

homeostasis, including the use of balanced crys-

talloid solutions when available to mitigate

the risk of iatrogenic hyperchloremic acidosis

during large volume resuscitation. Avoid the

use of nephrotoxic synthetic colloids, such as

hydroxyethyl starch (HES) in those at high risk

for or with early evidence of AKI.

3. Remove and avoid all nonessential and poten-

tially nephrotoxic exposures. When selected

investigations (i.e., contrast-enhanced

computerized tomography) and medications

are considered vital (i.e., antimicrobials in

sepsis), there must be careful attention to

minimizing exposure, applying techniques

to mitigate the risk of AKI, and appropriate

therapeutic monitoring and dose-adjustment

based on changes to kidney function.

4. Review whether there are context- and/or

syndrome-specific interventions available,

such as in contrast media-associated AKI

(CA-AKI), rhabdomyolysis, sepsis-associated

AKI, or abdominal compartment syndrome

(ACS).

5. Mitigate the risk of complications of over

kidney failure, with particular attention to

life-threatening complications including

hyperkalemia, hypocalcaemia, metabolic

acidosis and diuretic-resistant intravascular

fluid overload, and pulmonary edema,

and when indicated, plan appropriately for

initiation of RRT.
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General Therapies

Fluid Therapy

One of the first principles of therapy for AKI

involves appropriate fluid resuscitation and

restoration of adequate intravascular circulation

volume. There is no consensus on the type of fluid

used; however, recent data have suggested that

HES may contribute to and/or exacerbate AKI

and should be avoided (Schortgen et al. 2001).

Typically a crystalloid (either 0.9 % normal

saline or balanced Ringer’s lactate) is normally

chosen, and boluses of 10–20 mL/kg are given to

reestablish intravascular volume. If a specific

etiology of hypovolemia is determined, such as

hemorrhage, resuscitation with blood products is

indicated. In all cases, resuscitation should

ideally be guided by invasive functional

hemodynamic monitoring targeted to physiologic

endpoints, with attention to and avoidance of

unnecessary fluid accumulation.

Diuretics

The role of diuretic therapy in the management of

patients with AKI is controversial; however,

diuretics remain a key therapy for excessive

fluid accumulation and/or intravascular volume

overload. Most studies to date have not shown

definitive benefit for diuretic therapy to treat

AKI, with some suggesting potential for harm

(de Abreu et al. 2010). Diuretics have been

utilized to convert “oliguric” to “non-oliguric”

AKI, and this may delay or ameliorate the need

for RRT; however, improvements in survival or

kidney recovery have not been shown. Of note, in

a subgroup analysis of the FACCT (Grams et al.

2011) trial which focused on acute lung injury

patients whose course was complicated by AKI

(only 8 % had primary lung injury attributable to

trauma), those who received a greater cumulative

dose of furosemide were found to have lower

mortality, while those with greater fluid accumu-

lation had higher mortality. Moreover, there was

no observed threshold of furosemide dose beyond

which mortality was shown to increase. These

data would imply, in a cohort of critically ill

patients with AKI, that the selective use of
furosemide is likely effective and safe, in partic-

ular when confronted by fluid accumulation and

overload; however, further randomized trials are

needed.

Specific Trauma-Related Syndromes

Contrast Media-Associated AKI (CA-AKI)

CA-AKI is a leading cause of iatrogenic kidney

injury following diagnostic and interventional pro-

cedures. The pathophysiology of CA-AKI remains

incompletely understood; however, it is believed

to involve a combination of renal vasoconstriction,

corticomedullary ischemia, direct tubular toxicity,

and tubular cast formation/obstruction. Strategies

for prevention have generally included inducing

a forced diuresis and high urine flow rates, induc-

ing renal vasodilatation, and attenuation of oxida-

tive stress and inflammation (Wong et al. 2012).

CA-AKI has been shown to occur in 3.0–7.7 % of

patients with major trauma. Among critically ill

patients, CA-AKI occurs in approximately 15% of

cases receiving contrast media with imaging pro-

cedures. Risk factors for the occurrence of this

condition include preexisting, diabetes mellitus,

older age, atherosclerotic disease, and impaired

cardiac function (Wong et al. 2012). Studies have

also found that acute anemia, transfusions, and

increased injury severity score also modify the

risk of CA-AKI in trauma patients. The presence

of proteinuria may also predict increased suscep-

tibility to CA-AKI in major trauma. The majority

of preventative interventions studied to date, with

the exception of hydration, have been shown either

ineffective or inconsistent, including forced diure-

sis, N-acetylcysteine, sodium bicarbonate, and

prophylactic hemofiltration. For most major

trauma patients, the benefits of CT diagnostic/

therapeutic imaging outweigh the risks of devel-

oping CA-AKI; however, whenever possible,

this risk should be minimized by ensuring ade-

quate volume repletion, avoiding concomitant

nephrotoxins, using the minimum volume of con-

trast media, avoiding repeated contrast media

exposure, and in high-risk patients, when neces-

sary, planning for the potential of need for RRT

initiation.
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abdominal hypertension

Grade Intra-abdominal pressure

I 12–15 mmHg

II 16–20 mmHg

III 21–25 mmHg

IV >25 mmHg

Abdominal compartment syndrome is generally defined as

abdominal hypertension (grade III or IV) with the pres-

ence of end-organ dysfunction
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Rhabdomyolysis and Myoglobinuria

Rhabdomyolysis is characterized by the break-

down of skeletal muscle resulting in the release of

myoglobin and other muscle constituents into the

extracellular fluid. Rhabdomyolysis may develop

due to disruption of substrate and/or oxygen

metabolism, impaired cellular energy production,

and increased intracellular calcium influx. In

trauma, disruption of substrate/oxygen supply

for metabolism due to crush injury, secondary

compartment syndrome, and muscle ischemia

are the most common precipitating factors for

rhabdomyolysis. This may be accompanied by

concomitant intravascular volume depletion due

to fluid sequestration in the injured muscle

resulting in arterial under filling and kidney

hypoperfusion. There can be direct tubular injury

from heme-pigment cast formation as well as uric

acid crystallization and obstruction. Secondary

kidney damage may result from oxidative stress

from iron-mediated free radical production and

myoglobin-induced nitric oxide scavenging and

finally from the circulation of inflammatory

mediators and activation of the innate immune

system (Malinoski and Slater 2004).

The cornerstone for the prevention and

treatment of rhabdomyolysis and myoglobinuric

AKI remains aggressive volume resuscitation.

This is achieved initially with crystalloid fluid

infusion (10–15 mL/kg/h) titrated to achieve

urine outputs of 200–300 mL/h. Following initial

resuscitation, bicarbonate may be added

(50–100 mEg/L) and titrated to achieve a urine

pH > 6.5 to increase the solubility and renal

excretion of tubular myoglobin and uric acid

as well as attenuation of acidosis, hyperkalemia,

and release of free iron frommyoglobin. However,

if urine alkalization is ineffective, bicarbonate

containing solutions should be discontinued

to avoid development of symptomatic

hypocalcaemia (Bosch et al. 2009). There are the-

oretical benefits for the use of mannitol to provoke

an osmotic diuresis to flush intratubular myoglo-

bin deposition and cast formation and to remove

sequestered water from injured muscle and pre-

vent compartment syndromes, but this is currently

not supported by evidence from randomized trials.

Other controversial strategies include allopurinol
to reduce uric acid production, use of

pentoxifylline to improve microcirculatory blood

flow, reducing oxidant injury with glutathione,

chelation of free iron with deferoxamine, and

dantrolene to reduce intracellular calcium, but

these are also not supported by data from random-

ized trials. When AKI progresses to overt kidney

failure, no specific therapy is available, and

patients should be supported by the timely initia-

tion of RRT. For those with severe rhabdomyoly-

sis and increased risk for myoglobinuric AKI,

consideration can be given to accelerate myoglo-

bin clearance with extracorporeal support with

high-flux or super high-flux hemofiltration.

Abdominal Compartment Syndrome (ACS)

Intra-abdominal injury, large volume fluid

resuscitation, and postoperative factors may all

contribute to the development of intra-abdominal

hypertension (IAH) and abdominal compartment

syndrome (ACS) (Table 5). ACS has been shown

to occur in 13–26 % of critically ill patients with

major trauma (De Waele et al. 2011). With IAH/

ACS, AKI occurs in response to impaired renal

blood flow and reduced renal perfusion pressure.

IAH/ACS may also lead to increased renal

venous pressures contributing to reduce renal

perfusion pressure. In addition, as the kidneys

are encapsulated organs, renal parenchymal

edema may contribute to a phenomenal known

as “renal compartment syndrome” and AKI. This

concept is supported by observations of improved

kidney function following release of the renal

capsule. In theory, ACS could contribute to

post-obstructive AKI; however, recent data have

suggested that placement of ureteral stents has

not resulted in immediate resolution of AKI
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(DeWaele et al. 2011). Clinical apparent changes

to kidney function typically begin to occur with

an intra-abdominal pressure of �15 mmHg

manifesting with the development of oliguria

and at pressures �30 mmHg, overt anuria.

The primary treatment of AKI occurring in ACS

is to reverse the ACS with either appropriate

medical or surgical therapy. Medical therapy

may include removal of intra-abdominal contents

(i.e., nasogastric/rectal drainage to reduce bowel

distension), paracentesis for hemoperitoneum or

ascites, and diuresis for fluid accumulation.

If these conservative measures fail, surgical

decompression in the form of a laparotomy and

releasing of abdominal contents is necessary.

Sepsis

Sepsis is the most common contributing factor for

AKI in critically ill patients and represents an

important late precipitate for patients with major

trauma. The pathophysiology of sepsis-related

AKI remains poorly understood, but it associated

with a higher risk of poor clinical outcomes. Early

sepsis may be due to wound contamination (i.e.,

open fractures, abrasions, or lacerations), intra-

abdominal/pelvic injury, and contamination or

aspiration at time of injury. Late sepsis is more

often the result of nosocomial infections such as

surgical site infections, nosocomial and ventilator-

associated pneumonias, and catheter-related

bloodstream infections (CRBSIs) in those patients

with lines in situ. Delays in the initiation of appro-

priate antimicrobial therapy have resulted in wors-

ening AKI, and mortality is increased in

conjunction with more severe stages of AKI

(Bagshaw et al. 2009). Early wound decontamina-

tion, timely surgical management when necessary,

and adherence to appropriate care bundles to pre-

vent nosocomial infections are also all part of

the general care package to prevent sepsis and

subsequent AKI in trauma patients.
Conclusion

AKI is commonly encountered in trauma patients

and portends a significant increase in morbidity

and mortality. Numerous non-modifiable and
modifiable (i.e., potentially iatrogenic) factors con-

tribute to AKI in trauma. In addition to the general

principles for preventing and treating AKI, atten-

tion should also be given to precipitants with inter-

ventions supported by evidence such as avoidance

of unnecessary and/or repeated contrast media

exposure, early resuscitation in myoglobinuria,

early surveillance for and management of IAH/

ACS, and sepsis. Finally, in those trauma patients

who develop overt kidney failure, complications

should be anticipated, and patients should be

supported early with RRT when indicated.
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Synonyms

Pain management in acute injury state
Definition

The International Association for the Study of

Pain defines pain as “an unpleasant sensory and

emotional experience associated with actual or

potential tissue damage or described in terms of

such damage.” Pain can be identified as either

acute or chronic. Acute pain is a predicted

response to a noxious mechanical, thermal, or

chemical stimulus such as trauma or surgery and

is often responsive to appropriately adjusted

analgesics (Nicholson 2003) Pain is defined as

“chronic” when it persists for at least 3 months

or lasts longer than healing would normally occur

(Nicholson 2003).
Preexisting Condition

Trauma

Physical trauma is an injury to the body as a result

of blunt force, penetrating trauma, or controlled

trauma such as that resulting from surgery.

Unintentional injury is the leading cause of

death for those below the age of 45 according to

the Centers for Disease Control and Prevention.

About 75 % of those who suffer physical trauma

will experience moderate-to-severe pain during

the course of their recovery. More than 60 % of

patients suffering from major trauma report at

least moderately severe pain at 1-year postinjury

(Rivara et al. 2008).

Untreated Trauma Pain

The consequences of untreated pain in the acute

trauma setting can be severe due to the associated

stress response. Trauma results in sympathetic

activation, leading to increased catabolism. This

causes mobilization of substrates to provide

energy sources for healing and also retention of

salt and water for maintenance of fluid volume

and cardiovascular homeostasis. Myocardial

oxygen demand is increased, while myocardial

oxygen supply is reduced, causing cardiac

arrhythmias and myocardial ischemia. Trauma-

related pain can result in hypoventilation and

atelectasis. This respiratory dysfunction results

in decreased functional residual capacity, vital

http://dx.doi.org/10.1007/978-3-642-29613-0_148
http://dx.doi.org/10.1007/978-3-642-29613-0_246
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capacity, and atelectasis. (Hedderich and Ness

1999) Increased sympathetic tone from trauma

causes decreased gastrointestinal motility which

can lead to ileus, nausea, and vomiting (Malchow

and Black 2008). Furthermore acute phase

reactants develop following traumatic injury

leading to increased coagulability and venous

thromboembolism risk. Immune function is

impaired and risk of infection is increased

(Hedderich and Ness 1999).

Failure to treat pain adequately can contribute to

development of psychological comorbidities

including: anxiety, sleep disturbance, and

depression. Early treatment of pain following injury

can help to reduce the stress-induced sympathetic

activation and catabolism that occurs following

trauma and reduce the incidence of cardiac,

pulmonary, gastrointestinal, immunologic, hemato-

logic, renal, and psychological complications in the

acute setting (Keene et al. 2011).

Approximately one third of patients hospital-

ized for major trauma go on to develop

posttraumatic stress disorder (PTSD) and major

depression. PTSD is more likely to occur

following assault-related injury as opposed to

accidental injury. If PTSD occurs, quality of life

and functional impairments are altered beyond

the scope of injury severity (Malchow and

Black 2008). Effective analgesia in the acute

setting can reduce the incidence of PTSD and

depression following major trauma. Chronic

pain is one of the leading causes of health care

consumption and worker disability in the

developed world. Uncontrolled postoperative

pain can negatively impact surgical recovery

and may induce changes in the central nervous

system which causes pain to transition to

a chronic state (Kehlet et al. 2006).
Application

Preemptive Analgesia

Preemptive analgesia is pain treatment given

before tissue injury to prevent establishment of

altered central processing of afferent input from

sites of injury, and thereby prevent development

of pain hypersensitivity. While preemptive
analgesia is not possible in the setting of

unanticipated trauma, it may reduce the magni-

tude and duration of postoperative pain following

surgery for trauma. Emphasizing the importance

of measures to reduce postoperative pain is the

observation that patients with high intensity of

acute postoperative pain scores demonstrate

a higher risk of developing a chronic pain state

(Moiniche et al. 2002). Preemptive analgesia can

be established with local infiltration of incisions

sites, peripheral nerve block, central neuraxial

blockade, and pharmacologic therapy.

Assessment

Pain is subjective, and the most reliable indicator

for the presence and severity of pain is the

patient’s self-report. Particularly in the setting

of trauma, the therapeutic plan should not be

based entirely on the patient’s ability to

communicate. The visual analog pain scale is

usually presented as a 10-cm line anchored by

verbal descriptors and is useful in detecting

changes in pain level (Jamison et al. 2002). For

nonverbal patients, observation of behavior is the

most effective tool for pain assessment. For non-

communicative patients, scales such as the Faces

Pain Scale Revised (FPS-R), Verbal Descriptor

Scale (VDS), Numeric Rating Scale (NRS), and

Iowa Pain Thermometer (IPT) have been

validated for pain assessment (Herr et al. 2007).

Pain Therapies

Treatment of posttraumatic pain can be

optimized through implementation of a stepwise

algorithm approach. Assessment of the patient

and injury type will guide early management of

pain (Fig. 1).

The World Health Organization (WHO) devel-

oped a stepwise approach for treatment of pain

consisting of a three-step analgesic ladder.

This method has been validated in studies and

found to be extremely effective in pain

management. The steps of this analgesic ladder

advocate choosing analgesics primarily based

upon pain intensity. According to the ladder,

a patient with mild pain should be started on acet-

aminophen, aspirin, or one of the NSAIDs. Mod-

erate pain can be treated with low potency opioids
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including codeine and hydrocodone. Those with

severe pain can receive potent opioids such as

morphine or hydromorphone. Adjuvant medica-

tions such as antidepressants and anticonvulsants

can be added at each step of the ladder, if indicated.

Opioids

Opioids are the mainstay of pharmacologic

treatment of moderate-to-severe pain in trauma.

Opioids can be administered by oral, intravenous,

cutaneous, epidural, intrathecal, and caudal

routes. Common side effects of opioid therapy

include sedation, respiratory depression, nausea

or vomiting, mental confusion, dizziness and

mood changes, nightmares, and sleep disorders.

Bolus doses of narcotics can lead to chest wall

rigidity which may make ventilation difficult

during resuscitation as well as intubation.

Trauma patients may vary greatly in their

intraoperative and postoperative opioid require-

ments. Patients with a history of chronic opioid

use often become opioid tolerant, creating

a situation where standard treatment dosages need

to be exceeded. Patients with a history of chronic

opioid use tend to report higher pain scores.

A barrier to effective management of

posttraumatic and postoperative pain is the
concern that opioid use will result in addiction.

Physician or patient fear of opioid addiction in

the acute trauma setting may prevent needed

treatment of pain. In the absence of history of

addiction, it is rare to develop opioid addiction

in the context of acute pain treatment.

Parenteral administration of opioid analgesics

via IV PCA for treatment of acute pain improves

efficacy of pain control and patient satisfaction.

Patients who have the opportunity for

self-administration of analgesics report improved

satisfaction compared with nurse-administered

analgesia as needed (Hudcova et al. 2006).

Choice of opioid does not appear to affect patient

satisfaction.

Acetaminophen

In 2010, the FDA approved intravenous

acetaminophen (Ofirmev) for use in adults and

children >2 years of age. Plasma and CSF levels

are significantly higher when compared to oral

acetaminophen dosing as the intravenous form

avoids hepatic first-pass metabolism. Ofirmev

should be avoided in patients with suspected

hepatic impairment, renal insufficiency, or severe

hypovolemia. Ofirmev may prove to be a useful

adjunct to opioids and reduce opioid consump-

tion and adverse side effects when used in the

appropriate patient population (Jahr et al. 2010).

NSAIDs

NSAIDs have a limited role in treatment of acute

pain in the trauma setting. Potential complications

of NSAID use include hemorrhage secondary to

impairment of platelet function, renal insuffi-

ciency, and acute gastric ulceration. Situations

with a high risk of bleeding in confined spaces, or

where it cannot be easily controlled such as trau-

matic brain injury, are contraindications to NSAID

use. In the limited situations during trauma when

contraindications do not exist, NSAIDs are

powerful adjuvant analgesic agents to opioids and

can improve pain control and reduce opioid

requirements and opioid adverse effects.

Anticonvulsants

Gabapentin and pregabalin are anticonvulsant

medications active at the alpha-2 delta
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subunit of the presynaptic voltage gated calcium

channel used primarily in the treatment of

neuropathic pain, but may be helpful in the

treatment of acute inflammatory pain in burn

patients and acute nociceptive pain (Wiffen

et al. 2005).

Alpha-2 agonists

Clonidine and dexmedetomidine are centrally

acting alpha agonists that produce analgesia and

sedation. They can be useful adjuncts to opioid

therapy that can reduce opioid consumption.

Clonidine has the side effect of hypotension and

bradycardia without respiratory depression and

should be avoided in patients who are not

hemodynamically stable. Dexmedetomidine is

a shorter acting alpha-2 agonist approved by the

FDA for short-term ICU sedation that may be

useful in reducing postoperative opioid

requirements (Tobias 2007).

Antidepressants

Tricyclic antidepressants (TCAs) such as

amitriptyline and nortriptyline have been used

to treat neuropathic pain by inhibiting reuptake

of norepinephrine and serotonin. Early use of

these medications in acute traumatic pain may

have a role in preventing the progression of

acute to chronic pain.

Other agents

Ketamine is unique in that it can provide anal-

gesia, amnesia, and sedation without depressing

the sympathetic nervous system. Ketamine

causes an increase in sympathetic outflow

through the inhibition of uptake of endogenous

catecholamines. Caution should be exercised

when using ketamine in trauma in the setting of

shock. Ketamine acts as a direct myocardial

depressant and can cause hemodynamic collapse

when used in catecholamine-depleted patients

(Weiskopf et al. 1984). Contraindications to

ketamine use are age <3 months, psychosis,

globe injury and other causes of increased intra-

ocular pressure, myocardial ischemia or infarc-

tion, hypertension, intracranial mass or

hemorrhage secondary to transient increases in

intracranial pressure.
Regional Anesthetic Techniques

Techniques for delivery of regional anesthesia

include epidural catheters, wound infiltration,

and peripheral nerve blocks (PNBs). Use of

peripheral nerve catheters has increased both in

the perioperative setting and by the military to

address combat-related injuries. Advantages of

the use of peripheral nerve blocks are the rapid

establishment of analgesia, reduction of opioid

consumption and associated side effects, and

improved perioperative pain control. Use of

ultrasound guidance for needle and catheter

placement may decrease block latency and

improve sensory and motor block efficacy.

Use of regional anesthesia in traumatic injury

is controversial because it has the potential to

obscure pain from a compartment syndrome.

The most common injuries associated with

compartment syndrome are upper and lower

extremity fractures and crush injuries. Propo-

nents argue that parenteral analgesia also has

the potential to obscure pain as an early warning

sign of impending limb compromise. Evidence

also exists that effective regional analgesia can be

employed without concealing symptoms of limb

compromise (Wu et al. 2011).

Rib fractures are the most common injury fol-

lowing blunt chest trauma Increasing number of rib

fractures correlates directly with morbidity and

mortality. Patients suffering from rib fractures can

be treated with intercostal nerve blocks,

paravertebral blocks, epidural anesthesia, or POPs

(posterior, paramedian, subrhomboidal) block.

Intercostal nerve blocks can be easily performed

with the patient in the lateral position. Thoracic

epidural analgesia is the preferred technique and

can reduce the splinting and atelectasis associated

with hypoventilation. Risks of nerve injury from

hematoma formation need to be weighed against

the risk of respiratory compromise.

Outcomes

Poorly controlled postoperative pain increases

morbidity and mortality, and decreases quality

of life. Potential benefits of providing adequate

pain relief following trauma include reduced

postoperative morbidity and mortality, shorter

hospital stay, and improved patient comfort.
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Factors contributing to patient satisfaction with

pain management following trauma include how

seriously the medical staff takes the complaint of

pain, the frequency of breakthrough pain

episodes, and actual pain intensity. Response to

requests for analgesics correlates more strongly

with patient satisfaction than pain intensity. Use

of regional techniques, including involvement of

an acute pain service, appears to improve

patient reports of satisfaction with their pain

management (Wu et al. 2011).
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Synonyms

Acute lung injury; Adult respiratory distress

syndrome; Diffuse alveolar damage; Diffuse

alveolar injury; Noncardiogenic pulmonary

edema; Severe acute respiratory syndrome;

Ventilator-associated lung injury
Definition

Respiratory failure is a common complication in

the critically ill patient, particularly the critically

ill trauma patient. Hypoxemia as a cause of respi-

ratory failure is often a primary result of the

trauma as in pulmonary contusion, pneumotho-

rax, or hemothorax. It can also result from

a delayed secondary effect of trauma as is seen

with the development of acute respiratory distress

syndrome (ARDS).

The American-European Consensus Confer-

ence (AECC) set the original definition of

ARDS in 1994. It defined ARDS as acute hypox-

emia with a PaO2/FiO2 (P/F ratio)�200, bilateral

infiltrates on frontal chest radiograph, and no

evidence of left atrial hypertension. Acute lung

injury (ALI) was the descriptor if the P/F ratio

�300 with the other parameters being met. This

definition did not take into account CT imaging

compared to traditional radiography, required the

measurement of PCWP to rule out left atrial

hypertension, and did not consider a standard

PEEP level when evaluating the P/F ratio.

This older definition of ARDS was recently

modified to describe a continuum of disease
including acute lung injury (ALI) and included

parameters to account for the prior deficiencies.

The newer Berlin definition describes ARDS as

occurring within 1 week of a known clinical

insult or new/worsening respiratory symptoms;

bilateral opacities on imaging not fully explained

by effusions, lobar/lung collapse, or nodules;

and respiratory failure not fully explained by

cardiac failure or fluid overload (if no risk factor

present, need objective assessment to exclude

hydrostatic edema) (The ARDS Definition Task

Force 2012). The degree of hypoxemia grades

the severity of ARDS: P/F ratio 201–300 mmHg

with PEEP/CPAP �5 cm H2O is mild,

100–200 mmHg with PEEP/CPAP �5 cm H2O

is moderate, and if P/F ratio < 100 mmHg

with PEEP/CPAP �5 cm H2O, severe ARDS is

present.

At the core of the definition is the development

of noncardiogenic pulmonary edema due to inflam-

mation from various etiologies. Direct injury

(aspiration, inhalation, pulmonary contusion) and

indirect causes such as sepsis, transfusion, ische-

mia/reperfusion syndromes, fat emboli, andmissed

distant injuries are among the causes of ARDS.

Increased cytokines from an inflammatory state

cause changes at the alveolar-capillary endothelial

interface resulting in deficiencies in hemostasis,

immune function, and gas exchange. Neutrophils

migrate to the lung in response to proinflammatory

cytokines such as TNF-alpha, IL-6, and IL-8.

When recruited, they release toxic mediators that

damage the capillary endothelium and alveolar

epithelium. Leakage of protein rich fluid over-

whelms the clearance capacity of the lymphatics

leading to pulmonary edema, increased lung

weight with decreased compliance, and poor dif-

fusion capacity. Surfactant is also lost resulting in

alveolar collapse. This is known as the acute exu-

dative stage. As the inflammatory cause resolves

and healing begins (alveolar fluid is cleared,

damaged alveolar-capillary cells are replaced,

collagen is laid down), remodeling occurs. This

is the proliferative stage. Some recover to near

premorbid function, while others progress to the

fibrotic stage with a change in lung architecture

leading to poor pulmonary function.
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Preexisting Condition

ARDS is a syndrome with many different causes

that increase the inflammatory cascade.

Predisposing factors for ARDS include sepsis,

trauma, aspiration, and transfusions (Garber

et al. 1996). In the trauma population, the risk

factors most commonly associated with ARDS in

blunt trauma are an injury severity scale (ISS)

>25, pulmonary contusion, age >65 years,

hypotension on admission, and 24-h transfusion

requirement >10 units (Miller et al. 2002).

Interestingly, ARDS associated with trauma

does not seem to independently increase

mortality and may have a better prognosis than

non-trauma-related ARDS (Calfee et al. 2007).

Any proinflammatory process may place

an individual at a higher risk of developing

ARDS.
Application

The mortality from ARDS is 25–35 %, and 50 %

of survivors are on the ventilator 3 weeks after

onset (Sloane et al. 1992). Given this severity, it

is prudent that we find ways to prevent ARDS but

also ways to treat it once it is present. To date,

only ventilator support utilizing lung protective

strategies has been shown to decrease mortality

after ARDS has developed.

Ventilator support is utilized to improve

oxygenation in the hypoxemic ARDS patient.

Despite improvements in ventilation and

oxygenation, ventilator support can actually

worsen ARDS and increase lung injury if used

improperly. Lung protective ventilation refers to

lower tidal volumes and airway pressures to

minimize and hopefully prevent lung injury.

The ideal pressure and volume changes dur-

ing ventilator support to avoid significant baro-

trauma, volutrauma, and atelecti-trauma are

hypothesized to be between the upper and

lower inflection points of the pressure-volume

curve. While any individual patient’s pressure-

volume curve in a given instant is different from

the next patient, the ARMA trial showed a tidal

volume and plateau pressure goal that would
benefit most patients if set at 6 ml/kg of ideal

body weight and <30 cm H2O, respectively

(The Acute Respiratory Distress Syndrome

Network 2000). Critics of the study argue that

the 12 ml/kg of ideal body of tidal volume in the

control group was not the standard of care at

the time of the study, although this group did

have a similar mortality as described in the lit-

erature when compared to the standard conven-

tional ventilation of the time.

Other therapies are more controversial as they

have been investigated without any proven

mortality benefit. These include steroids, ketoco-

nazole, surfactant, inhaled nitric oxide, recruit-

ment maneuvers, and prone positioning. Inverse

ratio pressure control ventilation, airway pressure

release ventilation (APRV), high-frequency

oscillatory ventilation (HFOV), and extracorpo-

real membranous oxygenation (ECMO) are

additional therapies utilized when conventional

ventilatory support fails to provide adequate oxy-

genation. Early neuromuscular blockade may

improve mortality (Papazian et al. 2010).

A conservative fluid strategy is also an

approach to management that is often employed

to decrease the time to ventilator liberation and

ICU length of stay. Unfortunately this approach

of diuresis based on CVP does not improve

mortality (The National Heart, Lung, and Blood

Institute Acute Respiratory Distress Syndrome

(ARDS) Clinical Trials Network 2006).

ARDS is serious condition that occurs from

various causes due to increased inflammation. It

can affect any critically ill patient and prolong

length of stay in the hospital and intensive care

unit. Despite advances in research and medical

technology, the only known therapy that

improves survival is lung protective ventilation

and possibly early neuromuscular blockade.

Other therapies are either ineffective or not

recommended as first-line therapy.
Cross-References
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Synonyms

Assistive device; Orthotic
Definition

Adaptive equipment is a device that is used to

assist with mobility and activities of daily living.

The physiatrist and physical therapist will

recommend adaptive equipment to improve

mobility. Examples include wheelchairs,

walkers, and adjustable beds that help the trauma

rehab patient maximize their independence.Man-

ual wheelchairs are essential for a patient that has

significant lower limb weakness or weight-

bearing restrictions. An individual with three or

four limb weakness may need a power wheelchair

as they will be unable to propel a manual wheel-

chair. Patients with limited function in one lower

limb from fracture may be able to ambulate with

a rolling walker or axillary crutches. Canes pro-

vide stability for those who can ambulate with

both lower limbs. Beds that can be raised and

lowered allow for easier transfers in and out of

bed. Ramps to traverse steps for home access are

another form of adaptive equipment. The trauma

patient who requires a wheelchair may need to

ramp steps to get into their home. The ratio of

ramp length to stair height is 9:1 to meet building

code and ideally 12:1 to allow an individual in

a manual wheelchair to ascend and descend the

ramp independently.

Adaptive equipment to simplify ADLs is

recommended by the physician and occupational

therapist. Tub transfer benches, reachers, and

built-up handled utensils are examples. For the
patient who has hip precautions limiting range of

motion or abdominal incision pain, a reacher

allows for manipulation of clothing and shoes at

the distal lower limbs. A patient with severely

limited hand function from burns or cervical

spinal cord injury may be able to independently

feed themselves with a large-handled fork and

knife. The occupational therapist may also make

recommendations for home modifications that

will make activity in the kitchen and bathroom

easier. Examples include lower countertops,

roll-in showers, and minimum turning space for

a wheelchair.
Cross-References
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▶ Physical Therapist
Recommended Reading

web.alsa.org/site/DocServer/chapter_6_web_ready.pdf
Adeptness

▶Competency
Adjuncts to Damage Control
Laparotomy: Endovascular
Therapies
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Synonyms

Angioembolization; Balloon occlusion; Covered

stenting; Embolization; Stent graft; Stenting
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Definition

Endovascular modalities may be used in the con-

text of damage control in a number of ways.While

the field has now expanded to include many

options, perhaps the most commonly employed

include embolization, covered stenting, and

temporary balloon occlusion. The goal of

endovascular therapy in the unstable patient

ranges from temporary control of hemorrhage as

a bridge to definitive open repair to definitive

restoration of flow with exclusion of bleeding.
Preexisting Condition

Endovascular methods are employed in conjunc-

tion with standard damage control techniques in

situations in which the patient’s condition

demands rapid control of bleeding and mainte-

nance of perfusion of the extremities and vital

organs. The decision to pursue endovascular

treatment may be made in the emergency depart-

ment based upon injury patterns and patient con-

dition, after imaging studies have been obtained,

or after an open surgery has begun.
Application

When endovascular techniques were first intro-

duced to the field of trauma surgery, one had to

decide upon whether open or endovascular repair

would be pursued, while today we realize that

each may be complementary to the other. The

advent of hybrid operating suites in which open

surgery and advanced endovascular techniques

may be employed simultaneously has greatly

expanded, simplifying the decision tree and

streamlining care (D’Amours et al. 2013).

While the hybrid suite offers simplicity of logis-

tics, certainly excellent endovascular care can be

achieved in a dedicated angiography suite in con-

junction with care in the operating room. Such

care requires more planning and forethought as to

priorities but can be done quite effectively.
If the intervention is undertaken in the angi-

ography suite, close attention is paid to resusci-

tative efforts as described elsewhere in the

encyclopedia. It is the goal that conditions will

be as conducive to resuscitation, if not more so,

than would occur in the trauma intensive care

unit. In short, attention must be paid to the provi-

sion of high-level nursing staff, warmed ambient

room temperature, a heated water blanket

beneath the patient, and two air warmers over

the patient with only the access site exposed.

Fluid warmers are obviously used as well. If

needed, additional large bore femoral access is

added for resuscitation simultaneous with arterial

access. Standard resuscitative techniques as 1:1

transfusion and permissive hypotension are rou-

tine. It is important to alter the approach from

procedures that may be undertaken in the inter-

ventional suite on a more routine basis and to

emphasize to all involved staff the goals of the

intervention. In addition it is important to monitor

the duration of the procedure to be sure one does

not become too involved in a complex

endovascular treatment if a simpler, albeit less

desirable, option exists.

In considering endovascular options for the

unstable patient, it may be useful to consider not

only the various modalities available but also the

various anatomic locations where they may be

employed. Broadly speaking, the anatomic loca-

tions where such options may be used include the

abdomen and pelvis, the thoracic cavity, the tho-

racic outlet, the head and neck, and the

extremities.

Within the abdomen and pelvis, embolization

is commonly employed for the control of hepatic

and pelvic arterial bleeds. While splenic emboli-

zation is also used as an option to splenectomy, it

plays little role in conjunction with damage con-

trol laparotomy. In these instances, splenectomy

is generally a more expeditious option.

Packing of the liver to control venous

hemorrhage and subsequent arterial embolization

complement each other well. Certainly if

a clear arterial hemorrhage is identified at lapa-

rotomy, ligation of the offending vessel should



58 Adjuncts to Damage Control Laparotomy: Endovascular Therapies
be performed. This is not always as easy as might

be hoped and one should not waste too much

time in this endeavor as hypothermia and

coagulopathy worsen. Packing can be achieved

quickly and effectively with subsequent emboli-

zation often more expeditious. Even the common

hepatic artery can be embolized without signifi-

cant adverse sequelae so long as perfusion is

maintained. Packs should be removed as soon as

possible if proximal embolization is performed so

venous flow can maintain viability of hepatic

parenchyma. Approach may be made from the

common femoral artery, although we prefer the

trans-brachial approach as it allows for rapid and

secure entry to the celiac and superior mesenteric

artery as needed.

Embolization of pelvic arterial bleeding is

complementary to placement of a binder to close

the pelvic volume and control venous bleeding.

The chosen access site is based upon the injury and

fracture pattern. Preferentially, the common fem-

oral artery contralateral to the expected area of

injury is chosen for percutaneous access. When

necessary, both internal iliac arteries may be

embolized without adverse events.

The opportunities to limit bleeding through

embolization are considerable and, as mentioned

earlier, extend far beyond the abdomen and pel-

vis. In proceeding one must always consider the

sequelae of devascularization of the region or

organ as balanced against open surgical options

and the risks of continued uncontrolled bleeding.

In applying this judgment to each clinical sce-

nario, the field rapidly extends beyond the few

examples provided above.

When bleeding would be difficult to control

through an open approach and devascularization

not tolerable, one should consider covered

stenting for control of bleeding with maintenance

of distal perfusion in the damage control setting.

The question of patency rates when compared

with autologous conduit bypass is often raised,

but one must keep in mind the goal of damage

control interventions. Issues of correction of

metabolic abnormalities, speed, and limitation

of ongoing blood and fluid losses must take

precedence over other concerns. Considerable
judgment and experience is crucial in this regard.

In employing such techniques, one accepts that

subsequent interventions or even later bypasses

may be necessary, with the understanding that

they may be undertaken in a stable patient with-

out hematoma and with the luxury of time.

With advances in endovascular devices, the

profile of covered stents has diminished consider-

ably. Currently a wide variety of covered self-

expanding stentsmay be delivered through sheaths

that range from 6 to 8 French for peripheral work

and somewhat larger sheaths for central work.

This has increased the safety and decreased access

site complications. Furthermore, closure devices

that can be employed to seal the access sites of

larger sheaths are now quite reliable. Precision of

placement is now very exacting. More sophisti-

cated technology such as hybrid stents that com-

bine covered stents with standard graft material

extend the horizons of endovascular therapy well

beyond where it began many years ago. Cost of

such devices is considerable but should be

interpreted in the context of the unstable multiply

injured patient. If used judiciously, such devices

may actually offer cost savings over the course of

the patient’s hospital stay.

The use of covered stent graft repair for tho-

racic injury is well described in the literature.

Concerns over durability of repair seem to be

fading with experience and improvements in

available devices. Problems with stent graft con-

formation to the contour of the aortic arch that

were evident with early devices have largely

disappeared with evolution of the available tech-

nology. Considerable attention has been paid to

the consequences of coverage of the left subcla-

vian artery, but again with the precision of current

devices, we are generally able to deploy the stent

grafts distal to the takeoff of the left subclavian

with good results. Certainly while endovascular

repair can be achieved much more quickly and

with less hemodynamic changes than open repair,

one must consider whether even this repair

should be pursued in the setting of true damage

control trauma management. In general, most

patients with aortic injuries that have reached

the hospital can be managed with tight blood
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pressure control and endovascular repair when

acute blood loss from other injuries is controlled

and metabolic derangements corrected.

Stent grafting of anatomically challenging

vessels such as the subclavian artery was one of

the first to gain wide acceptance, as control can be

obtained more quickly with less blood loss than

open repair. One must be very aware of branch

vessels such as the vertebral artery in such cases

in order to reduce the risk of posterior stroke that

could have devastating consequences (Du Toit

et al. 2008; Cohen et al. 2008).

More recently, stenting of carotid and verte-

bral injuries when intervention is deemed neces-

sary is becoming the preferred option and may be

achieved quickly in the setting of damage control

(Gaurav et al. 2013; Greer et al. 2013).

Stent grafting of peripheral injures should also

be considered in the setting of damage control.

While patency rates may be less than that of open

autologous grafts, the time savings and reduction

in blood loss may be considerable. Open revas-

cularization can always be undertaken subse-

quently if needed in a more controlled setting

(Trellopoulos et al. 2012).

As our experience grows, stent grafting of

vessels such as the superior mesenteric artery

can also be achieved with good success.

One of the primary limitations of stent grafting

is the ability to cross the area of injury with a wire.

In many blunt and penetrating injuries, complete

disruption of the vessel may preclude crossing the

injury with a wire. In these injuries, endovascular

treatment is generally not possible. In some cases

the wire may actually exit the proximal end of the

vessel and reenter the distal segment. If this can be

achieved, successful stenting can be achieved. In

the setting of damage control, however, one

should avoid excessive time wasted in attempting

to cross such injuries. In these cases, with access

already gained and a wire in position, a balloon

should be inflated proximal to the injury to achieve

proximal control before proceeding with open

repair or shunting. This should result in

a reduction of blood loss and more rapid improve-

ment inmetabolic derangements. Either compliant

balloons or standard angioplasty balloons that are
widely available may be used. One should use care

in sizing balloons appropriately and avoiding

overdistension to prevent additional iatrogenic

injury. One should also be aware that migration

of balloons may occur.

With improvements in technology such as

hybrid stents, the rapid treatment of complete

transections and blast injuries is likely to be

possible in the near future.
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Synonyms

Temporary extra-anatomic bypass for trauma
Definition

The vascular shunt describes a temporary con-

duit that is designed to carry blood across an

injured segment of a blood vessel. The conduit

varies, most commonly being an adapted carotid

shunt, such as a Javid or Pruitt-Inahara type.

Alternatively, any type of available tubing may

be used, including extension sets, suction cath-

eters, or any suitable silastic tube. Once proxi-

mal and distal control of the injured vessel has

been obtained with vessel loops or fine vascular

clamps, the shunt may be inserted. The shunt is

secured using ties, vessel loops, clamps, or, in

the case of the Pruitt-Inahara, balloons. It is left

in place to avoid ischemia to the affected limb or

organ and to achieve relative hemostasis until

systemic stabilization has been accomplished.

Once the patient has been stabilized enough to

allow definitive repair, the patient is returned to

the operating room where repair or formal

bypass can be performed after removal of the

shunt.

One should be careful to differentiate a shunt

from a stent as both are used in damage control

situations, but have different goals. While a shunt

offers a short-term bridge to definitive repair,

the stent offers the opportunity to provide the

definitive care in an expeditious fashion. As

technology progresses, the lines are likely to

blur somewhat.
Preexisting Condition

Use of a vascular shunt as a damage control

strategy is applied in those instances in which

definitive repair of an injured vessel would

not be tolerated due to instability including hypo-

thermia, acidosis, coagulopathy, or continued

hypotension. It may be used as a temporizing

procedure in civilian situations in which

a vascular surgeon is unavailable to complete

a repair and transport to tertiary care is required.

The technique may be applied to cases of com-

bined vascular and orthopedic trauma in which

the shunt provides perfusion while the bony

repair is completed. Subsequent vascular repair

may be undertaken in a more careful fashion with

the luxury of having a stable limb at appropriate

length. Finally, it may be used in a military appli-

cation in which a forward field hospital is

designed to stabilize the injured patient in order

to evacuate to a higher echelon facility where

definitive repair is performed. While none of the

latter of these applications refers to damage con-

trol strictly speaking, the technique of shunting is

the same and the terms are often used inter-

changeably. One must be cautious in the interpre-

tation of outcomes however, as injury severity

scores, the degree of extremis and the total

duration of stent placement may vary greatly.
Application

The initial modern descriptions of a type of shunt

date to the early 1900s when Tuffier attempted this

with a silver tube. The technique was attempted

again in WWII with glass and plastic tubes, but

was largely abandoned until 1971 when it was

again described by Eger (Hancock et al. 2010;

Eger et al. 1971). It has gained in popularity as

recent conflicts have shown a fivefold increase in

the number of extremity wounds over those of the

past (Anahita et al. 2012). In addition, the wide

application of tourniquets in the field has allowed

better survival to forward hospitals where a shunt

can be placed before the patient is evacuated to

http://dx.doi.org/10.1007/978-3-642-29613-0_101485
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a hospital where a vascular surgeon can accom-

plish a definitive repair or bypass. This process,

streamlined by the military has now filtered to

civilian trauma systems.

Broadly speaking, the use of vascular shunting

can be divided into central or peripheral types and

either may be a part of the damage control pro-

cess. Beginning with intra-abdominal uses, one

should remember that many blood vessels such as

the celiac, inferior mesenteric, internal iliac, and

hepatic arteries can generally be ligated without

consequence. A full consideration of ligation or

embolization for trauma is outside the scope of

this chapter, but it must be considered as an

option before proceeding with shunt placement.

Endovascular repair must also be considered

as an option for those arteries that have vital

outflow. A more detailed discussion of this is

provided elsewhere in the encyclopedia. Small

injuries of vital arteries may often be repaired

quickly, obviating the need for a shunt.

In cases where there the patient is not deemed

stable for reconstruction, a shunt may be used for

arteries such as the superior mesenteric artery with

delayed reconstruction. This has been described in

case reports as well as in animal studies in which

an improvement in early survival in those shunted

versus those undergoing immediate repair has

been demonstrated in a pig model (Ding et al.

2010a). If such a shunt is used, it should be

removed as soon as possible to prevent thrombosis

which could be catastrophic (Ding et al. 2010b).

The common and external iliac arteries may also

be shunted in conjunction with the damage control

laparotomy with significant reductions in amputa-

tion and mortality when compared with ligation

(Ball and Feliciano 2010).

The technique of peripheral shunting has been

described by many, most impressively in two

large reports from the military in which shunts

were placed with subsequent formal reconstruc-

tion. Patency rates for proximal shunts were up to

86 % with overall good results when used. The

patency rate for distal shunts has been more dis-

appointing. Fortunately, the indications are more

limited, in that if a single vessel remains
uninjured, the others may often be ligated without

consequence. When all three infrapopliteal ves-

sels have been injured, there is often such severe

injury that the limb may not be salvageable.

While some reports have been unable to show

a significant reduction in amputation rates with

shunt use, more recent reports have suggested an

improvement (Anahita et al. 2012; Rasmussen

et al. 2006; Gifford et al. 2009). It must be kept

in mind that many of the shunts used in the

military setting were in place for very short

periods of time, on the order of two hours. This

is a somewhat different experience then when the

technique is used in a civilian damage control

setting and as such, the excellent results may be

difficult to reproduce.

The issue of anticoagulation for shunts has

been debated, but is generally not thought to be

necessary if the shunt is to be removed quickly

and would be contraindicated in the multiply

injured, unstable patient for whom the technique

would generally be employed. In addition, many

of these patients are already coagulopathic (Ding

et al. 2008).

Potential complications of shunting include

dislodgement, bleeding, thrombosis, infection,

and intimal injury. Complication rates directly

related to the shunts have been shown to be

relatively low.
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Definition

Antifibrinolytic agents are drugs which block the

conversion of plasminogen to plasmin, which is
the enzyme responsible for the degradation of

fibrin clots, a process called fibrinolysis. These

agents can be used in trauma patients who are at

risk of hemorrhage, by reducing clot breakdown,

which can become pathologically upregulated

(hyperfibrinolysis) following traumatic injury

and shock (Hess et al. 2008).

Antifibrinolytic Drugs

The two principal antifibrinolytic agents available

are aminocaproic acid and tranexamic acid (TXA);

both of which are derivatives of the amino acid

lysine. Aminocaproic acid has not been reported as

a hemostatic adjunct in trauma and will not be

discussed further. TXA competitively inhibits the

activation of plasminogen by blocking the lysine-

binding site. It has a biological half-life of 3.1 h,

with negligible plasma protein binding and is

excreted via the kidneys (Astedt 1987).

The CRASH-2 trial enrolled 20,211 patients,

who either had or were considered at risk of

significant bleeding and randomized them to

either TXA (1 g bolus, followed by a 1 g 8-h

infusion) or placebo (CRASH-2 Collaborators

2010). The all-cause mortality was significantly

reduced in the TXA arm compared to placebo

(14.5 % vs. 16.0 %; RR 0.91 (95 % CI

0.85–0.97); p = 0.004). The relative risk (RR)

of death due to bleeding was also significantly

reduced in the TXA arm (RR 0.85, 95 % CI

0.76–0.96). The greatest benefit was identified

in patients with a systolic blood pressure less

than 75 mmHg (RR 0.87, 95 % CI 0.76–0.99).

A further analysis of the CRASH-2 data

explored the effect of different times of adminis-

tration. Administration within an hour of injury

was associated with a significant reduction in the

RR of death in the TXA arm (0.68, 0.57–0.82);

however, the RR was found to be increased when

TXAwas administered after 3 h (1.44, 1.12–1.84)

(CRASH-2 Collaborators 2011). A further

important finding from the CRASH-2 dataset

was that there was no increase in fatal or nonfatal

vascular occlusive events between the treatment

and placebo arms. However, the CRASH-2 trial

has been criticized for several shortcomings relat-

ing to the lack of a standardized resuscitation

algorithm and no measure of injury severity.
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Some of these questions have been answered

by the retrospective MATTERs study, which

examined 896 patients requiring at least 1 unit

of packed red blood cells (PRBCs) treated in

a military field hospital in Afghanistan (Morrison

et al. 2012). The study demonstrated a lower

mortality in patients receiving TXA compared

with those who did not (17.4 % vs. 23.9 %;

p = 0.03) despite a greater injury severity in the

TXA group (mean�sd ISS 25 � 17 vs. 23 � 19;

p < 0.001). The greatest TXA mortality benefit

was identified in patients requiring 10 units of

PRBCs or more, within 24 h of admission

(14.4 % vs. 28.1 %; p = 0.004), where TXA

was also identified as an independent predictor

of survival following multivariate analysis (OR

7.23, 95 % CI 3.02–17.32).

Overall, the administration of TXA is

supported by level 1 evidence that demonstrates

a reduction in hemorrhage-related mortality.

TXA is most efficacious in hypotensive patients

and when administered within 3 h of injury.

There does not appear to be an increased risk of

vascular occlusive events with the use of TXA in

trauma patients.
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Adjuncts to Transfusion: Fibrinogen
Concentrate

Dietmar Fries

Department for General and Surgical Critical
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Synonyms

Clottafact®; Concentrated lyophilized protein;

Factor I concentrate; Haemocomplettan®;

Human fibrinogen concentrate; Lyophilized

fibrinogen concentrate; RiaSTAP®
Definition

Fibrinogen concentrate is a lyophilized protein

concentrate that is easily reconstituted within

minutes. Compared to other fibrinogen sources

like fresh frozen plasma (FFP) and

cryoprecipitate, it is labeled with exact fibrino-

gen content. Fibrinogen concentrate is virus

inactivated.
Preexisting Condition

Fibrinogen concentrate is registered in the United

States and some European countries for congen-

ital fibrinogen deficiency. Fibrinogen concentrate

reduced blood loss in cardiovascular surgery as

well as in urological surgery. Actually, two ran-

domized controlled trials evaluate the efficacy of

fibrinogen concentrate in trauma.
Application

Coagulopathy kills trauma patients! In patients

with identical Injury Severity Scores (ISS), the

mortality is virtually doubled if patients suffer

from coagulopathy. The main goal of any hemo-

static intervention is to promptly secure
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hemostasis, minimize blood loss, and avoid

unnecessary transfusion of allogeneic blood

products.

In the event of marked blood loss, fibrinogen

reaches critical values as a function of its original

concentration and as a rule more so than any other

procoagulatory factor or thrombocytes (Fries and

Martini 2010). Already small quantities of col-

loids (>1,000 ml) impair, first of all, fibrin poly-

merization and thus clot strength. The question of

the critical threshold value is presently the sub-

ject of heated debate. Some old recommendations

quote a threshold of 100 mg/dl as being soon

enough, whereby this figure is based on the

results of a study in which four out of four

patients with a fibrinogen count of < 50 mg/dl

were seen to have diffuse microvascular bleed-

ing. By contrast, recent clinical data from

peripartal hemorrhage, neurosurgery, and cardiac

surgery show that at a fibrinogen count of

<150–200 mg/dl, there is already an increased

tendency to peri- and postoperative bleeding. As

a general rule, it must be recognized that it is

difficult to standardize the determination of high

or very low fibrinogen plasma counts. Moreover,

the presence of colloids, particularly HES, can

cause these to be false high and not necessarily

agree with functional measurement readings.

In many hospitals, the administration of FFP

remains the standard therapy for the prevention

and treatment of plasma coagulation disorders.

Fresh frozen plasma has been available since

the 1940s and was initially used as a volume

expander. With the advent of synthetic volume

expanders, the indication has shifted toward the

prevention of bleeding, treatment of coagulation

disorders, and influencing pathological coagula-

tion outcomes. But transfusion of FFP has con-

siderable drawbacks (Sorensen and Fries 2012).

It is obvious that the administration of FFP is

unavoidably associated with volume expansion

(FFP corresponds to an 8.5 % protein solution)

and that the concentration of critically decreased

factors cannot be increased only by administration

of 10–15 ml/kg BW of FFP. Consequently, large

quantities of FFP are needed (>30 ml FFP/kg) to
achieve a clinically meaningful rise in coagulation

factor concentrations in the presence of a deficit

and ongoing loss. In a coagulopathic but

normovolemic patient, the resulting volume

overload can lead to the clinical situation of trans-

fusion-associated cardiac overload (TACO), par-

ticularly in patients with cardiac failure, renal

impairment, and liver disorders. Furthermore,

a series of retrospective studies showed that the

rate of severe infections and respiratory complica-

tions was distinctly increased in patients who

received FFP (Innerhofer et al. 2013). This effect

was also proven to be dose dependent. Another

concern with FFP transfusion is the risk of TRALI,

which is now one of the most common fatal side

effect of blood transfusion and can be triggered,

among other things, by an interaction with donor-

specific leukocyte antibodies. Because of the

logistics involved, there is also a delay of

35–45 min until requested units of FFP are

obtained. This means either that FFP must be

ordered early on suspicion and administered

“prophylactically” – a practice which many spe-

cialist societies flatly reject – or that they are

actually received and administered too late, par-

ticularly whenmassive bleeding and coagulopathy

is present. With regard to the quantity or the ratio

of erythrocyte concentrate/FFP transfused, the lit-

erature contains a highly diverse array of recom-

mendations which describe institution-related

algorithms but which do not refer to prospectively

collected data (Görlinger et al. 2012).

Compared to FFP, coagulation factor concen-

trates are immediately available, contain

a defined concentration of the relevant factors,

can be administered without volume overload,

and may be regarded safe in relation to the trans-

mission of viral diseases and induction of TRALI

and TACO.

The data on the efficacy of administering

fibrinogen concentrate to treat acquired fibrino-

gen deficiency are presently limited but growing

in volume (Sorensen and Fries 2012). In vitro

studies and experimental studies, observational

reports following administration, initial prospec-

tive clinical studies, and retrospective analyses
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have shown that following administration of

fibrinogen concentrate, there is an increase in

fibrinogen concentration and clot strength, the

majority of bleeding episodes were stopped, and

further transfusion requirement was reduced.

A retrospective study correlated the amount of

fibrinogen administered (as cryoprecipitate and

fresh frozen plasma) with survival.

Based on current evidence and decades of

empirical experience with POC-guided coagula-

tion management algorithm, future treatment of

trauma-induced coagulopathy can be based on

systemic antifibrinolytics, local hemostatics, and

individualized point-of-care-guided rational

including the use of coagulation factor concen-

trates such as fibrinogen concentrate. Timely and

rational use of coagulation factor concentrates

will be more efficacious and safer than ratio-

driven use of transfusion packages of allogeneic

blood products. Massive transfusion protocols

are unlikely to be suitable to all kinds of bleeding.

Nevertheless, prospective randomized controlled

trials are necessary to prove this hypothesis.
Summary

High fibrinogen counts exert a protective effect

with regard to the amount of blood loss. In mul-

tiple-traumatized patients, priority must be given

to early and effective correction of impaired

fibrin polymerization by administering fibrino-

gen concentrate. Because of the timely delay

and imprecision involved in measuring plasma

count, measurement of fibrin polymerization by

ROTEM®/TEG® is preferred to estimate the

need for fibrinogen administration. If the maxi-

mum clot firmness (MCF) in the FIBTEM® anal-

ysis is <10–12 mm and/or the 10-min value is

<7 mm, administration of 50 mg/kg fibrinogen

concentrate is recommended. If ROTEM®/TEG®

monitoring is not possible, fibrinogen should be

maintained at minimum 150–200 mg/dl.

If no fibrinogen concentrate is available, fresh

frozen plasma (minimum 30 ml/kg) must be

transfused.
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Definition

Coagulopathy perpetuates bleeding. Trauma trig-

gers systemic inflammation with subsequent

extensive activation of the coagulation cascade

resulting in the rapid consumption and depletion

of the coagulation factors.

Damage control resuscitation (DCR) focuses

on rapid reversal of acidosis, prevention of

hypothermia, and rapid reversal of coagulopathy.

Principles of DCR include permissive

hypotension, minimization of crystalloids, liberal

use of blood products, and use of drugs to reverse

coagulopathy.

Prothrombin complex concentrate (PCC) which

contains vitamin K-dependent clotting factors

(II, VII, IX, and X) is reserved for correction

of coagulopathy. PCC formulations provided are

liable and fast alternative to fresh frozen plasma

for the reversal of both medication-induced

coagulopathy and the coagulopathy of trauma

(Holcomb 2007).
Composition and Dosage

PCC is available in two compositions: four-factor

PCC and three-factor PCC. Three-factor PCC

contains all four factors but is defined three factor

by the minimal quantities of factor VII (35 units

of FVII/100 units of PCC) (Holland et al. 2009).

Only three-factor PCC formulations are available

in the USA. Four-factor PCC is available in

Europe and is currently being tested for efficacy

and safety so that they can get FDA approval for

use in the USA.

A standard dose of 25 units per kilogram

is recommended for all patients irrespective

of pre-injury anticoagulation. Because PCC is

concentrated, it delivers a much higher dose

of vitamin K-dependent factors than the same

volume of FFP (McSwain and Barbeau 2011).

Half-life ranges from 3 to 6 h with time to

peak effect ranging from 10 to 30 min after intra-

venous administration. All patients who receive

PCC should be given vitamin K 10 mg IV as an

infusion over 15 min. Failure to administer
vitamin K may result in a rebound increase in

INR after 6 h (Franchini and Lippi 2010).
Indications of Use

The FDA-approved indication for PCC is for

patients with factor IX deficiency due to

hemophilia B. However, the use of PCC has been

expanding beyond its use in bleeding disorders.

PCC is the current standard of treatment for the

reversal of warfarin in the emergency setting

(Spahn et al. 2007). The European and The

American College of Chest Physician guidelines

recommend the use of PCC as primary treatment

of rapid anticoagulation reversal in patients with

life-threatening bleedings and increased INR.

PCC has shown to be effective in rapid

correction of INR, decreasing hemorrhage, and cor-

rection of coagulopathy of trauma (Joseph et al.

2012) and traumatic brain injury (Joseph et al.

2013) (Table 1).
Safety

PCC has a better safety profile than FFP because

the PCC preparations undergo viral inactivation

steps to minimize the risk of transmission of

a variety of infective agents. The risk of TRALI

(transfusion-associated acute lung injury) is

minimal with the use of PCC, as the responsible

antibodies are removed during manufacturing

(Franchini and Lippi 2010).

Adverse effects include immediate allergic

reactions, heparin-induced thrombocytopenia,

and thromboembolic complications. The primary

safety concern has been its association with

stroke, myocardial infarction, pulmonary embo-

lism, and deep vein thrombosis (Samama 2008).
Summary

PCC is well defined as first-line therapy for

reversal of bleeding emergency patients with

medically induced coagulopathy. The use of

PCC for the treatment of the coagulopathy of
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Study Results Conclusion

Joseph B
PCC in trauma

INR and PRBC administration reduced in both the non-

warfarin and warfarin patients

PCC rapidly and effectively treats

coagulopathy of trauma

Joseph B
PCC vs. factor 7

INR and PRBC administration reduced in traumatic

brain injury (TBI) patients

PCC rapidly and effectively treats

TBI coagulopathy

Dikneite G
PCC vs. FFP

PCC shortened the time to hemostasis after trauma and

reduced the volume of blood lost

PCC was effective in correcting

dilutional coagulopathy

Dikneite G
PCC vs. factor 7

Peak thrombin generation time was greater in PCC group

with shorter time to hemostasis

PCC promotes thrombin

regeneration faster than factor 7
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trauma is novel. PCC is an important hemostatic

adjunct in DCR of trauma patients and allows

for rapid correction of INR and life-threatening

hemorrhage. PCC should be considered as an

effective tool to treat acute coagulopathy of

trauma.
Cross-References
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Synonyms
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Coagulation “factor IV”; Corifact™ (coagulation

factor XIII made from pooled human plasma);

Eptacog alfa (activated); Factor XIII; Fibrin sta-

bilizing factor; Fibrogammin®-P (coagulation

factor XIII made from pooled human plasma);

Niastase RT®; NovoSeven®RT; Recombinant

coagulation factor XIII (rFXIII-A2); Recombi-

nant Factor VIIa
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Definitions

Recombinant Factor VIIa

Recombinant factor VIIa (rFVIIa) acts through

two mechanisms. The first is a tissue

factor-dependent mechanism whereby rFVIIa

binds tissue factor at the site of injury to activate

factor X to Xa, generating small amounts of

thrombin. Secondly, once activated, rFVIIa can

act directly on the surface of platelets to produce

a thrombin burst which converts fibrinogen to

fibrin (Hedner and Lee 2011).

Factor XIII

Factor XIII (FXIII) is converted to activated

factor XIII (FXIIIa) by thrombin and calcium.

FXIIIa then catalyzes calcium-dependent fibrin

polymerization through cross-linking, stabilizing

fibrin, and protecting it from fibrinolysis

(Levy and Greenberg 2013).

Calcium

Calcium is a key element required for coagula-

tion and has been described as coagulation

“factor IV.” It enables interaction between the

negatively charged vitamin K-dependent factors

II, VII, IX, and X and the endothelium as well as

phospholipids on the surfaces of platelets.

Calcium also plays a role by binding to fibrinogen

protecting it from proteolysis and in the

stabilization of fibrin polymerization. All platelet

activities and platelet incorporation into the

thrombus require adequate concentrations of

intracellular calcium. Pathways that inhibit coag-

ulation such as the activation of protein C and

fibrinolysis are also dependent on calcium (Lier

et al. 2008).
Preexisting Condition

Recombinant Factor VIIa

Recombinant factor VIIa (Niastase RT®,

NovoSeven®RT, NovoNordisk) is currently

licensed for the treatment of bleeding episodes

in hemophilia A or B patients with inhibitors in

Canada and the United States. However, initial

reports of the hemostatic success of rFVIIa
outside of the setting of hemophilia in 1999

were soon followed by more case reports and

observational studies reporting its benefit in

off-label use. Fortunately, two randomized

controlled trials (RCT) were published examining

the effect of rFVIIa in the specific setting of

trauma (Boffard et al. 2005; Hauser et al. 2010).

Both publications included patients with blunt and

penetrating trauma. Boffard et al. conducted the

first multicenter study and randomized 301

patients with severe trauma to rFVIIa (200 mcg/

kg intravenously followed by 100 mcg/kg at 1 h

and 3 h after the first dose) or placebo

administered after the transfusion of the eighth

red blood cell (RBC) unit. There was no

difference in the primary outcome of number of

RBC units transfused during the first 48 h after

treatment or in the secondary outcomes of 48-h or

30-day mortality. A post-hoc analysis considering

only blunt trauma patients alive at 48 h showed

that the median number of RBC units was 7.0 in

the rFVIIa group compared to 7.5 in the placebo

group with a statistically significant reduction of

2.6 RBC units (90 % CI, 0.7–4.6) favoring the

rFVIIa-treated group (P = 0.02). Hauser et al.

followed with a phase 3 multicenter RCT where

573 patients were randomized to rFVIIa

(same dosing as Boffard et al.) or placebo after

the transfusion of the fourth RBC unit but before

receiving the eighth RBC unit. There was no

difference in the primary outcome of 30-day

mortality. The study was terminated early due to

a high likelihood of futility in demonstrating

benefit of rFVIIa. In a systematic review of these

two trials, there was no benefit in mortality nor

was there an increase in thromboembolic compli-

cations. However, a decrease in the risk of acute

respiratory distress syndrome was observed

(RD �0.05; 95 % CI, �0.02 to �0.08) (Yank

et al. 2011). Given the lack of mortality benefit,

rFVIIa is not recommended in the treatment of

patients with blunt or penetrating trauma.

Factor XIII

In 2011, plasma-derived human FXIII

concentrate (Corifact™, Fibrogammin®-P, CSL

Behring) was approved for use in the prophylac-

tic treatment of congenital FXIII deficiency.
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Recombinant FXIII (rFXIII, NovoNordisk) has

not yet been licensed. Neither product has been

assessed in the setting of trauma.

In surgical settings outside of congenital FXIII

deficiency, decreases in the level of FXIII to

below 60–70 % have been associated with

increased bleeding. Godje et al. conducted

a small preliminary RCT in the setting of

cardiopulmonary bypass (CPB) surgery using

plasma-derived human FXIII, Fibrogammin

(Godje et al. 2006). Seventy-five patients were

randomized to one of three arms: placebo,

1,250 units or 2,500 units of plasma-derived

human FXIII administered immediately after

administration of protamine. The first observa-

tion was that FXIII levels fell from normal

preoperative values to their lowest levels

(30–50 % below normal) at 30 min after onset

of the extracorporeal circulation circuit in all

three groups. The second observation was

a dose-dependent decrease in bleeding, but this

was not statistically different between any of the

groups. Finally, the authors noted that a FXIII

level below 70 % was associated with a

statistically significant increase in drain loss and

transfusion requirements compared to a level of

70 % and above. The authors concluded that after

cardiac surgery, particularly in settings of

prolonged diffuse bleeding, FXIII levels should

be tested and the use of FXIII replacement is

justified if levels are below 70 %.

Another preliminary RCT evaluated the safety

and pharmacokinetics of recombinant FXIII

(rFXIII-A2, NovoNordisk) in cardiac surgery

(Levy et al. 2009). Thirty-five patients were

randomized to receive a single dose of rFXIII-A2

at doses of 11.9, 25, 35, or 50 IU/kg post-CPB

after protamine reversal of heparin compared

to eight patients receiving placebo. As

noted previously, FXIII levels decreased

post-cardiopulmonary bypass. Doses of

25–50 IU/kg of rFXIII-A2 restored levels to pre-

operative levels. Optimal dosing was concluded

to be 35 IU/kg as doses of 50 IU/kg tended to

raise levels to above preoperative levels. One

myocardial infarction occurred in a patient

receiving 35 IU/kg rFXIII-A2. No other

thromboembolic events were seen.
Calcium

Hypocalcemia occurs frequently in the trauma

setting. In a prospective study of 212 consecutive

severe trauma patients on admission who had

been resuscitated in the prehospital phase without

blood transfusion, 74 % had hypocalcemia as

defined by an ionized calcium of <1.15 mmol/L,

and 10 % had severe hypocalcemia (ionized

calcium (iCa) < 0.9 mmol/L) (Vivien et al.

2005). In a cohort study of 353 patients receiving

massive transfusion, the frequency of severe

hypocalcemia (iCa < 0.8 mmol/L) climbed to

52 % in the 24-h period following massive

transfusion (Ho and Leonard 2011). In a study of

941 patients in the intensive care unit (ICU),

Hastbacka et al. found that 85 % had hypocalce-

mia (iCa < 1.16 mmol/L) at some point during

their ICU stay (Hastbacka and Pettila 2003).

Not only was hypocalcemia common, but

admission hypocalcemia was associated with

increased mortality, with hazard ratios of 5.1 for

severe (<0.9 mmol/L) and 1.8 for mild ionized

hypocalcemia (0.90–1.15 mmol/L). However,

hypocalcemia was a poor predictor of mortality

and, in multivariate regression analysis, not

found to be an independent predictor of 30-day

mortality. Whether hypocalcemia is more a sign

of severity of injury or illness rather than

a contributor to poor outcome is not clear.

The mechanism of hypocalcemia in trauma is

multifactorial. In the study by Vivien et al., hypo-

calcemia on trauma admission was associated

with resuscitation with colloids, but not crystal-

loids and low arterial pH (Vivien et al. 2005). The

authors conducted an in vitro binding study dem-

onstrating that lactate could bind calcium. There-

fore, lactic acidosis could contribute to

hypocalcemia. Another mechanism could be

intracellular influx of calcium from ischemia

and reperfusion. In another study, acidosis and

amount of FFP transfused were important risk

factors (Ho and Leonard 2011). Transfusion,

particularly massive transfusion, may exacerbate

hypocalcemia because citrate (which binds

calcium) is the anticoagulant used in blood

components. Liver dysfunction or poor liver

perfusion may compound the issue further as the

liver is the primary site of citrate metabolism.



70 Adjuncts to Transfusion: Recombinant Factor VIIa, Factor XIII, and Calcium
Hypocalcemia has important potential

consequences, namely, coagulopathy and cardiac

function. As calcium plays such a critical role in

hemostasis, hypocalcemia can contribute to

coagulopathy. Hemostasis is impaired at values

below 0.6–0.7 mmol/L. Acidosis may worsen

coagulopathy as the affinity of the coagulation

factors’ calcium-binding sites is reduced under

acidic conditions. Hypocalcemia may also

adversely affect cardiac function at levels below

0.8–0.9mmol/L. ProlongedQT and cardiac failure

can occur at ionized calcium levels of 0.5 mmol/L

(Lier et al. 2008). Other symptoms and signs of

hypocalcemia include perioral and acral paresthe-

sias, carpopedal spasm, tetany, Chvostek’s sign

(contraction of ipsilateral facial muscle elicited

by tapping the facial nerve), laryngospasm, hypo-

tension, narrow pulse pressure, and arrhythmias.
Application

Recombinant Factor VIIa

It should be noted that rFVIIa has been used as

a “last ditch” treatment in the management of

“refractory bleeding.” No RCTs have been

conducted in this setting; observational reports of

such use may be prone to patient selection bias and

observer bias as the treatment is not masked. The

determination of whether rFVIIa is effective in

such situations is further hampered by the complex

coagulopathy that exists and the multiple blood

components and other hemostatic therapies that

may have also been simultaneously given to the

patient. It is critical to recognize that the hemo-

static effect of rFVIIa may be negated by hypo-

thermia and acidosis. Knudson et al. reviewed 380

civilian trauma patients and found that severe aci-

dosis, thrombocytopenia, and hypotension were

associated with decreased survival despite rFVIIa

(Knudson et al. 2011), implying correction of

these abnormalities prior to consideration of

rFVIIa use. Platelets, fibrinogen, and calcium are

all critical for hemostasis and must be replaced

prior to rFVIIa administration. Finally, clinicians

should be aware of the potential thromboembolic

complications; an increased risk of arterial throm-

bosis has been described with the use of rFVIIa,
particularly for patients 65 years or older, andmost

RCTs have excluded patients with a history of

thrombosis (Levi et al. 2010).

Factor XIII

At this time, it is not clear if and how FXIII

replacement should be used in the clinical setting

of trauma and ongoing bleeding and whether its

use impacts on clinical outcomes such as

decreasing transfusion requirements and, more

importantly, bleeding. Hopefully, future clinical

trials will shed more light on this area.

Calcium

The management of hypocalcemia requires

prompt identification with frequent laboratory

assessment of calcium included with regular

blood work during trauma resuscitation. Two

compoundsmay be used: 10% calcium gluconate

contains 9.3 mg elemental calcium per mL and

10 % calcium chloride contains 27 mg elemental

calcium per mL. Typical doses are 1 g (10mL) IV

over 10–20 min. This should be infused through

a separate line from blood components to avoid

chelation with citrate. Ionized calcium should be

maintained at least above 0.9 mmol/L (Lier et al.

2008). Because of cardiac effects, magnesium

levels should also be assessed. It is not known

whether hypocalcemia is a consequence of the

underlying severity of trauma or a contributing

factor to its severity. As there are little down-

sides, it is reasonable to replace calcium in hypo-

calcemic patients who are actively bleeding.
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Synonyms

Adrenal failure; Corticosteroid insufficiency
Definition

Critical Illness-Related Corticosteroid

Insufficiency (CIRCI)

There has recently been a great deal of interest

regarding the assessment of “adrenal function”
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and the indications for corticosteroid therapy in

critically ill patients. While the use of high-dose

corticosteroid (10,000–40,000 mg of hydrocorti-

sone equivalent over 24 h) in patients with severe

sepsis and ARDS failed to improve outcome and

was associated with increased complications

(Annane et al. 2004), an extended course of

“stress-dose” corticosteroids (200–350 mg

hydrocortisone equivalent/day for up to 21

days) has been demonstrated to increase ventila-

tor- and hospital-free days and improve short-

term survival in select groups of ICU patients

(Annane et al. 2004). These patients typically

have an exaggerated pro-inflammatory response

and are considered to be “relatively” corticoste-

roid insufficient. Until recently the exaggerated

pro-inflammatory response that characterizes

patients with systemic inflammation has focused

on suppression of the HPA axis and “adrenal

failure.” However, experimental and clinical

data suggest that corticosteroid tissue resistance

may also play an important role. This complex

syndrome is referred to as Critical Illness-

Related Corticosteroid Insufficiency (CIRCI)

(Marik and Varon 2008). CIRCI is defined

as inadequate corticosteroid activity for the

severity of the patient’s illness. CIRCI manifests

with insufficient corticosteroid-mediated

downregulation of inflammatory transcription

factors.
Preexisting Condition

Exposure of the host to diverse noxious stimuli

results in a stereotypic and coordinated response,

referred to by Hans Selye as the general adaption

syndrome (or stress response) which serves to

restore homeostasis and enhance survival. The

stress response is mediated primarily by the

hypothalamic-pituitary-adrenal (HPA) axis as

well as the sympathoadrenal system (SAS). Acti-

vation of the HPA axis results in increased secre-

tion from the paraventricular nucleus of the

hypothalamus of corticotropin-releasing hor-

mone (CRH) and arginine vasopressin (AVP).

CRH plays a pivotal integrative role in the

response to stress. CRH stimulates the production
of ACTH by the anterior pituitary, causing the

zona fasciculata of the adrenal cortex to produce

more glucocorticoids (cortisol in humans). The

increase in cortisol production results in multiple

effects (metabolic, cardiovascular, and immune)

aimed at restoring homeostasis during stress.

In addition, the HPA axis and immune system

are closely integrated in multiple positive and

negative feedback loops (see Fig. 1).

Cortisol Physiology

Cortisol (hydrocortisone) is the major endoge-

nous glucocorticoid secreted by the adrenal

cortex. Over 90 % of circulating cortisol is

bound to corticosteroid-binding globulin (CBG)

with less than 10% in the free, biologically active

form. CBG is the predominant binding protein

with albumin binding a lesser amount. During

acute illness, including trauma and sepsis, CBG

levels fall by as much as 50 %, resulting in a sig-

nificant increase in the percentage of free cortisol.

The circulating half-life of cortisol varies from

70 to 120 min, with a biological half-life of about

6–8 h. The adrenal gland does not store cortisol;

increased secretion arises due to increased syn-

thesis under the control of ACTH. Cholesterol is

the principal precursor for steroid biosynthesis in

steroidogenic tissue. At rest and during stress,

about 80 % of circulating cortisol is derived

from plasma cholesterol, the remaining 20 %

being synthesized in situ from acetate and other

precursors. High-density lipoprotein (HDL) is the

preferred cholesterol source of steroidogenic

substrate in the adrenal gland.

The activity of glucocorticoids is mediated

by both the glucocorticoid receptor (GR) and

mineralocorticoid receptor (MR). At low basal

levels, cortisol binds to the high-affinity,

low-capacity mineralocorticoid receptor (MR).

However, with increased cortisol secretion, the

MR is saturated, and cortisol then binds to

the low-affinity, high-capacity glucocorticoid

receptor (GR).

Cortisol diffuses rapidly across cell mem-

branes binding to the GR. Through the associa-

tion and disassociation of chaperone molecules,

the glucocorticoid-GR-a complex moves into the

nucleus where it binds as a homodimer to DNA
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sequences called glucocorticoid-responsive ele-

ments (GREs) located in the promoter regions of

target genes which then activate or repress tran-

scription of the associated genes (see Fig. 2). In

addition, the cortisol-GR complex may affect

cellular function indirectly by binding to and

modulating the transcriptional activity of other

nuclear transcription factors such as nuclear fac-

tor kB (NF-kB) and activator protein-1 (AP-1).

Overall, glucocorticoids affect the transcription

of thousands of genes in every cell of the body. It

has been estimated that glucocorticoids affect

20 % of the genome of mononuclear blood cells.

Trauma-, Surgery-, and Stress-Induced

Immuno-paresis

Classic teaching suggests that tissue injury from

trauma and surgery results in a systemic inflam-

matory response syndrome (SIRS) with “unbri-

dled inflammation” which after a few days/weeks

evolves into an immuno-paretic phase known as
the compensated anti-inflammatory response

syndrome (CARS). However, multiple reports

over the last two decades have indicated that the

proliferative response to T-cell mitogens is

significantly impaired in patients and experimen-

tal animals immediately after traumatic or ther-

mal injury (Marik and Flemmer 2012). The T-cell

dysfunction after traumatic stress is characterized

by a decrease in T-cell proliferation, an aberrant

cytokine profile, decreased T-cell monocyte

interactions, and attenuated expression of the

T-cell receptor complex (TCR). Furthermore,

surgical stress induces a shift in the T-helper

(Th)1/Th2 balance resulting in impaired

cell-mediated immunity. While the Th1 cyto-

kines may be increased following trauma and

surgery, these cytokines do not reach the levels

seen in patients with sepsis, and unlike patients

with sepsis, the Th2 response predominates.

Activation of the HPA and SAS is believed to

be responsible for the Th1/Th2 imbalance that
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occurs following tissue damage and trauma

(Fig. 3) (Marik and Flemmer 2012). Epinephrine

released predominantly by the adrenal medulla

and norepinephrine released by the postganglionic

nerve terminals act synergistically with glucocor-

ticoids to induce a Th2 shift. Epinephrine and

norepinephrine inhibit the production of IL-12

and enhance the production of IL-10. These effects

are mediated by stimulation ofb-adrenergic recep-
tors. Glucocorticoids shift the Th1/Th2 balance by

decreasing the synthesis of type 1 cytokines and

increasing the synthesis of type 2 cytokines, by

acting directly on CD4+ T cells, and indirectly

by inhibiting IL-12 production by monocytes.
It would appear that the role of glucocorticoids

as part of the stress response is to enhance the

local clearance of foreign antigens, toxins, micro-

organisms, and dead cells while at the same time

preventing an overexuberant pro-inflammatory

response. Glucocorticoids enhance opsonization

and macrophage phagocytotic ability. Macro-

phage inhibitory factor (MIF) is an important

pro-inflammatory cytokine whose secretion is

enhanced by glucocorticoids. Toll-like receptor

(TLR)-4 expression is increased by MIF which

underscores the role of MIF in the macrophage

response to endotoxins and gram-negative

bacteria.
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Clinical Manifestations of CIRCI

Patients with chronic adrenal insufficiency

(Addison’s disease) usually present with

a history of weakness, weight loss, anorexia, and

lethargy with some patients complaining of nau-

sea, vomiting, abdominal pain, and diarrhea. Clin-

ical signs include orthostatic hypotension and

hyperpigmentation (primary adrenal insuffi-

ciency). Laboratory testing may demonstrate

hyponatremia, hyperkalemia, hypoglycemia, and

a normocytic anemia. This presentation contrasts

with the features of CIRCI. The clinical manifes-

tations of CIRCI are consequent upon an exagger-

ated pro-inflammatory immune response.
Hypotension refractory to fluids and requiring

vasopressors is a common manifestation of

CIRCI. CIRCI should therefore be considered in

all ICU patients requiring vasopressor support as

well as those with severe progressive ARDS.

Patients usually have a hyperdynamic circulation

which may compound the hyperdynamic profile

of the patient with sepsis/systemic inflammation.

However, the systemic vascular resistance, car-

diac output, and pulmonary capillary wedge pres-

sure can be low, normal, or high. The variability in

hemodynamics reflects the combination of CIRCI

and the underlying disease. CIRCI should also be

considered in patients with progressive ALI.
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Laboratory assessment may demonstrate eosino-

philia and hypoglycemia. Hyponatremia and

hyperkalemia are uncommon.

Diagnosis of Adrenal Insufficiency and CIRCI

The diagnosis of adrenal insufficiency in the crit-

ically ill is fraught with difficulties. Furthermore,

we have no test that quantifies corticosteroid activ-

ity at the tissue level. Traditionally the diagnosis of

adrenal insufficiency in the critically ill has been

based on the measurement of a random total serum

cortisol (“stress” cortisol level) or the change in

the serum cortisol in response to 250 ug of syn-

thetic ACTH (cosyntropin), the so-called delta

cortisol. Both of these tests have significant limi-

tations in the critically ill. Commercially available

cortisol assays measure the total hormone concen-

tration rather than the biologically active free cor-

tisol concentration. Furthermore, the timing of

cortisol measurements may be important as large

hourly variations in cortisol have been reported.

Despite these limitations, Annane and colleagues

have reported that a delta cortisol of less than

9 mg/dl was the best predictor of adrenal insuffi-

ciency (as determined by metyrapone testing) in

patients with severe sepsis/septic shock (Annane

et al. 2006). A cortisol of less than 10 mg/dl was

also highly predictive of adrenal insufficiency

(PPV of 0.93); however, the sensitivity of the test

was poor (0.19).
Application

The Use of Glucocorticoids in Patients with

Sepsis and ARDS

Over the last three decades, approximately 20 ran-

domized controlled trials (RCTs) have been

conducted evaluating the role of glucocorticoids

in patients with sepsis, severe sepsis, septic

shock, and ARDS. Varying doses

(37.5–40,000 mg/hydrocortisone eq/day), dosing

strategies (single bolus/repeat boluses/continu-

ous infusion/dose taper), and duration of

therapy (1–32 days) were used in these studies

(Annane et al. 2004). Despite multiple guidelines
and over 20 meta-analyses, the use of glucocor-

ticoids in patients with sepsis remains extremely

controversial with conflicting recommendations.

Furthermore, while there are large geographic

variations in the prescription of glucocorticoids

for sepsis, up to 50 % of ICU patients receive

such therapy. While it is difficult to make strong

evidence-based recommendations at this time, an

evidence-based review of this literature allows

one to make the following conclusions:

1. Sepsis and ARDS cause complex alterations

of the HPA axis and glucocorticoid signaling.

2. Short-course high-dose glucocorticoids are

not beneficial in the treatment of severe

sepsis/septic shock and ARDS.

3. Treatment of septic shock with moderate-dose

glucocorticoids for 7 days significantly

reduces vasopressor dependency (ACTH

responders and nonresponders) and ICU

length of stay.

4. Glucocorticoids do not increase the risk of

superinfections.

5. Glucocorticoids may reduce mortality in sub-

groups of patients with septic shock.

6. Glucocorticoids appear to be of no benefit in

patients with sepsis who are at a low risk of

dying.

7. In patients with progressive early (<72 h)

ARDS, glucocorticoids significantly increase

the number of ventilator, ICU, and hospital-

free days with a reduction in the risk of death.

CIRCI in Patients with Trauma

Clinical data suggests that in the absence of severe

sepsis or the prior use of corticosteroids, patients

who sustain traumatic injuries have heightened

activation of the HPA axis with appropriate circu-

lating levels of cortisol. However, hypothalamic-

pituitary dysfunction following blunt head trauma

may lead to the development of adrenal insuffi-

ciency. There is, however, limited data in the

literature regarding the incidence of adrenal insuf-

ficiency following blunt head trauma. In a 5-year

retrospective study of 2,100 trauma patients

admitted to an ICU, the incidence of CIRCI was
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only 3.3 % (Walker et al. 2011). Similarly, in an

analysis of 1,795 intubated trauma patients, 82

(4.5 %) were diagnosed with adrenal insufficiency

(Guillamondegui et al. 2009). Fann and colleagues

performed statistical modeling to predict adrenal

insufficiency in trauma patients (Fann et al. 2007).

In this study 3.3 % of patients admitted to the ICU

were diagnosed with adrenal insufficiency. These

authors reported 10 clinical variables to be predic-

tive of adrenal insufficiency, the most important

being endotracheal intubation, the use of vasopres-

sor agents, a large positive fluid balance, and head

injury. This data suggests that the incidence of

CIRCI is generally low in trauma patients. How-

ever, the use of corticosteroids in trauma patients

is a controversial topic. This controversy is

largely fuelled by the use of etomidate for rapid-

sequence intubation. Etomidate reversely inhibits

cortisol production for up to 72 h. Roquilly and

colleagues randomized 149multi-trauma patients

to receive a continuous infusion of hydrocorti-

sone (200 mg/day for 5 days, followed by 100 mg

on day 6 and 50 mg on day 7) or placebo

(the HYPOLYTE study) (Roquilly et al. 2011).

The primary end point of this study was hospital-

acquired pneumonia within 28 days. In the inten-

tion to treat analysis, 35 % of the patients treated

with hydrocortisone and 51 % of those treated

with placebo developed pneumonia (p = 0.007).

Most of the benefit of hydrocortisone appeared to

be in the subgroup of patients with associated

head injury. In this study 63 % of patients

received etomidate on average 22 h prior to

enrollment. The incidence of CIRCI at enroll-

ment was 84 % in those who received etomidate

compared to 62 % who had not received

etomidate (p = 0.01). After controlling for the

use of etomidate, the risk of hospital-acquired

pneumonia still appeared to be lower in the

hydrocortisone group (p = 0.02). In a follow-up

publication of this study, these authors reported

that etomidate was an independent risk factor

for the development of hospital-acquired

pneumonia. The results of this study are difficult

to interpret due to the confounding effect of

etomidate. This study, however, dispels an
important myth, in that many believe that corti-

costeroids (even in stress doses) increase the risk

of infectious complications in critically ill and

injured patients.

The findings of the HYPOLYTE study stand

in stark contrast to the Medical Research

Council (MRC) CRASH trial. The CRASH trial

randomized 100,008 adults with head injury

and a Glasgow Coma Scale of 14 or less to

a 48 h infusion of methylprednisolone or placebo

(Anon 2004). Compared with placebo, the risk of

death from all causes within 2 weeks and death or

disability at 6 months was higher in the group

allocated corticosteroids. It should however be

noted that patients in the methylprednisolone

group received a massive pharmacologic dose

of corticosteroid (equivalent to 106,000 mg

hydrocortisone over 48 h). This dose is similar

to the dose of corticosteroids used to treat acute

organ rejection after transplantation and results in

profound immune suppression. Whether stress-

dose corticosteroids improve the outcome of

patients following blunt head trauma who do not

have “adrenal insufficiency” is unclear at this

time. Stress-dose corticosteroids may reduce the

secondary inflammatory damage following head

injury. The inflammatory response is an impor-

tant component of traumatic brain injuries, par-

ticularly surrounding contusions and micro-

hemorrhages. Cytokines are released from

microglia, astrocytes, and polymorphonuclear

cells within hours after traumatic brain injuries,

leading to opening of the blood–brain barrier,

complement-mediated activation of cell death,

and the triggering of apoptosis. Although the

inflammatory response may be beneficial in

order to clean up cellular debris after injury, in

excess it may promote secondary neuronal injury.

The complications associated with the use of

corticosteroids are dependent upon the dose, the

dosing strategy, and the duration of therapy.

In the ICU setting (short-term treatment of

CIRCI), the most important complications

include immune suppression, hyperglycemia,

and HPA axis and GR suppression. The effect

of glucocorticoids on immune suppression is
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critically dose dependent. It is well known

from the organ transplant experience that high-

dose corticosteroids effectively abolish T-cell-

mediated immune responsiveness and are very

effective in preventing/treating graft rejection.

However, while stress doses of corticosteroids

inhibit systemic inflammation with decreased

transcription of pro-inflammatory mediators,

they maintain innate and acquired immune

responsiveness and do not increase the risk of

secondary infections. Corticosteroids should,

however, be avoided in critically ill ICU patients

who have progressed to CARS with generalized

immuno-paresis. While myopathy is common in

patients treated with high-dose corticosteroids,

this complication is uncommon with stress-dose

corticosteroids (Annane et al. 2004). Similarly,

while high-dose corticosteroids may impair

wound healing, this complication does not occur

with stress-dose corticosteroids.

Perioperative Corticosteroids in Patients on

Chronic Corticosteroids

Corticosteroids are prescribed for patients with

a wide variety of autoimmune and inflammatory

diseases, for patients with chronic obstructive

pulmonary disease (COPD) and asthma, as well

as recipients of organ transplants. Due to their

chronic medical conditions, these patients fre-

quently require both elective and emergency

surgical procedures. It is generally believed

that patients taking long-term glucocorticoids

require perioperative “stress doses” of corticoste-

roids due to the presumed suppression of

the hypothalamic-pituitary-adrenal (HPA) axis.

Furthermore, it is believed that failure to provide

supplemental perioperative corticosteroids will

result in “adrenal crisis.”

We performed a systematic review of prospec-

tive and cohort studies which specifically

investigated the necessity for perioperative corti-

costeroids in patients receiving chronic cortico-

steroids (duration >2 weeks) (Marik et al. 2008).

This study suggested that patients receiving ther-

apeutic doses of corticosteroids who undergo

a surgical procedure do not routinely require

stress doses of corticosteroids so long as they
continue to receive their usual daily dose of cor-

ticosteroid. Adrenal function testing is not

required in these patients, as the test is overly

sensitive and does not predict which patients

will develop an adrenal crisis. However, the anes-

thesiologist, surgeon, and intensivist must be

aware that the patient was receiving suppressive

doses of corticosteroids, necessitating close peri-

operative hemodynamic monitoring and the use

of stress doses of hydrocortisone in patients with

volume refractory hypotension (a serum cortisol

should be measured in these patients prior to

initiating treatment). These recommendations do

not apply to patients who receive physiologic

replacement doses of corticosteroids due to pri-

mary dysfunction of the HPA axis, e.g., patients

with primary adrenal failure due to Addison’s

disease and congenital adrenal hyperplasia, or

patients with secondary adrenal insufficiency

due to hypopituitarism. It is likely that these latter

patients are unable to increase endogenous corti-

sol production in the face of stress. These patients

require adjustment of their glucocorticoid dose

during surgical stress under all circumstances.

In summary, the risk/benefit ratio of glucocor-

ticoids should be determined in each patient.

A course (7–10 days) of low-dose hydrocortisone

(200 mg/day) should be considered in

vasopressor-dependent patients (dosage of nor-

epinephrine or equivalent >0.1 ug/kg/min)

within 12 h of the onset of shock (Marik 2009).

Steroids should be stopped in patients whose

vasopressor dependency has not improved with

2 days of glucocorticoids. While the outcome

benefit of low-dose glucocorticoids remains to

be determined, such a strategy decreases vaso-

pressor dependency and appears to be safe (no

excess mortality, superinfections, or acute myop-

athy). At this time glucocorticoids appear to have

a limited role in patients with sepsis or severe

sepsis who are at a low risk of dying. A more

“prolonged” course (21 days) of low-dose corti-

costeroids is recommended in patients with early

progressive ARDS. Infection surveillance is crit-

ical in patients treated with corticosteroids, and to

prevent the rebound phenomenon, the drug

should be weaned slowly.
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Synonyms

Critical illness-related corticosteroid insuffi-

ciency; Relative adrenal insufficiency
Definition

Adrenal insufficiency in the context of critical

illness is defined as inadequate cellular cortico-

steroid activity for the severity of the patient’s

illness. Adrenal insufficiency during critical

illness is usually transient.
Preexisting Condition

Both trauma and sepsis are proinflammatory

conditions. Inflammatory cytokines are potent

activators of cortisol secretion but also have

inhibitory effects on the hypothalamic-pituitary-

adrenal (HPA) axis. A variety of drugs that are

commonly administered to trauma patients have

important inhibitory effects on the adrenal system

as well. These include etomidate, opiates, benzo-

diazepines, phenytoin, anticoagulants, and

glucocorticoids (Thomas et al. 2010). Additional

factors that have been associated with adrenal

insufficiency are gram-negative bacteremia and

hemodynamic instability. Among trauma

patients, specific risk factors for adrenal insuffi-

ciency include younger age, greater injury

http://dx.doi.org/10.1007/978-3-642-29613-0_262
http://dx.doi.org/10.1007/978-3-642-29613-0_100419
http://dx.doi.org/10.1007/978-3-642-29613-0_100419
http://dx.doi.org/10.1007/978-3-642-29613-0_101294
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severity, early ischemic insults, and the use of

etomidate and metabolic suppressive agents

(Cohan et al. 2005).
Application

Pathophysiology

Appropriate activation of the HPA axis is

essential in surviving severe injury and surgical

stress (Molina 2005). Although controversial,

several studies have noted a positive correlation

between the severity of trauma as indicated by the

Injury Severity Score and cortisol concentrations.

Pain, blood loss, and inflammatory cytokines are

among the most important activators of the HPA

axis in trauma patients (Burchard 2001). These

stimuli and others result in the release of cortico-

tropin-releasing hormone from the hypothalamus

which stimulates adrenocorticotropin hormone

(ACTH) release by the pituitary gland. ACTH-

stimulated cortisol production occurs primarily in

the zona fasciculata of the adrenal gland.

The pathophysiology of adrenal insufficiency

in trauma is not completely understood.

However, there is general agreement that the

inflammatory response to trauma is thought to

play a key role in the pathogenesis of adrenal

insufficiency. Severe trauma is oftentimes asso-

ciated with large increases in serum inflammatory

cytokines such as IL-6 (Hoen et al. 2002). Several

clinical and laboratory studies have demonstrated

that higher concentrations and/or prolonged

exposure to proinflammatory cytokines are

associated with adrenal insufficiency. In addition

to providing a potent inflammatory stimulus,

hemorrhagic shock may also result in ischemia

and necrosis of the adrenal glands thus resulting

in primary adrenal insufficiency (Rushing et al.

2006). In traumatically brain-injured patients,

direct injury to the hypothalamus and/or pituitary

gland may result in secondary adrenal insuffi-

ciency (Bernard et al. 2006).

Diagnosis

The diagnosis of adrenal insufficiency in the

critically ill is controversial. Various biochemical

definitions have been used that rely upon either
ACTH-stimulated or random cortisol concentra-

tions. The diagnosis and prevalence of adrenal

insufficiency will be highly dependent upon the

definition used to characterize appropriate adre-

nal function. Guidelines published by the Society

of Critical Care Medicine (SCCM) state that

adrenal insufficiency in critical illness is best

diagnosed by a delta cortisol (after 250 mg
cosyntropin) of less than 9 mg/dL or a random

total cortisol of less than 10 mg/dL (Marik et al.

2008). However, the utility of a biochemical

definition is diminished in the critically ill due

to hourly variations in serum cortisol concentra-

tions and the presence of bias in routinely

available assays for serum cortisol. Although

these definitions have been extrapolated to

trauma patients, no clear evidence supports

these diagnostic values in patients without septic

shock. A clinical diagnosis of adrenal insuffi-

ciency should be considered in critically ill

patients who are poorly responsive to fluids and

vasopressors. Unfortunately, no definitive recom-

mendations are available to clearly delineate

“poorly responsive.”

Clinical Implications of Adrenal Insufficiency

In septic shock, adrenal insufficiency as defined

by the SCCM criteria has been associated with

a variety of harmful effects including refractory

hypotension and increased mortality (Annane

et al. 2002). The consequences of adrenal insuf-

ficiency in trauma patients are not as well studied.

There are some data to suggest that adrenal

insufficiency may increase the likelihood of vaso-

pressor dependence (Dimopoulou et al. 2004),

but the mortality impact of transient adrenal

insufficiency in trauma patients is uncertain.

However, it should be noted that prolonged phar-

macologic adrenal suppression secondary to

etomidate infusion has been shown to signifi-

cantly increase mortality in trauma patients

(Ledingham and Watt 1983).

The Role of Corticosteroids

Corticosteroids have been studied in sepsis for

more than 50 years. Despite this, much uncer-

tainty exists regarding their role. The historic

approach of using short-course, high-dose
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steroids in an attempt to blunt the inflammatory

cascade has been abandoned due to inefficacy

and possible immunosuppressant effects.

Currently, moderate-dose corticosteroids

(200–300 mg per day of hydrocortisone) are

recommended in the treatment of septic shock

in patients who are poorly responsive to fluid

resuscitation and vasopressor therapy (Marik

et al. 2008). Patients with severe sepsis not in

shock or patients with septic shock stabilized

with fluid and vasopressor therapy should not

receive corticosteroid therapy.

There are few data to guide the role of

corticosteroids in trauma patients. Results from

the CRASH trial have definitively shown that

short-course, high-dose corticosteroids (methyl-

prednisolone 2 g bolus followed by 0.4 g per hour

for 48 h) are harmful in the setting of traumatic

brain injury (Roberts et al. 2004). In the multi-

center HYPOLYTE study, moderate-dose corti-

costeroids (hydrocortisone 200 mg daily for 5

days, followed by 100 mg on day 6 and 50 mg

on day 7) reduced the incidence of pneumonia

and duration of mechanical ventilation in trauma

patients with adrenal insufficiency (defined as

a delta cortisol less than 9 mg/dL or random

cortisol less than 15 mg/dL) (Roquilly et al.

2011). Despite these positive findings, this prac-

tice cannot be implemented until a larger confir-

matory trial is conducted.

Adverse Effects of Corticosteroids

Corticosteroids have been associated with hyper-

glycemia, impaired wound healing, psychosis, an

increased number of infectious complications,

and myopathy. Corticosteroid-induced hypergly-

cemia is caused by impaired insulin-dependent

glucose uptake in the periphery and enhanced

gluconeogenesis in the liver. Hyperglycemia has

been associated with increased mortality in

critically ill patients, and early hyperglycemia

can also result in poor outcomes in trauma and

brain-injured patients (Laird et al. 2004). There-

fore, glucose control is recommended in

trauma patients. Corticosteroids affect many

aspects of wound healing such as delaying the

appearance of inflammatory cells and fibroblasts.

Researchers suggest that supplementation with
vitamin A may reverse the inhibitory effect

of cortisone on wound healing; however, the

majority of the published literature is based on

animal models. An increased risk of bacterial and

fungal infections has been reported with the use

of corticosteroids. Behavioral disturbances

such as mania, depression, memory loss, and

psychosis are also of concern after corticosteroid

administration. The relationship between cortico-

steroids and gastrointestinal bleeding remains an

area of controversy. Risk factors related to an

increased incidence of peptic ulceration in

patients prescribed corticosteroids include total

dose of corticosteroid, previous history of peptic

ulceration, advanced malignant disease, and con-

current use of nonsteroidal anti-inflammatory

drugs.
Future Research

In the near future, more definitive recommenda-

tions regarding the role of steroids in sepsis

should be available from the Adjunctive Cortico-

steroid Treatment in Critically Ill Patients with

Septic Shock (ADRENAL) study. The planned

enrollment for this study (N = 3800) far exceeds

the sample size of the largest study to date

(N = 499) and, in fact, exceeds the totals of all

patients included in recent meta-analyses.

Thus, a more precise estimate of the risks and

benefits of steroids are expected. Another ongo-

ing study, Corticotherapy for traumatic brain-

injured Patients – the Corti-TC trial, is examining

the role of stress dose steroids in patients with

traumatic brain injury who have a biochemical

diagnosis of adrenal insufficiency (Asehnoune

et al. 2011). The primary objectives are to deter-

mine whether hydrocortisone reduces the risk of

pneumonia and improves long-term recovery.
Cross-References

▶Brain Injury
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Synonyms

Advance health-care directive; Medical directive
Definition

Advance directives are statements conceived by

competent individuals to express medical prefer-

ences in the event they become incapacitated.

There are two main types of advance directives.

One, called a living will, provides specific

instructions on which treatment options the indi-

vidual should receive or forego. The other, called

a durable power of attorney, designates a surro-

gate for decision-making when the individual is

declared incompetent.
Background

Legal Status in the United States

Both types of advance directives are legally

recognized in the USA. All 50 states have enacted

a living will statute, by virtue of which medical

practitioners are immune from legal sanctions

if they hasten death by implementing a

patient’s living will instructions in good faith.
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The constitutionality of these statutes is guaranteed

by the landmark Supreme Court decision for

Cruzan case (1990), in which the father of a

young woman in a persistent vegetative state

petitioned for feeding tube removal so that she

could die a natural death. The Supreme Court

declared that the Constitution recognized a

patient’s right to decline treatment and the feeding

tube could be removed as long as there is clear and

convincing evidence that the patient had desired it.

A living will statute typically specifies the

conditions under which the individual’s instruc-

tions become effective. For example, California’s

Natural Death Act, the nation’s first living will

legislation, requires the following: that the

patient be 18 years of age or older and of sound

mind when signing the document, that two phy-

sicians certify that the patient is either terminally

ill or permanently unconscious, and that the

patient be too incompetent to make decisions. It

should be noted that many of these statutes, or

standard formats created in conjunction with var-

ious state legislations, maintain the instructions

be activated only when the patient becomes ter-

minally ill; several also set limits on the type of

treatments a patient can decline. By contrast,

benchmark American court decisions on this

issue, such as the Cruzan, the Quinlan (1976),

and the Bouvia (1986), are all clear that

a patient need not be terminally ill in order to

decline life-sustaining treatments. These deci-

sions also agree that a patient may refuse any

treatment, including artificial nutrition and

hydration.

Each American state also has a durable power

of attorney statute, which allows an individual to

name a decision-maker for their affairs should

that individual become incapacitated. These stat-

utes were originally and principally pertinent to

decisions regarding financial matters, but no

court has denied that these laws should also

apply to designation of proxies for health-care

issues. Some states, including New York and

Massachusetts, have an additional durable

power of attorney statute that specifically deals

with health-care issues (Annas 1991).

A durable power of attorney statute typically

provides two sets of standards for the designated
proxy to follow when making decisions for an

incompetent patient, namely, the substituted

judgment standard and the best interest standard.

Substituted judgment requires that a proxy makes

decisions based on the patient’s wishes and

beliefs pertaining to the situation. Since the

incompetent patient’s wishes or beliefs are not

often specifically known, the proxy must make

a decision based on conjecture as to what the

patient, as a person still possessing some abstract

pattern of desires, would have chosen had they

been capable. The best interest standard is gener-

ally understood to apply when a patient’s wishes

or beliefs pertaining to the present situation are

completely unknown. In these cases, the proxy

should make decisions they believe will best pro-

mote the interests of the patient.

These advance directive statutes, which were

first created independently in each state, were

buttressed at the federal level in 1990, when

Congress passed the Patient Self-Determination

Act (PSDA). The PSDA targets all American

health-care institutions that accept Medicare

patients with the aim to secure a patient’s right

to make their own medical decisions, including

the right to draft a living will and durable power

of attorney. The institutions are obliged to notify

patients of their right to draft an advance direc-

tive, to set a policy for keeping records of

patients’ directives, and to educate their staff

and local citizens about advance directives.

Advance Directives in Other Countries and

International Regions

The established legal status that advance direc-

tives have in the USA becomes a rare exception

when turning to other parts of the world. Recent

comparative studies suggest that the advance

directive has either no role at all or only an

unstable legal status with health practices in the

vast majority of countries and regions around the

world. Countries where an advance directive is

reported to have no legal basis include Brazil,

China, India, Kenya, and Turkey (Blank 2011).

(Bioethics, Vol.24, no.3, 2010 is a special issue

collecting six papers under the title of “Advance

directive from a cross-cultural perspective.”

Robert H. Blank and Janna C. Merrick’s book
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(Blank and Merrick 2005) also contains 14 arti-

cles all on this topic. See also (Blank 2011) for

a useful, concise summary of the topic and an

update).

In some nations, while there are no formal

laws recognizing its authority, advance directive

may nonetheless have a binding force in practice

due to the fact that its validity is underscored by

guidelines issued from each nation’s health-care

authorities. Various government and professional

bodies in Japan, including the Ministry of Health,

Labor and Welfare, Japanese Medical Associa-

tion, All Japan Hospital Association, and a few

academic medical associations, successively but

independently published guidelines in the late

2000s on the ethics of terminal care. The dispa-

rate guidelines all agree that some life-sustaining

treatments can be withdrawn or refused for ter-

minally ill patients and that medical practitioners

should honor the wishes of a patient declared

incompetent who previously expressed a wish to

refuse treatment. The Korean Medical Associa-

tion’s guidelines on withdrawing life-sustaining

treatments, published in 2001, similarly bestow

an advance directive with some binding force in

South Korea (Kim et al. 2010).

Legal systems in a handful of countries and

regions outside the USA recognize advance

directives, includingWestern European countries

such as Austria, Germany, and the United

Kingdom. Along with Western Europe and

North America, Taiwan also enacted a Natural

Death Act in 2000, which allows terminally ill

patients to create a living will and durable power

of attorney (Chiu 2005).While the contents of the

other countries’ laws are more or less the same as

that of the USA, a notable exception is an Aus-

trian law that distinguishes two types of advance

directives with different levels of compliance.

Medical practitioners are obliged to honor only

what is called a binding advance directive; to

create this document, patients are required to

obtain a physician’s advice and notarization,

which can cost a considerable amount of

money. The other option, called a nonbinding

advance directive, requires no advice or acknowl-

edgement but only requests that the instructions

are given due respect. Binding advance directives
expire after 5 years, at which point the document

becomes a nonbinding directive; a patient would

need to seek the same medical and legal advice

again for renewal (Schaden et al. 2010).
Application

Moral Basis of Advance Directives

Two moral considerations render strong support

to the claim that patients’ advance directives

should be honored. In the USA and many other

societies, there is almost unanimous consensus

that a competent patient should retain the right

to choose their medical treatment. Individual

self-determination as such is highly valued on

its own and also deemed to have a great

instrumental value in promoting the individual’s

best interests for the reasons that people are usu-

ally the best judge of their own needs. That same

pair of values, individual self-determination and

best interests, supports the binding authority of

advance directives; if allowing patients to make

choices regarding contemporaneous medical

treatment promotes their self-determination and

their best interests, allowing them to make

choices regarding future treatment should

apparently have the same effects (Buchanan and

Brock 1990).

The absolute binding authority of the advance

directive, however, has detractors. One group of

objections points to the various pragmatic diffi-

culties involved with effective implementation of

an advance directive and promotion of the two

previously mentioned values, self-determination

and an individual’s best interests. Another group

notes that other values may conflict with these

two, implying that patient self-determination

should not always be privileged.

Pragmatic Concerns over Effective

Implementation of Advance Directives

A number of pragmatic difficulties have been

raised in relation to effective implementation of

living wills. In order for a living will to in fact

promote a patient’s self-determination and best

interests, many things need to be true in the first

place. Above all else, the individual must have
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adequate knowledge of the living will and actually

sign the form. A patient’s real wishes must also be

accurately reflected in their livingwill instructions.

Finally, medical providers and family members

must see the living will documents and honor

them when patients become incapacitated.

Anecdotal evidence suggests these conditions are

seldom met.

It has long been lamented that most Americans

lack an advance directive despite decades of edu-

cation. This oversight may not simply be due to

people’s ignorance; instead, many may find it

unpleasant to contemplate their own death

(Mappes 1998). Most standard advance directive

formats currently available are written with lan-

guage too difficult for the average person to com-

prehend, which could also contribute to the low

adoption rate (Otto and Hardie 1997).

Even if a person creates a living will, it may

not accurately reflect their preferences. Drafting

a living will necessitates the individual to have

some sense of what a critical illness would be

like. In particular, one would need to predict

treatment options and preferences relevant to

any possible medical situation. This speculation,

however, is exceedingly difficult for lay people to

contemplate, especially those who are young and

healthy. Additionally, people’s preferences may

change over time. Even if an individual had con-

fidence in the accuracy of their living will instruc-

tions when they drafted it, their preferences may

be completely different by the time they are inca-

pacitated. In addition, empirical evidence

suggests that among those who have signed living

will forms, the majority do not have the document

with them when a relevant medical situation

arises; many in fact receive treatments that are

inconsistent with their living wills (Fagerlin and

Schneider 2004).

A more important pragmatic concern

discussed by many critics pertains to interpreta-

tion of living will instructions. A living will is

often drafted with terms that have a broad mean-

ing. For example, one might refuse any

life-sustaining treatment when a meaningful

quality of life could no longer be expected.

Implementing this instruction, however, requires

interpretation of what exactly is meant by the
terms “life-sustaining treatment” and “meaning-

ful quality of life.” Depending on who reads

the instruction, it could be understood that the

patient refused more or even less treatment than

they had in fact desired.

It may seem that some of these living will

issues do not apply to durable power of attorney.

The purpose of durable power of attorney is only

to designate a proxy, so preparing the directive

does not require precise predictions regarding

one’s own preferences for particular treatment

options. Additionally, appointing a specific

person is not a matter of ambiguity, and interpre-

tation problems may therefore seem unlikely.

However, a closer look reveals that durable

power of attorney faces challenges similar to the

living will. The two standards set to guide proxy

decision-making invite difficulties. First, the

substituted judgment standard requires the

proxy to make decisions based on their surmise

of what the incapacitated patient would want.

This in turn requires discerning what the patient’s

abstract sense of values would dictate as

a treatment of choice for the concrete medical

problem at hand. The interpretation issue thus

resurfaces, albeit in a slightly different manner

from living wills. The best interest standard fares

no better. A proxy is likely to have little clue to an

incompetent patient’s best interests, especially

when their preferences and values are unknown.

Some best interest standards maintain the proxy

should make a decision that an average, rational

person would if they were fully informed, but

understanding what an average, rational person

would prefer in concrete situations again calls for

ambiguous interpretation.

These facts and considerations led some com-

mentators to believe that an advance directive

should have less authority than a competent

patient’s treatment decisions. Therefore, it has

been claimed, when there is serious doubt about

the accuracy of an advance directive in

representing the patient’s real preferences,

medical providers should sometimes override the

directive either on paternalistic grounds or to

secure the interests of others (e.g., a distressed

family whowants the patient to live longer despite

the patient’s expressed wish) (Brock 1991).
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Others believe that the enormous financial costs

involved in promotion of advance directives to the

public under the PSDA are unjustifiable, given

that advance directives have seldom proven effec-

tive (Fagerlin and Schneider 2004).

However, there are also reasons to believe that

these pragmatic difficulties are at least surmount-

able to a significant degree. Efforts have been

made to create a standard living will format that

utilizes plainer and more precise terminology to

eliminate, or at least reduce, the room for

interpretation (Emanuel and Emanuel 1989).

The format could also juxtapose various treat-

ment options with a list of situations critically

ill and incapacitated patients often face, so that

one could simply cross out unacceptable treat-

ment options. Education programs that focus on

encouraging people to discuss their medical pref-

erences with family or close friends while still

competent would also help overcome interpreta-

tion concerns.

In addition, some recent studies indicate

a shift in empirical trends related to the imple-

mentation of advance directives. Previous reports

uniformly determined that the majority of

Americans had not completed an advance direc-

tive form, but a suggested explanation is that

these results were due to selection bias from an

exclusive focus on patients who died in acute care

hospital settings. A nationwide study was

conducted more recently in 2000, comprising

data from 1,587 patient deaths in 25 states in all

medical settings. This survey revealed that over

70 % of patients who died that year completed

one of the two types of advance directives while

still competent (Teno et al. 2007). The results of

another study, published in 2010, showed that the

majority of patients who completed an advance

directive received treatment consistent with their

preferences; 83 % of those who requested limited

treatment and 97 % of those who asked for

comfort care received their choice (Silveira

et al. 2010). Researchers conducting these studies

in the USA believe there has been a great increase

in the use of advance directives in recent years

and that both patients’ families and medical

providers have started to acknowledge its value.
These findings, combined with efforts to create

more readable and unambiguous formats, point

toward a possibility that advance directives will

reflect self-determination and the best interests of

a large number of patients.

Conflicts in Values

The advance directive aims to promote the values

of individual self-determination and the patient’s

best interests. The pragmatic difficulties

mentioned earlier which hinder realization of

these values throw doubt on the binding authority

of the advance directive. However, even if all of

these difficulties are overcome, some doubts will

remain. Conflict arises when implementation of

an advance directive realizes the aforementioned

values but violates other values as well.

A loving family may regret that the living will

of an incompetent patient demands that life-

sustaining treatment be terminated. Honoring

this patient’s living will would cause them deep

grief and violate the value of promoting

a family’s best interests. The moral task would

then be to choose between the patient’s and the

family’s competing values.

While scholars tend to agree that the patient’s

self-determination should prevail in this case (as

seen above, however, some critics do believe the

interests of third parties provide sufficient reason

to trump an advance directive even in the above

case, given that advance directives often represent

the patient’s real preferences inaccurately), a more

controversial moral question arises when

a patient’s past decision conflicts with their current

interests. Consider an individual who has drafted

a living will stating that any life-preserving inter-

vention must be withheld should she suffer

a severe mental impairment. Suppose this person

is later afflicted with Alzheimer’s disease, loses

her decision-making capacity altogether as the

illness advances, and eventually becomes incapa-

ble of taking food orally, requiring a nasogastric

feeding tube for survival. Suppose further that,

despite these difficulties, the patient appears to

experience no negative emotions and is entirely

free of physical pain. The patient even appears to

take pleasure in various activities including picture
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drawing and singing. It seems undeniable that this

patient has interest in continued life, even though

her living will explicitly states that she should die

by termination of treatments. If the living will and

self-determination of the formerly competent

patient are honored, the best interests of the pres-

ently incompetent patient would have to be

compromised. Some commentators see a serious

moral problem with implementing a living will in

such cases, even assuming that the living will was

drafted in a way that it accurately reflects the

patient’s real preferences (Robertson 1991; Cantor

1993).

These cases, in which patients’ past decisions

conflict with others’ interests or their own current

interests, pose perplexing moral questions. Thus,

they also provide a reason to consider whether

advance directive should have absolute binding

force or if not, how much authority it should be

endowed with.
Cross-References
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Advanced Practice Provider Care
Delivery Models

Ruth M. Kleinpell

Department of Adult Health and Gerontology,

Rush University Medical Center, Chicago,

IL, USA
Synonyms

Advanced practice providers (APPs); Nurse prac-

titioners and physician assistants
Definition

Care delivery models are healthcare models that

outline the composition and roles of healthcare

providers to meet patient care needs.
Preexisting Condition

The healthcare team plays an important role in

the management of the patient with trauma.

The care needs of the trauma patient require

a coordinated focused approach to resuscitation

and management with each member of the

healthcare team impacting patient care and

patient outcomes. Nurse practitioners (NPs) and
physician assistants (PAs) are increasingly being

assimilated into healthcare teams to meet patient

care as well as workforce needs. Factors influenc-

ing the need for NPs and PAs, or advanced prac-

tice providers, include the aging of the population

and increased complexity of care requirements

due to comorbidities and severity of illness,

increased number of acute and critically ill

patients who seek hospital care, a shortage of

intensivists, and in the United States, restrictions

on the work hours of medical and surgical resi-

dents in training (Pastores et al. 2012).

Overall, care delivery models using NPs and

PAs are most often classified as service based,

with the practitioner involved in care manage-

ment of patients on a specific service, or unit

based, with the practitioner involved in care man-

agement of patients within a specific unit

(Kleinpell et al. 2008). Staffing models and pat-

terns of use of NPs and PAs vary depending on

the availability of physician coverage, number of

advanced practice providers hired, and patient

care volume and care needs. Reports of advanced

practice provider coverage for patient care have

ranged from daytime, nighttime, or weekend cov-

erage to 24-h-7-day-a-week coverage (Kleinpell

et al. 2008).

To date, the published literature on care

delivery models using NPs and PAs has been

limited to single institutional experiences or

specific staffing models in specialty units such

as the ICU (Gershengorn et al. 2011; Thourani

and Miller 2006).

NPs and PAs in Trauma Care

NPs and PAS are increasingly being utilized as

clinicians in the surgical subspecialty of trauma

care. In a recent survey to 454 directors of major

trauma centers in the United States, of the 246

respondents, 53 % reported using NPs and PAs

(Nyberg et al. 2010). Of those currently not

utilizing advanced practice providers, 19 %

indicated an intent to do so in the near future,

indicating the potential for continued growth in

the utilization of NPs and PAs in trauma care.

The literature on the use of NPs and PAs in

trauma care has focused on descriptions of role
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Table 1 Roles of NPs and PAs in trauma care (Adapted

from Kleinpell et al. (2008))

Patient care management

Rounding

History and physical examinations

Diagnosing and treating illnesses

Ordering and interpreting tests

Initiating orders, often under protocols

Prescribes and performs diagnostic, pharmacologic,

and therapeutic interventions consistent with education,

practice, and state regulations

Performs procedures (as credentialed and

privileged – such as arterial line insertion, suturing, and

chest tube insertion)

Assessing and implementation of nutrition

Collaborates and consults with the interdisciplinary

team, patient, and family

Assisting in the operating room

Responder to trauma, rapid response team, or code

blue team

Education

Staff, patients, and families

Medical/surgical resident training

Practice guideline implementation

Lead, monitor, and reinforce practice guidelines for unit

patients (i.e., central line insertion procedures, infection

prevention measures, and stress ulcer prophylaxis)

Research

Data collection

Enrollment of subjects

Research study management

Quality assurance
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development and impact of advanced practice

provider care, rather than on descriptions of

specific models of care (Sise et al. 2011;

McManaway and Drewes 2010). However,

a number of studies have demonstrated beneficial

impact of integrating NPs and PAs in trauma

care. In a landmark study in 1990, Spisso and

colleagues (Spisso et al. 1990) reported on the

use of NPs in a trauma unit and the impact on

decreasing length of stay for seriously injured

patients from 8.10 to 7.05 days. In addition, the

use of NPs was found to reduce physician

workload.

Additional studies have demonstrated signifi-

cantly shorter length of stay and higher patient

satisfaction rate for patients cared for by

advanced practice providers to care provided by

resident staff, shorter intensive care unit and

overall hospital length of stay, improved

discharge rounding, decreased length of stay

and no significant missed injuries in a trauma

emergency department, improved nutritional

care and bowel management for trauma rehabil-

itation patients, reduced length of stay with

comparable mortality outcomes compared to

data from the National Trauma Data Bank,

improved patient satisfaction, and patient and

trauma service provider satisfaction (Haan et al.

2007; Gillard et al. 2011; Sole et al. 2001;

Sherwood et al. 2009; Berg et al. 2012).
Lead QA initiatives such as VAP bundle, sepsis

bundle, and rapid response team

Communication

Promote and enhance communication with unit staff,

family members, and the multidisciplinary team

Discharge planning

Transfer and referral consultations

Patient and family education regarding anticipated

plan of care

Clinic follow-up post discharge
Application

The role of advanced practice providers in trauma

care is most often focused on direct patient care

management; however, additional role compo-

nents also include education of staff, patients,

families and residents, practice guideline imple-

mentation, research and quality assurance

initiatives, promoting communication of the

plan of care, and discharge planning and, in

some circumstances, post discharge clinic

follow-up (Table 1). As a result of these role

components, the advanced practice provider role

has been described as enhancing continuity of

care (Kleinpell et al. 2008).
It becomes evident that additional information

is needed on specific models of care, role

components, and staffing ratios of NPs and PAs

in trauma care. The integration and optimal

utilization of NPs and PAs in trauma care holds

much potential to improve trauma care outcomes.
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Aerodigestive Injury

▶Tracheal and Esophageal Injury
Affective Changes

▶Traumatic Brain Injury, Neurological/Psychi-

atric Issues
Aftercare

▶Discharge Planning
Aged Person Trauma

▶Elderly Trauma, Anesthetic Considerations for
Agitation

▶Delirium as a Complication of ICU Care

▶ Sedation, Analgesia, Neuromuscular Blockade

in the ICU
Agitation of the Heart

▶Cardiac and Aortic Trauma, Anesthesia for
Air Route

▶Airway Anatomy
Air Transport

▶Critical Care Air Transport Team (CCATT)
Airbag Injuries

Virginia Harvey

Department of Emergency Medicine, University

of Pennsylvania, Philadelphia, PA, USA
Synonyms

Blunt chest trauma; Facial burn; Motor vehicle

collision
Epidemiology

Since 1998, the US Department of Transportation

has required all passenger cars be equipped with

frontal airbags (U.S. Department of Transporta-

tion 1999). Such legislation has led to a dramatic

decrease in the number motor vehicle collision

(MVC) fatalities and serious nonfatal injuries,

with an estimated 28,000 lives saved as of

January 2009 (U.S. Department of Transportation

2009). There are, however, reports on injuries

resulting directly from airbag use, particularly

among high-powered, first-generation airbags.

In 1997, the National Highway Traffic Safety

Administration (NHTSA) began allowing vehicle

manufacturers to install airbags with reduced

inflation powers (“depowered” airbags) in an

attempt to decrease the likelihood of airbag injury

during an MVC. Airbag-related morbidity and

mortality have further been reduced by the advent

of advanced frontal airbags, which are now man-

datory in all vehicles manufactured after Septem-

ber 1, 2006. These airbags rely on sensor input

(including data on occupant size, seat position,

seatbelt use, and crash severity) to automatically

determine if and with what level of power an

airbag should deploy (US Department of Trans-

portation 2012).

Side-impact airbags (SABs) are designed to

protect occupants during side-impact MVCs,

including rollover collisions. In 2005, the

NHTSA attributed 9,200 MVC fatalities to

side-impact collisions and determined that 300

lives and 400 serious injuries could be prevented
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each year with the universal implementation of

SABs. In 2007, the NHTSA issued a mandate

that all passenger vehicles be equipped with

side-impact protection by 2013.
Airbag Injuries, Fig. 1 Facial injuries from

first-generation airbag impact (Photo credit: Ed Dickin-

son, MD)
Anatomy of Injury

An airbag injury is any traumatic injury

secondary to the inflation of a vehicle’s airbag.

The mechanism of airbag deployment involves

the rapid inflation of a balloon, stored either in

a vehicle’s steering wheel, dashboard, or side

paneling, under high pressure to protect the

occupant from collision with the vehicle’s

interior. During moderate to severe collisions,

a deceleration sensor triggers the ignition of

a solid propellant which creates an exothermic

reaction to inflate the bag at high speed. Most

injuries occur when an occupant collides with

an actively inflating bag.

Head, neck, and face injuries are most

common during frontal collisions involving an

unrestrained driver or front-seat passenger with

a first-generation airbag (Fig. 1). These may

include facial fractures, mandibular injuries,

decapitation, cervical spine fractures, and

vascular injury. Ocular trauma (orbital fractures,

retinal detachment, and lens rupture) are more

severe in the presence of corrective lenses

and in front-seated children (Lueder 2000).

Airbag-related injuries to the chest have included

rib fractures, pneumothorax, aortic transection,

heart valve injury, cardiac rupture, and

thoracolumbar spine injuries. Some studies have

shown an increased incidence of upper extremity

injuries from MVCs with airbag deployment vs.

no airbag deployment (Richter et al. 2000).

The lower extremities are usually spared from

direct airbag trauma due to their location.

Approximately 8 % of airbag-related trauma

includes burns (either friction, chemical, or

thermal) from the intense chemical reaction that

occurs during airbag deployment (Tintinalli et al.

2004). Rare injuries have included acoustic

trauma and premature rupture of membranes in

the setting of pregnancy (Wallis and Greaves

2002).
Special consideration should be given to airbag

injuries in the pediatric population. There is good

evidence that passenger airbags are associated

with an increased risk of death in children. Specif-

ically, infants in rear-facing child seats may sus-

tain severe head and neck injury from airbag

deployment. Forward-facing children who are

improperly belted may have their heads in the

airbag deployment area and are also at risk for

severe injury. It is currently recommended that

all children ages 12 and under ride in the back seat.
Clinical Impact

Trauma Triage Significance: It is best to

assume an MVC resulting in airbag deployment

involved sufficient forces to produce severe

injury. Obvious head/neck trauma or changes in

a patient’s level of consciousness should prompt

urgent triage to a trauma center. Similarly,

because of the potential for torso damage, any

chest wall or abdominal ecchymosis, deformity,

or tenderness should raise the clinical suspicion

for serious injury and should prompt responding

personnel to direct these patients to the nearest

trauma center.

Clinical Care/Care Caveats: The evaluation

and care of airbag-protected crash victims

follows the same ATLS algorithm as other blunt
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trauma patients. In the setting of face, head,

and neck injury, airway management may be

especially difficult. C-spine immobilization and

assessment for vascular injury to the neck should

be routine. Changes in hemodynamics or respira-

tory patterns should prompt emergent evaluation

for serious chest and/or abdominal trauma.

Occult abdominal injuries have also been

reported (Augenstein et al. 1995). Careful

screening should be performed for upper

extremity injuries, particularly those that threaten

major vascular structures. Ophthalmologic

consultation may be needed for ocular trauma.

A child who presents to the emergency

department after an MVC should undergo

a careful history regarding child seat placement

and seatbelt usage. In such cases, a thorough

physical exam and a high index of suspicion for

head and neck trauma are paramount, particularly

in the very young, preverbal patient.
Cross-References

▶ABCDE of Trauma Care

▶Chest Wall Injury

▶Diaphragmatic Injuries

▶Motor Vehicle Crash Injury

▶ Seatbelt Injuries

▶Thoracic Vascular Injuries
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Synonyms

Air route; Breathing passage; Respiratory tract;

Ventilation passage
Definition

The passageway by which air enters and exits the

lungs through the nares or oropharynx.

The airway is a continuous passageway but

can be further categorized into the upper

and lower airway. The upper airway begins

from the nares and oropharynx to the vocal

cords (Fig. 1a and b). The lower airway is located

below the level of the vocal cords and extends

distally.

Upper Airway Anatomy

Pharynx: The upper portion of the throat that

consists of the nasopharynx, oropharynx, and

hypopharynx. The nasopharynx is located at

the base of the skull and extends to the soft

palate. The oropharynx continues from the

soft palate to the epiglottis. The hypopharynx
includes the epiglottis to the cricoid ring and

the piriform sinus (Kimoff 2005).
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Piriform sinus: Forms the recesses on both sides

of the aryepiglottic folds and medial to the

thyroid cartilage and thyrohyoid membrane.

The inferior portion of each piriform sinus is
called the piriform recess and is located at the

level of the true vocal cord (Pawha et al.

2013).

Larynx: Contains the anterior structures of

the throat, also called the voice box, from the

tip of the epiglottis to the inferior border of

the cricoid cartilage (Roberts 2004). The

laryngeal soft tissue consists of the thyroid,

cricoid, and arytenoid cartilages (Pawha

et al. 2013).

Thyroid cartilage: Appears as an inverted

V-shaped structure that is composed of two

alae that merge in the midline and indents

superiorly to form the superior thyroid notch.

The thyroid cartilage articulates with the

cricoid cartilage inferiorly at the cricothyroid

joint. Cricoid cartilage: Located beneath

the thyroid cartilage, forms a ring around
the trachea. Laryngeal inlet: The opening to

the larynx. It is bordered by the epiglottis

anterosuperiorly, the aryepiglottic folds later-

ally, and the arytenoid cartilage posteriorly

(Roberts 2004).

Arytenoid cartilage: Located posterior to the

laryngeal inlet, separates the glottis from the

esophagus.

Glottis: The vocal apparatus of the larynx. It

includes the true and false cords.

Vallecula: A groove located between the tongue

base and the epiglottis (Roberts 2004).

Lower Airway Anatomy

Trachea: The “windpipe” travels and bifurcates

at the carina, usually at the level of thoracic

vertebrae (T5).

Bronchi: Right and left mainstem bronchi. The

right side is shorter and straighter. The bronchi

are lined with mucus cells and beta receptors.

These further subdivide into secondary and

tertiary bronchi.
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Bronchioles: Mainly consists of smooth muscle

and no cartilage. These further divide into

alveolar ducts and sacs.

Alveoli: Small clusters, lined with surfactant,

where gas exchange, ventilation, and perfu-

sion occur.

Lungs: The right side has 3 lobes. The left side

has two lobes.

Pleura: Visceral pleural covers the lungs,

whereas the parietal pleura covers the inside

of the pleural cavity which has pain receptors.

Pleural space: Located between the parietal and

visceral pleura.

Vasculature

Pulmonary arteries: Carry deoxygenated

blood from the heart to the lungs.

Capillary beds: Surround the alveoli where

gas exchange occurs.

Pulmonary veins: Return oxygenated blood to
the heart (Finucane et al. 2011).
Preexisting Conditions

Trauma patients are unique since traumatic inju-

ries often involve multiple organ systems and

they must be stabilized and treated simulta-

neously. Hypoxia is one of the most common

causes of morbidity and mortality in the trauma

patient (Feliciano et al. 2004). If arterial blood

levels of oxygen cannot be maintained due to

hypoxia and desaturation ensues, this quickly

leads to anoxic brain injury and mortality (Field

et al. 2010). Direct injury or impairment of the

lungs produces less hypoxia than airway obstruc-

tion itself. Despite the recent 2010 American

Heart Association (AHA) changes in CPR from

A-B-C to C-A-B, establishing a definitive airway

is imperative (Field et al. 2010).

The trauma patient can pose challenges, while

a definitive airway is being established or during

attempts to ventilate. The patient may be

obtunded, be comatose, have distorted airway

anatomy, or be at risk of aspiration of secretions,

blood, or gastric contents (Field et al. 2010). The

patient may be on spine precautions with

a cervical collar for possible spinal cord injury

and remain on a backboard when an airway must
be urgently established. With blunt or penetrating

trauma, impending airway obstruction due to

edema, hematoma, and muscle or nerve damage

must be considered before the patient deterio-

rates. With penetrating trauma, the possibility of

an air leak and vascular injury creates a different

set of challenges when establishing an airway.

The initial goal of the healthcare team is to estab-

lish an airway, ventilate, and oxygenate.

External Anatomy

A quick survey of the trauma patient’s respiratory

status and external anatomy can provide the team

vital information. Auscultation provides addi-

tional information. This assessment may help pre-

dict a challenging or difficult airway. Studies have

previously demonstrated that there are no real pre-

dictors of a difficult airway (Roberts 2004).

Face

Evaluation should include examination for facial

deformities, avulsed or broken teeth (aspiration

risk), foreign bodies, bleeding or hemorrhage,

burns, soot in the nares or oropharynx, or simply

loss of normal anatomy. Facial fractures and trauma

are contraindications to nasotracheal intubation for

risk of accidentally accessing the anterior cranial

fossa. Extreme facial fractures and mandibular dis-

locations with the inability to directly visualize the

airwaymay be an indication for cricothyroidotomy.

Evaluation of the patient’s anatomy, size, and posi-

tion of teeth and chin may predict a more anterior

and, perhaps, difficult airway. The trauma patient

may require a nasopharyngeal airway (NPA)

because of upper airway obstruction. If there are

no contraindications after examination of the area,

with identification of the septum for deviations and

trauma, a NPA may be placed straight posteriorly,

not upward, into the nose.

Neck

Look for obvious injury such as penetrating

trauma to the zones of the neck and deformity

(Fig. 2a and b). Palpation may reveal tracheal

deviation. Bruising or an expanding hematoma

may occur after blunt trauma. Evaluation of how

the patient is breathing may help predict the

patency of an airway. There may also be signs



Airway Anatomy, Fig. 2 (a) Frontal view of the zones

of the neck. (b) Right sagittal view of the zones of the

neck. Zone 1 is the area from the clavicles to the cricoid

cartilage, Zone 2 is the area from the cricoid cartilage to

the angle of the mandible, and Zone 3 is the area above the

angle of the mandible
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of laryngotracheal injury. The patient with

a short, thick neck may have a difficult airway.

Look for normal anatomy landmarks, such as the

cricoid and thyroid cartilages, which may be

helpful during airway management.

Chest Wall

A quick evaluation of this area may reveal asym-

metric chest rise, penetrating or sucking chest

wounds, rib fractures, flail chest, or protrusion

of tissue or bone. Ecchymosis, “seatbelt sign,”

or other blunt traumamay be a predictor of severe

internal injury or an indication that the patient

may eventually have problems with their airway

or ventilation (Field et al. 2010). Palpation of the

chest wall may reveal crepitus or deformities not

appreciated by observation alone.

Internal Anatomy

Evaluation of the patient’s internal anatomy is

optimally performed by the physician performing

the intubation. Direct visualization may reveal

clues to underlying injury such as edema, mucosal

disruption, hematoma, and vocal cord abnormali-

ties (Field et al. 2010). Distortion of anatomy may

make this assessment difficult andmay complicate

direct laryngoscopy attempts. Use of the

GlideScope® (Verathon Inc., Bothwell, WA),

fiberoptic intubation, bougie, or other airway assist

devices may be necessary. The goal is to visualize

the vocal cords, properly place the endotracheal

tube, and secure the patient’s airway.
Application

Special Populations

The pediatric population has anatomical differ-

ences in their airway. The pediatric airway is

smaller and more compliant. The distance

between the pharynx, vocal cords, and trachea is

also shorter. There is more soft tissue in the

pediatric pharynx than in adults. Also, children

can have severe spinal cord damage in the setting

of trauma without a cervical spine fracture.

Therefore, it is imperative that spinal precautions

are observed at all times. Pediatric patients also

have a larger head compared to the rest of their

body. Correct positioning of children is important

in the trauma setting. The surgical airway is

contraindicated in pediatric patients <1 year of

age (Weathers 2010).

The patient with trisomy 21 (Down syn-

drome) can present a challenge with airway

management. One study demonstrated that

almost 45 % of these patients had obstructive

sleep apnea, most relieved by tonsillectomy and

adenoidectomy. Other important considerations

are the midface hypotonia, glossoptosis,

enlarged tonsils and adenoids, and increased

secretions. These patients may have atlantoaxial

instability caused by a congenital anomaly of the

odontoid or laxity in transverse ligaments.

Attempt a jaw thrust with c-spine stabilization

if intubation or assisted respiration is needed

(Marcus et al. 1991).
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Positioning

Themaintenance of cervical spine alignment dur-

ing airway management is imperative in the

trauma patient until spinal injuries have been

ruled out. Removal of the cervical collar to

manipulate the jaw is acceptable practice as

long as in-line cervical spine stabilization is

maintained. This differs from intubation in the

non-trauma setting where extension of the head is

accepted (Feliciano et al. 2004). When an obvi-

ous neck injury is present, especially with

a penetrating injury, injury to the cervical spine

and surrounding structures is highly likely (Field

et al. 2010).

Last Resort

Despite excellent technique, proper positioning,

experience, and special equipment, establishing

a definitive airway can be difficult in the trauma

situation. The key to the difficult airway is prep-

aration, early recognition, and having alternate

airway devices readily available. A surgical air-

way is the last resort. It is performed less fre-

quently in the ED setting due to advances in

technology and alternate airway techniques and

devices. Identification of your normal external

anatomy, such as the thyroid and cricoid

cartilages and the cricothyroid membrane, is

imperative to successful cricothyroidotomy

(Gestring).

Pitfalls

Unfortunately in the setting of trauma, many

external factors are out of the physician’s control.

Information regarding the patient’s last meal and

medications may be unknown. Patients may be

anticoagulated. Patients may present with intrac-

table emesis and profuse secretions or have

severe facial injuries with a foreign body in the

airway, all of which increase the risks aspiration.

Accidental injury to the lips, teeth, or internal

airway anatomy exists during any intubation

attempt. Unforeseen esophageal intubation or

right main stem intubation may occur.
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Airway Assessment
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Memorial Hospital, Rochester, NY, USA
Synonyms

LEMON; Mallampati
Definition

Assessment or evaluation of an airway or path-

way from outside to the lungs in the setting of

trauma.

The leisurely evaluation of an airway is not

possible for ED physicians and trauma surgeons.

Studies have suggested an intubation rate of 10 %

in trauma patients within the initial 2 h of arrival

with upwards of 10 % of those as difficult airway

intubations. In addition, patients with severe trau-

matic injuries are at risk of developing airway

obstruction or poor ventilation resulting in hyp-

oxia, both of which (obstruction and hypoxia)

have been linked to preventable acute trauma

deaths (Sise et al. 2009; Hussain and Redmond

1994; Nolan 2006).

The initial airway assessment follows two dif-

ferent algorithms, depending on whether the

patient is conscious or unconscious, stable or

unstable.

In a conscious and stable trauma patient, the

initial airway assessment can be completed by the
observation and confirmation of the airway

“ABCDs” (Mahadevan and Garmel 2005;

Finucane and Santora 2003; American College

of Surgeons 2008):

A – Airway: Check that the airway is open and

patent; this can be done by having the patient

answer a simple question, such as “What is

your name?” An appropriate response shows

that not only is the patient’s mentation pre-

served but also he is protecting his airway

appropriately at that time.

B – Breathing: Check that the breathing is pre-

sent and adequate. Inspect the patient for any

signs of respiratory difficulty, i.e., rate and

pattern of inspiration, presence of stridor, use

of accessory muscles, and movements of the

chest wall.

C – Cavity (oral): Inspect for injuries to the oral

cavity and teeth, foreign bodies, or possible

obstructions. Be sure to note the presence or

absence of the patient’s dentition.

D – Damage (trauma): Inspect both the face and

neck for any injuries; these may cause the

patient to decompensate or lead to a difficult

airway intubation. Examples of such injuries

include lacerations, large hematomas, presence

of subcutaneous crepitus, and facial fractures

such as mandibular or Le Fort fractures, which

may inhibit direct laryngoscopy. If a cervical

collar is present, it may be necessary to tempo-

rarily remove the collar, while assuring that

inline stabilization is maintained, to adequately

assess the anterior neck for any injury.

The assessment of the airway in an uncon-

scious patient varies from that of the conscious

patient. If the patient is unstable, the establish-

ment of a secure airway is expedited. If the

patient is relatively stable, well oxygenated,

and not in need of emergent intubation within

the next fewminutes, the advanced trauma life

support guidelines support the assessment of

the airway via a stepwise plan; this plan can be

easily remembered by the mnemonic LEMON

(American College of Surgeons 2008; Khan

et al. 2011):

L – Look externally: External inspection for

certain characteristics that are known to

http://dx.doi.org/10.1007/978-3-642-29613-0_100908
http://dx.doi.org/10.1007/978-3-642-29613-0_100939
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cause difficult ventilation and intubation –

obesity, small mouth, short neck, foreign

body, large tongue, small mandible, high-

arched palate.

E – Evaluate the 3-3-2 rule:

• The distance between the patient’s incisors

is at least three finger breadths.

• The distance between the patient’s hyoid

bone and chin is at least three finger

breadths.

• The distance from the patient’s thyroid

notch and floor of the mouth is at least

three finger breadths.

This rule is based on the relation of the

size of mouth opening and the mandible to

the position of the larynx in the neck and the

likelihood of appropriate visualization of the

glottis with direct laryngoscopy (DL). Three

keys that are taken into account for in this

rule are:

1. Adequate visualization past the tongue is

possible when both the endotracheal tube

and laryngoscope blade are within the oral

cavity.

2. The mandible is of sufficient size to allow

for the displacement of the tongue.

3. The glottis is sufficiently distanced from

the base of the tongue to allow for direct

visualization of the cords from outside the

mouth (Walls and Murphy 2008).

M – Mallampati score: This score is based on

the relationship of the size of the tongue and

proportion of the oropharynx it occupies with

the difficulty of intubation. This is performed

by having the patient sit upright and opening

his mouth fully, and the examiner assesses the

visibility of the hypopharynx with tongue

maximally protruded (Finucane and Santora

2003). While it may not be possible to assess

this in most trauma patients, an attempt should

be made to see how easily the hypopharynx

may be visualized (modifiedMallampati score

explained below):

• Class 1 – visibility of hard and soft palate,

uvula, and tonsils

• Class 2 – visibility of hard and soft palate,

uvula, and upper portion of tonsils
• Class 3 – visibility of hard and soft palate

and base of uvula

• Class 4 – visibility of hard palate only

O – Obstruction: Any factor that may obstruct

the airway, leading to difficulty with ventila-

tion and/or laryngoscopy. Examples include

abscess, hematoma, and edema.

N – Neck mobility: The ability to move the neck

and adjust to assist with visualization of the

cords helps to increase the likelihood of suc-

cess. This is assessed by asking the patient to

lift the chin to the chest and then extending the

neck. Trauma patients who have a cervical

collar in place and those who are on spine

precautions have limited neck mobility, mak-

ing intubation more difficult. In this subset of

patients, the cervical collar should be

removed, and another provider should be

assisting to help maintain in-line stabilization.

Regardless of whether or not the trauma

patient presents to the emergency department

stable or unstable, conscious or unconscious,

early preparation prior to the patient’s arrival

with an airway crash cart, including tools for

the management of a difficult airway, can help

assure proper and early airway intervention

and decrease mortality.
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Synonyms

Airway devices; Airway rescue equipment
Definition

Airway equipment includes any device or tool

used in the monitoring of respiratory function,

in the assistance to a patient’s own respiratory

effort, and/or in the control of an unstable

patient’s respiratory system.
Pre-existing Condition

The trauma patient’s respiratory function can

range from normal to complete respiratory arrest.
Airway equipment must be flexible enough to

provide support to or control of the patient’s

airway as his/her condition warrants. It would

be the rare trauma patient who did not require

some intervention with airway equipment or

monitoring.
Application

Introduction

The first responsibility of a provider in trauma

resuscitation is the airway. Providing definitive

airway management begins with preparation, and

preparation is not possible without the appropri-

ate equipment. A provider must have access to

equipment that runs the gamut from the most

basic oxygen delivery and monitoring systems

to the tools needed for surgical airways.

Organization and familiarity with devices is

paramount. Prehospital providers should have

a readily portable kit that includes the most

essential airway equipment needed to stabilize

a patient’s airway with the goal being safe

delivery to a facility with trauma support capa-

bilities. Hospital providers should have an exten-

sive, portable collection of all equipments needed

for any airway contingency at hand.

A key to success in any life-saving manage-

ment process is always to have backup equip-

ment. A provider must be familiar with all

primary and backup equipment and have plans

for each step as success or failure occurs until,

ultimately, a surgical airway either provides

definitive management or the resuscitative effort

has failed. Some of the most common devices and

adjunct devices used in airway management in

emergency and trauma patients are described in

the following paragraphs.

Basic Oxygen Delivery and Monitoring

Often, passive oxygen delivery and diligent

monitoring is sufficient to help stabilize

a patient undergoing trauma resuscitation.

A range of delivery systems are available.

A nasal cannula, which consists of clear plastic

tubing that is hooked to an oxygen source, is fitted

over the patient’s ears, and delivers oxygen

http://dx.doi.org/10.1007/978-3-642-29613-0_6
http://dx.doi.org/10.1007/978-3-642-29613-0_100078
http://dx.doi.org/10.1007/978-3-642-29613-0_100082
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through nasal prongs, will provide flow up to

a 5–6 L/min efficiently. When available, high-

flow nasal cannula devices can provide up to

60 L/min flow of warmed, humidified oxygen

mixtures. Face masks also are used often in the

trauma setting. Simple masks and partial non-

rebreathers are most helpful. Simple masks, usu-

ally a plastic mask with an adjustable strap and

nose-piece, placed over the nose and mouth, are

similar to air-entrainment (or Venturi masks) but

do not have adjustable flow valves. These can be

used to deliver oxygen at higher flow rates than

conventional nasal cannulae. Partial non-

rebreathers and true non-rebreathers fit tightly

over the nose and mouth and have one-way valves

that allow exhaled air to escape the mask. These

draw on attached reservoir bags that must be par-

tially inflated for proper delivery. The latter can

deliver high concentrations of oxygen and are

important in providing passive delivery to unstable

patients in the prehospital setting or during pre-

oxygenation treatment before placement of inva-

sive airways is performed.

Nearly as important as basic oxygen delivery,

of course, is accurate monitoring of a patient’s

systemic oxygen saturation. Continuous pulse

oximetry has become the standard noninvasive

modality. Probes with sensors placed on digits or

other areas of the body that provide access to

waveforms produced by superficial arterial flow

allow for transmission and analysis of light-

frequency differences with conversion to satura-

tion values. Similar devices, such as CO

oximeters that provide carboxyhemaglobin

levels, also can be useful for assessing trauma

victims involved in fires or explosions.

Adjunct Devices for Passive Oxygen Delivery

Simple devices routinely are used to allow for

more efficient and effective passive oxygen

delivery by overcoming natural, anatomical

obstructions. Generally, these devices are used

in obtunded, unconscious, or chemically sedated

and paralyzed patients, as they likely would be

less tolerated by more alert individuals.Oropha-

ryngeal airway devices are rigid and, when

inserted, provide light traction on the posterior

tongue to guard against closure over the glottis as
well as a small bite block anteriorly, which

prevents obstruction by the lips and teeth. The

device typically is inserted into the oral cavity

upside-down (curved end pointing rostrally) and

then rotated 180 at depth for seating. Nasopha-

ryngeal airway devices are flexible tubes with

a flared end. The tapered end is lubricated and

inserted into a nare and is advanced until the

flared end is flush with the nostril. Two devices

may be placed side-by-side. They are much less

likely to trigger a patient’s gag reflex than an

oropharyngeal airway. Nasopharyngeal airway

devices are contraindicated in severe facial

trauma or in patients with suspected basilar

skull fractures. Positive pressure or active oxygen

delivery, discussed next, also is better facilitated

with these adjunct devices.

Positive Pressure Delivery

In the emergent setting, positive pressure deliv-

ery is administered when passive measures have

failed to adequately oxygenate the patient. These

can be used to ventilate the patient until more

definitive measures can be undertaken. The

major drawback to positive pressure delivery is

unwanted pressure in the upper GI system, as

forced air is not selective in its route. The sim-

plest device is the pocket mask (or pocket airway

mask or CPR mask), which simply allows

a bystander or rescuer to deliver his/her own

exhaled air to the patient without performing

mouth-to-mouth resuscitation. An inflated mask

fits over the patient’s mouth and nose, and the

rescuer breathes through a tube that inserts,

usually via a one-way valve, into the interior

mask from above. Some masks also are fitted

with a port through which concentrated oxygen

may be delivered, in addition to the rescuer

breaths. A powerful delivery device is the bag-

valve mask. With a patent airway, theoretically,

a bag-valve mask can provide indefinite ventila-

tion; however, the risk of aspiration as

a consequence of GI distention and emesis must

always be considered in prolonged positive pres-

sure delivery. The bag-valve mask consists of

a mask similar to the pocket mask, which is

attached to a reservoir bag that can be squeezed

by the rescuer to provide ventilation through
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a one-way valve. The mask can be removed to

allow the bag and valve to connect to a more

definitive airway, once inserted. The apparatus

should be connected to a concentrated oxygen

source, if available.

Temporizing Airway Devices

Temporizing airway devices are used when

definitive control is not immediately possible

due to lack of appropriate equipment, training,

personnel, or simply due to circumstances. They

can be inserted blindly. It must always be

remembered that these devices are intended

only to be a bridge to more definitive airway

security. They should be exchanged for definitive

airway control at the first possible opportunity,

always keeping in mind the safety of the patient.

Some examples follow:

A laryngeal mask consists of a distal, inflat-

able cuff that is shaped to seal off the esophagus

after insertion and inflation at the level of

the larynx. The cuff’s pointed end projects into

the proximal esophagus, allowing the inflated rim

to act as a seal, separating the esophagus from the

larynx and distal airway, therefore allowing

ventilation through the tracheal opening via its

main airway tube. This device is often used by

anesthesiologists for shorter operative cases.

Direct laryngoscopy is not necessary, as the

device is inserted by hand and fed until seated

and inflated.

A Combitube (brand name) is a dual-lumen,

dual-balloon device that is inserted blindly to

provide a temporizing airway. Two lumens are

encased in an outer sheath. One continues

through the device to the distal end, and the

other terminates in a series of perforations

mid-device. Normally, after insertion, the distal

end of the device is seated in the esophagus. The

distal balloon is inflated in the esophagus, and the

proximal balloon in the pharynx. The perfora-

tions now are approximately at the supraglottic

level, and ventilation may be accomplished,

assuming the glottic opening and distal airways

are patent. Should the distal end of the Combitube

be inserted in the trachea via the glottic opening,

ventilation may occur through the lumen that

continues through the tube distally after balloon
inflation. This device provides a forgiving plat-

form to prehospital providers. However, it must

be remembered that this is not a definitive airway

device; further, insertion and prolonged use can

result in airway edema, which will make eventual

definitive airway placement more difficult and

dangerous. A carbon dioxide detector and/or

esophageal intubation detector must be used in

the algorithm to confirm placement and ventila-

tion through the appropriate lumen. If normal

placement is confirmed, a nasogastric tube may

be dropped through the esophageal lumen to

allow gastric decompression.

AKing airway device (brand name) is similar

to the Combitube, except only one inflation

device and valve is used to inflate both balloons.

Again, the device is inserted blindly, and nearly

always, its distal end will be seated in the

esophagus. This is even more likely with the

King device, as it is more rigid and pre-formed

with a curve to help prevent tracheal intubation.

After the esophageal and oropharyngeal balloons

are inflated respectively, perforations again pro-

vide ventilation at or just above the level of the

glottic opening.

Definitive Airway Devices and Accessories

The endotracheal tube is the gold-standard for

a definitive airway in the patient unable to main-

tain his/her native airway naturally. It may be

inserted nasally (naso-tracheal intubation) or

orally (oro-tracheal intubation). Modern endotra-

cheal tubes usually are made of clear, semiflexible

polymer material. They are manufactured in vary-

ing gauges (from pediatric to large adult patients)

with varying corresponding lengths. Smaller tubes

may be uncuffed, while most tubes intended for

larger pediatric patients or adults are cuffed, or

have an inflatable balloon near the distal end that

seats the tube firmly in the trachea and provides

a seal. The proximal end may be connected to any

device that provides ventilation of room air or gas.

Drugs may even be administered through the

endotracheal tube, as indicated. While dual-

lumen tubes have been designed to allow ventila-

tion of single lungs during thoracic surgery, in the

emergency or trauma setting, the single-lumen

endotracheal tube is used.
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Although it may be possible for an experi-

enced provider to insert the endotracheal tube

digitally in a comatose patient, direct visualiza-

tion of insertion is always preferred. Various

devices provide visualization of the glottic

opening to facilitate insertion of the airway

device. The basic laryngoscope usually consists

of a handle with a hinged blade that includes

a light source distally. The more common blades

are either curved (MacIntosh) or straight (Miller).

There are more esoteric variations, to include

a blade with a levered tip that allows the provider

to lift the epiglottis out of view to expose the

glottic opening. Fiber-optic or video-assisted

scopes provide visualization of the vocal cords

when direct laryngoscopy has failed, or when

patient anatomy or injuries make direct visuali-

zation difficult or impossible. Fiber-optic scopes

may be inserted orally or nasally. Video-assisted

scopes normally are inserted orally. A distal

camera on the scope is connected via wire to

a portable monitor, which the provider must

view while guiding the endotracheal tube to the

glottic opening.

Often, even with excellent visualization of

the vocal cords, it may be difficult to pass an

appropriately sized endotracheal tube through

the opening. A provider must be prepared to

utilize other methods to secure the patient’s

airway.

A gum elastic bougie or Eschmann stylet, is

a semiflexible introducer, manufactured at

varying lengths, usually with an upturned tip at

one distal end, which aids in operator placement

when direct view of the vocal cords is difficult or

impossible, or when initial passage of the

endotracheal tube cannot be accomplished.

If the glottic opening cannot be visualized, anat-

omy is used as a guide. The upturned tip is aimed

under the epiglottis and just superior to the

interarytenoid notch, if visible. The diameter of

most devices is around 5 mm, which facilitates

introduction of endotracheal tubes over the

introducer, once it has been advanced into the

airway. This device may also be used for tube

exchange, although it does not allow for contin-

uous oxygen delivery during this maneuver, as an

exchange catheter would.
An exchange catheter is a device that allows

basic ventilation to continue as an endotracheal

tube is removed in preparation for another to be

introduced, such as occurs when one tube is dam-

aged or occluded. The catheter is made of semi-

flexible material. It is inserted through the

existing endotracheal tube to an appropriate

depth, and a small internal lumen provides

a passage for ventilation after removing the old

tube over the catheter. Once the new tube slides

down over the catheter and is secured, the

exchange catheter may be withdrawn.

Final Resorts

In the vast majority of emergent cases, definitive

airway management can be accomplished via

endotracheal intubation, or even via less invasive

airway management, depending on the stability

of the patient. There are times, however, when

ventilation and oxygenation cannot be accom-

plished by any of the above means, and

a surgical airway is indicated to save the patient’s

life.

First, a cricothyroidotomy (or cricothyrotomy)

may be indicated. This is accomplished by incising

the skin anterior to the cricothyroidmembrane and

then the membrane itself, allowing the passage

of an airway tube that can be secured, thereby

enabling ventilation. Pre-packaged kits are avail-

able for this procedure, or trauma centers

may assemble their own kits from available equip-

ment. Common elements required to perform

a cricothyroidotomy include: scalpel, tracheal

hook, endotracheal tube, suture material,

Seldinger needle, and wire (if Seldinger technique

is to be used).

Second, a tracheotomy may be indicated, if an

airway obstruction is at or below the level of the

cricothyroid membrane. Similar equipment

would be used for this procedure. However,

a cricothyroidotomy is always preferred in the

emergent setting, owing to less complications

and obviating the need for extension of the

neck, which is problematic in the undifferentiated

and either comatose or nearly comatose trauma

patient.

Finally, a temporizing surgical measure, per-

cutaneous needle-guided jet insufflation, may
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provide a bridge to more definitive management,

particularly in pediatric trauma patients. Once

a large-bore needle and/or catheter has been

used to puncture the midline trachea at any of

various levels, the jet insufflator may be

attached. This device consists of tubing and

a valve, connected to an oxygen (or other gas)

source. The valve can be activated by pushing

a button, which will allow regular and periodic

(i.e., not continuous, to allow for slow decom-

pression of the lower airway, if obstructed) flow

into the patient’s airway. Again, this is only

a temporizing measure, which may provide time

(but certainly less than 1 h) for the provider to

plan and conduct definitive airway management

procedures.
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Synonyms

Conversion of a dedicated airway into a definitive

airway; Exchange of a supraglottic airway (or

malfunctioning endotracheal tube) for an endo-

tracheal tube
Definition

Airway exchange is an advanced airway manage-

ment procedure that will convert a “temporary/

dedicated” airway, a supraglottic airway (SGA),

or a defective endotracheal tube (ETT) into

a “definitive” airway, an ETT, using an airway

exchange catheter (AEC) or another technique.

AEC is used to gain access to the trachea through

the SGA or ETT and then to railroad an ETT into

place. This exchange is needed for prolonged

mechanical ventilation, airway protection, or

general anesthesia.

Today’s airway management algorithms

emphasize oxygenation over intubation. Many

prehospital programs use a SGA as their primary

airwaymanagement device; similarly a SGAmay

be used in trauma in the hospital environment to

salvage an unexpected difficult airway. Airway

exchange in the trauma patient should be

implemented in a timely manner and without

complications (hypoxia, esophageal intubation,
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aspiration, cervical spine injury, and cardiovas-

cular instability). Although there are no specific

statistics for airway exchange in the nonelective

trauma patient, airway management outside

the operating room attributed morbidity and

mortality is high.
Preexisting Condition

Airway management in general and airway

exchange in trauma in particular are performed

in the context of intrinsic and extrinsic variables.

The intrinsic (patient-related) variables – specific

pathology, airway trauma, full stomach,

uncleared cervical spine, and uncooperative/

unconscious patient – are addressed in trauma

protocols. The trauma patient has limited physi-

ologic reserves: increased oxygen consumption,

hypoventilation (pneumothorax), anemia (acute

or chronic), atelectasis, and abnormal cardiac

performance. Airway management is challenging

as the practitioner will face an unstable patient

with previously instrumented and/or traumatized

airway, no formal airway assessment, cricoid

pressure and cervical spine precautions applied,

and head in neutral position. The extrinsic vari-

ables are personnel related (experience, knowl-

edge, and skill of the provider and support staff

with an infrequently performed procedure) and

environmental (available equipment, distracting

events, ergonomics of the work space, light, func-

tional intravenous line, disabled monitor alarms,

access to the patient, bed height). An extreme

situation is the airway exchange in the resusci-

tated trauma patient. Minimal interruption time

for airway management during chest compres-

sion is now required.

Both the intrinsic and extrinsic variables may

increase the difficulty and failure rate of the pro-

cedure and define the trauma airway in general

and the airway exchange in particular as an

“inherently difficult” or “critical” airway. The

practitioner should be prepared to manage

a “cannot ventilate-cannot intubate” situation

with subglottic techniques (emergency cricothyr-

oidotomy or tracheostomy).
Application

Airway exchange in trauma is a high-risk proce-

dure and should be performed in a hospital envi-

ronment (emergency room, operating room,

intensive care unit) by trained personnel. This

may be performed emergently (failing SGA or

ETT) or semi-electively (functional SGA).

Although there is no solid evidence of benefit

for any airway management strategy or algo-

rithm, there is a strong agreement that a

preplanned strategy may lead to improved out-

come. It is accepted that increasing one’s aware-

ness of the risk can prevent the fixation error that

is the root of many medical errors in critical

situations. To optimize the first airway exchange

attempt in a trauma patient, the practitioner

should take the following steps:

– Assess the general status of the patient (com-

municate with the trauma team).

– Assess positive-pressure ventilation with the

SGA (oxygenation, ventilation, stomach infla-

tion, and if possible tidal volume and airway

pressure) (Matioc and Wells 2006). A SGA

inserted in the prehospital may be used for an

extended period of time and may dislodge or

malfunction. An overinflated SGA cuff may

compromise venous drainage with tongue

swelling complicating the airway exchange

or reintubation. The cuff pressure may be

checked using a manometer to keep it at max-

imum 60 cm H2O. This is valid for all inflat-

able SGA except the Combitube that generates

higher mucosal pressures at recommended

inflation volumes.

– Insert an orogastric tube through the SGA

gastric drain tube (when applicable) to empty

the liquid and air content of the stomach. This

may reduce the intragastric pressure (from

positive-pressure bag valve mask and SGA

ventilation), improve ventilation, and reduce

the chances for aspiration during the

exchange.

– Identify the cricothyroid membrane (neck

scarring and morbid obesity may preclude

subglottic techniques).



Airway Exchange in Trauma Patients, Fig. 1 Airway

exchange catheters used with fiberoptic scopes. From the

top: laryngeal mask airway with Aintree catheter over

a fiberoptic scope; laryngeal mask airway with fiberoptic

scope with protruding wire through the suction port;

Parker endotracheal tube and Arndt exchange catheter

over a wire
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– Decide if the exchange is indicated and/or

timely. If a (supraglottic) airway exchange is

deemed unachievable, a subglottic technique

may be considered.

– Share your conclusions and concerns with the

trauma team. Discuss plan A, B, etc.

– Call for qualified help (including specialist for

subglottic airway management).

– Decide if medication is needed to optimize

instrumentation.

– Prepare for airway instrumentation: airway

cart with fiberoptic scope (FOS), SGA, ETT

position-verifying devices, suction, etc.

– Proceed with preoxygenation with 100 % O2

through the functional SGA.

– Remove the anterior portion of the cervical

collar and maintain in-line stabilization with

the head in neutral position (if indicated).

– Be ready to apply cricoid pressure and suction.

– Perform the exchange.

Hypoventilation and low oxygenation due to

the limited physiologic reserves and cardiovascu-

lar instability may result in severe hypoxemia

within seconds after induction or airway instru-

mentation without ventilation. Removal of any

functional SGA in the trauma patient may com-

promise ventilation and trigger an airway crisis.

There are many SGA available on the market

used in trauma airway management:

– “LMA family” (cuffed perilaryngeal sealers):

LMA Classic, LMA ProSeal, LMA Fastrach

(LMA North America, San Diego, CA), air-Q

disposable laryngeal mask and the air-Q

blocker disposable laryngeal mask (Mercury

Medical, Clearwater, FL), and Ambu

AuraOnce (Ambu Inc.). The I-gel

(Intersurgical Inc., Liverpool, NY, USA) is

a noninflatable perilaryngeal sealer.

– “Combitube family” (cuffed pharyngeal

sealers): Esophageal Tracheal Combitube

(Covidien), EasyTube (Rusch), King Laryn-

geal Tube disposable (King Systems, Nobles-

ville, IN), and King Laryngeal Tube Suction

(King Systems, Noblesville, IN).

The I-gel, air-Q blocker disposable laryngeal

mask, Esophageal Tracheal Combitube,
EasyTube, and King Laryngeal Tube Suction

have a gastric drain tube to access stomach

content.

AEC that need a FOS for tracheal positioning

are the Aintree intubation catheter (Cook Critical

Care, Bloomington, IN) and Arndt airway

exchange catheter set (Cook Critical Care,

Bloomington, IN). This technique applies to

SGA in which passage of an adult size (>7)

ETT through the ventilation port is problematic

(Wong et al. 2012). Ventilation is maintained

during the exchange by using a bronchoscope

adapter connected to the resuscitator bag. Use of

the pediatric size FOS in trauma airway manage-

ment may be challenging, and the view may be

easily obscured by blood or secretions.

The Aintree intubation catheter is a 19 Fr,

56 cm long disposable hollow catheter that allows

a (4.5 mm) fiberoptic scope through its (4.7 mm)

lumen leaving the distal 3–10 cm exposed at the

tip (Fig. 1). This allows directing the FOS

through the SGA ventilatory lumen then glottis

into the trachea (step 1). Once the FOS and the

SGA are removed (step 2), the Aintree is used to

railroad the ETT into the trachea (step 3) (Wong

et al. 2012).



Airway Exchange in Trauma Patients, Fig. 2 Coude-

tip airway exchange catheters. From the top: Eschmann

“bougie” (reusable); SunMedical Introducer (disposable);

Frova Intubating Introducer (disposable, hollow, and with

stiffening metallic cannula)
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The Arndt exchange catheter kit contains 8 or

14 Fr, 70 cm catheter with a tapered tip; multiple

side ports; a 160 cm stiff wire guidewith a flexible

distal tip; and a Rapi-Fit adapter. The FOS is

inserted through the SGA ventilatory lumen, the

vocal cords, and into the trachea (step 1) (Fig. 1).

The guidewire is then passed through the injec-

tion port of the fiberoptic scope and advanced

until it is visualized beyond the tip of the scope

(step 2). An assistant will stabilize the guidewire

and will help to remove the FOS, and the Arndt

AEC is passed over the wire approximately to the

30 cm mark (step 3) (Fig. 1). The wire and the

AEC are maintained in position and the SGA

removed (step 4). After the removal of the wire,

the ETT is railroaded into the trachea (step 5)

(Joffe et al. 2010). While the Arndt technique

has more steps, it has the advantage that the

FOS does not need to penetrate the glottis as the

wire can be advanced into the trachea from

a distance under visualization. This is helpful

when the access is difficult to a poorly visualized

or distorted glottis (by a suboptimally positioned

SGA or edema).

The Combitube exchange raises specific chal-

lenges as the ventilation lumen has four small

ports that cannot be penetrated by a pediatric

FOS. If the Combitube is inserted into the trachea

(rare occurrence), the exchange can be achieved

using a wire or a small-diameter AEC with suffi-

cient length (e.g., 11 Fr 100 cm soft-tipped AEC,

Cook Critical Care, Bloomington, IN). If the

Combitube is inserted in the esophagus,

a decision should be made to remove it followed

by a direct or indirect laryngoscopy or to leave it

in place and deflate the large oropharyngeal cuff

followed by the use of FOS, optical stylet, direct

or indirect laryngoscopy, or retrograde technique.

Considering that the removal of a rescue airway

may lead to a “cannot intubate-cannot ventilate”

situation, the second technique seems more con-

trolled as the reinflation of the proximal cuff will

allow oxygenation. However, this technique is

cumbersome considering the large cuff and tube

obstructing the oropharynx (Gaitini et al. 1999;

Lam et al. 2009). The King LT can be exchanged

using the same techniques as the Combitube

inserted in the esophagus.
The hollow AEC is both a guide for

reintubation and a safety system permitting

administration of supplemental oxygen and CO2

sampling. Supplemental oxygen can be adminis-

tered as high-pressure jet ventilation (10–50 psi;

using the Luer-Lok1adapter) or low-pressure

variable-flow oxygen (1–10 l/min; 15 mm Rapi-

Fit adapter). Jet ventilation is associated with

a higher degree of complications (barotrauma,

volutrauma, pneumothorax, pneumoperitoneum,

subcutaneous emphysema, cardiovascular col-

lapse, gastric rupture). Application of these rarely

performed, time-consuming, and high-risk pro-

cedures assumes appropriate technical support

and trained personnel (Benumof 1999; Duggan

et al. 2011).

AEC that do not need FOS for positioning are

used for “bougie-assisted” difficult direct and

indirect laryngoscopies and for ETT exchange

(Fig. 2).

These are distally angulated (coude)-tip cath-

eters that are reusable, 60 cm Eschmann, “gum

elastic bougie” (Portex Venn tracheal tube intro-

ducer, Smiths Industries Medical Systems,

Keene, NH), and disposable, the 60-cm Portex

“single-use bougie” (Portex tracheal tube intro-

ducer, SIMS Portex), the 15-Fr 70-cm Sun Med-

ical (Sun Medical Largo, FL), and the 8- or 14-Fr

hollow lumen 65-cm Frova Intubating Introducer
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(Cook Critical Care, Bloomington, IN) packaged

with a stiffening cannula and removable Rapi-Fit

adapter that is able to facilitate jet ventilation/

oxygenation (Janakiraman et al. 2009). The reus-

able Eschmann should be examined before use:

the tip should be aligned with the axis of the

introducer, with no cracks on the surface, and

the introducer should not be too flexible. An

overly flexible reusable introducer may be

directed into the esophagus while railroading

the ETT over it, leading to an esophageal intuba-

tion following a tracheal placement of the intro-

ducer. According to the manufacturer, the

multiple-use AEC can be used five times.

The AEC coude tip is designed for the unex-

pected difficult direct intubation (to penetrate

a poorly visualized glottis and to elicit the tra-

cheal ring “clicks”). It may generate trauma when

eliciting the “holdup” sign and when inserting the

AEC more than 27 cm in men and 23 cm in

women (distance to carina). This may be over-

come for an ETT exchange by the 100-cm 11- or

14-Fr straight soft-tipped Cook Airway Exchange

Catheter (Cook Critical Care, Bloomington, IN)

designed for a double-lumen tube exchange that

will generate the distal “holdup” sign without risk

of trauma.

Maneuvers to facilitate the “blind” railroading

of the ETT over the AEC and especially to avoid

the holdup on periglottic structures and the right

arytenoid are the following: the use of a curved

laryngoscope, rotation of the ETT to 90� coun-

terclockwise before reaching the glottis, and

using a smaller ETT or a Parker Flex-Tip ETT

(Parker Medical, CO). The Parker Flex-Tip ETT

has two Murphy eyes and a pencil-point tip that

leaves no gap between the ETT and the AEC,

facilitating an unobstructed railroading. Both

channeled and unchanneled videolaryngoscopes

were used to transform a “blind” ETT exchange

into an optimized procedure with “continuous

glottic visualization” (Mort 2009). The combined

use of an AEC or FOS with a direct or videolar-

yngoscope should be part of the armamentarium

of any practitioner attempting airway exchange

in a critical patient.

AEC complications stem primarily from the

disposable (rigid) devices: inability to secure an
airway (“cannot intubate-cannot ventilate”),

esophageal intubation, tracheal or bronchial

mucosal tears, pneumothorax, barotrauma, and

perforation of the bronchi. In short series, life-

threatening complication rate is high (Hames

et al. 2003). Hypoxemia will occur quickly dur-

ing trauma airway management of “iatrogenic”

complications: esophageal intubation, regurgita-

tion or aspiration, main stem bronchial intuba-

tion, and multiple unsuccessful intubation

attempts.

There are SGA specifically designed for

“blind” airway exchange bypassing the need for

AEC: the intubating laryngeal mask airway

(Fastrach, LMA North America, San Diego, CA)

and the air-Q disposable laryngeal mask (Mercury

Medical, Clearwater, FL). The former will be

exchanged to a special, reinforced, silicone ETT

(that may need further exchange for a generic

ETT); the latter will accept a generic ETT.

Indirect intubation (videolaryngoscopy) may

change the airway exchange strategy in general

and in trauma patient in particular. Considering

the complications associated with the use of AEC

in critical patients, there are authors that prefer

the use of indirect intubation or FOS instead of

the standard AECs. Nevertheless, further studies

will have to define the limitations of specific

videolaryngoscopes. Indirect laryngoscopes are

successfully used in the intubation of patients

with rigid cervical collars, head in neutral posi-

tion, suspected spine injuries, and difficult air-

ways. However, any optical system can be

easily compromised by secretions, blood, and

debris. In a trauma situation, oropharyngeal suc-

tion should precede indirect laryngoscopy.

The exchange of an oral to a nasal ETT (and

more rarely a nasal to an oral ETT) is usually

a nonemergent procedure (unless the ETT in situ

is failing) and is performed in the operating room

(as a surgical indication) or in the ICU (for

prolonged ventilation, facial trauma). There is

no accepted standard technique and general prin-

ciples should be followed: maintenance of oxy-

genation throughout the procedure, assured

patient comfort (sedation or general anesthesia),

monitoring, assessment of the airway and the

clinical context prior to instrumentation, nasal
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mucosa preparation for instrumentation (e.g.,

phenylephrine nasal spray for vasoconstriction

and 2 % lidocaine jelly for topical anesthesia

and lubrication), communication of the airway

management and pharmacologic plan with the

team, and availability of instruments for plan A,

B, etc. The pediatric population is particularly

challenging considering the lack of cooperation,

specific anatomy (adenoidal tissue, smaller

choanae), and increased risk of bleeding. Each

clinical situation needs a specific solution. Sev-

eral techniques are described in the literature as

case reports using different airway exchange

catheters, (one or two) bougies, positioned with

a flexible fiberoptic scope. The critical step is the

exchange of the in situ (oral) ETT with the

advancing (nasal) one. A safe approach is to

maintain a viable access to the trachea, securing

the in situ airway before ETT removal with an

exchange airway catheter/wire. Videolaryn-

goscopes may be used preprocedure for airway

assessment (glottic edema) and during instru-

mentation to visualize the critical advancement

of the (nasal) ETT into the glottis. If performance

of an ETT exchange appears very risky or poten-

tially impossible, especially common in cases of

neck trauma, a surgeon able to perform an imme-

diate tracheostomy should be at the bedside.

If risks for failure of the ETT exchange and

potential loss of the airway appear to be too

high or if performance of an urgent tracheostomy

may be difficult, an elective tracheostomy should

be performed instead of an ETT exchange.

Airway exchange in the trauma patient is

a demanding task that needs appropriate prepara-

tion: personnel training and availability of airway

management devices. It is the responsibility of

the airway expert to become familiar with the

specific SGA the hospital and afferent prehospital

system is using and to master consequent airway

exchange techniques. While the airway instru-

mentation depends on the experience of the pro-

vider, the airway exchange is not an individual

effort in which the provider’s expertise is

expected to compensate for system failures

(e.g., uncontrolled extrinsic variables). Critical

airway management is at the crossroads of indi-

vidual and collective responsibility.
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Division of Trauma and Surgical Critical Care,
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Medical Center, Nashville, TN, USA
Synonyms

Cricothyroidotomy
Definition

Cricothyrotomy is an invasive procedure that

establishes a surgical opening in the airway

through the cricothyroid membrane. This proce-

dure is indicated in emergency scenarios when an

airway cannot be established via less invasive

methods. Cricothyrotomy differs from tracheos-

tomy in the anatomic location of airway entry and

is generally preferable in an emergent setting as it

is generally quicker and relatively simplistic to

perform (Flint 2010).
Airway Management in Trauma, Cricothyrotomy,
Table 1 Items needed for cricothyrotomy

Function of item Item

Make incisions #15 or #20 scalpel

Dilate incision Kelly clamp, tracheal dilator, or

blunt end of scalpel

Secure airway #4 or #6 cuffed tracheostomy tube

OR 5.–6.0 endotracheal tube

Misc Sterile gloves, antimicrobial skin

prep solution
Preexisting Condition

Cricothyrotomy is generally performed to estab-

lish a definitive airway when it cannot be

established by other means. Usually, this is

when endotracheal or nasotracheal intubation

(or cannot be performed) and mask-ventilation

fails. Failure to establish an airway can result in

hypoxemia, ischemic brain injury, and even death

(Burkey et al. 1991; American Society of Anes-

thesiologists Task Force on Management of

the Difficult Airway 2003). Cricothyrotomy is

not generally a long-term airway solution.
After the patient has been stabilized, it should

be converted to a more formal tracheostomy.
Application

Multiple methods of cricothyrotomy have been

described (Flint 2010; Holmes et al. 1998). The

approach that the author prefers is described

below. In addition, some potential variations

based upon what equipment is available. See

Table 1 for list of equipment needed.

1. Identify the cricothyroid membrane and make

a 2–3-cm vertical midline skin incision over

the membrane with a #15 or a #20 blade

scalpel.

– The trachea should be stabilized between the

first and third digits of the nondominant hand.

The second digit can be used to locate the

cricothyroid membrane or the soft, slightly

depressed area between the thyroid and cri-

coid cartilages. The author recommends

a midline vertical incision, especially for

inexperienced providers – if the incision is

not directly over the cricothyroid membrane,

it can be extended in the appropriate direction

to avoid making a second incision. In addi-

tion, it theoretically lessens the chance of

injury to anterior jugular veins compared to

a horizontal incision. If time permits, sterile

gloves and antimicrobial skin prep should be

used before making incision.

2. Make a 1.5 horizontal stab incision in the

cricothyroid membrane. One must take care

not to stab too deep and injure the posterior

wall of the trachea with the scalpel.

http://dx.doi.org/10.1007/978-3-642-29613-0_484
http://dx.doi.org/10.1007/978-3-642-29613-0_100410
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3. Dilate the incision in the cricothyroid

membrane.

– If an emergency airway kit is available,

a tracheal dilator can be used. If not,

a Kelly clamp (or a hemostat) can be

used. The clamp should be spread in

a transverse direction. Do not spread in

vertical direction. If not available, use the

blunt end of the scalpel. The authors prefer

the use of the Kelly clamp.

4. Insert either a #4 or #6 cuffed tracheostomy

tube into the airway.

– If a tracheostomy tube is not available,

a 5.0, 5.5, or a 6.0 endotracheal tube

(depending upon patient size) can be

inserted instead. If available, a tracheal

hook can be used to retract the surgically

created opening to facilitate tube place-

ment. If not, the blunt end of the scalpel

can be rotated 90� to hold open the incision
while the airway is placed.

Variation: For more experienced providers,

a small, horizontal stab wound can initially be

made through the skin and the cricothyroid mem-

brane at once. This eliminates the need for two

separate incisions. However, the user must be

certain about anatomic landmarks and take care

to avoid injury to anterior jugular veins, internal

jugular veins, and carotid arteries.

Relative contraindications to cricothyrotomy

include airway trauma (cricoid/thyroid cartilage

fracture, laryngeal fracture, or disruption of the

cricothyroid membrane). In addition, it should

not be performed in pediatric patients (<12 year

of age). In these patient populations, tracheos-

tomy and percutaneous transcatheter ventilation

are other options in a life-threatening situation

(Wang and Yealy 2008).

Complications occur in 6–40 % of patients

that undergo cricothyrotomy (Wright et al.

2003). These include hemorrhage, laryngeal frac-

ture, cricothyroid fracture, esophageal perfora-

tion, and tracheal stenosis. Stenosis occurs when

the tube is left in for a long period of time

(cricothyrotomy is performed in a relatively nar-

row portion of the airway). Thus cricothyr-

oidotomy should be converted to tracheostomy
when the patient stabilizes in order to prevent

stenosis (Flint 2010; Burkey et al. 1991; Wang

and Yealy 2008; Wright et al. 2003).
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Definition

Nonsurgical airway management primarily

involves establishing a reliable ventilation route

with the purpose of oxygen delivery and carbon

dioxide elimination. In addition, protection of

cervical spine (C-spine) and lung protection are

important primary objectives in trauma care. Air-

way maintenance devices usually provide ade-

quate route for oxygenation and ventilation

without reliable lung protection. Definitive

nonsurgical airway represents the endotracheal

tube (ETT) positioned with the cuff below the

vocal cords. The ETT provides protection against

pulmonary aspiration and can be secured from

inadvertent dislodgement. Tracheostomy and

cricothyrotomy are also types of a definitive air-

way and are discussed separately.
Preexisting Condition

Multiple clinical scenarios are possible under

circumstances of obstructed airway and

compromised ventilation. Hypoxemia resulting

from a major traumatic insult may lead to rapid

deterioration of vital organ functions, cardiac

arrest, and death. Failure to establish an airway

in survivable trauma will result not only in hyp-

oxemia but also in hypercapnia and respiratory

acidosis. Resultant adverse physiologic conse-

quences may include decreasing myocardial

function and worsening coagulopathy. Acidosis,

coagulopathy, and hypothermia have been

termed “the triad of death” in trauma. On the

other hand, hypoxemia, hypercapnia, and hypo-

tension are the major contributing factors to

development of a secondary brain injury and

poor outcomes in patients with traumatic brain

injury (TBI). The above scenarios illustrate the

importance of a timely and proper airway man-

agement for improved outcomes in trauma care.

The ABCDE approach highlights the effective

sequence of evaluation and resuscitation in

trauma (ATLS® 2012). Maintaining or securing

the airway patency while protecting the C-spine,

supporting or controlling the breathing, and

delivering oxygen are the priorities. In general,
continuous monitoring of pulse oximetry and

end-tidal CO2 is essential. However, observing

clinical signs is important as well. Independent of

respiratory monitors, clinical signs may help in

anticipation or recognition of a need for an inter-

vention during initial airway evaluation and sub-

sequent reevaluations. Patient’s ability to talk is

an important positive sign of airway patency and

ability to maintain spontaneous ventilation. As

long as the brain perfusion is adequate and the

patient is able to talk effortlessly, the airway will

be maintained. Hoarseness and subcutaneous

emphysema of the neck may indicate laryngeal

trauma and need further evaluation. Finding of

stridor indicates partial upper airway obstruction

and the etiology should be differentiated before

induction of general anesthesia. A major inhala-

tion injury will likely lead to a significant airway

edema and will require prophylactic endotracheal

intubation (ETI). Agitation and cyanosis usually

indicate hypoxia while obtundation and poor

respiratory effort may indicate hypercapnia.

However, intoxicated patients and patients with

TBI can be agitated or obtunded as well. Thus,

these clinical problems may have multifactorial

etiology. Ventilation can be compromised not

only by depressed brain function, injury of the

cervical spinal cord, and airway obstruction but

also by chest injury causing altered mechanics of

ventilation. Asymmetric chest movement and

decreased breath sounds during auscultation sug-

gest presence of thoracic injury and inadequate

ventilation.
Application

In general, the difficult airway algorithm of the

American Society of Anesthesiologists

(Apfelbaum et al. 2013) is an important guide

for airway management in elective cases; there

is usually enough time for planning and

performing airway procedures. However, time is

often a limiting factor during airway manage-

ment in acute trauma. Comprehensive guidelines

for management of an acutely traumatized

patient, including airway management in trauma,

can be found in the Advanced Trauma Life
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Support® manual (ATLS® 2012). Multiple basic

airway management problems identified in these

two publications should be considered when

managing airway in acute trauma.

Patient cooperation is often challenging

because of compromised brain function due to

TBI, alcohol and/or drug intoxication, or all.

Mask ventilation may be particularly inadequate

in patients that have multiple of the following five

characteristics: beard, obesity, no or few teeth,

elderly, and history of snoring (BONES). It may

be difficult to appropriately place a supraglottic

airway in a patient with limited mouth opening,

traumatic upper airway injury, or airway edema

caused potentially by multiple attempts at intu-

bation or by developing edema due to inhalation

injury. It may be also risky to use a supraglottic

airway to a patient that recently ingested a meal

and thus has very high likelihood of regurgitation

and pulmonary aspiration. Difficult laryngoscopy

and difficult ETI may be related to unfavorable

airway anatomy, airway edema or airway

injury, the presence of C-collar, use of in-line

cervical stabilization, application of cricoid pres-

sure, time limitations dictated by suboptimal

preoxygenation, and low tolerance to apnea in

trauma patients. Difficult surgical airway may

be related to increased size of the neck, enlarged

thyroid gland, or neck hematoma. In general,

airway management in patients with significant

upper airway trauma may be difficult using avail-

able nonsurgical modalities, and thus surgical

airway may be the primary airway management

choice. In addition to all listed airway manage-

ment problems in trauma time, to perform tra-

cheal intubation procedure or to create a surgical

airway is very limited. Functional reserve capac-

ity and safe apnea time are particularly low in

morbidly obese trauma patients that suffered

chest injury and are splinting and/or have

a pneumothorax or hemothorax. In addition to

that, preoxygenation in trauma is usually

suboptimal, patients are anemic with decreased

blood oxygen content, and oxygen consumption

is increased due to stress of trauma.

When considering basic airway management

choices, awake fiberoptic ETI is not a frequently

utilized option in acute trauma. There may be
problems with patient cooperation, there is fre-

quent presence of blood and secretions in the

airway that limits the effect of topical airway

anesthesia and makes fiberoptic visualization dif-

ficult, there is low respiratory reserve that limits

the time available for passage of the fiberoptic

scope into the trachea, and there may be “full

stomach” considerations in patients that require

intravenous sedation. In patients with suboptimal

topical airway anesthesia that need strict cervical

spine protection, coughing or bucking during

fiberoptic scope-assisted ETI may potentially

contribute to development of secondary neuro-

logic injury. However, when properly performed,

awake fiberoptic ETI is frequent in cooperative

patients with C-spine injury and penetrating

injury of the neck (Dupanovic et al. 2010).

Use of an airway maintenance device such as

bag-mask ventilation or a supraglottic airway is

generally a temporary airway management solu-

tion in trauma. Chin lift, jaw thrust, and place-

ment of an oropharyngeal airway are all

maneuvers used frequently to establish bag-

mask ventilation. However, since excessive use

of these maneuvers can produce secondary

C-spine injury, their excess should be limited

either by a hard neck collar left in place or by

in-line C-spine immobilization. Supraglottic air-

ways that have been investigated in trauma are

laryngeal mask airway (LMA), laryngeal tube,

and multilumen esophageal airway. Supraglottic

airways are either used until the trauma patient is

transported to a facility where a skilled personnel

can place an endotracheal tube or in case of

failed ETI until surgical airway is created. Pres-

ervation of spontaneous ventilation and use of

assisted ventilation may be important to prevent

unintended gastric insufflation during airway

maintenance. In skilled hands supraglottic airway

can be simultaneously used as a tool for mainte-

nance of ventilation and as a channel for ETI. The

LMA is the most feasible device to be used as

a channel for intubation. The laryngeal tube air-

way can be used for the same purpose but the

procedure is more complicated than with the

LMA. Use of a supraglottic airway as a channel

for ETI in trauma is the last option before deci-

sion for creation of a surgical airway because of
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high risk of pulmonary aspiration. If the risk for

aspiration is very high, intubation should be

abandoned, lungs ventilated through the

supraglottic airway, and surgical airway created.

If properly placed, multilumen esophageal air-

way provides protection from pulmonary aspira-

tion of gastric contents, and it is a good

supraglottic airway choice in rural areas where

long time is needed for ground transport to the

hospital. However, disadvantage of this airway is

that it cannot be used as a channel for tracheal

intubation. Either fiberoptic scope is placed in the

hypopharynx, oropharyngeal cuff of the device

deflated, and the scope passed into the larynx and

trachea or the multilumen airway must be

removed and trachea intubated using

a laryngoscope.

The fastest option for securing the airway is

laryngoscopic ETI with or without use of a video

laryngoscope as an initial intubation choice.

Surgical airway is typically a backup option to

ETI. Indications for obtaining a definitive

airway may be related to airway obstruction,

inadequate ventilation, circulatory problems,
AirwayManagement in Trauma, Nonsurgical, Table 1 C

Clinical problem Etiology

Agitated, obtunded,

noncooperative

patient

Traumatic brain injury; alcohol or il

intoxication

Difficult mask

ventilation

BONES (beard, obese, no teeth, elde

Difficult/risky

supraglottic airway

placement

Limited mouth opening, upper airw

edema/“full stomach,” alcohol intox

Difficult

laryngoscopy/

difficult intubation

LEMON (look externally for abnorm

anatomy, evaluate the 3-3-2 rule, M
obstruction of the airway, neck imm

using the hard collar or in-line imm

Difficult surgical

airway

Fat neck, enlarged thyroid gland, ne

hematoma or emphysema

Upper airway

trauma

Maxillofacial trauma, laryngeal trau

penetrating neck injuries, inhalation

Injured cervical

spine

Major blunt trauma, penetrating inju

neck

Time limitations Low functional residual capacity (o

injury, COPD), poor preoxygenation

increased oxygen consumption

Recent meal Slowed gastric emptying due to stre
and disability (ABCD). Airway obstruction may

be caused by blunt or penetrating maxillofacial or

neck trauma and may be impending following

inhalation injury. Induction of apnea and ETI

may be very risky in these types of injuries and

surgical team must be immediately present and

ready to create a surgical airway. Inadequate

respiratory effort may result in inadequate mask

ventilation, intractable hypoxia, and hypercarbia

and may require ETI. Hemorrhagic shock will

result in inadequate cerebral perfusion, may result

in unconsciousness, and apnea. Intubation will

secure oxygenation and ventilation under such

circumstances. TBI with GCS of � 8 requires

a definitive airway in order to ensure adequate

oxygenation, ventilation, and prevention of sec-

ondary brain injury as well as protection from

pulmonary aspiration. C-spine clearance should

not delay ETI when clearly indicated. Rapid

sequence induction with cricoid pressure is

a standard technique. In-line immobilization of

the C-spine is mandatory. Either direct laryngos-

copy or video laryngoscopy is an acceptable

technique. Video laryngoscopes provide better
linical airwaymanagement problems in acute trauma care

Clinical consequences

licit drug Difficult preoxygenation, unfeasible

awake intubation, high risk of pulmonary

aspiration

rly, snoring) Hypoxia, hypercapnia, risk of secondary

injury

ay injury or

ication

Limited airway management choices,

hypoxia, hypercapnia/risk of

regurgitation and aspiration

al airway

allampati,

obilization

obilization)

Limited airway management choices,

high risk of hypoxia and hypercapnia, risk

of secondary injury

ck High risk of secondary injury, early

planning of the surgical airway

ma,

injury

Difficult nonsurgical airway management

using multiple modalities

ry of the Minimize neck movement, flexible

fiberoptic scope or surgical airway

besity, chest

, anemia,

Hypoxia, hypercapnia, and high risk of

secondary injury

ss of trauma Risk of regurgitation, pulmonary

aspiration, ARDS, and death



Airway Management in Trauma, Tracheostomy 115

A

intubation success in inexperienced operators.

Channeled video laryngoscopes significantly

reduce movement of the cervical spine in elective

intubations (Dupanovic et al. 2010). Gum-elastic

bougie is an accessory device that can be placed

into the trachea if direct placement of the ETT is

difficult and then helps guide the ETT into the

trachea (tracheal tube introducer). Unanticipated

anatomic airway abnormalities, foreignmaterial in

the airway, and head and neck injuries are themost

common causes of failed ETI (Table 1). If intuba-

tion fails after 2–3 optimal attempts by an experi-

enced endoscopist, surgical airway should not be

delayed. Paramedic prehospital teams have much

higher incidence of ETI failure than physician-led

prehospital teams. In-hospital performed ETI has

success of 99.2–99.7 % (Dupanovic et al. 2010).

Orotracheal intubation is preferred to nasotracheal

intubation because of risks related to basilar skull

fracture and potential brain injury.
Cross-References

▶ABCDE of Trauma Care

▶Airway Assessment

▶Airway Equipment

▶Airway Exchange in Trauma Patients

▶Airway Management in Trauma,

Cricothyrotomy

▶Airway Management in Trauma,

Tracheostomy

▶Airway Trauma, Management of

▶General Anesthesia for Major Trauma
References

American College of Surgeons Committee on Trauma

(2012) Advanced Trauma Life Support® for Doctors

(ATLS®) student course manual, 9th edn. American

College of Surgeons Committee on Trauma, Chicago

Apfelbaum JL, Hagberg CA, Caplan RA et al (2013) Prac-

tice guidelines for management of the difficult airway;

an updated report by the American Society of Anes-

thesiologists task force on management of the difficult

airway. Anesthesiology 188:251–270

Dupanovic M, Fox H, Kovac A (2010)Management of the

airway in multitrauma. Curr Opin Anesthesiol

23:276–282
Airway Management in Trauma,
Tracheostomy

Issam Eid

Department of Otolaryngology and

Communicative Sciences, University of

Mississippi Medical Center, Jackson, MS, USA
Synonyms

Tracheostomy; Tracheotomy
Definition

Surgical management of the airway involves estab-

lishment of a direct opening into a trauma patient’s

airway. It is considered the definitive last resort for

securing the airway. Tracheotomy traditionally

refers to a temporary opening into the airway

whereas tracheostomy refers to a permanent one;

however, the terms are often used interchangeably.

Cricothyrotomydiffers from tracheostomy in that it

involves a surgical airway through the cricothyroid

membrane. Tracheostomy involves establishment

of a surgical airway in the cervical trachea below

the cricoid ring and can be performed as an open

procedure or via percutaneous dilational tracheos-

tomy (PDT).
Preexisting Condition

In the emergency and operating room setting,

the need for a surgical airway arises in

a patient who cannot be ventilated or intubated

(Henderson 2010). Oral intubation remains the

method of choice for securing the airway in

trauma patients. When this cannot be established

and alternative methods including laryngeal

mask airway fail, a surgical method is sought

for establishing ventilation. Tracheostomy is

also indicated for patients who already have an

established orotracheal or nasotracheal airway

but need a more permanent airway in the critical

care setting.
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The list of conditions where the need for

a tracheostomy arises includes the following:

1. Inability to mask ventilate or intubate

2. Maxillofacial or airway trauma preventing

intubation

3. Upper airway obstruction or edema

4. High risk airway due to cervical fractures

5. Need for prolonged mechanical ventilation or

prolonged inability to protect the airway

(Gunter et al. 2012; Henderson 2010)

All patients who undergo emergent

cricothyrotomy are usually taken to the operating

room for conversion to a formalized tracheostomy

once stabilized although the need for this is a matter

of debate in the literature (Talving et al. 2010).

Two different settings for a surgical tracheos-

tomy are presented here. The emergent setting

which may be in the trauma bay or in the operat-

ing room (OR) and the more elective setting for

tracheostomy in a trauma patient with an

established endotracheal airway, which is usually

in the critical care setting. For emergency trache-

ostomy, having a practitioner who is skilled in

surgical airway management available is key for

successful management of the airway.
Application

Securing the airway in a trauma patient is of par-

amount importance and remains the first priority

in the ABCDE of trauma care. The first step to

successful management of a surgical airway with

tracheostomy is the recognition of the potential

need for a surgical airway at the initial assessment

of the patient. Preparation for a surgical airway

involves having proper instrument tray for trache-

ostomy readily available in the trauma bay or OR.

The timing for intervention with a tracheostomy is

also critical. If efforts at orotracheal intubation are

failing, a prompt decision should be taken to

proceed as per the American Society of

Anesthesiologists (ASA) algorithm for difficult

airway in an expeditious manner.

Several factors can be a hindrance in the estab-

lishment of an emergent surgical airway and must

be taken into consideration prior to proceeding.
The first factor is anatomy of the patient. Patients

with large goiters or an obese neck can pose

a tremendous challenge to obtaining an emergent

surgical airway. Other factors include neck

trauma or edema, prior neck surgery or scarring,

and prior head and neck radiation therapy. There-

fore, coordination between providers is essential

in these situations for a favorable outcome and

safely establishing an emergent surgical airway.

Multidisciplinary approach to the airway with

effective communication between the emergency

room physician, anesthesiologist, and surgeon

concerning the management plan is essential.

Emergency Tracheostomy

Emergent tracheotomy is the method of final resort

of securing the airway according to the ASA

algorithm for a difficult airway when all other

methods of securing the airway and ventilation

have been exhausted (Apfelbaum et al. 2013).

Cricothyrotomy is the preferred method for secur-

ing a surgical airway by most providers in the

trauma setting due to the simpler nature and

increased familiarity of the procedure for

nonsurgical providers. However, tracheostomy is

a more definitive procedure and has been

established as an equally effective method for

securing a surgical airway in the emergency and

trauma setting (Gillespie and Eisele 1999).

Technique

The setting of the emergent tracheostomy neces-

sitates rapid access to the airway and part of the

preparation measures may need to be omitted.

The entire procedure can essentially be

performed with a surgical blade. The prepara-

tion of the surgical site at the inferior central

neck with povidone-iodine (Betadine) or chlor-

hexidine should be undertaken if time permits.

Injection of this area with 1 % lidocaine with

epinephrine is usually helpful for hemostasis as

well as anesthesia and may be done in conjunc-

tion with attempts at obtaining orotracheal

intubation in anticipation of a pending surgical

airway. The incision is planned between the

cricoid and the sternal notch. Extension of the

neck will aid with the exposure of the trachea but

the cervical spine precautions should be
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Fig. 1 Anatomic landmarks of the neck. A thyroid carti-

lage. B cricoid cartilage and cricothyroid membrane. The

thyroid is outlined below the cricoid cartilage (dotted
line). The figure depicts the typical location of the trache-

ostomy tube placement, typically at the level of the second

to fourth tracheal ring (Photo reproduced with permission

from: Evolution of percutaneous dilation tracheostomy –

a review of current techniques and their pitfalls

(Cools-Lartigue et al. 2013))
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maintained if there is suspicion of cervical spine

injury and C-collar should be maintained. The

fastest way to enter the trachea in an emergent

setting is through a vertical incision. The advan-

tages of the vertical incision are the decreased

incidence of bleeding, decreased risk of recur-

rent laryngeal nerve injury, and vascular injury

compared to the usual horizontal incision that is

generally used in elective tracheotomy. The cer-

vical trachea immediately below the cricoid is

grasped between the thumb and index finger and

incision is made with a blade down through the

skin and subdermal tissues as well as through the

first 2–4 tracheal rings. Effort should be made to

stay in the midline to decrease the chance of

bleeding from the thyroid gland. The opening

into the trachea should be made wide enough

for placement of an appropriately sized endotra-

cheal tube. Once ventilation is confirmed by

presence of end-tidal carbon dioxide and bilat-

eral lung breath sounds, the attention is turned to

obtaining hemostasis with electrocautery, if

available. If the procedure is done in the trauma

bay, transfer to the OR should be considered for

hemostasis, assuming the patient is hemody-

namically stable. Once this is achieved, the

endotracheal tube may be replaced by

a tracheostomy tube of appropriate size and the

tube is secured to the neck by ties and or suture

(Fig. 1).

Elective Tracheostomy

Although the timing of tracheostomy in the

critically ill trauma patient is still debated, the

consensus and practice has shifted toward early

tracheostomy. Studies have shown a decrease in

incidence of pneumonia, decreased duration of

mechanical ventilation, and decreased ICU stay

with early tracheostomy (Arabi et al. 2004 and

Dunham and Ransom 2006). Once the need for

prolonged mechanical ventilation is recognized,

tracheostomy should ideally be performed within

7 days from endotracheal intubation. The two

methods that remain widely accepted for

elective tracheostomy are PDT and open surgical

tracheostomy. Many studies have addressed the

comparison of PDT to open tracheostomy. The

techniques appear to have equivalent safety
(Dennis et al. 2013). The literature also shows

equivalent risk of bleeding and mortality with

a decrease in the rate of infection with PDT

(Delaney et al. 2006).

PDT

PDT became commercially available in 1985 and

has since become a widely accepted method for

establishing tracheostomy. This procedure is usu-

ally done at the bedside in the ICU setting

although it may also be performed in the OR.

The safety of this method has been well

established and extends to the obese population

(Dennis et al. 2013). While the emergency setting

has been traditionally a contraindication for PDT,

there have been reports of use of this technique in

the emergent tracheostomy setting (Davidson

et al. 2012).
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Technique

Extensive discussion of the techniques for PDT is

beyond the scope of this entry. The original

description of PDT dates back to 1955 by Ciaglia

et al. with further modifications resulting in the

Ciaglia Blue Rhino (CBR) method which

remains the benchmark and the most widely

used technique (Cools-Lartigue et al. 2013). The

procedure may be done with or without broncho-

scopic visualization. As with other techniques,

the skin is prepped and a vertical incision

extending 1–1.5 cm in the midline just below

the cricoid is planned and injected with lidocaine

with epinephrine. The endotracheal tube is

withdrawn to just below vocal cords while using

bronchoscopic visualization. A needle is then

placed into the trachea at approximately the

level of the third tracheal ring with care to avoid

injury to the posterior tracheal wall. The

confirmation of needle placement may be done

by withdrawal of air or visualization with

bronchoscope. A guide wire is then placed

through the needle. The tract is dilated, and

tracheostomy tube is then placed over the

guide wire.

Open Surgical Tracheostomy

Open tracheostomy is usually performed in the

operating room although the procedure can

be performed in the ICU at the bedside with the

proper equipment available (Hawkins et al. 1989).

Technique

Elective tracheostomy is usually performed with

a horizontal incision as this will provide a more

favorable scar upon removal of tracheostomy. In

the elective setting, the skin is prepped and injec-

tion should be undertaken with local anesthetic

with epinephrine for hemostasis. The incision is

fashioned between the sternal notch and the cri-

coid cartilage, extending approximately 1–2 cm

centered over trachea. Incision is made with

a blade through the skin, and electrocautery is

used to divide the subdermal layers down

to the strap musculature. The musculature is

then divided vertically in the midline raphe.

The trachea is exposed by division of the thyroid

isthmus or below the isthmus. Use of a cricoid
hook at this point allows better visualization

by pulling up the cervical trachea into the

wound. Coordination with the anesthesia team is

critical at this point as the surgical team prepares

to enter the airway. Horizontal incision is

then made between tracheal rings. Creation of

a Björk flap is optional and can be undertaken

by making vertical cuts through the tracheal ring

below the incision on either side of the trachea.

This flap is then sutured to the lower skin inci-

sion. Tracheostomy tube is then placed in the

tracheal window, and adequate ventilation is

verified.

Complications

Complications from emergent and elective

tracheostomy can be divided into early and late

complications. The complication rates for elective

open tracheostomy and PDT vary in the literature

and range from 0 % to 25 % (Delaney et al. 2006).

Complication rates are significantly higher for

emergency procedures and range from 13 % to

40 % (Gillespie and Eisele 1999). Early compli-

cations include loss of airway, bleeding, cricoid

cartilage injury, operating room fire, and wound

infection. Late complications include poor scar

formation on removal, subglottic/tracheal steno-

sis, and persistent tracheocutaneous fistula.
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Synonyms

Prehospital airway trauma; Traumatic airway

injury
Definition

Airway trauma involves direct injury to the air-

way. Depending on the mechanism of trauma, the

injury to the airway may be obvious or difficult to

diagnose. Although seen in less than 1 % of

trauma patients (Kummer et al. 2007), when pre-

sent, the risk of patient morbidity and mortality is

high due to the challenge involved with treating

this condition.
Preexisting Condition

Types of Trauma

Airway trauma is categorized as either blunt,

penetrating, or a combination of the two, and it

can be either obvious or concealed.

Blunt trauma includes trauma to the airway

where the mechanism of injury does not enter

the patient’s body. Examples of blunt airway

trauma include, but are not limited to, manual

strangulation (as in the case of choke holds),

strangulation by a foreign object (e.g., rope),

and direct blows to the neck (e.g., with a blunt

object or with an appendage). The most common

cause of blunt airway trauma is motor vehicle

accidents where injury results from the neck com-

ing into contact with the dashboard, steering
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wheel, or seatbelt. Research reports the incidence

of trauma patients with blunt trauma to the airway

between 0.4 % and 5 % (Kummer et al. 2007).

Indications of this type of injury are hoarseness,

stridor, laryngeal hematoma and/or laceration,

difficulty or pain swallowing or talking, laryngeal

edema and/or tenderness, loss of laryngeal land-

marks, impaired vocal fold mobility, and

cricoarytenoid dislocation.

Penetrating trauma includes trauma to the air-

way where the mechanism of injury pierces the

skin and enters the patient’s body. Examples of

penetrating airway trauma include, but are not

limited to, puncture wounds (e.g., made with

sharp implements like knives) and projectile

wounds (e.g., made with weapons such as guns

or fragmentation grenades). Incidence rates for

this type of trauma are reported at 4.5 %

(Kummer et al. 2007). Indications of this type of

injury are hoarseness, stridor, dyspnea, air leak,

subcutaneous emphysema, dysphagia, and

oronasopharyngeal bleeding.

The results of airway trauma range from air-

way occlusion, the most easily observed and rap-

idly fatal, to esophageal injuries, which may take

as long as 24 h to diagnose.
Application

Securing the airway and providing adequate ven-

tilation is the first priority in trauma patients,

taking precedence over even management of

bleeding. This task can be difficult in trauma

patients but is further complicated by patients

who have endured trauma directly to the airway.

Algorithms

Algorithms for the management of difficult air-

ways have been developed by various scientific

societies. The American Society of Anesthesiol-

ogy (ASA) provides an algorithm, with

a modified version for trauma (Wilson 2005).

However, it is important to remember for what

type of clinician and for what setting each algo-

rithm is designed, as some may be ill suited for

prehospital emergency use. A single compre-

hensive algorithm that includes all possible
options is impossible and would have limited

practical use if it did exist. Clinicians should

familiarize themselves with a variety of

different algorithms and construct an algorithm

that best suits their own particular skills.

Research found that when an emergency airway

management algorithm is used in prehospital

settings by trained personnel, failed intubations

occur in only 0.1 % of cases (Combes et al.

2006).

Maxillofacial Trauma Associated Problems

The maxillofacial trauma patient often presents

a problem of difficult mask ventilation and diffi-

cult intubation. Hutchinson et al. (1990)

addressed six specific situations associated with

maxillofacial trauma, which may adversely affect

the airway:

1. Posteroinferior displacement of a fractured

maxilla parallel to the inclined plane of the

skull base may block the nasopharyngeal

airway.

2. A bilateral fracture of the anterior mandible

may cause the fractured symphysis to slide

posteriorly along with the tongue attached to

it via its anterior insertion. In the supine

patient, the base of the tongue may drop

back, thus blocking the oropharynx.

3. Fractured or exfoliated teeth, bone fragments,

and vomitus and blood as well as foreign

bodies – dentures, debris, shrapnel etc. – may

block the airway anywhere along the upper

aerodigestive tract.

4. Hemorrhage, either from distinct vessels in

open wounds or severe nasal bleeding from

complex blood supply of the nose, may also

contribute to airway obstruction.

5. Soft tissue swelling and edema resulting from

trauma to the head and neck may cause

delayed airway compromise.

6. Trauma to the larynx and trachea may cause

swelling and displacement of structures, such

as the epiglottis, arytenoid cartilages, and

vocal cords, thereby increasing the risk of

cervical airway obstruction.

Zygoma or zygomatic arch fractures can

impinge on the coronoid process of the
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mandibular ramus limiting mouth opening.

Le Fort II and III fractures are associated with

disruption of the cribriform plate, and nasally

placed objects can enter the brain. Because dis-

ruption of the cribriform plate is very difficult to

rule out in the acute setting, any evidence of

a basal skull fracture or Le Fort II or III fracture

[periorbital hematomas resembling “raccoon-

eyes,” hemotympanum, Battle’s sign (ecchymo-

sis overlying the mastoid process), or cerebral

spinal fluid (CSF) rhinorrhea] should be pre-

sumed to involve cribriform plate disruption.

Because of the possibility of causing meningitis

or further brain injury by blindly forcing

a nasally placed object into the cranial vault,

blind manipulations are contraindicated.

However, nasal intubations under FOB guidance

are not universally held to be absolutely

contraindicated. Furthermore, maxillofacial

injury patients carry a statistically significant

risk of also having both cervical spine and head

injuries, strategies for airway management in

these patients should therefore take account of

these lesions. Even in life-threatening situations,

a quick evaluation of airway must be performed;

indeed, defining the exact difficulty involved

could direct the physician to the best strategy

to managing that airway.

Airway Assessment

For ease of remembrance, one is encouraged to

use the following mnemonic for assessing the

difficult airway in these patients: LEMON and

BONES.

LEMON for assessing difficult intubation:

L – Look externally: For massive facial or neck

trauma, receding mandible, and short neck

(<3 finger breadth from sternal notch to thy-

roid cartilage).

E – Evaluate 3-3-2 rule: Mouth opening, sub-

mandibular space, and distance between the

thyroid notch and the chin of less than 3, 3, and

2 fingers, respectively, suggest difficult

intubation.

M – Mallampati grade: �2 should alert the

operator for difficult laryngoscopy and tra-

cheal intubation.
O – Obstruction: Obstruction to the airway may

be fixed or rapidly changing as due to inhala-

tion injury or faciomaxillary trauma.

N – Neck mobility: This may be fixed as in

patients with cervical collar or halo frame.

Difficult mask ventilation may be anticipated

if the patient has 2 or > of the following param-

eters in the

Mnemonic BONES:

B Beard

O Obesity (BMI > 26 kg/m2)

N No teeth

E Elderly (age > 55 years)

S Snorer

Laryngoscopic Techniques/Strategies

When ventilation or intubation is difficult in

a patient, there are certain strategies that can be

used to facilitate securing the airway. The airway

itself or the device used to secure the airway can

be manipulated.

There are four techniques that may be used to

externally manipulate the airway to improve

laryngeal visualization during intubation. Biman-

ual laryngoscopy (BL) consists of the

laryngoscopist reaching around with his/her

right hand to manipulate the larynx until the

laryngeal view is optimized. At that point, an

assistant provides pressure in place of the

laryngoscopist, freeing him/her to secure the air-

way (Levitan et al. 2006). Optimal external laryn-

geal manipulation (OELM) is a modification of

BL that involves the assistant manipulating the

larynx from the beginning of the technique. The

laryngoscopist directs the assistant’s movements

until an optimal view is achieved. Similar to

OELM, the backward-upward-rightward pres-

sure (BURP) technique involves an assistant

applying BURP on the lower thyroid cartilage

until the glottic view is improved or optimized.

Cricoid pressure (also known as “Sellick’s

maneuver”), while often used to prevent regurgi-

tation, may be used to improve visualization of

the glottis during intubation (Levitan et al. 2006);

however, this technique has the potential to dis-

tort visualization of the glottis and may even

impede intubation in some cases.
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Intubation/Ventilation Devices

Depending on the complexity of the airway

encountered, there are a range of devices avail-

able to facilitate airway management.

Gum Elastic Bougie

Also known as a tracheal tube introducer, the

gum elastic bougie is a simple yet highly effec-

tive adjunct for difficult intubations. A thin,

semirigid tube that is twice the length of an

endotracheal tube (ET), the bougie is passed

through the laryngeal inlet when the glottic

view is suboptimal. After insertion, the ET is

loaded onto the bougie and advanced into the

trachea. The narrow diameter (5 mm) provides

easier visualization than a cuffed tracheal tube,

and the bougie is not affected by blood and

secretions. Successful placement is indicated

by the feeling of clicks as the bent tip of the

bougie hits the tracheal rings. In the case of

penetrating trauma to the neck, the bougie can

be used to introduce an ET directly into the

trachea via an open wound or when performing

a cricothyrotomy. Success rates for prehospital

use of bougies are reported at 75–93 % for cases

of difficult intubation (Jabre et al. 2005; Combes

et al. 2006). However, care needs to be taken in

their usage as they may worsen airway trauma.

Failure rate of the GEB in the ED is higher than

studies performed in the operating room. In

a prospective observational study in emergency

department, the GEB failure rate of the first

laryngoscopist was 25/88 (28.4 %; 95 % CI

21.0–40.3 %), with the two most common rea-

sons: inability to insert the bougie past the hypo-

pharynx and inability to pass the endotracheal

tube over the bougie. The Aintree Intubation

Catheter (AIC) (Cook Medical, UK) is

a modified GEB allowing to oxygenate and ven-

tilate the patient during the intubation proce-

dure. The AIC can be inserted into the trachea

over a fiber-optic laryngoscope. It can also be

positioned by passing it through a supraglottic

airway, and an endotracheal tube can be

railroaded over it, allowing endotracheal

intubation (Berkow et al. 2011). Their use in

combination with videolaryngoscopes has been

reported.
Laryngeal Masks

When encountering the “cannot intubate/cannot

ventilate” trauma patient, the laryngeal mask air-

way (LMA) is an excellent rescue device as it

involves the use of an inflatable cuff to seal the

airway. The most widely used and reported on

example of the LM is the laryngeal mask airway

(LMA; LMA North America, San Diego, CA,

USA). The mask portion of the LMA is pushed

through the oral cavity into the pharynx until the

tip occupies the entire hypopharynx and the body

of the mask rests against the upper esophageal

sphincter behind the cricoid cartilage. The cuff is

inflated to create an air-tight seal, allowing for

ventilation of the patient. Although the potential

for complication exists (e.g., over- or underinfla-

tion of cuff, mechanical obstruction caused by

folding of mask tip), the success rates reported

for use of the LMA as a primary and secondary

device are high (87.4 % and 86.2 %, respectively)

(Hubble et al. 2010). The LMA cannot however

be considered a definitive airway, and in most

acute maxillofacial trauma settings, it would be

an inappropriate endpoint for airway manage-

ment. Some evidence suggests that the LMA

can produce significant movement of the cervical

spine, which clearly may be clinically relevant in

the maxillofacial trauma patient with possible

neck injuries. Second-generation versions of

LMAs exist which incorporate separate gastric

channels into their design. Such devices are

thought also to reduce the risk of aspiration by

permitting regurgitant material to bypass the

supraglottic area. The recently released national

audit into airway complications (Cook et al.

2011) suggests that these second-generation

supraglottic devices may be more appropriate

than a standard LMA because of the separation

of gastric and respiratory systems. Other single-

use LMAs with an esophageal vent include the

igel (Intersurgical UK). This supraglottic airway

requires no cuff inflation and is designed to

mould to the oropharynx, thereby creating

a seal. Its use in trauma patients has been

reported. The air-Q Disposable Laryngeal Mask

Airway (Cookgas LLC, St. Louis, MO, USA) and

the Intubating LMA (ILMA) are recent models

that act as a conduit for intubation. The reported
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rapid learning curve of the ILMA and its success-

ful use as a blind guide for intubation make it well

suited for prehospital care. There are examples of

the successful ILMAs use in patients suffering

from maxillofacial trauma. These new models

make laryngeal airways temporary devices used

to ventilate patients while more permanent

airway management is established.

Esophageal Airways

Esophageal airways are used to maintain ventila-

tion in trauma patients suffering respiratory dis-

tress and are not meant for long-term airway

control. Their chief benefits lie in the prevention

of tongue obstruction, aspiration of gastric con-

tents into the trachea, and air from entering the

stomach. The perceived advantages over laryn-

geal masks are stability, ease of insertion, and

stomach decompression. Because visualization

of the trachea and manipulation of neck place-

ment are unnecessary with this type of airway, it

is particularly suited to trauma patients, but only

those who are unconscious as conscious patients

will reject the technique.

There are two types of esophageal airways, the

esophageal obturator airway (EOA) and the esoph-

ageal gastric tube airway (EGTA), and they may

be used only after a patent airway has been

established. Use of either of these airways is indi-

cated in adults only due to the unavailability of

pediatric sizes. The EOA consists of an inflatable

face mask which attaches to a tube with an inflat-

able cuff at the end. After insertion into the esoph-

agus, the cuff is inflated, creating a seal that closes

off gastric access and allows air to ventilate into

the trachea. The EGTA is similar to the EOA

except that the tube does not terminate at the

inflatable cuff. The gastric tube has a valve that

blocks off the esophagus and allows for ventilation

of the patient. Reported success rates of EOG/

EGTA use in prehospital settings by nonphysician

clinicians are high at 92.6 % (Hubble et al. 2010).

Esophageal-Tracheal Tubes

Also known as the double-lumen airway, the

esophageal-tracheal tube (ETT) is an alternative

to esophageal airways. It is a blind insertion air-

way device used in emergency situations when
visualization of the glottis is difficult or impossi-

ble. It consists of an inflatable cuff and a double-

lumen tube that allows for ventilation of the

patient even when one of the tubes has intubated

the esophagus. While it allows for successful

intubation of difficult airway patients, the ETT

is used only in prehospital settings as it does not

allow for long-term airway control. The R€usch

EasyTube (Teleflex Medical Inc., Durham, NC,

USA) is one example of an ETT.

Another ETT device commonly used is the

Esophageal-Tracheal Combitube (Kendall-

Sheridan Catheter Corp., Argyle, NY, USA),

generally referred to as the “Combitube.” Its use

is limited to adult patients as it does not come in

pediatric sizes. Reported success rates are high

when the Combitube is used as a primary or

secondary airway device (85.4 % and 81.8 %,

respectively) (Hubble et al. 2010).

The King laryngeal tube airway (King LT) is

another widely used supraglottic airway device

manufactured by King Systems Corp. (Nobles-

ville, IN). Its design is simpler than the

Combitube, and it is becoming increasingly used

in prehospital settings. The King LT comes in

single-lumen and double-lumen designs for venti-

lation and gastric access, respectively. Composed

of two inflatable cuffs, the distal cuff inflates in the

esophagus to isolate it from the laryngopharynx.

The proximal cuff inflates at the base of the tongue

and isolates the laryngopharynx from the oro- and

nasopharynx. Although data is limited for the King

LT, reported success rates are high when used by

prehospital emergency clinicians (96.5 %)

(Hubble et al. 2010).

Complications are often associated with the

force of the blind insertion. In cases of unstable

cervical spine injury, this may clearly be detri-

mental to neurological outcome. Other complica-

tions include a sore throat, dysphagia, and

upper-airway hematoma. Esophageal rupture

has been associated with use of Combitube, and

it is relatively contraindicated in those with

esophageal disease.

Lighted Stylets

Also called light wands, lighted stylets assist in

placement of the ET by transilluminating the soft
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tissues of the neck. Available in adult and pediatric

sizes, the flexible stylet has a light at the tip that,

when placed in the esophagus instead of within the

larynx, becomes diffuse. Contraindications

include extremes in weight (i.e., obese and under-

weight patients) and laryngopharyngeal trauma.

Because the neck does not need to be

hyperextended to use this device and it is not

affected by blood and secretions, its use is well

suited in trauma patients. Examples of lighted

stylets include the Trachlight (Laerdal Medical

Corp., Wappingers Falls, NY, USA), the Stylight

(Omniglow,West Springfield, MA, USA), and the

SurchLight (Aaron Medical Industries, St. Peters-

burg, FL, USA).

Fiber-Optic Stylets

These devices can be used to rescue situations

after unanticipated difficult intubations and

thereby improve the success rate of anticipated

difficult tracheal intubation. Available in rigid

and semirigid varieties, fiber-optic stylets incor-

porate the use of video technology to provide an

indirect view of the glottis. Because the clinician

utilizes the projected image to guide the

intubating device into position, trauma patients

can be intubated without adjusting neck position.

Although this tool may be used by itself to intu-

bate the patient, it may be used in conjunction

with direct laryngoscopy. Semirigid models are

more suited to austere conditions than rigid

models because they are malleable enough to

shape to fit challenging airway geometries.

Examples of semirigid models include the

Shikani Optical Stylet and Levitan FPS Scope

(Clarus Medical, Minneapolis, MN, USA).

Rigid models include the WuScope (Achi Corp.,

San Jose, CA, USA) and the Bonfils Retromolar

Intubation Fiberscope (Karl Storz Endoscopy,

Tuttlingen, Germany). Significant expertise is

necessary for successful use of these devices,

especially in trauma situations.

Videolaryngoscopy

A lens placed at the tip of the laryngoscopic

blade transmits an image to a monitor, giving

the clinician an indirect view of the glottis and

facilitating placement of the intubating device.
Videolaryngoscopes are well suited for patients

in which trauma has distorted airway anatomy,

making it difficult or impossible to view the glot-

tis directly using direct laryngoscopy. Of further

value is the magnified, wide-angle image that the

camera transmits, providing a superior view than

what would be seen with the naked eye. The

GlideScope (Verathon, Bothell, WA, USA) is

a well-known example of a videolaryngoscope

as it was the first commercially available one.

Videolaryngoscopes are available in channeled

and non-channeled models. Examples of

channeled models are the AirTraq Optical Laryn-

goscope (AirTraq LLC, Fenton, MO, USA) and

the PENTAX Airway Scope (Ambu, Ballerup,

Denmark). The new King Vision Video Laryn-

goscope (King Systems, Noblesville, IN, USA)

comes in both channeled and non-channeled

versions.

Recently, portable models have been devel-

oped. Their portability makes them more suited

to prehospital conditions. The monitor to which

the glottic view is transmitted is built into the

handles of these models, and they operate on

battery power. The McGrath Portable Video

Laryngoscope (Aircraft Medical Ltd., Edinburgh,

UK), the GlideScope Ranger (Verathon, Bothell,

WA, USA), and the C-MAC Video Laryngo-

scope (Karl Storz Endoscope, Tuttlingen,

Germany) are examples of portable videolaryn-

goscopes. Their use in trauma patients has been

described in few reports (Trimmel et al. 2011),

and it has to be studied more extensively.

However, limitations of mouth opening, pres-

ence of blood, and distorted anatomy can make

their use difficult or impossible. The combined

use with a flexible fiberscope is a promising

approach to manage very difficult airway.

Surgical Airways

All the above devices require access of the larynx

from above. Most, potentially apart from nasal

intubation, require some degree of mouth open-

ing. In maxillofacial trauma, however, significant

upper-airway distortion may occur. This may

cause airway obstruction and make it impossible

to access the larynx from above. Then, early

consideration be given to direct tracheal access
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via surgical or percutaneous tracheostomy or nee-

dle or surgical cricothyroidotomy.

Cricothyrotomy remains the preferred proce-

dure for establishing an emergency surgical air-

way and has a reported success rate of 90.5 %

(Hubble et al. 2010). Used when trauma to the

airway is too severe to allow passage of an

intubating device or when there is an airway

obstruction, a cricothyrotomy is performed by

creating an incision through the cricothyroid

membrane, followed by the placement of a tube.

The materials needed are the use of a finger,

a scalpel, and a tube (for insertion after incision).

A percutaneous cricothyrotomy (also known

as Seldinger’s technique) is a type of

cricothyrotomy that uses a needle with a dilator,

a guide wire, and a cannula. Instead of surgically

opening the cricothyroid membrane, a needle is

inserted into it and the opening is dilated,

allowing for the insertion of a cannula. Kits,

such as the R€usch QuickTrach (Teleflex Medical,

Durham, NC, USA) and the Portex

Cricothyrotomy kit (Smiths Medical, Dublin,

OH, USA), are sold that provide the materials

needed for this procedure.

An alternative to a surgical cricothyrotomy is

the needle cricothyrotomy, where a needle is

inserted instead of an incision made. A large cath-

eter is placed over the needle afterward. The pro-

cedure is limited in that it provides little airflowand

cannot clear waste carbon dioxide. Its reported

success rate is also low at 65.8 % (Hubble et al.

2010). This technique is not recommended due to

the severity of its limitations and potential for

complications.

Similar to a cricothyrotomy, a tracheostomy

involves the creation of surgical airway in the

cervical trachea, followed by the insertion of

a tracheostomy tube. A tracheostomy must be

done under anesthesia and is indicated for long-

term use, whereas a cricothyrotomy is used in

emergent situations.

The use of percutaneous tracheostomy in

emergency has been reported (Davidson et al.

2012).

Reported complication rates of cricothyr-

oidotomy vary from 0 % to 52 %, depending on

the technique, the experience level of the
operator, the patient population, and the clinical

situation. The main complication is initial mis-

placement (e.g., paratracheal, superior or inferior

to the cricothyroid membrane, or through the

posterior tracheal wall) and is the principal

cause of failure. Some complications are tech-

nique related. Narrow bore cannula techniques

are associated with ventilation-related complica-

tions such as barotraumas (e.g., subcutaneous

emphysema, pneumothorax, pneumome-

diastinum, and circulatory arrest due to impaired

venous return) and cannula obstruction due to

kinking. Kinking of the guidewire is a common

problem peculiar to the Seldinger technique and

increases the risk of tube misplacement. The sur-

gical method is associated with complications of

tube insertion (e.g., bleeding, laryngeal fracture).

Damage to the larynx is normally a consequence

of excessive pressure during device insertion and

is reduced by use of small tubes and gentle tech-

nique. Long-term complications are subglottic

stenosis, scarring, and voice changes. The

recently released fourth National Audit Project

suggests that surgical cricothyroidotomy has

a higher success rate than the needle techniques

and that anesthetic departments should consider

when to use and how to train staff in these

techniques.

For patients with maxillofacial trauma who do

not require long-term ventilation, an alternative

approach is the submental intubation. Submental

intubation was first described by Hernandez in

1986 and was designed to eliminate the morbidity

of tracheostomy in patients undergoing maxillo-

facial surgery. The patient is first intubated orally

with a reinforced endotracheal tube. The original

description places an incision within the subman-

dibular triangle, parallel to and one finger’s

breadth below the mandibular border. The side

opposite anybody or angle fractures is chosen if

possible. Incisions below the mandibular angle

and within the midline have also been described.

Dissection is then carried bluntly through the

mylohyoid and along the inner mandibular cor-

tex. The floor of mouth mucosa is then incised

over the dissecting instrument. The pilot balloon

and endotracheal tube without connector are

pulled through the incision while the tube is
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stabilized. Its use in acute trauma patients with

difficult airway is limited by the fact that the

endotracheal intubation has to be achieved before

(Jundt et al. 2012).

Special Challenges

Training in the use of multiple advanced airway

devices is essential for the success of personnel

treating airway trauma. Research into the effect of

education on emergency services personnel

documented an association between cognitive

knowledge and field performance; a statistically

significant correlation (p = 0.02, chi-square) was

found between personnel passing a cognitive

examination and passing a field simulation of

emergency airway scenarios (Sudnek et al. 2011).

The implementation of a difficult airway program

in one hospital significantly ( p < 0.0001) reduced

the use of surgical airways to almost half of the

number performed preprogram (Berkow et al.

2009). Due to the variety of indications, both obvi-

ous and subtle, a high awareness of symptoms is

also a prerequisite for success in the field.
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Synonyms

Alcohol dependence; Alcoholic hallucinosis;

Alcohol intoxication; Alcohol withdrawal

delirium; Delirium tremens; ETOH withdrawal
Definition

Alcohol withdrawal syndrome (AWS) is the

result of long-term, heavy, consistent alcohol

consumption and is accompanied by clinical

abnormalities when there is a significant decrease

or cessation in consumption of alcohol

(Brailowsky and Garcia 1999).
Preexisting Condition

Alcohol abuse and misuse is the most common

form of addiction throughout the world.

According to the National Institute on Alcohol

Abuse and Alcoholism (NIAAA), alcohol-related

diagnoses are significant contributors to emer-

gency department visits and hospitalizations.

Alcohol misuse is also associated with

a significant number of traumatic injuries leading

to admission to intensive care unit. For many
patients, this institutionalization leads to an

abrupt discontinuation of alcohol which can

potentiate acute withdrawal syndromes. AWS is

the result of long-term, heavy, consistent alcohol

consumption and is accompanied by clinical

abnormalities when there is a significant decrease

or cessation in consumption of alcohol

(Brailowsky and Garcia 1999). It has been esti-

mated that 7 % of the population of the United

States is dependent on or abuses alcohol

(Stehman andMycyk 2013). Some evidence indi-

cates that up to 50 % of trauma patients chroni-

cally abuse alcohol (Heymann et al. 2002).

Alcohol withdrawal adds significant morbidity

to trauma patients. In one study, patients who

developed AWS had more ventilator days, inten-

sive care unit (ICU) days, hospital days, increased

pneumonia, respiratory failure, and urinary tract

infections and underwent more tracheostomy and

percutaneous endoscopic gastrostomy placement

than those who did not have AWS (Bard et al.

2006).
Application

Physiology

Ethanol affects both the inhibitory and excitatory

neurotransmitter receptor systems in the central

nervous system, mainly the g-aminobutyric acid

(GABA) and glutamatergic receptors, respec-

tively. Ethanol acts to increase GABA,

a receptor-mediated inhibition, and also to reduce

glutamatergic (NMDA) activity (Stehman and

Mycyk 2013). Prolonged use of ethanol causes

GABA receptor downregulation as well as nor-

adrenergic hyperactivity (Maldonando 2010).

These neurobiological changes in chronic ethanol

users cause AWS when the stimulus is removed.

Symptoms

The symptoms of AWS include alcohol craving,

tremors, irritability, fear, nausea, sleep distur-

bance, hypertension, tachycardia, sweating, per-

ceptual distortion, delirium tremens, seizures,

and death (Brailowsky and Garcia 1999; Sarff

and Gold 2010). Delirium tremens manifests

itself as the most severe form of alcohol
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withdrawal (Stehman and Mycyk 2013). These

symptoms can be divided into several time

periods. Early withdrawal begins around

16–24 h after significant reduction or abstinence

from alcohol and is evidenced by tremors, nau-

sea, vomiting, and adrenergic symptoms. Alcohol

withdrawal seizures can also begin on day 1,

whereby up to 25 % can be grand mal seizures

and up to 2 % of patients develop status

epilepticus. Alcoholic hallucinosis consists of

audiovisual hallucinations. Delirium tremens

(DTs) has an onset of 1–3 days and usually

peaks on days 4 and 5. The mortality of DTs

can be as high as 15–20 % if untreated. DTs

primary manifestation is delirium (as defined by

DSM IVmanual) as well as autonomic symptoms

(Maldonando 2010).

Diagnosis

AWS is diagnosed by patient history and physical

examination for signs and symptoms of with-

drawal. When a patient is diagnosed with AWS,

several objective tools are available to determine

its severity. The most commonly utilized tool is

the Clinical Institute Withdrawal Assessment for

Alcohol-Revised (CIWA-Ar). Other tools such as

the Alcohol Withdrawal Syndrome Scale

(AWSS) are also used to determine severity of

illness. Mild withdrawal is categorized as CIWA-

Ar �8 or AWSS <5, moderate withdrawal is

categorized as CIWA-Ar 9–15 or AWSS 6–9,

and severe withdrawal is categorized as CIWA-

Ar >15 or AWSS >9 (Maldonando 2010).

Treatment

Treatment of AWS typically utilizes GABAergic

agents, classically benzodiazepines (GABA-a

subtype), but can also include barbiturates,

propofol, beta-blockers, and clonidine

(Brailowsky and Garcia 1999). Mild withdrawal

may not require treatment, with the exception of

low dose, as-needed benzodiazepines (BZDs).

Moderate and severe withdrawals are typically

treated with an alcohol withdrawal management

protocol based on the CIWA-Ar or AWSS score.

Protocols vary by institution but typically include

as-needed BZD administration for lower scores
(symptom triggered method) and a loading dose

with scheduled BZDs for higher scores with addi-

tional as-needed BZDs for breakthrough agitation.

Long-acting BZDs such as diazepam and chlordi-

azepoxide are typically used for loading and

scheduled dosing, and short-acting BZDs such

as midazolam should be used for breakthrough

agitation. Barbiturates, particularly phenobarbital,

have also shown benefit in the treatment of AWS.

Severe agitation resistant to standard treatment

may be treated with antipsychotics such as halo-

peridol, quetiapine, risperidone, and olanzapine;

however, these agents do not possess GABAergic

activity; therefore, their role is secondary to

BZDs and other GABAergic agents (Maldonando

2010).

Alternative Agents for Treatment of AWS

Barbiturates are GABAergic and also inhibit

stimulatory glutamate receptors, which are

upregulated in AWS. There are many medica-

tions in the barbiturates class, but phenobarbital

in particular has shown benefit in the treatment of

AWS. Barbiturates are desirable for treatment

due to its sedative and anticonvulsant properties.

The main limitations however of barbiturates use

are a narrow therapeutic window, long half-life,

and potential to induce respiratory depression

(Gold et al. 2007; Mariani et al. 2006).

Propofol can also be utilized in select cases of

ventilated patients who are resistant to other

sedative-hypnotics, due to its GABAergic affect

and inhibition of N-methyl-D-aspartate

(NMDA)-mediated neuroexcitation. Its use may

be limited by the need for continuous infusion

and close hemodynamic monitoring. Beta-

blockers and clonidine are also sometimes used,

in conjunction with other agents, to modulate

autonomic signs of AWS (tachycardia and hyper-

tension) (Gold et al. 2007).

The use of a2-adrenergic agonist agents in

AWS is increasing. The use of clonidine and,

more recently, dexmedetomidine, for control of

autonomic signs of AWS, has been shown to be

efficacious. In addition, the use of these agents

also reduces the anxiety, agitation, and irritability

associated with AWS. These agents are being
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used with increased frequency as adjunctive

methods of managing AWS (Maldonando 2010;

Frazee et al. 2013). Using dexmedetomidine as an

adjunct therapy to BZDs has been shown to

decrease heart rate, blood pressure, and overall

BZD usage in patients with severe AWS (Frazee

et al. 2013). However, similar to propofol, its use

may be limited by the need for continuous infu-

sion and close hemodynamic monitoring.

Other agents that have been studied in the

management of AWS include baclofen (through

its GABA-b receptor modulation), carbamaze-

pine, pregabalin, phenytoin, and gabapentin

(Maldonando 2010; Mariani et al. 2006; Chabria

2008; Ait-Daoud et al. 2006; Leggio et al. 2008).

In addition to pharmacologic treatment of

AWS, supportive care is also important. Severe

cases should be admitted to the ICU for protective

monitoring. These patients may be dehydrated

from their symptoms, so fluid and electrolyte

replacement should be performed as needed.

Administration of thiamine 100 mg, folate 1 mg,

and a multivitamin should be started on admission

and given for 7–14 days, to correct folate and

thiamine deficiency. Thiamine should be adminis-

tered prior to giving glucose containing fluids

to prevent precipitation of Wernicke-Korsakoff

syndrome (Walker et al. 2013).

AWS Prophylaxis

Ethanol intravenous infusions have been used for

alcohol withdrawal prophylaxis and treatment in

the ICU setting; however, evidence has not

shown superiority in efficacy or adverse sedative

effects when compared to benzodiazepine use in

AWS prophylaxis (Weinberg et al. 2009).‘
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Synonyms

Delirium tremens; DTs;Withdrawal;Withdrawal

seizure
Definition

Ethyl alcohol (alcohol) is one of the most

commonly used mind-altering drugs worldwide.

Approximately 50 % of the population over

12 years of age drink alcohol regularly, and

estimates are that 10 % of these may be

considered alcoholics. Definitions of alcoholism

vary, but the condition can be broadly defined as:

1. Compulsive drinking despite evidence that

doing so interferes with other aspects of life

2. The inability to moderate alcohol consumption

3. Physical dependence on alcohol (or the

appearance of withdrawal symptoms upon

reduction/cessation of consumption)

Excessive alcohol consumption is associated

with significant harm. It is estimated that between
10 % and 30 % of all emergency department

visits are associated with alcohol consumption

in some way. In the UK, data suggest that

between midnight and 5 a.m., 70 % of ED visits

are alcohol related (Studies IoA 2009). US statis-

tics indicate that almost ½ of all traffic-related

fatalities are alcohol related (Centers for Disease

Control and Prevention (CDC) 1993). Individuals

who have been arrested for driving while

impaired are significantly more likely to die in

an alcohol-related motor vehicle collision, and

drunkenness is an important contributor to all

other types of fatal accidents (Brewer et al.

1994). Overall, it is estimated that alcohol is

linked to approximately 100,000 deaths/year in

the USA alone.

Many trauma and medical patients will end

up in hospital with unrecognized alcohol depen-

dence and develop alcohol withdrawal (AW)

symptoms, which will complicate and prolong

their hospital stay. In one study (Foy et al. 1997),

8 % of all hospital admissions and 31 % of trauma

patients developed AW, a finding since confirmed

in other studies (Spies et al. 1996b). The develop-

ment of AW in postsurgical and trauma patients

significantly complicates care and is associated

with a nearly threefold increase in mortality

(Spies et al. 1996a; Sonne and Tonnesen 1992).

Factors associated with increased risk of DT and

AW symptoms include age >70, seizure at the

time of admission, having been administered

a general anaesthetic, assisted ventilation, and

a delay of greater than 24 h before first assessment

for withdrawal symptoms (Foy et al. 1997).

Alcohol withdrawal is commonly diagnosed in

the Emergency Department, and undertreatment

of these patients results in significantly longer

and more complicated length of stay in the

ED compared to patients treated appropriately

(receiving adequate doses of benzodiazepines)

(Kahan et al. 2005).
Preexisting Condition

Alcohol withdrawal syndrome develops in

13–71 % of individuals who regularly consume

alcohol and then stop drinking and will develop
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Alcohol Withdrawal, Table 1 Minor and major

symptoms of alcohol withdrawal

Minor symptoms Major symptoms

Craving for alcohol Seizures

Tremor Hallucinations

Anxiety Delirium

Diaphoresis

Irritability/agitation

Insomnia

Anorexia/nausea/vomiting

Headache
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in a dose-dependent manner. Symptoms are

related to the effects of regular alcohol intake

on CNS neurotransmitter function, particularly

that mediated by GABA and glutamate receptors,

where alcohol potentiates GABA’s inhibitory

effects on CNS function and upregulates

glutamate receptors (which are stimulatory).

The net effect of these adaptations is the neuronal

hyperexcitability that is characteristic of AW.

Symptoms can be categorized as minor or

major as outlined in Table 1.

AW symptoms typically begin to appear within

hours of stopping or lowering alcohol intake,

with the typical progression of symptoms being

(1) autonomic hyperactivity, (2) hallucinations,

(3) neuronal excitation, and (4) delirium tremens.

Major symptoms of withdrawal will typically

develop within 1–4 days, and delirium tremens

lasts 3–4 days. Both hallucinations and seizures

may have an abrupt onset, and not necessarily be

preceded by significant signs of withdrawal,

making the diagnosis difficult. One of the key

presenting symptoms ofAW is tremor. AW tremor

is characterized as an “intention tremor,” that is to

say, it is unmasked by purposeful movement.

It may not be obvious in patients at rest, and quan-

titation requires some experience with evaluating

patients in AW. Patients with moderately severe

tremor will not be able to drink water from a cup

without spilling the contents.

One important challenge of treating AW

syndrome is identifying which patients are likely

to require treatment. While most regular drinkers

who suddenly stop consuming alcohol will

experience some withdrawal symptoms, most
of these will be minor. Various studies have

demonstrated that seizures and DTs will occur in

approximately 5–15 % of alcoholics (Saitz and

O’Malley 1997; Sarff andGold 2010). AW-related

seizures are typically brief, are tonic-clonic in

nature, and may recur in up to 60 % of individuals

with subsequent episodes of withdrawal. Though

multiple seizures with any episode of withdrawal

are uncommon, AW is one of the most

common causes of status epilepticus in the USA

(Saitz 1998). Importantly, in chronically intoxi-

cated individuals, seizures may occur while the

patient has a blood alcohol level significantly

exceeding the legal limit for intoxication.
Application

The management of AW will depend on the

individual patient location in the hospital and

personal circumstance. Experience suggests that

it is a small minority of AW patients in the ED

which will require hospital admission and

most patients can be managed as outpatients.

There are currently no clearly established guide-

lines to assist clinicians in determining which

patients require hospitalization for detoxification/

treatment of AW. Practically speaking, candidates

for outpatient treatment should have no history of

delirium, no medical or psychiatric condition

which could complicate the withdrawal process,

and should exhibit evidence of mild to moderate

AW symptoms. In reality, many patients seen in

the ED will present with AW seizures and if

adequately treated in the ED, can be discharged

safely. All AW patients should be given 100mg of

thiamine as soon as treatment begins to prevent

the development of Wernicke’s encephalopathy.

Likewise, all patients require careful attention to,

and correction of, other metabolic/electrolyte

abnormalities.

Pharmacotherapeutic Choices

Numerous agents from a variety of drug classes

have been investigated in the management of AW,

including alpha-adrenergic agonists, barbiturates,

benzodiazepines, beta-blocking agents, butyro-

phenones, calcium channel antagonists,
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gabapentin, propofol, and valproic acid. At the

present time, evidence suggests that the treatment

of choice are drugs in the benzodiazepine class.

Notably, phenytoin has been shown to be no better

than placebo in terms of treating AW-related

seizures (Mayo-Smith 1997).

The effectiveness of benzodiazepines in the

treatment of AW was first recognized over 40

years ago (Kaim et al. 1969), and their use in

the management of AW syndrome has recently

been extensively reviewed by the Cochrane

Collaboration (Amato et al. 2010). Available

evidence indicates that benzodiazepines are

superior to placebo in preventing and treating

seizures and delirium and are compared favor-

ably to other treatments for the major manifesta-

tions of AW (more effective, less abuse potential,

and a wider therapeutic index).

There is no current evidence to suggest that

any one benzodiazepine is superior to another.

The medication used in the initial studies of the

treatment of AW was chlordiazepoxide. This

agent, which is only available in oral formulation,

has largely been replaced by diazepam, which

can be administered orally or parenterally. The

long half-life of diazepam is felt to produce

a smoother withdrawal course. In elderly patients

or those with significant hepatic dysfunction,

shorter acting agents, which are renally cleared,

such as lorazepam (also available in oral or

parenteral formulations), may be preferable and

are commonly used.

Traditionally, there have been two main

approaches to the treatment of AW as follows:

1. In the fixed-schedule model, patients are

treated with regular doses (front-end loaded,

decreasing over time) of medication for a

defined treatment period (typically 48–72 h).

This approach was developed for use in

inpatients, typically in the setting of a with-

drawal treatment facility, and does not rely on

any objective evaluation of symptom severity.

The benefit of the fixed-schedule model is

simplicity. Medications can be ordered in

advance, subsequent evaluations are not

required, and time-consuming reassessments

are not required.
2. In the symptom-driven therapy model,

patients are evaluated using a standardized

assessment tool on a regular basis and treated

according to severity of symptoms. The most

commonly used assessment tool for this

purpose is the CIWA-Ar (Sullivan et al.

1989). In two randomized controlled studies

which assigned patients to a fixed-schedule

model or symptom-driven therapy based on

the CIWA-Ar, the symptom-driven approach

was shown to be significantly better, with a

significant decrease in both the duration of

treatment and the total dose of benzodiazepine

administered, with no difference in severity

of withdrawal or incidence of seizures (Saitz

et al. 1994; Daeppen et al. 2002).

Given that there is large variability in the

treatment requirements for AW, with up to

40 % not requiring any treatment other than

supportive care, an approach which guides

therapy based on severity of withdrawal

symptoms also has face validity.

ED Management of AW

The majority of patients seen in the ED with

alcohol withdrawal can be treated in the ED and

discharged to an outpatient detoxification

program or to home with no further treatment

required. This approach is made possible by the

long half-life of diazepam and its metabolites.

A typical protocol would require that severity of

withdrawal be assessed using the CIWA-Ar

hourly, with doses of benzodiazepine

(10–20 mg diazepam, orally or intravenously)

administered for a score of 10 or greater follow-

ing each assessment. If a patient has had a CIWA

of less than 10 for two sequential assessments,

they are deemed to be fully treated, with the

caveat that patients with a history of AW seizures

receive a minimum of 60 mg of diazepam to

prevent the development of seizures. Patients

with an altered level of consciousness or clouded

sensorium require further evaluation to rule out

other causes of their symptomology and should

be admitted to hospital for further investigation.

It should be noted that alcoholic patients can

be very tolerant to benzodiazepines, with
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many patients requiring in excess of 100 mg of

diazepam to be administered over a relatively

short time period. Following treatment, patients

can be discharged with no further prescription for

diazepam required.

Inpatient Management of AW

Once an inpatient has been identified as having

symptoms of alcohol withdrawal, a similar

approach may be taken. The key here appears to

be early initiation of monitoring, as delays in the

recognition and treatment of AW have been asso-

ciated with complicated withdrawal. A similar

assessment and treatment schedule can be

undertaken on the ward, though patients admitted

for other medical issues who develop AW may

be able to have their assessments spaced out

(e.g., to q 2 hourly) to facilitate nursing care.

Appropriate and aggressive management of AW

symptoms will likely lead to better compliance

with other aspects of medical care and result

in better outcomes overall, though further

investigation is required in this area.
Cross-References

▶Benzodiazepines

▶Delirium as a Complication of ICU Care

▶Drug abuse and Trauma Anesthesia

▶Emergency Medical Services (EMS)
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▶Toxicology
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Synonyms

AMICAR; EACA; e-Aminocaproic acid
Definition

Okamoto first descried both the antifibrinolytic

drugs epsilon-aminocaproic acid (EACA) and

tranexamic acid (TXA) in 1957. EACA is

a lysine analogue that has acted as an

antifibrinolytic by binding and inhibiting the

actions of plasmin and plasminogen on fibrin

and tissue plasminogen activator (Hardy and

Belisle 1994). In acute settings EACA can also

be used to counteract toxic effects or overdoses

of tissue plasminogen activator (tPA) and strep-

tokinase. EACA has been studied extensively in

the coronary bypass literature as a means of

reducing surgical bleeding, blood transfusion

volume, the need for reoperation, and mortality
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(Penta de Peppo et al. 1995; Dhir 2013) second-

ary to hyperfibrinolysis. Currently there is very

little research on the use of EACA in trauma

patients. Inferences are made from studies on

the other lysine analogue, TXA, which has been

extensively studied in a wide variety of clinical

bleeding and was found to specifically reduce

mortality in trauma patients during the CRASH-

2 trial (Cap et al. 2011) when administered within

3 h of injury. By extension, EACA will likely

have a role in treating hyperfibrinolytic states as

identified clinically and by excessive clot lysis on

thromboelastography (Levy 2010). EACA is only

one tenth as potent as TXA. Though EACA and

TXA exert similar action, there seems to be dif-

ferences in their adverse events profile, with

thrombosis and renal failure being of greatest

concern (Ross and Salman 2012). Some reports

in pediatric patients implicate TXA in increased

incidence of seizures (Ortmann et al. 2013).

Definitive causal evidence implicating EACA in

any of these adverse effects is lacking.
Cross-References
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Synonyms

Dismember; Limb loss
Definition

Significant trauma to a limb can result in soft

tissue, neurovascular, and bony injury so severe

that limb salvage may not be possible. This

degree of injury can necessitate surgical amputa-

tion to prevent a life-threatening infection.

Amputations are characterized by their site:

transhumeral and transradial in the upper limb

and transfemoral and transtibial in the lower

limb. Lower limb amputations are often referred

to as AKAs and BKAs (above- and below-knee

amputations). Management of amputation is

categorized into preprosthetic training and post-

prosthetic training.

Preprosthetic training involves pain manage-

ment, wound care, maintenance of joint motion,

strengthening, mobility, and ADLs. Following

amputation, the patient is likely to have nocicep-

tive pain at the surgical site. This type of pain
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often requires opiates initially, but can often be

tapered to acetaminophen or ibuprofen as the site

heals. Desensitization techniques can be used to

improve the limb’s acceptance of contact. Start

with touching the limb with soft material such as

cotton. As this becomes increasingly tolerable,

more course material like terry cloth can be

used. The patient is also encouraged to touch

the residual limb with their hands to aid in desen-

sitization and facilitate comfort in handling the

limb. Nearly all patients with traumatic amputa-

tion will experience phantom sensations (1).

55 % of them will experience phantom pain (2).

Phantom sensations such as buzzing or numbness

rarely have clinical consequences, but phantom

pain can significantly impact function. Phantom

pain is a centrally mediated neuropathic process

and responds well to treatment with GABAergic

medications (gabapentin, pregabalin).

Wound care and residual limb shaping are

important in the preprosthetic management of

an amputation. The surgical wound should be

monitored for signs of infection, wound dehis-

cence, and necrosis. Serosanguinous drainage is

expected, but an increase in the amount of drain-

age or frank purulence should be treated with

antibiotics. The presence of dehiscence will usu-

ally require surgical revision. Small amounts of

soft tissue necrosis along the incision line or at

the lateral margins will usually eschar and

evolve without incident, but areas larger that

have become boggy or draining may also require

surgical revision. A dry dressing with a gauze

roll is adequate for a healthy wound environ-

ment. If there are areas of open granular beds,

a foam or hydrocolloid wound care product is

appropriate to provide an optimal wound healing

environment. Application of a “post-op sock”

will provide a mild compressive force for con-

trol edema and begin shaping the limb. The ideal

shape for an AKA is cylindrical and conical for

a BKA.

Maintenance of range of motion and strength-

ening facilitates favorable functional outcome

following amputation. A focus on forward flex-

ion, abduction, and extension at the shoulder

is important in a transhumeral amputation.
In a patient with a transradial amputation, the

maintenance of elbow extension is important in

addition to shoulder movement. Shoulder retrac-

tion is imperative for both transhumeral and

transradial as this motion is what controls the

terminal device in a typical cable-driven pros-

thesis. Resistance exercises for the deltoid, tri-

ceps, and biceps should be included depending

on the location of the amputation. In the lower

limb, flexion contracture at the hip can result

from prolonged sitting up in bed. Hip extension

can be maintained by lying prone for 5–10 min

three times daily. If the individual has a BKA,

focus should be on full extension at the knee and

flexion to 90�. Pillows should not be placed

under the knee as this leads to flexion contrac-

ture. Strengthening of the hip abductors is

important in all lower limb amputations as is

quadriceps strengthening for knee stabilization

in a patient with a BKA.

Mobility and ADLs are impacted by limb loss

so learning compensatory techniques for trans-

fers, mobility, and self-care are important. Phys-

ical and occupational therapist will teach these

techniques in the inpatient rehab setting. Wheel-

chairs are typically necessary for community dis-

tances and often for household distances. Safe

transfers into and out of the wheelchair, the abil-

ity to manage footrests, and propulsion/steering

are therefore important techniques to learn from

the therapists. Having the capacity to indepen-

dently perform self-care tasks in a seated position

will allow the amputee to live in the community

until they have a prosthesis.

Prosthetic fabrication can begin once the inci-

sion is well healed, sutures are removed, and the

residual limb has undergone some initial shaping.

A cast of the residual limb is taken that will be

used to make the socket. Components are then

added: the prosthetic elbows and knee for the

above-joint amputations and terminal devices

for below-joint amputations (hooks and feet).

Post-prosthetic training occurs in the outpa-

tient setting and involves ongoing monitoring of

the residual limb for skin breakdown from pres-

sure points or shearing, pain management

(usually neuropathic in nature), and learning to
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use the prosthesis for mobility. Regular follow-up

with the prosthetist, rehabilitation physician, and

physical therapist is therefore important for

a favorable functional outcome in the trauma

patient with amputation.
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Anatomy, Cervical
Spine, Fig. 1 The

transverse ligament

stabilizes the articulation of

the odontoid process of C2
(axis) with the posterior

aspect of the anterior arch

of C1 (atlas). The vertebral
artery is shown passing

through the foramen

transversarium
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Definition

The occipitocervical junction is composed of two

structurally distinct vertebrae: the atlas (C1) and

axis (C2). C1 articulates directly with the inferior

aspect of the occipital bone, and has no vertebral

body. C2 has a protuberant vertebral body, the

dens or odontoid process, which projects superi-

orly to articulate with the posterior aspect of the

anterior arch of C1. This articulation is stabilized

by the presence of a transverse ligament, (Fig. 1)

as well as by the anterior and posterior

atlantoaxial ligaments which continue inferiorly

as the anterior and posterior longitudinal liga-

ments, respectively. The anterior and posterior

longitudinal ligaments run longitudinally, adja-

cent to the anterior and posterior vertebral bodies,

and the spinal interlaminar ligament runs poste-

riorly between the spinous processes. All cervical

vertebral bodies have a foramen transversarium,
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Anatomy, Cervical Spine, Fig. 2 Sagittal CT scan of

a patient with ankylosing spondylitis demonstrating

a displaced fracture at C5-C6 with a non-displaced

fracture through the odontoid process of C2
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through which the vertebral artery passes; how-

ever, the point of entry can be variable. (Fig. 1).

In the subaxial spine, C3-7, the uncinate pro-

cess and uncus of adjacent cervical vertebral

bodies articulate at the uncovertebral joints, or

joints of Luschka. These joints decrease lateral

flexion in the cervical spine. The spinal canal is

widest at C1-C2 and considerably less spacious at

C3-C7, predisposing this region to stenosis and

spinal cord compression. (Pimentel and

Diegelmann 2010) Cervical stenosis is defined

as a canal diameter <12 mm in width. The nor-

mal cervical spine has a slight lordotic curve of

20–40 � that with time can straighten due to

degenerative changes and osteophyte formation.

When trauma occurs, the patient’s age and

anatomy impact the severity of the injury. In

older patients with degenerative cervical spine

disease with anterior osteophyte formation, or

patients with ankylosing spondylitis or ossification

of the posterior longitudinal ligament (OPLL), the

anterior column is more brittle in resisting

hyperflexion (Cusick and Yoganandan 2002)

(Fig. 2). For patients with congenital stenosis of
the spinal column, any space-occupyingmass (i.e.,

disk, bone fragment) or edema secondary to

trauma will cause profound spinal cord

compression.
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Synonyms

Broken ankle; Maisonneuve fracture; Malleolus

fracture; Pilon fracture; Plafond fracture
Definition

An ankle fracture is a break in one or more of the

bones that contribute to the ankle mortise. The

most common type of ankle fracture is due to

a low-energy, twisting injury. This mechanism

often leads to a lateral malleolus (distal fibula)

fracture near the joint (Fig. 1). There may be an

associated fracture to the medial malleolus and/or

the posterior malleolus of the distal tibia. Most of

the weight-bearing surface of the distal tibia is

spared. Less commonly, a rotational injury will

result in a Maisonneuve (proximal fibula) frac-

ture, which functionally is considered an ankle

fracture. The determination of associated liga-

ment disruptions determines whether a rotational

ankle fracture is stable or unstable and therefore

the treatment method (Davidovitch and Egol

2010).

Axial load injuries result in a more severe type

of ankle fracture commonly referred to as tibial

pilon or tibial plafond fracture. The higher energy

and direction of the injury causes damage to the

cartilage (weight-bearing surface) of the distal

tibia (Fig. 2). Unlike rotational ankle fractures

in which treatment is designed to realign the

mortise, pilon fracture requires reconstruction of

the joint surface (Barei 2010).
Preexisting Condition

The ankle joint is composed of three bones: the

fibula, the tibia, and the talus. The articulation is

created by the talus superiorly with the tibial

plafond, laterally with the lateral malleolus of

the distal fibula, posteriorly with the posterior

malleolus of the distal tibia, and medially with

the medial malleolus of the tibia. These bones

join together to form the ankle mortise, which is

the joint that allows dorsiflexion (moving your

foot toward your head) and plantar flexion

(pointing your toes downward) of your foot. The

ankle joint is considered a saddle joint with the

dome of the talus being wider anteriorly than

posteriorly. The wedge-shaped talus creates

a stable bony articulation when the foot is in

dorsiflexion and a more mobile articulation,
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Ankle Fractures, Fig. 1 Schematic diagram of the

Lauge-Hansen classification of rotational ankle fractures.

The first part of the name indicates the position of the foot

at the time of injury. The second part of the name

describes the direction of the force applied to the foot

(Credit Illustration by Louis Okafor)
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requiring stability from the ankle ligaments,

when the foot is in plantar flexion.

Understanding the ligamentous anatomy of

the ankle is important for understanding rota-

tional ankle fracture (Fig. 3). A lateral malleolus

fracture can result in either a stable or an unstable

ankle fracture (Lauge-Hansen 1950). This is

determined by the competence of the medial

structures. If the medial malleolus is not frac-

tured, then the competence of the deltoid
ligament determines the stability of the fractured

ankle. An external rotation stress test performed

under radiographic guidance allows dynamic

examination of the mortise; if the deltoid liga-

ment is intact, then the mortise will remain radio-

graphically reduced with application of an

external rotation moment. If the deltoid ligament

is torn, the talus will subluxate laterally with

stress, the medial clear space will widen, and an

unstable ankle fracture is diagnosed.



Ankle Fractures, Fig. 2 Anteroposterior radiographs of a bimalleolar, rotational ankle fracture (a) and an axial load

tibial pilon type of ankle fracture (b). The higher-energy injury causes impaction of the articular (joint) surface (arrows)
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The medial malleolus is composed of the ante-

rior and posterior colliculi separated by the

intercollicular groove. Medial malleolus fractures

vary in size, and their effect on stability is deter-

mined based on fracture fragment size and the

attachment sites of the deltoid ligament. The

superficial deltoid ligament, which contributes

minimally to ankle stability, attaches to the ante-

rior colliculus, which is the most distal aspect of

the medial malleolus. The deep deltoid ligament,

which is the strongest and thickest component of

the deltoid ligament complex, attaches to the pos-

terior colliculus and the intercollicular groove.

Supracollicular medial malleolus fractures, which

render the deep deltoid ligament functionless,

result in unstable ankle fractures. Likewise, an

anterior colliculus fracture can be associated with

a stable ankle facture if the deep deltoid ligament

is not torn from the intact intercollicular groove.

The main ligamentous complex of the ankle is

the syndesmosis, which is the distal tibiofibular

articulation. It is stabilized by four ligaments that

secure the fibula to the tibia. Rotational ankle
fractures can be associated with injury to the

syndesmosis, and a high index of suspicion is

necessary to not miss these disruptions.

Syndesmotic injuries require accurate reduction

and stabilization, and they take a longer time to

heal. Missed injuries are associated with poorer

outcomes.

Injuries to the weight-bearing surface of the

distal tibia typically are the result of high-energy,

axial load mechanisms. The bony injury often

includes significant articular comminution as the

dome of the talus is driven into the tibial plafond

(Reudi and Allgower 1969). Due to the viscoelas-

tic properties of the bone, the energy of the mech-

anism is absorbed until failure. At failure, the

energy is released into the surrounding soft tissue

envelope resulting in significant swelling and

blistering despite the lack of direct trauma.

Although the differences in the bony injuries

between rotational and axial load ankle fractures

are radiographically apparent, it is this injury to

the soft tissues that demands respect to avoid

wound complications, soft tissue necrosis, and



Ankle Fractures, Fig. 3 Schematic diagram of bony and ligamentous anatomy of the ankle. (a) Coronal view of ankle

ligaments. (b) Lateral ankle ligaments. (c) Medial ligament complex (Credit Illustrations by Louis Okafor)
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deep infection (Marsh et al. 2007). Although

staged fixation, with temporizing spanning exter-

nal fixators to maintain fracture length while

allowing the soft tissues to heal before open

reduction and internal fixation, has decreased

soft tissue complications, consistently satisfac-

tory outcomes still remains elusive.
Application

Evaluation

Successful treatment of patients with either rota-

tional or axial load ankle fractures begins with an
accurate diagnosis of the injury and an understand-

ing of the patient. A thorough history and physical

examination will identify mechanism and associ-

ated medial comorbidities that affect decision-

making and overall care of the patient. Diabetes

mellitus and cigarette smoking are known risk

factors for complications and poor outcomes;

discussing this with patients preoperatively may

assist in behavior modification or surgical plan-

ning. Identification of various soft tissue issues

including open wounds and exposed fractures

determines surgical timing. Neurovascular com-

promise is important to discover and accurately

document at the time of injury.
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Radiographic evaluation includes plain films

of the tibia, ankle, and foot. For rotational ankle

fractures, this is often all that is required to make

an accurate diagnosis of the injury. If the ankle

mortise is well aligned, the decision as to whether

to perform an external rotation stress test

should be considered to determine ankle stability.

Stress-negative lateral malleolus fractures can be

treated with immediate weight-bearing. Unstable

fractures with a widened mortise or a frank

tibiotalar dislocation must be reduced, externally

immobilized, and kept non-weight-bearing until

definitive treatment options are determined.

Axial load, closed, tibial pilon fractures also

require initial plain radiographs to obtain the

bony diagnosis and external mobilization to sta-

bilize the fracture and prevent any further soft

tissue injury, but these fractures will often pro-

ceed to the operating theater within 6–12 h for

a spanning external fixator to restore length to the

fracture while providing bony and soft tissue

stability. Once the fracture is out to length, then

a CT scan is often obtained to allow for surgical

planning of these complicated fractures.

Treatment

Most tibial pilon fractures andmany ankle fractures

that will be treated surgically are done so on

a delayed basis. Patients will be required to adhere

to strict elevation to allow resolution of swelling

and healing of the soft tissues. Once adequate skin

wrinkles are present, indicating decreased swelling,

and any associated fracture blisters have healed,

a safer surgical approach can be performed.

Unstable rotational ankle fractures that can be

held with a reduced ankle mortise in a cast until

fracture union can be successfully treated

nonoperatively. If the mortise cannot be

maintained with external immobilization, then

surgical management is indicated. For lateral

malleolus fractures, this typically means aligning

the bone and holding it together with a plate and

screws. Large medial malleolus fractures are fre-

quently repaired with open reduction and screw-

only fixation, with only certain fracture patterns

requiring plate stabilization. If the distal

tibiofibular syndesmosis is unstable, which is

often determined at the time of surgery, it will
also be reduced and stabilized with screws that

cross from the fibula into the tibia. Postopera-

tively, patients will be immobilized for 2–6

weeks and weight-bearing will be limited for

6–12 weeks depending on bony healing and the

status of the syndesmosis.

Definitive surgical management of tibial pilon

fractures is delayed until the soft tissue envelope

has healed and swelling has resolved so as to

decrease wound complications. In some patients

with closed injuries, the soft tissue injury is so

severe that the skin never becomes amenable to

safe internal fixation. In these patients, the frac-

tures can be treated definitively in an external

fixator. Either the temporary spanning frame can

be used or the patient can return to the operating

theater for conversion to a hybrid frame.

In those patients who have resolution of

swelling, an open reduction and stabilization with

plates and screws can be performed. Careful soft

tissue handling intraoperatively is required to

avoid additional surgical trauma to the tissues.

Often the external fixator is removed and the

patient is immobilized postoperatively in a splint

or cast until the wounds have healed. Range of

motion is started early to decrease stiffness and

promote cartilage nutrition. Weight-bearing is

limited for 8–12 weeks until bony union.

Outcomes

Infection rates are low with low-energy, rota-

tional ankle fractures, ranging from 2 % to 5 %

in the literature. Functional outcomes are known

to continue to improve for up to a year after

injury. Several recent long-term follow-up papers

have reported good to excellent outcomes in 90%

of ankle fracture with a reduced mortise at bony

union treated either surgically or nonsurgically.

Alternatively, in patients with syndesmotic inju-

ries, the outcomes are less favorable. Limited

range of motion is a common long-term com-

plaint. Accurate reduction of the fibula to the

tibia can be challenging and should be done

under direct visualization when there is any con-

cern for malalignment. Multiple recent studies

have shown that malreduction of the syndesmosis

and a missed syndesmotic injury are known to

have poorer outcomes.
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Outcomes of tibial pilon fractures are often

determined by the associated complications.

Metaphyseal comminution and severe damage

to the articular surface from the original injury

make anatomic reconstruction difficult. Wound

healing complications that can lead to deep

infection are not uncommon when surgical

management is performed through injured soft

tissues. Malunion, posttraumatic arthrosis and

scarring, and stiffness are not infrequent. Modern

treatment techniques, including recognition of

patient-specific factors, are aimed at reducing post-

operative complications to optimize outcomes.
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Synonyms

Anterior spinal artery syndrome
Definition

Anterior cord syndrome (ACS), also known as

anterior spinal artery syndrome, usually results

from a hyperflexion injury or a horizontally ori-

ented force that causes compression of the ante-

rior artery which runs along the midline anterior

to the spinal cord. Occlusion of the anterior spinal

artery may result from trauma, disk herniation,

osteophyte formation, iatrogenically induced sur-

gical compression, or ligation of the anterior cord

and its feeder vessels (Schneider 2010; Triggs

and Beric 1992; Foo and Rossier 1983). Patients

with damage to the anterior spinal cord fre-

quently present with isolated motor deficits

below the level of injury. Dissociated sensory

loss can occur in which fine touch, pain and

temperature sensation are compromised, but pro-

prioception, joint position sense, and vibration

sense are preserved (Foo and Rossier 1983).

The extent of the motor deficit depends on the

severity of damage and can range from paresis to

complete muscle paralysis, affecting the lower

extremities more than the upper extremities.

Loss of bladder and bowel control have been

known to occur in certain cases. Due to spinal

shock, patients might initially present with flac-

cid paralysis and areflexia below the lesion.

Dyesthesias can result in the development of

muscle spacticity (Triggs and Beric 1992). Com-

pression of the ventral (anterior) cord roots

results in localized weakness in the muscles

connected directly to injury sites, with
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subsequent atrophy of muscles unless compres-

sion is resolved. Small involuntary contractions

or fasciculations of muscles may also be

exhibited.

Patients with ACS injuries tend to require

a protracted length of hospital stay compared to

other SCI patients, and their prognosis is least

favorable due to severe compromise of motor

function. (McKinley et al. 2007) Only 10–15 %

of patients demonstrate functional recovery;

however, long-term outcomes are improved in

cases where some pain or motor sensation

below the lesion site is preserved (Foo and

Rossier 1983). For example, patients with intact

pin-prick sensation have been found to have sig-

nificantly greater likelihood of regaining ambu-

lation compared to those who retain only light

touch sensation (Kirshblum and O’Connor 1998).
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Synonyms

Antibiotic treatment; Anti-infective therapy;

Antimicrobial therapy
Definition

Patients who have undergone trauma are at risk of

infections related both to the trauma and to the

sequelae of receiving trauma care (i.e., nosoco-

mial infections). In this entry, I will explore anti-

microbial (also known as antibiotic) therapy as it
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relates to these issues, with a focus on stewarding

of antimicrobials in an era of drug resistance and

an antimicrobial pipeline that is drying up.
Introduction

When Sir Alexander Fleming first discovered

penicillin in 1929, it marked the realization that

naturally occurring molds produced chemicals

that could predictably (and reproducibly) counter

bacterial infection. It took over a decade, how-

ever, for scientists at Pfizer to be able to mass-

produce human-grade penicillin. Unfortunately,

shortly after the introduction of penicillin into

human clinical use in 1946, penicillin resistance

appeared in staphylococci. The history of antimi-

crobial therapy since 1946 has been a consistent

battle between antibiotic development and bacte-

rial antibiotic resistance. Unfortunately, the last

few decades have seen a dramatic decline in

antimicrobial development, coinciding with an

unprecedented increase (and appreciation) of

antimicrobial-resistant organisms. For the

traumatologist, the need to recognize the poten-

tial for drug-resistant organisms (making choos-

ing empiric antimicrobial therapy a challenge)

must be countered by the need to minimize

unnecessary antimicrobials to prevent the growth

of antimicrobial-resistant organisms.

Antibiotics are chemicals or medications that

either kill or inhibit the growth of microorgan-

isms. Traditionally, the term “antibiotic” was

used by Selman Waksman to refer to a chemical

produced by microorganisms to inhibit or kill the

growth of competing microorganisms; the source

of antibiotics are usually fungi. Nowadays, some

chemicals in use are not produced by other micro-

organisms and, technically, are not antibiotics but

remain under a more generic heading of “antimi-

crobial.” The terms “antibiotic” and “antimicro-

bial” are generally used interchangeably.

Prophylaxis

Trauma-related infections arise, primarily, from

penetrating wounds and animal bites. Applicable

to the following discussion, it is important to

recognize that antimicrobials should no longer
be seen as a low-risk intervention. Globally, anti-

microbial stewardship initiatives targeting the

unnecessary use of antimicrobials have been

gathering momentum, led by organizations such

as the World Health Organization, the European

Centre for Disease Prevention and Control, and

the US Centers for Disease Control and Preven-

tion. Complications resulting from antimicrobial

use include adverse drug effects including aller-

gies, drug-resistant organisms, and C. difficile.

These consequences have been increasingly rec-

ognized in trauma centers, with prolonged and

unnecessarily broad antimicrobials.

Tetanus

The most well-recognized such infection is teta-

nus, or “lockjaw,” arising from the introduction

of Clostridium tetani spores. Tetanus is a disease
of global importance, with spores found widely in

soil, feces, and dust. It is rare in developed coun-

tries (with approximately 30 cases annually in the

United States or less than 1 case per million

population), owing to the success of primary

immunization schedules. In recent years, tetanus

has been increasingly associated with injection

drug use (Kretsinger et al. 2006).

Tetanus most commonly follows lacerations

associated with necrotic tissue, although fre-

quently occurs with blunt trauma. Clinical tetanus,

generally occurring 3–21 days following inocula-

tion, results from the production of a neurotoxin

released from the replication of the bacterium that

occurs in the presence of necrotic tissue.

Prophylaxis following trauma (“postexposure

prophylaxis”) is focused on cleaning the wound,

debriding necrotic/devascularized tissue (to pre-

vent spore production), and neutralizing toxin.

The primary method of toxin neutralization is

immunization, of which a detailed discussion is

beyond the scope of this chapter. Most impor-

tantly, for patients in whom immunization is

unknown, uncertain, or incomplete, tetanus

immunoglobulin should be administered for all

but clean, minor wounds.

There is no role for antimicrobial tetanus pro-

phylaxis, as antimicrobials do not act on spores or

the neurotoxin and are not delivered to

devitalized tissue, the site of toxin production.
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Open Fractures

Bony infection is a relatively frequent occurrence

following trauma, when open fractures are present.

In 1974, Patzakis demonstrated that prophylactic

antimicrobial therapy for 10 days with cephalo-

thin, a first-generation cephalosporin, following

soft tissue trauma with bony exposure resulted in

markedly fewer bony infections than placebo

(2.3 % vs. 13.9 %); similar results were not seen

with penicillin and streptomycin compared with

placebo (9.7 % vs. 13.9 %). Subsequent studies

have shown that short-course (i.e. single-dose pre-

operative) antimicrobials are as effective as more

prolonged courses. Coupled with the recognition

that hand-trauma with open fractures rarely results

in subsequent infection, it is reasonable to con-

clude that single-dose prophylaxis with a first-

generation cephalosporin (usually cefazolin) is

the most appropriate regimen.

Chest Trauma

Chest trauma is complicated by empyema and

pneumonia in upwards of 7.6 % and 16 % of

patients, respectively. Empyema tends to follow

penetrating trauma, whereas pneumonia tends to

follow blunt trauma. Observational studies have

tended to report lower risks of infectious compli-

cations compared to randomized trials, and

whether or not prophylactic antimicrobials are

beneficial is a point of considerable debate.

A meta-analysis of the available evidence, explor-

ing 5 randomized, controlled trials, concluded that

antimicrobial prophylaxis significantly reduced

complications of empyema (RR= 0.19) and pneu-

monia (RR = 0.44) following chest trauma. In

contradistinction to this, the largest trial performed

in this area (which was included in the aforemen-

tionedmeta-analysis) failed to show a benefit from

cefazolin prophylaxis, with a 4.3 % absolute

reduction in empyema but an accompanying 5 %

increase in pneumonia. This may have been due to

an underpowered study (the study was halted at

224 patients due to poor patient accrual), because

of differences in proportion of blunt versus pene-

trating trauma in this study or because antimicro-

bial prophylaxis is ineffective. If antimicrobial

prophylaxis is beneficial in chest trauma, then its

benefit is most likely limited to penetrating rather
than blunt trauma to reduce empyema. Cefazolin

appears to be the most reasonable choice of agent.

Penetrating Abdominal Trauma

Antimicrobial prophylaxis following penetrating

abdominal trauma has been practiced since the

advent of antimicrobials, with the benefits of its

use first being demonstrated during World War II.

Subsequent studies demonstrated that antimicrobial

prophylaxis was beneficial and that the prophylaxis

required coverage of both aerobic and anaerobic

bacteria. These studies also fairly conclusively

demonstrated that the antimicrobials were benefi-

cial when given preoperatively. However, more

recently, the need for antimicrobial prophylaxis in

this setting has been questioned, primarily where

there is no fecal soiling of the peritoneum. In par-

ticular, some have questioned the ongoing necessity

for antimicrobial prophylaxis when surgical asepsis

and instrument sterilization standards are so high.

Unfortunately, since the mid-1970s, there have

been no placebo-controlled studies evaluating the

utility of antimicrobial prophylaxis in penetrating

abdominal trauma (Brand et al. 2009). We are left

with guidelines that strongly advocate preoperative

antimicrobial prophylaxis with aerobic and anaero-

bic activity in the setting of penetrating abdominal

trauma and to continue the same antimicrobials for

no more than 24 h in the setting of a perforated

viscus. The ideal regimen is unclear. Indeed, there

have been numerous studies in the 1980s and 1990s

comparing different regimens. Cefazolin + metro-

nidazole or a 3rd-generation cephalosporin (e.g.,

cefotaxime or ceftriaxone) + metronidazole seems

the most prudent regimen, although clindamycin

plus gentamicin or clindamycin plus a fluoroquino-

lone is acceptable in the setting of b-lactam allergy.

Human Bites

Human bites result in relatively minor trauma,

most commonly involving the hand. Organisms

most commonly isolated (in descending order of

frequency) are Streptococcus anginosus (52 %),

Staphylococcus aureus (30 %), Eikenella

corrodens (30 %), Fusobacterium nucleatum
(32 %), and Prevotella melaninogenica (22 %).

Relatively frequent complications of clenched fist

bite wounds include tenosynovitis, osteomyelitis,
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and septic arthritis. Because of this, most authori-

ties recommend a short (approximately 3–5 day)

course of antimicrobial “prophylaxis” targeting

the most frequently identified organisms. Amoxi-

cillin-clavulanic acid, moxifloxacin, and cipro-

floxacin or levofloxacin plus metronidazole are

all reasonable choices of agents.

Animal Bites

Trauma resulting from dog bites uncommonly get

infected. When they do get infected, the most

common causative organisms are Pasteurella
canis, Streptococcus spp., Staphylococcus species,

and anaerobes (Talan et al. 1999). Common prac-

tice has been not administer antimicrobial prophy-

laxis following dog bites. However, in a recent

randomized controlled trial, 4 % of dog bites

treated with placebo became infected, whereas

no dog bites treated with 3 days of amoxicillin-

clavulanic acid developed a subsequent infection

by 2 weeks. On the basis of this information (with

a number needed to treat of 25), it seems prudent to

administer prophylaxis for dog bites with 3 days of

amoxicillin-clavulanate. An equally acceptable

regimen (in the setting of b-lactam allergy)

would be moxifloxacin, or ciprofloxacin or

levofloxacin plus metronidazole.

In contradistinction to dog bites, cat bites

commonly get infected, with an infection rate as

high as 80 %. The lower incisors of cats are the

sharper of the biting teeth and commonly reach

bone, especially in the hand. The spectrum of

bacteria is fairly similar to dogs, apart from the

fact that Pasteurella multocida is a causative

agent in 75 % of cases (Talan et al. 1999).

There have been no trials evaluating antimicro-

bial prophylaxis following cat bites. Regimens

used in dog bites are equally acceptable.

Ventilator-Associated Pneumonia

Although a fuller discussion of ventilator-

associated pneumonia is below (under Nosoco-

mial Infection), it is worthwhile to discuss its

prevention here. The pathogenesis of essentially

all forms of bacterial pneumonia is colonization of

the upper airway with potentially pathogenic

organisms (perhaps originating from the digestive

tract), followed by aspiration and subsequent
replication of these bacteria in the lower respira-

tory tract. A recent approach to reducing the inci-

dence of VAP has been selective decontamination

of the digestive tract (SDD) and selective oropha-

ryngeal decontamination (SOD) (de Smet et al.

2009). SDD uses a combination of systemic and

nonabsorbable enteral antimicrobials to reduce the

presence of pathogenic organisms in the digestive

tract. SOD, on the other hand, uses topical oral

antimicrobials to decontaminate the oropharynx.

This approach has not been widely adopted,

mainly due to concerns about the emergence of

drug-resistant organisms in the ICU. In what

would seem to have been a definitive trial on this

approach to antimicrobial therapy (following

numerous smaller studies, including one study in

trauma patients), de Smet and colleagues demon-

strated that SDD and SOD reduced overall mor-

tality by 3.5 % and 2.9 %, respectively, while

reducing the overall use of antimicrobials in

treated patients in a cluster randomized trial in

the Netherlands. Unfortunately, debate has contin-

ued, led by concerns of the emergence of drug-

resistant organisms in the ICU.

Nosocomial Infection

Although there are myriad potential nosocomial

infectious complications in patients admitted to

hospital with trauma, aside from infection directly

related to the trauma or surgical site, the majority

of such infections are due to pneumonia, blood-

stream infections, and urinary tract infection.

Ventilator-Associated Pneumonia

Ventilator-associated pneumonia (VAP) is gen-

erally defined as pneumonia acquired more than

48 h after being intubated. Numerous criteria for

defining VAP (including the increasingly used

clinical pulmonary infection score or CPIS)

have been proposed, but most lack proper valida-

tion. Indeed, there is reasonable evidence that

CPIS is not useful when used with trauma

patients, lacking both sensitivity and specificity

(Croce et al. 2006; Parks et al. 2012). In particu-

lar, CPIS appears to overdiagnose pneumonia and

would result in overuse of antimicrobials. In

response to many challenges that VAP definitions

have posed, the US Centers for Disease Control
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have revised surveillance definitions for VAP.

Further discussion of the challenges of the defi-

nition (and there are many) is beyond the scope of

this chapter.

Treatment Once VAP has been diagnosed, the

approach to therapy is equally complicated.

Perhaps the most accurate statement is the simul-

taneously specific and vague statement that

antimicrobial therapy should be targeted to the

specific patient’s pathogen, accounting for local

resistance and susceptibility data. Despite this,

what follows is a synopsis of the current available

evidence for antimicrobial therapy in VAP:

(a) Initial treatment should be active against

organisms circulating in your unit at the time

and likely to colonize your patient. This

demands close collaboration with the microbi-

ology laboratory. Whether all potential organ-

isms should be treated up-front is unclear at

present, although few would question the need

to covermost potential organisms.

(b) Therapy for 8 days is sufficient for most cases

of VAP (and many centers assume 7 days

would suffice). In a randomized controlled

trial, patients with VAP due to S. aureus or
non-lactose-fermenting agents (e.g., Pseudo-

monas) were more likely to have a recurrence

with 8 days therapy compared with 15 days,

but resistance was less and mortality was not

different (Chastre et al. 2003).

(c) Patients who undergo bronchoalveolar

lavage (BAL) with quantitative cultures can

safely have treatment tailored to the culture

results. Patients with negative cultures can

have their antibiotics discontinued.

(d) If choosing to routinely use broad-spectrum

empiric antimicrobials in patients at rela-

tively low risk of drug-resistant organisms,

there is no need to proceed to BAL: endotra-

cheal tube sampling is sufficient guidance for

therapy.

(e) Patients with a low risk of having VAP

according to a clinical pulmonary infection

score (CPIS) � 6 can safely be treated with

a short course (3 days) of antibiotics; with-

holding antibiotics altogether in this group
may also be reasonable, although has not

been formally evaluated.

(f) There are no clinical benefits apparent from

combination antibiotic therapy compared to

monotherapy for VAP, as long as the spec-

trum of activity closely mirrors the microbial

ecology of the patients being treated (Heyland

et al. 2008).

With regard to specific agents, there is limited

reliable evidence guiding our therapeutic

choices. One of the more common issues that

have emerged has been the management of meth-

icillin-resistant S. aureus (MRSA) pneumonia.

Options for MRSA include trimethoprim-

sulfamethoxazole (TMP-SMX), doxycycline,

vancomycin, linezolid, and daptomycin. For

MRSA VAP, daptomycin is not a therapeutic

option because it is inactivated by surfactant.

There is, unfortunately, little data in the way of

TMP-SMX or doxycycline. On the other hand,

a recent randomized trial compared linezolid

with vancomycin for confirmed MRSA pneumo-

nia. This trial randomized 448 patients to either

linezolid or vancomycin. Mortality did not differ

between treatment arms, nor did clinical cure

according to intention-to-treat analysis.

Catheter-Related Bloodstream Infection

Catheter-related bloodstream infection (CRBI) is

bacteremia or fungemia that originates from an

intravascular catheter. For the purpose of this

chapter, CRBI will be limited to catheters that

are usually inserted and removed in trauma units

(or emergency rooms) and will not include

tunneled catheters or other long-term catheters.

CRBI most commonly originates from the skin

insertion site, with microorganisms traveling

along the course of the vascular catheter into the

bloodstream. Less often, organisms contaminate

the catheter hub and travel intraluminally. The

study of CRBI has been complicated by the lack

of a definition that is both sensitive and

specific. Fever and other clinical criteria are sen-

sitive but nonspecific, whereas repeatedly posi-

tive blood cultures drawn from the periphery and

vascular catheter with identical organisms in the

presence of clinical signs of infection without
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other primary foci are specific but insensitive.

For this reason, catheter-associated bloodstream

infection is often measured, which identifies bac-

teremia in the presence of a vascular catheter, but

may not be caused by the catheter.

Treatment of CRBI begins with removal of the

vascular catheter when infection is suspected. In

many cases, this proves curative, with fever abat-

ing and leukocytosis resolving without need for

antimicrobials. Clearly, however, this requires

further study. Optimal treatment of documented

CRBI requires (a) removal of the catheter (where

feasible) and (b) antimicrobial therapy.

Treatment Catheter removal for CRBI is

always preferred; however, situations do occur

when this is not feasible or desired. In such situ-

ations, options include antibiotic lock therapy,
whereby an aliquot of antibiotic is left in the

catheter hub and tubing continuously. This is

only likely to be beneficial for patients with

CRBI due to an intraluminal infection and is not

supported by high-quality trials. Some experts

recommend retaining the vascular catheter for

CRBI due to coagulase-negative staphylococci,

but the recurrence risk is high.

Empiric Therapy Empiric treatment for CRBI,

as with all nosocomial infections, should be

based on the likely organism coupled with sever-

ity of illness. For many such infections, patients

will be hemodynamically stable, and treatment of

the most likely pathogens (usually staphylococci)

will suffice. In centers with a high prevalence of

methicillin-resistant S. aureus (MRSA), vanco-

mycin is likely an appropriate empiric therapy.

However, it may be reasonable to consider

a methicillin-like penicillin (e.g., cloxacillin) or

1st-generation cephalosporin in stable patients.

Pathogen-Specific Therapy Coagulase-negative

staphylococci: Removal of the catheter is often

sufficient, but many authorities recommend 5–7

days’ therapy, unless there is no other medical

hardware in situ, the vascular catheter has been

removed, the patient is hemodynamically stable,

and repeat blood cultures are negative. No

approach has been formally evaluated with
randomized controlled trials. S. lugdunensis is

a coagulase-negative staphylococcus that should

be treated as S. aureus.
S. aureus: Treatment should be based on sus-

ceptibilities. The most effective therapy for meth-

icillin-susceptible S. aureus is a ß-lactam, such as

cloxacillin or cefazolin. However, in cases of

severe allergy or resistance, vancomycin is

a preferred agent. Recently, concerns have been

raised regarding the effectiveness and safety of

vancomycin, especially with the emergence of

strains that are either resistant to or have reduced

susceptibility to vancomycin. However, a recent

open-label non-inferiority trial comparing

linezolid with vancomycin for CRBI showed

a trend favoring vancomycin in intention-to-treat

analysis. Optimal duration of therapy for S. aureus

CRBI is unclear. Although teaching for many

years has maintained the axiom “treat for 2

weeks if a removable focus of infection, and it

has been removed,” recent studies have questioned

this wisdom with the recognition that (a) infective

endocarditis may complicate up to 13 % of cathe-

ter-associated bacteremia and (b) that infective

endocarditis and other complications may be

seen in approximately 6 % of cases of S. aureus

CRBI treated with 2 weeks’ therapy (compared

with 4 weeks). I generally prefer 4 weeks of ther-

apy unless a trans-esophageal echocardiogram is

performed and is negative (making endocarditis

highly unlikely), which is largely consistent with

recent recommendations (Mermel et al. 2009).

Enterococci: The optimal treatment of entero-

cocci is ampicillin; if unable to use ampicillin

because of resistance or allergy, then vancomycin

is the preferred agent. Linezolid or daptomycin

are options for when ampicillin or vancomycin

cannot be used, although there is limited experi-

ence with these agents. The duration of treatment

for enterococcal bacteremia is unclear, although

7 days is usually sufficient (Havey et al. 2011).

The risk of subsequent infective endocarditis is

quite low, estimated at around 1 %.

Gram-negative bacilli: The optimal treatment

of Gram-negative bacilli (GNB) is dependent on

local susceptibilities. Empiric choices prior to

speciation should cover the majority of possibil-

ities and may include combination therapy
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(especially if the patient is neutropenic, severely

ill, or known to be colonized with multidrug-

resistant organisms). However, there is weak

evidence supporting combination therapy once

susceptibility is known, including therapy for

non-lactose-fermenting agents such as Pseudo-
monas aeruginosa. The optimal duration of ther-

apy is also unknown, although 7 days is usually

sufficient (Havey et al. 2011).

Candida species: Candidemia is a frequent

cause of CRBI in patients who have been receiving

prolonged broad-spectrum antibacterial agents, as

well as patients receiving total parenteral nutrition,

or who have received solid organ or stem cell

transplantation. Empiric therapy should be based

on local data but may include amphotericin B,

fluconazole, or an echinocandin. These appear to

be equally efficacious, although azole resistance

has been rising in centers with high azole use. For

this reason, many have recommended

echinocandin therapy to be the first-line treatment.

Candidemia is generally treated with 2 weeks of

effective therapy, with the first negative blood

culture being considered day 1.

Urinary Tract Infection Catheter-associated uri-

nary tract infection (CAUTI) is generally defined

as bacteriuria or candiduria (of at least

103 cfu/ml) in association with a urinary catheter.

The definition has remained problematic, as it is

ignores a central tenet in the management of

infections: differentiating colonization from

infection. In patients without urinary catheters,

pyuria is strongly associated with urinary tract

infection, but such a criterion has poor predictive

value for CAUTI. A preferred definition would be

the symptoms and signs of urinary tract infection

accompanied by pyuria and greater than

103 cfu/ml microorganisms in association with

a urinary catheter. The diagnosis of a urinary

tract infection in trauma patients, nonetheless, is

associated with a worse prognosis.

Treatment There are few randomized trials

evaluating management of CAUTI. A small trial

of catheter-associated bacteriuria in women (not

in the ICU) demonstrated that asymptomatic bac-

teriuria frequently progressed to symptomatic
CAUTI and that single-dose antibiotic treatment

was equivalent to a 10-day course of therapy.

Another recent trial compared short-course

(3 days) antibiotics and catheter change with

standard care (i.e., no change, no antibiotics) for

patients with asymptomatic catheter-associated

bacteriuria and found no difference in meaningful

outcomes, including the development of pyelo-

nephritis. Similarly, treatment of candiduria with

fluconazole in immunocompetent patients tem-

porarily eradicated the candiduria but failed to

offer any long-term benefit (Sobel et al. 2000).

We are therefore left with data from non-

catheterized patients with pyelonephritis to

guide our management of symptomatic infection

(i.e., pyelonephritis). Although the data are rela-

tively limited, there is an emerging consensus

that antimicrobial for 7 days with a fluoroquino-

lone (if the cultured organism is susceptible) is

sufficient therapy for even rather severe cases of

pyelonephritis (Sandberg et al. 2012; Talan et al.

2000). Moxifloxacin is not a therapeutic option,

however, because of its very low concentrations

in the urinary tract. Alternatives to 7 days of

fluoroquinolone therapy include penicillins,

cephalosporins, carbapenems, and trimetho-

prim-sulfamethoxazole; however, the current

evidence does not support a duration shorter

than 14 days when using these agents for

pyelonephritis.
Summary

Antimicrobial therapy for patients with trauma is

most commonly used in the setting of prophylaxis

or for common nosocomial infections such as

pneumonia, bloodstream infections, and urinary

tract infections. Treatment should always be

targeted towards identified pathogens, and dura-

tion should be kept to a minimumwhich, for most

scenarios, is approximately 7 days.
Cross-References

▶Catheter Associated Urinary Tract Infection

▶Catheter-Related Infections

http://dx.doi.org/10.1007/978-3-642-29613-0_115
http://dx.doi.org/10.1007/978-3-642-29613-0_236


152 Antibiotic Treatment
▶Central Line Associated Blood Stream

Infection

▶ Fungal Infections

▶Neurotrauma, Infectious Considerations

▶ Sepsis, Treatment of

▶ Surgical Site Infections

▶Tetanus

▶Ventilator-Associated Pneumonia
References

Brand M, Goosen J, Grieve A (2009) Prophylactic antibi-

otics for penetrating abdominal trauma. Cochrane

Database Syst Rev 4:CD007370, Epub 2009/10/13

Chastre J, Wolff M, Fagon JY, Chevret S, Thomas F,

Wermert D et al (2003) Comparison of 8 vs 15 days

of antibiotic therapy for ventilator-associated pneumo-

nia in adults: a randomized trial. JAMA

290(19):2588–2598, Epub 2003/11/20

Croce MA, Swanson JM, Magnotti LJ, Claridge JA,

Weinberg JA, Wood GC et al (2006) The futility of the

clinical pulmonary infection score in trauma patients.

J Trauma 60(3):523–527; discussion 7–8. Epub 2006/

03/15

de Smet AM, Kluytmans JA, Cooper BS, Mascini EM,

Benus RF, van der Werf TS et al (2009) Decontamina-

tion of the digestive tract and oropharynx in ICU

patients. N Engl J Med 360(1):20–31, Epub 2009/01/02

Havey TC, Fowler RA, Daneman N (2011) Duration of

antibiotic therapy for bacteremia: a systematic review

and meta-analysis. Crit Care 15(6):R267, Epub 2011/

11/17

Heyland DK, Dodek P, Muscedere J, Day A, Cook D

(2008) Randomized trial of combination versus

monotherapy for the empiric treatment of suspected

ventilator-associated pneumonia. Crit Care Med

36(3):737–744, Epub 2007/12/20

Kretsinger K, Broder KR, Cortese MM, Joyce MP,

Ortega-Sanchez I, Lee GM et al (2006) Preventing

tetanus, diphtheria, and pertussis among adults: use

of tetanus toxoid, reduced diphtheria toxoid and acel-

lular pertussis vaccine recommendations of the Advi-

sory Committee on Immunization Practices (ACIP)

and recommendation of ACIP, supported by the

Healthcare Infection Control Practices Advisory Com-

mittee (HICPAC), for use of Tdap among health-care

personnel. MMWR Recomm Rep 55(RR-17):1–37,

Epub 2006/12/15

Mermel LA, Allon M, Bouza E, Craven DE, Flynn P,

O’Grady NP et al (2009) Clinical practice guidelines

for the diagnosis and management of intravascular

catheter-related infection: 2009 update by the Infec-

tious Diseases Society of America. Clin Infect Dis

49(1):1–45, Epub 2009/06/06

Parks NA, Magnotti LJ, Weinberg JA, Zarzaur BL,

Schroeppel TJ, Swanson JM et al (2012) Use of the
clinical pulmonary infection score to guide therapy for

ventilator-associated pneumonia risks antibiotic overex-

posure in patients with trauma. J Traumatol Acute Care

Surg 73(1):52–58; discussion 8–9. Epub 2012/06/30

Sandberg T, Skoog G, Hermansson AB, Kahlmeter G,

Kuylenstierna N, Lannergard A et al (2012) Ciproflox-

acin for 7 days versus 14 days in women with acute

pyelonephritis: a randomised, open-label and double-

blind, placebo-controlled, non-inferiority trial. Lancet

380(9840):484–490, Epub 2012/06/26

Sobel JD, Kauffman CA, McKinsey D, Zervos M,

Vazquez JA, Karchmer AW et al (2000) Candiduria:

a randomized, double-blind study of treatment with

fluconazole and placebo. The National Institute of

Allergy and Infectious Diseases (NIAID) Mycoses

study group. Clin Infect Dis 30(1):19–24

Talan DA, Citron DM, Abrahamian FM, Moran GJ, Gold-

stein EJ (1999) Bacteriologic analysis of infected dog

and cat bites. Emergency Medicine Animal Bite Infec-

tion Study Group. N Engl J Med 340(2):85–92, Epub

1999/01/14

Talan DA, Stamm WE, Hooton TM, Moran GJ, Burke T,

Iravani A et al (2000) Comparison of ciprofloxacin

(7 days) and trimethoprim-sulfamethoxazole

(14 days) for acute uncomplicated pyelonephritis in

women: a randomized trial. JAMA 283(12):

1583–1590, Epub 2000/03/29
Antibiotic Treatment

▶Antibiotic Therapy
Antibody Screen

Harvey G. Hawes1, Laura A. McElroy2 and

Bryan A. Cotton1

1Department of Surgery, Division of Acute Care

Surgery, Trauma and Critical Care, University of

Texas Health Science Center at Houston, The

University of Texas Medical School at Houston,

Houston, TX, USA
2Department of Anesthesiology, Critical Care

Medicine, University of Rochester Medical

Center, Rochester, NY, USA
Synonyms

Type and screen

http://dx.doi.org/10.1007/978-3-642-29613-0_116
http://dx.doi.org/10.1007/978-3-642-29613-0_116
http://dx.doi.org/10.1007/978-3-642-29613-0_241
http://dx.doi.org/10.1007/978-3-642-29613-0_621
http://dx.doi.org/10.1007/978-3-642-29613-0_260
http://dx.doi.org/10.1007/978-3-642-29613-0_154
http://dx.doi.org/10.1007/978-3-642-29613-0_263
http://dx.doi.org/10.1007/978-3-642-29613-0_266
http://dx.doi.org/10.1007/978-3-642-29613-0_232
http://dx.doi.org/10.1007/978-3-642-29613-0_101628


Anticoagulation/Antiplatelet Agents and Trauma 153

A

Definition

In transfusion medicine, an antibody screen

refers to testing patient serum or plasma for

unexpected alloantibodies to donor red cells.

These IgG antibodies, which differ from

antibodies to the ABO and Rh blood groups, are

deemed clinically significant if they are known to

cause transfusion reactions or hemolytic disease

in newborns. An antibody screen, on top of blood

type determination, makes up the standard “type

and screen” and can correctly rule out clinically

significant transfusion reaction over 99.94 % of

the time (Reid 2010).

Donor plasma, as it is being processed, is

tested to ensure no unexpected antibodies are

transfused. Recipient plasma is tested against

commercially prepared red blood cells (RBCs)

in a warm agglutination reaction. These

FDA-approved type O standard RBCs come

from at least two donors and contain all of the

common clinically significant D, C, E, c, e, M, N,

S, s, P1, Le
a, Leb, K, k, Fya, Fyb, Jka, and Jkb

antigens (Westhoff et al. 2012). A separate sam-

ple of the recipient’s own red blood cells is run to

check for potential autoantibodies.

The test, run in three phases, starts with a spin

to exclude “nuisance” IgM antibodies, followed

by an incubation at 37 �C and a Coombs test to

check for agglutination of antibodies and red

cells. A positive test will trigger further testing

to elucidate the exact antibodies responsible and

a further crossmatch (Reid 2010).
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Synonyms

Antiaggregants; Antiplatelet therapy;

Antithrombotics; Blood thinners; Platelet aggre-

gation inhibitors
Definition

Anticoagulation/antiplatelet agents are substances

that hinder the clotting of blood by preventing the

process of coagulation. Administered orally,

subcutaneously, or intravenously, agents work in

a variety of different ways. Anticoagulants

interrupt blood coagulation pathways; antiplatelet

therapy inhibits platelet aggregation or adhesion

to vascular walls. Agents are used as primary or

secondary prophylactics for cardiovascular and

cerebrovascular disease, deep vein thrombosis,

and pulmonary embolism.
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Preexisting Condition

Anticoagulation Issues

Anticoagulation can be a temporary (i.e.,

intraoperatively for vascular surgery procedures)

or chronic therapy for coexisting diseases

such as:

• Atrial fibrillation

• Deep vein thrombosis

• Mechanical prosthetic heart valve

In the USA, the prevalence of atrial fibrillation

(AF), a common arrhythmia, is close to 2.3 % of

the population older than 40 and 5.9 % in patients

above 65 years.

Antithrombotic Issues

Antiplatelet therapy is administered for condi-

tions such as:

• Coronary artery disease (CAD)

• Cardiovascular disease (CVD)

• Coronary angioplasty/coronary stent placement

• Coronary ischemic event

• Vascular arterial disease (VAD)

Types of Therapies

Heparin

A commonly used anticoagulant, heparin func-

tions by activating antithrombin III, which deac-

tivates thrombin and other proteases, such as

factor Xa. It can be given intravenously or sub-

cutaneously, but not orally. Because there is

a risk for heparin-induced thrombocytopenia, it

is used primarily in hospitalized patients who can

be observed by hospital staff. However, it is

possible that patients can be prescribed injections

of heparin on an outpatient basis. Due to

heparin’s short half-life, it is unlikely that trauma

patients will have this drug in their systems unless

they were recently discharged from the hospital.

Low-Molecular-Weight Heparin (LMWH)

Unlike naturally occurring heparin, which con-

sists of molecular chains of varying lengths, low-

molecular-weight heparin has a more uniform

length of chains, and its effects are thus more
predictable. Thus, LMWH can be administered

subcutaneously with more predictable pharmaco-

kinetics than natural heparin, and it can be used

on an outpatient basis. A commonly prescribed

LMWH is enoxaparin (Lovenox®). There is no

effective or specific antidote to reverse rare but

catastrophic bleeding complications that can

occur with its use. Protamine sulfate only partially

reverses the anticoagulant effects of LMWH and

thus is not a reliable antidote. One mg of

protamine could revert 1 mg LMWH. If APTT

remains prolonged, a 2nd dose of 0.5 mg

protamine per 1 mg LMWH may be given.

Fresh frozen plasma (FFP), although a mainstay

in UFH reversal, is a strategy which has been

extrapolated to LMWH. Administration of large

FFP volumes required to achieve normal

hemostasis can lead increased intravascular

volume and the potential development of

congestive heart failure. Small “off-label” series

demonstrated in clinical practice that in

catastrophic bleeding secondary to LMWH use,

rFVIIa concentrate at 20–30 mg/kg can restore

hemostasis without precipitating additional

thrombotic complications.

Warfarin (Coumadin®)

Warfarin is a vitamin K antagonist because it

works by reducing the body’s ability to produce

vitamin K-dependent clotting factors. It is one of

the most common oral anticoagulants prescribed.

Great care must be taken when encountering

patients on warfarin as research shows that the

INR level of 56.2 % of trauma patients on warfa-

rin is nontherapeutic (Anthony et al. 2011).

Hirudin

Hirudin is a proven potent thrombin inhibitor.

It is an anticoagulant that, due to its limited

supply in natural sources, is produced using

recombinant technology.

Rivaroxaban (Xarelto®)

Rivaroxaban is an oral anticoagulant approved in

Europe and the USA for prophylaxis of deep vein

thrombosis and venous thromboembolism. An

inhibitor of factor Xa, rivaroxaban has no mea-

sured effect on platelets or thrombin.



Anticoagulation/Antiplatelet Agents and Trauma 155

A

Dabigatran (Pradaxa®)

An oral anticoagulant used for prophylaxis of

thromboembolic disease in patients who have

undergone hip and knee surgery and strokes in

patients with non-valvular atrial fibrillation, it

functions by inhibiting thrombin development.

Although preferred in some cases to warfarin

due to its decreased risk of major bleeding events

(Cotton et al. 2011b), dabigatran is irreversible.

Despite initial enthusiasm for this agent, some

concern emerged in acute injury patient: there is

no readily available means for assessing the

degree of anticoagulation with dabigatran.

Today there is no readily available reversal strat-

egy (antidote), and the only reversal option is

emergency dialysis. Severely injured patients

receiving dabigatran all demonstrated poor out-

comes. Performing rapid dialysis in patients with

bleeding whose condition is unstable or with

expanding intracranial hemorrhage is practically

impossible in local hospitals and an incredible

challenge, even in a level 1 trauma centers.

Despite normal screening coagulation laboratory

test, rapid thromboelastography (r-TEG) at

admission time can be altered. Activated clotting

time on r-TEG (range, 86–118 s) is markedly

prolonged.

Nonsteroidal Anti-inflammatory Drugs (NSAIDs)

The least potent of available antiplatelet thera-

pies, NSAIDs prevent the clotting of blood by

blocking the production of thromboxane A2

(TxA2) in platelets, which inhibits the platelets

from clumping. NSAIDs accomplish this produc-

tion by blocking cyclooxygenase-1 (COX 1), the

enzyme that produces TxA2. Aspirin is the most

commonly used NSAID because its effects last

for days as opposed to the mere hours of other

NSAIDs. It works on the adenosine diphosphate

(ADP) channel, and a patient’s responsiveness to

it can be measured using platelet mapping assays.

Thienopyridines

This type of antiplatelet drug is an adenosine

diphosphate (ADP) inhibitor which blocks the

P2Y12 receptor on the platelet cell surface,

thereby inhibiting the platelet clumping process.

Examples of this type of drug include ticlopidine
(Ticlid) and clopidogrel (Plavix). In 2010, the

Food and Drug Administration (FDA) released

a warning on clopidogrel based on findings that

patients with genetic differences in cytochrome

P450 2C19 function may be unresponsive to ther-

apy (Bansal et al. 2011). A large percentage of

trauma patients (36.9 %) would be classified as

clopidogrel resistant (Bansal et al. 2011). As the

effectiveness of these drugs on a patient can be

measured using platelet mapping assays that map

the percent inhibition level of the arachidonic

acid pathway, it is particularly important to test

patients on clopidogrel to ascertain their level of

responsiveness.

Glycoprotein IIb/IIIa Inhibitors

The most potent of available antiplatelet thera-

pies, glycoproteins inhibit the stimulation

response of platelets to clump by competing

with the IIb and IIIa receptors on the platelet

cell surface. Examples of this type of antiplatelet

drug include abciximab (ReoPro), eptifibatide

(Integrilin), and tirofiban (Aggrastat).

Dual-Antiplatelet Therapy

It is increasingly common for patients to be

placed on dual-antiplatelet therapy (DAT) for

increased protection against CVD and CAD.

Combinations usually include a thienopyridine

and aspirin.
Application

Therapy Effectiveness

Management decisions regarding patients on

anticoagulation/antiplatelet agents are compli-

cated by the variation in patient response to med-

ications such as aspirin and clopidogrel (Cattano

et al. 2013). Therefore, the use of point-of-care

(POC) assays to measure platelet dysfunction is

critical for guiding therapy in trauma patients

where massive hemorrhage is a significant risk

of mortality. The small sample size (	360 mL)
and fast return of results (�15 min) are particu-

larly advantageous for trauma patients, when loss

of fluid volume is a concern and time is of the

essence.



156 Anticoagulation/Antiplatelet Agents and Trauma
Prothrombin Time (PT)

Prothrombin time (PT) test is a test that measures

how long it takes for blood to clot. PT measures

factors I, II, V, VII, and X. Blood is drawn into

a test tube that contains citrate, which binds the

calcium in the sample. The mix is then placed in

a centrifuge to separate the plasma from the blood

cells. Tissue factor (factor III) is then added, and

the time it takes for the sample to clot is measured

by optical instruments.

Partial Thromboplastin Time (PTT)

Also known as the activated partial thromboplas-

tin time (APTT), the PTT test evaluates blood’s

ability to clot. Often used in conjunction with the

PT test, the PTT test uses different factors to

check for bleeding irregularities. Blood samples

are collected in tubes containing citrate and taken

to a laboratory for testing. An activator and cal-

cium are added to the sample, and the time it

takes for a clot to form is measured. Coagulation

factors I, II, V, VIII, IX, X, XI, and XII must be

present in the sample for a normal PTT to result.

International Normalized Ratio (INR)

Because PT will differ according to the variations

inmanufacturers’ tissue factor batches used in the

reagent, the International Normalized Ratio

(INR) was created to standardize times. By

assigning an International Sensitivity Index

(ISI) to every batch of tissue factor produced,

each manufacturer identifies how closely each

batch conforms to an international reference stan-

dard. The INR is obtained by dividing the

patient’s PT by the PT of a control sample and

raising the dividend to the ISI of the tissue factor

used (i.e., INR = (PTPatient/PTControl)
ISI).

Activated Clotting Time (ACT)

Also known as activated coagulation time (ACT),

this is a test of coagulation and is used to monitor

the effects of heparin. It can also be used when

the results of a PTT test are inconclusive or are

taking too long to run.

Thromboelastography® (TEG®)

Trademarked by Haemoscope Corp. (Niles, IL,

USA), thromboelastography (TEG) is a method
for measuring coagulation that uses whole blood.

A sample is taken from the patient and placed in

an oscillating cuvette. If applicable, a thrombo-

sis-inducing reagent (e.g., kaolin) is added to the

cup and mixed by inversion immediately prior to

testing. A piston is lowered into the cuvette, and

a tracing is made based on the force the coagu-

lating blood exerts on the piston. TEG provides

patient overall percent inhibition level.

Rapid Thromboelastography® (r-TEG®)

A rapid thromboelastography (r-TEG) differs

from a regular TEG because tissue factor, not

kaolin, is added to the sample. The resulting

reaction occurs much more rapidly than that of

conventional TEG, and an analysis can therefore

be made more quickly. The speed of returned

early values has been documented at 5 min from

drop-off of the specimen, making the r-TEG ideal

for trauma patients (Cotton et al. 2011a).

Thromboelastography® with Platelet Mapping™
(TEG® with PM™)

In addition to providing the overall percent inhi-

bition of a sample, TEG with Platelet Mapping

(PM) also calculates the percent inhibition of the

adenosine diphosphate (ADP) and arachidonic

acid (AA) pathways. This information allows

the determination of how responsive the patient

is to antiplatelet therapy.

Rotational Thromboelastometry (ROTEM®)

Created by Tem Innovations GmbH (Munich,

Germany), rotational thromboelastometry

(ROTEM) functions similarly to TEG, except

that the cuvette is stationary and it is the piston

that rotates in ROTEM.

VerifyNow®

The VerifyNow-P2Y12 assay (Accumetrics, San

Diego, CA, USA) has been validated to measure

platelet inhibition in patients undergoing

clopidogrel therapy as the combined use of aspirin

does not affect it for tracking clopidogrel-induced

platelet levels. A study by Bansal et al. (2011)

recently found that a large percentage of trauma

patients (36.9%)would be classified as clopidogrel

resistant. These results indicate that POC assays
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like the VerifyNow are essential in guiding the

management of trauma patients who are on pre-

injury anticoagulation/antiplatelet therapy.

Platelet Function Analyzer (PFA-100®)

Using whole blood, the platelet function analyzer

(PFA-100) conducts a modified quantitative

in vitro bleeding time under high-shear conditions.

Platelet Works®

A whole blood assay developed by Helena Lab-

oratories (Beaumont, TX, USA), Platelet Works

uses a Coulter counter to assess the platelet ratio

of blood and determine platelet reactivity. Sam-

ples are placed in a standard ethylenediaminete-

traacetic acid tube and a citrate tube, and their

platelet counts are compared after activation with

either ADP or collagen. Trauma patients can ben-

efit from Platelet Works’ ability to deliver results

in 2 min. Because it provides the percent inhibi-

tion for the ADP and AA pathways, it is a useful

tool for determining the level of response

a patient has to antiplatelet therapy.

Multiplate®

The multiple platelet (Multiplate) function

analyzer (Verum Diagnostica GmbH, Munich,

Germay) is a whole blood assay that delivers

results within 10 min. It provides the overall

inhibition level of patients as well as the inhibi-

tion level of the ADP and AA pathways.

Management of Bleeding

For anticoagulant-related bleeding, prothrombin

complex concentrates (PCCs) are recommended

in both the USA and in Europe for emergency

anticoagulant reversal. PCCs contain coagulation

factor II, factor IX, factor X, and factor VII, which

are the vitamin K-dependent clotting factors that

anticoagulants disrupt. PCCs are preferred over

fresh frozen plasma (FFP) because only a small

volume is needed for infusion and their reversal of

warfarin-induced anticoagulation is rapid. It has

the added advantage of restoring overall thrombin

generation and hemostasis.

FFP is used in conjunction with PCCs or when

PCCs are unavailable. Less recommended is the

use of recombinant activated factor VII (rFVIIa),
which has been found to be less effective than

PCCs (Dickneite 2007).

Challenges to Management of Bleeding

While there is much enthusiasm for newly devel-

oped drugs that have fewer complications than

existing medications, their irreversibility should

cause concern to emergency physicians and trauma

service providers. Dabigatran, for example, is rap-

idly replacing warfarin as the anticoagulant of

choice for patients with atrial fibrillation. Although

the risk of bleeding is reduced with this drug and

frequent monitoring is unnecessary while on it,

physicians have reported worse patient outcomes

for pre-injury medicated trauma patients on

dabigatran than for those on warfarin (Cotton

et al. 2011b). Similarly, prasugrel is a new

thienopyridine antiplatelet agent that has been

shown to be 10–100 times more potent than

clopidogrel. While it is more effective than

clopidogrel in preventing MI and stent thrombosis,

its irreversibility and increased level of platelet

aggregation increases the risk of morbidity and

mortality in trauma patients (Hall andMazer 2011).

Special Considerations

Acute traumatic coagulopathy (ATC) is an endog-

enous impairment that develops rapidly after

trauma disrupts hemostatic equilibrium.

Coagulopathy, metabolic acidosis (due to

hypotension/hypoperfusion), and systemic hypo-

thermia have often been related to “trauma’s lethal

triad” (Rotondo 1997). In patients with both

severe tissue trauma and systemic hypoperfusion,

ATC at clinical levels has been identified (Frith

et al. 2012). As ATC has a confirmed negative

impact on patient outcomes, it can exacerbate

uncontrolled bleeding in patients already on

anticoagulation/antiplatelet agents.

Deep vein thrombosis (DVT) prophylaxis is

essential in trauma patients receiving anticoagu-

lants as decreased levels of antithrombin III and

the suppression of fibrinolysis, in addition to the

effects of the anticoagulation/antiplatelet agents,

may cause patients to become hypercoagulable.

Recently, the Centers for Disease Control

and Prevention (CDC) has modified its guidelines

regarding field triage of injured patients.
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The panel highlighted the potential for rapid dete-

rioration of patients on pre-injury anticoagulants

that suffer head injuries as anticoagulants

increase the risk for intracranial hemorrhage and

longer hospital stays (Centers for Disease Control

and Prevention (CDC) 2011).

Role of TEG in Trauma

Thromboelastography (TEG) is a time-sensitive

dynamic assay of the viscoelastic properties

of blood. It has been widely adopted for high-

risk surgery like hepatic surgery, cardiac surgery,

and organ transplantation (liver). TEG is becom-

ing a key in management of “damage control

resuscitation.”

Keystones in Damage Control Resuscitation

• Early recognition of “trauma-induced

coagulopathy”

• Massive transfusion protocol (MTP) activa-

tion policy (>10uPRBC/24 h, or now 6 h

Kashuk and Moore)

• Minimize crystalloids use

• Early transfusion of RBC:FFP:PLTs in a 1:1:1

ratio

• Appropriate use of rFVIIa and fibrinogen-

containing products such as cryoprecipitate

• When available: POC coagulation assays

rapid thromboelastography (r-TEG) to guide

administration of blood products

Interestingly most of current MTP underestimates

the needed treatment to correct coagulopathy

despite that simple scores have been developed to

early predict need of transfusion: Assessment of

Blood Consumption (ABC) score and Trauma-

Associated Severe Hemorrhage score (TASH).

There is no consensus when starting an MTP

among different trauma centers. Different accepted

“triggers” for MTP can be clinical only (operative

bleeding), clinical and dynamical (prehospital and

ED bleeding), and “triggers” plus TEG. TEG use in

acute injury to monitor and target therapy in trau-

matic coagulopathy is modifying the classical

approach and clinical management to acute

posttraumatic bleeding and acquired bleeding dis-

orders (patients on warfarin or LMWHs). TEG

could close the gap in current recommendations
for resuscitation of the critically injured patient

which are limited by a lack of point-of-care

(POC) assessment of coagulation status. TEG

should allow timely, goal-directed restoration of

hemostasis via POCmonitoring of coagulation sta-

tus. Our current understanding of hemostasis

should shift from a classic view, in which coagula-

tion is considered a chain of catalytic enzyme reac-

tions, to a cell-based model (CBM). CBM

represents interaction between cellular and plasma

components of clot formation. Another emerging

role of POCTEG-based therapy and trauma patient

management could be avoidance of allowed

indiscriminant blood component administration.

Typical post-injury coagulation status could be

alsomonitored byTEGuse avoiding complications

resulting from overzealous component administra-

tion. Although thromboembolic events have been

described shortly after injury, the time sequences of

post-injury coagulation changes are unknown.

Possible Future Indications of “Early” TEG

Analysis in Trauma Population from ED

1. Massive transfusion

2. TBI brain injury with bleeding

3. Unexplained continued surgical bleeding (use

of anticoagulants)

4. Suspect of platelet dysfunction

5. Recombinant Factor VIIa use

6. Potential organ donor with coagulopathy

7. Identification of postoperative hypercoagulable

patient
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▶Blood Group Antibodies
Antitank Landmines

▶ IED (Improvised Explosive Device)
Antithrombotics

▶Anticoagulation/Antiplatelet Agents and

Trauma
Anti-vehicle Landmines

▶ IED (Improvised Explosive Device)
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▶Cardiac and Aortic Trauma, Anesthesia for
Apheresis Platelets
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Synonyms

Plateletpheresis; Thrombapheresis;

Thrombocytapheresis
Definition

A method of obtaining large numbers of platelets

from a single donor, apheresis (Latin:

apherios – “to take from”) platelets offer many

advantages to both donor and recipient. Aphere-

sis platelet preparations thus compare favorably

to traditional whole blood-derived platelets

(buffy coat and platelet-rich plasma methods),

which due to decreased efficiency and platelet

extraction are pooled products derived from mul-

tiple donors (Thiele et al. 2013).

Today, many automated apheresis systems

exist and can extract 2–3 units of platelets at

a single donation session lasting up to 2 h.

A single or double puncture system may be

utilized by either centrifugation, filtration, or

a combination of both to allow for isolation of

platelet products. The remaining blood compo-

nents are either returned to the donor or

further separated for multicomponent apheresis
collection (Vassallo and Murphy 2006).

Currently it is estimated that almost 80 % of

all platelets transfused are obtained via

apheresis.

Due to the large numbers of platelets extracted

(a minimum of 3� 1011), a recipient may receive

a therapeutic platelet dose from a single donor,

increasing transfusion safety. There is a reduced

risk of bacterial contamination and exposure to

other blood-borne diseases, and the apheresis

process allows for platelet crossmatching or

HLA antigen matching in alloimmunized patients

and leukocyte reduction (Vamvakas 2009).

Advantages for donors include reduced adverse

events from donation and the ability to donate

more frequently, both a result of extracting only

platelets and returning the remaining blood com-

ponents to the donor. In fact, apheresis platelets

have the added recipient benefit of being more

likely to come from repeat donors, increasing

their safety profile as first-time donors are twice

as likely to test positive for infectious diseases

(Heddle et al. 2008). Adverse events are gener-

ally less than seen with whole blood-derived

platelet compounds for both donor and recipient

(Schrezenmeter et al. 2007).
Cross-References

▶Blood Bank

▶Buffy Coat

▶ Pooled Platelets

▶Thrombocytopenia
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Synonyms

Acute lung injury; Acute respiratory distress syn-

drome; Adult respiratory distress syndrome
Definition

Acute respiratory distress syndrome (ARDS) is

a well-known complication of major trauma,

occurring in 8–82 % of selected patient

populations (Hudson et al. 1995). Susceptible

subgroups include patients with pulmonary

contusions, severe trauma (Injury Severity
Score, >25), head injury, marked base deficit,

significant blood transfusion requirement, and

notable orthopedic injuries such as long-bone

and pelvic fractures associated with fat embolus.

Histologically, ALI/ARDS in humans is char-

acterized by diffuse alveolar damage (DAD).

Traditionally, the etiology of DAD has been

thought to be secondary to a severe acute inflam-

matory response in the lungs and neutrophilic

alveolitis. In practice, ARDS is the clinical

expression of a group of diverse processes that

produce widespread alveolar damage. Injury to

the alveolar capillary barrier leads to exudation of

fluid, cells, and proteinaceous contents across the

membrane, leading to enough alveolar edema to

cause refractory hypoxemia and the cardinal

physiological manifestation of the syndrome as

defined by the American/ European Consensus

Conference in 1994: acute onset of hypoxemia,

associated with bilateral infiltrates on chest X-ray

(CXR) in the absence of left ventricular failure. In

2011, the Berlin definition aimed to better link

consensus definition activities with empirical

research (ARDS Definition Task Force et al.

2012). It eliminated acute lung injury (ALI) as

a distinct category and classified ARDS by

severity based on degree of hypoxemia: mild

(200 mmHg < PaO2/FIO2 � 300 mmHg), mod-

erate (100 mmHg < PaO2/FIO2 � 200 mmHg),

and severe (PaO2/FIO2 � 100 mmHg) and

four ancillary variables for severe ARDS:

radiographic severity, respiratory system compli-

ance (�40 mL/cm H2O), positive end-expiratory

pressure (�10 cm H2O), and corrected expired

volume per minute (�10 L/min).

The draft Berlin definition was empirically

evaluated using patient-level meta-analysis of

4,188 patients with ARDS from 4 multicenter

clinical data sets and 269 patients with ARDS

from 3 single-center data sets containing detailed

physiologic information (Thille et al. 2013).

The four ancillary variables did not contribute

to the predictive validity of severe ARDS for

mortality and were removed from the definition.

Using the Berlin definition, stages of mild,

moderate, and severe ARDS were associated

with increased mortality (24–30 %; 29–34 %;

and 42–48 %, respectively; P < .001) and

http://dx.doi.org/10.1007/978-3-642-29613-0_626
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increased median duration of mechanical venti-

lation in survivors (5 days; interquartile [IQR],

2–11; 7 days; IQR, 4–14; and 9 days; IQR, 5–17,

respectively; p <.001).

It has been noted that trauma patients may still

have better outcomes than septic patients that

develop ARDS, strongly suggesting that the

etiology of the syndromemay be different despite

given identical manifestations.
Preexisting Condition

ARDS in the Context of Trauma

Initial studies documented that the development

of ARDS in trauma patients resulted in

a significant increase in morbidity, an increased

use of hospital resources, and up to a 4.3-fold

increase in mortality More recent studies

matching patients with similar severity of injury

scores with and without ARDS however have

shown that although the development of ARDS

is associated with increased morbidity, hospital

and ICU length of stay, and costs, it does not

seem to increase the overall mortality in critically

ill trauma patients. Findings from various studies

suggest that the mortality may be explained by

injury severity alone and not by the presence of

ARDS. It has also become apparent that the

mortality from trauma-related ARDS is lower

than that associated with ARDS from other

causes (Hudson et al. 1995). Recent studies

have highlighted the possibility that the type of

lung injury that occurs in the setting of trauma

may in fact differ pathologically from the acute

lung injury (ALI) associated with sepsis, the most

common cause of ARDS. This short entry will

focus on the development of trauma-related

ARDS, how it may differ from sepsis-induced

ARDS, and the implications for treatment.

The pathogenic mechanisms responsible

for the development of ARDS in the context

of trauma have recently gained much attention.

Although the role of preexisting conditions

in mediating susceptibility to ARDS is contro-

versial, specific mechanisms of lung injury,

including genetic susceptibility, should be

highlighted.
How Does Trauma Lead to ARDS?

Given the similarities between posttraumatic sys-

temic inflammatory response syndrome (SIRS)

and the host response to overwhelming sepsis, it

was initially proposed that SIRS develops after

trauma as a result of bacterial translocation from

the bowel to the blood (likely due to hypotension,

leading to poor perfusion of the bowel, possible

subclinical ischemia, loss of bowel wall integrity,

and translocation of bacteria from the lumen to

the circulation; Moore et al. 1996). This hypoth-

esis has been somewhat discredited and more

recent theories posit that the innate immune sys-

tem and its pattern-recognition receptors are the

main components of the commonmolecular path-

way, leading to SIRS in both infectious and non-

infectious settings (Iwasaki and Medzhitov

2010). Invading pathogens and danger signals

(generated by tissue injury) are recognized by

pathogen and danger-associated molecular

patterns (PAMP and DAMP). These may either

sit on the membrane surface such as Toll-like

receptors (TLRs) or inside the cytoplasm like

Nod-like receptors (NLRs). PAMPs and

DAMPs initiate similar innate immune responses

even in the absence of microbial infection

(Mollen et al. 2006). Recent work has

demonstrated that some DAMPs – including

high-mobility group protein B1 (HMGB1) and

S100 proteins (family of low molecular weight

proteins characterized by their calcium-binding

abilities) – are rapidly released into the blood of

severely injured patients. In keeping with this

hypothesis, elevated levels of HMGB1 in the

blood have been linked to the development of

organ failure after trauma.

Recently, Zhang and colleagues elegantly dem-

onstrated howmolecularmotifs conserved between

bacteria andmitochondria may explain some of the

similarities in the innate immune responses to

external (infectious) and internal (damage) danger

signals. In the case of severe tissue injury, as that

resulting from trauma, mitochondrial DNA may

gain access to the circulating blood, probably sec-

ondary to the tissue necrosis caused by the exten-

sive force of the injury. Mitochondrial DNA or

even mitochondrial DAMPs, such as formyl pep-

tide, attract neutrophils. Neutrophil activation by
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these DAMPs may represent the initial response of

the innate immune system – triggering a systemic

inflammatory response to injury. This hypothesis is

supported by evidence that neutrophils are acti-

vated through formyl peptide receptor-1 on their

surface, which promote a neutrophil-mediated

inflammatory response through release of the

immune mediators metalloproteinase-8 (MMP-8)

and interleukin-8 (IL-8), and phosphorylation of

several mitogen-activated protein (MAP) kinase

enzymes. Most importantly, injection of

mitochondrial DAMPs into rats causes acute lung

injury (Zhang et al. 2010). Cumulatively, this data

supports the existence of unique pathways thatmay

be responsible for the development of ARDS in

trauma patients. The significance of these findings

lies in its importance for diagnosis, prognosis,

and treatment.

Is There Evidence That Trauma-Associated ARDS

May Be Differentiated from Other Forms of ARDS?

An important implication of identifying unique

biological mechanisms of injury is that this may

enable the differentiation of ARDS from different

etiologies.

Recent studies evaluating biomarkers in

patients with ALI/ARDS have identified

a number of markers that are predictive of clinical

outcomes; these studies have also provided

insight into the underlying pathogenetic mecha-

nisms of ALI/ARDS (Calfee et al. 2007). Bio-

markers that are specific to inflammation,

endothelial activation and injury, lung epithelial

injury, and disordered coagulation and fibrinoly-

sis have all been previously shown to help

differentiate patients with ALI/ARDS. In

a recent study, Calfee and colleagues compared

a panel of eight biomarkers in patients with trau-

matic ALI/ARDS to patients with nontraumatic

ALI/ARDS. They found significant differences in

six of the eight biomarkers that were evaluated.

This study, however, did not examine the role

that biomarkers might play in the diagnosis of

ALI/ARDS. In a retrospective nested case control

study of 192 patients admitted to a university

trauma intensive care unit (ICU), the same

authors compared biomarkers from plasma

cells collected from 107 patients with ALI to
85 patients without ALI. Results showed that

patients with ALI had higher severity of illness

scores, more days of mechanical ventilation, lon-

ger hospital stays, and higher mortality versus

controls. Seven biomarkers (RAGE, PCPIII,

BNP, ANG2, IL10, TNF-a, and IL8) had a high

diagnostic accuracy, as reflected by the area

under the receiver operating characteristic curve

of 0.86 (95 % CI 0.82–0.92) in differentiating

ALI from controls.

In separate studies, circulating leukotriene B4

(LTB4) identified respiratory complications after

trauma. The cutoff to predict pulmonary compli-

cations was calculated at 109.6 pg/mL (72 %

specificity, 67 % sensitivity), about twice the

levels detected in the group of trauma patients

that did not develop pulmonary complications.

LTB4 was not influenced by overall or chest

injury severity, age, gender, or massive

transfusion. Patients with pulmonary complica-

tions received mechanical ventilation for

a significantly longer period of time, and had

prolonged intensive care unit and overall hospital

stay, suggesting this may be a relatively

interesting biomarker that can be used to at least

predict likelihood of development of pulmonary

complications after major trauma.

Genetic Susceptibility to the Development of ALI

Results from animal studies clearly show that

not all ARDS is “created equal.” Different

genetic molecular mechanisms of injury may

be invoked by different insults, and these

result in gene expression profiles that character-

ize injury-specific molecular phenotypes.

Injury-specific profiles are the result of differen-

tial gene expression, indicating that genes may

play an important role in the susceptibility and

development of ARDS. There is rapidly growing

interest in the potential role of genetic factors in

patients who develop ARDS. Single nucleotide

polymorphisms (SNPs) are the most commonly

studied variations. Genetic studies of ALI/ARDS

have largely centered on candidate genes that

play a role in the response to external stimuli,

because these genes are assumed to have key

roles in the ALI/ARDS immune response

(Gao and Barnes 2009). Several studies have
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reported associations between SNPs and clinical

outcomes in patients with trauma-induced ALI

susceptibility. In response to a number of

stressors including oxidative stress, NF-E2

related factor-2 (NRF-2) dissociates from the

cytoplasmic inhibitor, Kelchlike ECH-associated

protein (Keap1), and translocates to the nucleus

where it binds to the antioxidant response

elements (ARE) and upregulates the transcription

of protective detoxifying enzymes. Studies

have sequenced the NRF2 gene in ethnically

diverse subjects, and identified three novel,

potentially functional promoter SNPs at positions

-617 (C/A),-651 (G/A), and -653 (A/G). The

authors used a luciferase construct to detect the

different binding affinities of SNPs of NRF2, and

the -617 (C/A) mutation showed significantly

decreased binding affinity (p < 0.001) relative

to the wild type. In a nested case-control study,

patients with the -617 A SNP had a significantly

higher risk for developing ALI after

major trauma.

The results of several candidate-gene studies

have been summarized in a recent review

(Gao and Barnes 2009), and the accompanying

editorial provided important additional insights.

Another likely contributing factor to the develop-

ment and severity of lung injury is the virulence

of the infecting organism, be it bacterial, viral,

fungal, or parasitic. Some studies have shown

experimentally that the virulence capacity of

Pseudomonas aeruginosa is a major determinant

of the severity of lung injury. An alternative

approach to tradition genetic analysis of individ-

ual SNPs is to apply genome-wide association

screening (screens the genome in a relatively

unsupervised fashion without a priori knowledge

of potential SNPs of interest) of patients who

either have ARDS or are at risk of developing

ARDS. Christie et al. conducted the first investi-

gation to use the genome-wide association

(GWA) approach to identify putative risk vari-

ants for ALI (Christie et al. 2008). Using

a gradated informed target discovery approach,

the authors narrowed the number of candidate

small nucleotide polymorphisms (SNPs)

that they validated using expression quantitative

trait loci (eQTL) analyses in stimulated
B-lymphoblastoid cell lines (B-LCL). Using this

advanced genetic approach, the group identified

a polymorphism in the gene protein tyrosine

phosphatase, receptor type, f polypeptide

(PTPRF), interacting protein (liprin), alpha 1

(PPFIA1) as significantly associated with the

development of ALI in trauma patients

(P = 0.0021). The PPFIA1 genes encode liprin

alpha, a protein involved in cell adhesion,

integrin expression, and cell-matrix interactions.

This study supports the feasibility of future mul-

ticenter GWA investigations of ALI risk, and

identifies PPFIA1 as a potential functional candi-

date ALI risk gene for future research.

The clinical implication is that unlike other

forms of ALI/ARDS – we know exactly when

the risk of ALI/ARDS begins. This will allow

patients to be screened for their genetic suscepti-

bility and for therapies to be instituted

preventively rather than retrospectively.

Special Topics in Trauma-Induced ARDS

Lung Contusions

Lung contusion (LC) is common in patients with

thoracic trauma and is a leading risk factor for

ALI/ARDS development. After blunt chest

trauma, pulmonary contusion is a common result

that leads to physiologic consequences of

alveolar hemorrhage and pulmonary parenchy-

mal destruction, which take place within hours

of injury. After pulmonary contusion, acute

pathologic changes are associated with important

physiologic alterations in hemodynamics. Due to

severe vasoconstriction after injury, computed

tomography (CT) has been able to show

increased pulmonary vascular resistance and

shunt fraction. Macrophage chemo-attractant

protein (MCP)-1/CC chemokine ligand (CCL)-2

is produced by a number of cells in response

to inflammatory stimuli, such as IL-1b, -4, -6,

and -10, transforming growth factor-b, secondary

to tissue injury. The management of pulmonary

contusion is primarily supportive. Optimization

of oxygenation and ventilation are the key factors

to monitor. Fluid management and control of

chest wall pain are critical in the treatment of

LC patients. In cases of severe injury, intensive
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monitoring is also essential for ensuring adequate

organ perfusion and oxygenation. Aggressive

attempts to alleviate discomfort and restore

unhindered pulmonary mechanics are manda-

tory; otherwise, hypoventilation, atelectasis, and

subsequent respiratory deterioration could take

place. Also, high frequency oscillatory ventila-

tion and extracorporeal membrane oxygenation

have been gaining more acceptance in LC treat-

ment (see entries on “▶Chest Wall Injury” and

“▶Blast Lung Injury”).

Fat Embolus

Fat embolism syndrome (FES) includes hypoxia,

deteriorating mental status, and petechiae, tachy-

cardia, fever, anemia, and thrombocytopenia.

FES occurs in approximately 47–100 % of

patients with long-bone fractures. Within the

first 12–72 h after injury, there is an asymptom-

atic interval with development of pulmonary,

neurologic, and dermatologic changes. Currently,

there are two theories explaining FES causes. The

mechanical theory suggests the release of

mechanical emboli from fractures or soft tissue

injury into the venous system, which are then

transported to the lungs. The biochemical theory

proposes that FES is a process where inflamma-

tory reactants, including lipoprotein lipase, cause

the release of fatty acids, thus altering the fat

transport mechanisms of the plasma. This hemo-

static change results in fat droplet aggregation

with systemic sequestration in the microvascula-

ture, which is highly inflammatory. The current

treatment to FES is largely supportive. Through

mechanical ventilation, oxygen therapy aims to

maintain the PaO2 and adequate hydration in the

patient (see entries on “▶ Fat Embolism Syn-

drome” and “▶ Femoral Shaft Fractures”).

Transfusion-Related Acute Lung Injury (TRALI)

Transfusion-related acute lung injury (TRALI) is

the most severe complication in transfusion medi-

cine, and represents a significant risk for ALI/

ARDS in trauma patients who require major trans-

fusions at the time of resuscitation. Transfusion can

lead to both immune and nonimmune-mediated

TRALI. The immune-mediated TRALI mecha-

nisms are widely accepted and proven in both
preclinical and clinical studies. Cells that contain

blood products in the beginning stages of

nonimmune TRALI have been studied in preclini-

cal and clinical studies. One postulate suggests that

pro-inflammatory mediators in the plasma layer of

blood products are responsible for the initiation of

nonimmune-mediated TRALI. Lysophosphatidyl-

cholines, sCD40L and neutral lipids, which accu-

mulate in the plasma layer during the storage of

cell-containing blood products, play a role in the

onset of nonimmune-mediated TRALI. Another

common hypothesis suggests that the aged erythro-

cyte or platelet itself is responsible for the onset of

nonimmune-mediated TRALI. The loss of Duffy

expression on the aged erythrocyte results in

a reduction in erythrocyte chemokine scavenging

and may result in the onset of TRALI in the pres-

ence of an inflammatory condition. Common strat-

egies to prevent TRALI include the exclusion of

female plasma donors and the pooling of plasma

products. Strategies to prevent immune-mediated

TRALI include exclusion of HLA or HNA positive

donors, exclusion of donors at risk of being HLA or

HNA positive, testing donors for HLA or HNA

antibodies, and multiple plasma pooling. To pre-

vent nonimmune-mediated TRALI, transfusing

fresh blood only has been the most widely

suggested. These strategies have already been

implemented in some countries, resulting in

a reduction of the incidence of TRALI.

Challenges are ahead as preventive strategies

reduced but not eliminated onset of TRALI, and

still no therapy for this potentially life-treating syn-

drome exists (see entries on “▶Blood Therapy in

Trauma Anesthesia,” “▶Leukoreduced Red Blood

Cells,” “▶Massive Transfusion,” “▶Red Blood

Cell Transfusion in Trauma ICU,” “▶Plasma

Transfusion in Trauma,” and “▶Platelet Transfu-

sion in Trauma”).

Massive Aspiration

Acute aspiration pneumonitits is a well-

established complication among trauma patients.

Approximately one third of patients with

aspiration pneumonitis develop a more severe,

protracted hypoxemia course associated with

ALI/ARDS. The two most common conse-

quences resulting from aspiration of gastric or

http://dx.doi.org/10.1007/978-3-642-29613-0_105
http://dx.doi.org/10.1007/978-3-642-29613-0_366
http://dx.doi.org/10.1007/978-3-642-29613-0_129
http://dx.doi.org/10.1007/978-3-642-29613-0_129
http://dx.doi.org/10.1007/978-3-642-29613-0_545
http://dx.doi.org/10.1007/978-3-642-29613-0_467
http://dx.doi.org/10.1007/978-3-642-29613-0_467
http://dx.doi.org/10.1007/978-3-642-29613-0_69
http://dx.doi.org/10.1007/978-3-642-29613-0_69
http://dx.doi.org/10.1007/978-3-642-29613-0_394
http://dx.doi.org/10.1007/978-3-642-29613-0_26
http://dx.doi.org/10.1007/978-3-642-29613-0_26
http://dx.doi.org/10.1007/978-3-642-29613-0_24
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oropharyngeal content are chemical pneumonitis

and bacterial aspiration pneumonia. Animal stud-

ies have confirmed that a combination of acid and

particulate matter aspirate results in severe, pro-

gressive lung injury compared with the individual

gastric components of acid or particulate matter

individually. In terms of two-hit gastric aspirates,

attention has been focused on a combination of

acid plus small non-acidified gastric particles.

Data on leukocyte influx and cytokine/chemo-

kine production demonstrate an over-exuberant

pro-inflammatory response after the instillation

of combination of acid and particulate matter.

Once aspiration has taken place, the patient

should be positioned so that further inhalation of

particulate contents is substantially reduced.

Additionally, patients may require intubation to

facilitate future bronchoscopy. Other measures to

prevent recurrent aspiration should be taken.

Furthermore, a vast majority of intensivists

prescribe antibiotics in patients with suspected

aspiration events in which bacteria colonizing

the stomach could be aspirated by the patient

through the oropharynx (see entries on “▶Lung

Injury,” and “▶Hypoxemia, Severe”).
Application

Treatment for Trauma-Associated ARDS

A large number of pharmacologic therapies have

been evaluated in Phase II and Phase III clinical

trials for the treatment of ALI/ARDS. These

treatments include glucocorticoids, surfactants,

inhaled nitric oxide, antioxidants, protease inhib-

itors, and a variety of other anti-inflammatory

treatments. Unfortunately, to date, none of these

pharmacologic treatments have proven to be

effective, although some of them may be effec-

tive in a subgroup of patients with specific causes

of lung injury that might make themmore respon-

sive than others. Identification of the mortality-

reducing effect of lung-protective ventilation

using low tidal volumes and pressure limitation

is one of the biggest advances in the application

of mechanical ventilation. Despite the lack of

a specific pharmacologic treatment, lung-

protective ventilation has reduced the mortality
of ALI from 40 % in 2000 to 25 % in 2006.

Moreover, the use of a fluid-conservative strategy

after patients with ARDS are no longer in shock

has reduced the duration of mechanical ventila-

tion (see entries on “▶Mechanical Ventilation,

Conventional,” “▶Mechanical Ventilation,

High-Frequency Oscillation,” “▶Mechanical

Ventilation, Permissive Hypercapnia”).

A systematic review and meta-analysis of all

publications (between 1966 and 2012) has

specifically addressed the question as to the ben-

efit of using neuromuscular-blocking agents

(NMBA) as an adjunct to the ventilator manage-

ment of ARDS patients. The authors found that

patients treated with NMBA showed less mortal-

ity (risk ratio, 0.71 [95 % CI, 0.55–0.90]; number

needed to treat, 1–7), more ventilator-free days at

day 28 (p = 0.020), higher PaO2 to FiO2 ratios

(p = 0.004), and less barotraumas (p = 0.030).

The incidence of critical illness neuromyopathy

was similar (p= 0.540). How this knowledge can

be applied to trauma patients at risk or with

documented evidence of ARDS remains to be

determined by large randomized controlled trials.

In contrast to patients with established ARDS,

ventilator practices in patients at risk for ALI/

ARDS are unclear. Established ARDS may often

be refractory to treatment. As discussed above, the

best clinical trials of protective mechanical venti-

lation have demonstratedmodest treatment effects,

andmortality remains high. Early ventilatory inter-

vention in patients at risk of developing ARDS

may be exploited to block progression to ARDS.

Conceptually, the primary goal of protective ven-

tilation strategies in at-risk populations, such as

trauma patients, would be to avoid the develop-

ment of ventilator induced lung injury (VILI) by

applying ventilation strategies that maintain alve-

olar stability and reduces pulmonary edema for-

mation. Studies of VILI in subjects without ALI

demonstrate inconsistent results. Retrospective

clinical studies, however, suggest that the use of

large tidal volumes (VT) favors the development

of lung injury in these patients. Side effects

associated with the use of lower VT in patients

with ALI seem to be minimal. Assuming that this

will be the case in patients without ALI/ARDS too,

the prevailing thought among critical care
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intensivists is that the use of lower VT should be

considered in all mechanically ventilated patients,

whether they have ALI or not. Prospective studies

should be performed to evaluate optimal ventilator

management strategies for patients without ALI,

and these are currently underway.

In terms of future strategies that may come to

play an important role in the management of

trauma-induced ARDS, a growing number

of studies have demonstrated compelling data

on the beneficial effects of mesenchymal stem

or stromal cells (MSCs). Both systemic and

intrapulmonary administration of bone-marrow-

derived MSCs have been shown to improve mor-

tality, alveolar fluid clearance, and attenuate

inflammation – despite minimal, if any, lung

MSC engraftment. The mechanisms of MSC

actions on inflammatory and immune cells are

not well understood but likely involve both secre-

tion of soluble mediators as well as cell–cell

contact. In a rat “fixed volume” model of mild

hemorrhagic shock, MSC administration inhibits

systemic levels of inflammatory cytokines and

chemokines in the serum of treated animals. In

vivo MSCs also inhibit pulmonary endothelial

permeability and lung edema, with concurrent

preservation of the vascular endothelial barrier

proteins. Therefore, these data suggest that

MSCs, acting directly and through soluble

factors, are potent stabilizers of the vascular

endothelium and inflammation. These data are

the first to demonstrate the therapeutic potential

of MSCs in hemorrhagic shock-induced

lung injury.

An important area of treatment that is not

explored in this manuscript is the use of extracor-

poreal ventilation for trauma patients at risk or

with established ARDS. This is a very active area

of research and probably represents a potential

strategy for the future (please see entry on

“▶Extracorporeal Membrane Oxygenation”).
Conclusions

The primary goal of this entry was twofold:

Firstly, to provide an updated review of important

issues in the field of trauma-induced ARDS.
Secondly, to highlight the importance of

understanding individual mechanisms of injury

to the development of future therapeutics;

especially as it pertains to the management of

trauma patients at risk for developing ARDS/ALI.
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Synonyms

Cicatrization atelectasis; Fleischner lines; Lung

collapse; Nonobstructive atelectasis; Obstructive

atelectasis; Platelike atelectasis; Postoperative

atelectasis
Definition

Atelectasis is the loss of lung volume due to

collapse of alveoli resulting in reduced or absent
gas exchange (Duggan and Kavanagh 2005).

It may occur in either an acute or a chronic

setting. Acute atelectasis is primarily notable for

airlessness, whereas chronic atelectasis is often

characterized by a combination of airlessness,

infection along with bronchiectasis, and fibrosis

(Woodring and Reed 1996). Atelectasis can be

classified according to the pathophysiologic

mechanism, the location, or the volume of lung

involved.
Preexisting Condition

Both blunt and penetrating chest trauma can cause

atelectasis. Other causes include mucus in the

airways after surgery, cystic fibrosis, inhaled for-

eign objects, and severe asthma. Acute atelectasis

may occur in premature neonates as a result of

surfactant deficiency, which leads to infant respi-

ratory distress syndrome (Woodring and Reed

1996). Three mechanisms have been proposed to

explain the development of atelectasis. These

include compression of lung tissue, absorption of

alveolar air, and impairment of surfactant function

(Duggan and Kavanagh 2005).

Compression Atelectasis

Compression atelectasis occurs as a result of

alveolar collapse due to the reduction in the

transmural pressure that distends the alveolus.

This occurs due to an increase in pleural pressure,

with the greatest extent in the dependent lung

regions, compressing the adjacent lung tissue

(Duggan and Kavanagh 2005). It is usually asso-

ciated with accumulation of fluid, blood, or air

within the pleural cavity, which mechanically

collapses the adjacent lung. Compression atelec-

tasis is often a result of pleural effusions, caused

by congestive heart failure (Woodring and Reed

1996). Leakage of air into the pleural cavity as

well as spontaneous pneumothorax can also lead

to compression atelectasis. Basal atelectasis can

result from an elevated hemidiaphragm. This is

commonly seen in bedridden patients and in

patients with ascites and spinal cord injury, dur-

ing and after surgery (Woodring and Reed 1996).

Cineradiography can also be used to demonstrate
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a cephalad shift of the diaphragm during anesthe-

sia and spontaneous breathing. This diaphrag-

matic shift does not progress after muscle

relaxation and results in reduced functional resid-

ual capacity (Duggan and Kavanagh 2005).

Injury to the chest from both blunt and pene-

trating injury results in pulmonary contusions

which lead to edema and blood collection in

alveolar spaces. This causes compression atelec-

tasis and involves alveoli in one or more regions

of the injured lungs. In these circumstances, the

degree of collapse among alveoli tends to be quite

consistent and complete. Patients with chest

trauma with an Injury Severity Score of 15 or

above 40–60 % will require mechanical ventila-

tion, and there is an observed mortality rate of

10–25 % (Woodring and Reed 1996).

Resorption Atelectasis

Resorption atelectasis, also known as gas atelec-

tasis, can occur by one of two mechanisms: gas

trapped in alveoli distal to an obstruction or dis-

parity in the rate of oxygen uptake versus oxygen

delivery in the distal alveoli. In the first scenario,

when there is a complete obstruction in the air-

ways, a pocket of trapped gas is created in the

distal lung unit. Perfusion of the alveoli persists

while further gas inflow is prevented and this gas

pocket eventually collapses (Woodring and Reed

1996). Under this condition, the rate of gas

absorption from an unventilated part of the lung

increases with a rise in the fraction of inspired

oxygen (FiO2) (Duggan and Kavanagh 2005).

This type of atelectasis is commonly associated

with aspirated foreign body, mucus plugging,

mass effect from tumors, lymphadenopathy, aor-

tic aneurysm, cardiomegaly, or incorrect posi-

tioning of an endotracheal tube (Woodring and

Reed 1996).

The second mechanism proposed to explain

resorption atelectasis occurs when there is

a disparity in oxygen delivery and uptake. Lung

zones that have a low ventilation to perfusion

ratio (V/Q) have a lower partial pressure of alve-

olar oxygen during inspiration. When the FiO2 is

increased, partial pressure of alveolar oxygen

increases. This leads to increased rate of oxygen

uptake by the blood. The rate of uptake may be
greater than the rate of inspired flow of gas,

leading to progressive reduction of the lung unit

(Duggan and Kavanagh 2005).

Adhesive Atelectasis

The normal alveolar surface is covered by pul-

monary surfactant, which reduces pulmonary sur-

face tension, stabilizes alveoli, and prevents

alveolar collapse. In conditions causing loss or

impairment of surfactant, the alveoli become sus-

ceptible to collapse and become atelectatic

(Duggan and Kavanagh 2005). Conditions that

predispose to adhesive type of atelectasis include

anesthesia, acute respiratory distress syndrome,

smoke inhalation, uremia, or prolonged shallow

breathing (Woodring and Reed 1996).

Relaxation Atelectasis

Relaxation atelectasis occurs when there is

a disruption of contact between the parietal and

visceral pleurae. Under normal circumstances,

the lungs remain in close proximity to the chest

wall due the negative pressure in the pleural

space. Pleural effusion, pneumothorax, or

a large emphysematous bulla can cause the sepa-

ration between the visceral and parietal pleurae.

Due to the loss of the negative pressure, the

physiologic elastic recoil of normal lung paren-

chyma retracts the normal lung and may lead to

atelectasis (Woodring and Reed 1996).

Cicatricial Atelectasis

Cicatrization results from loss of lung volume

due to severe parenchymal scarring. This is com-

monly seen in granulomatous diseases such as

sarcoidosis, tuberculosis, radiation pneumonia,

and necrotizing pneumonia (Woodring and

Reed 1996).
Application

Presentation

Atelectasis is associated with the development

of several pathophysiologic effects, which

include decreased lung compliance, impairment

of oxygenation, increased pulmonary vascular

resistance, and development of lung injury
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(Duggan and Kavanagh 2005). The patient may

present with cough, chest pain, difficulty breath-

ing, and cyanosis as a late sign. They may also

have decreased oxygen saturation, increased

heart rate, and low-grade fever (Woodring and

Reed 1996). Late-stage findings may include

a shift of the mediastinum with subsequent tra-

cheal deviation and heart displacement towards

the atelectatic lung. There is often drooping of

shoulder with crowding of ribs (Woodring and

Reed 1996).

Detection of Atelectasis

Conventional chest radiography is usually used to

confirm the diagnosis of suspected atelectasis.

Lobar or segmental atelectasis is classically

seen as opacification of the lobe or segment.

The most direct and reliable sign on radiograph

is displacement of the lung fissures. Other signs

include a rise of the hemidiaphragm and medias-

tinal shift near the point of volume loss. There is

compensatory hyperinflation of the remaining

aerated segment in the affected lobe evidenced

by increased radiolucency, and the collapsed por-

tion of the lung is often triangular in at least one

projection. In the case of absorption atelectasis,

the features are similar to consolidation with the

presence of air bronchograms. Furthermore, the

“silhouette” sign, which is the loss of normal

borders between thoracic structures, allows iden-

tification of the lobe or segment of the lung that is

affected (Proto and Tocino 1980).

Computed tomography is emerging as

a preferred alternative to CXR because of the

widespread availability, resolution, high signal/

noise ratio for lung tissue, and speed. CT allows

measurement of whole and regional lung vol-

umes and distribution of aerated lung segments.

Atelectasis on a CT scan is defined as pixels with

attenuation values of �100 to +100 Hounsfield

units (Duggan and Kavanagh 2005).

Prevention or Reversal

The definitive treatment of atelectasis depends on

the underlying etiology. Treatment of acute atel-

ectasis, including postoperative lung collapse,

requires removal of the underlying cause. The

management of atelectasis depends on whether
the lungs are injured or uninjured. Progressive

pulmonary atelectasis may occur with constant

ventilation without periodic hyperinflation.

Recruitment maneuvers using three successive

inflations with a pressure of 20 cm H2O, 30 cm

H2O, and 40 cm H2O for 10 s, 15 s, and 15 s,

respectively, have been described. Tusman

reported that high initial pressures are needed to

overcome collapsed lungs and that PEEP of 5 cm

H2O or above is required to prevent the newly

recruited alveoli from collapsing. This is in the

healthy lungs, without any evidence of baro-

trauma or pulmonary complications. It is impor-

tant to note that the use of large tidal volumes,

high peak airway pressure, and end-expiratory

alveolar collapse with cyclic reopening can be

detrimental and worsen lung injuries (Duggan

and Kavanagh 2005).

Reversing or preventing atelectasis is possible

in many patients in the perioperative period by use

of techniques or devices that either encourage or

force patients to inspire deeply. The goal of these

means is to produce and sustain a large increase in

transpulmonary pressure, resulting in distension of

the lung and reexpansion of collapsed lung units.

Commonly used techniques include intermittent

positive-pressure breathing, deep-breathing exer-

cises, incentive spirometry, and chest physiother-

apy (Pryor 1999; McCool and Rosen 2006).

Studies suggest that all regimens are equally

effective in reducing the frequency of postopera-

tive pulmonary complications. Judicious use of

perioperative analgesia is an essential adjunct.

Patient-controlled analgesia, epidural pumps, sub-

cutaneous infusion pumps, as well as lidocaine

patches over the affected area all play an important

part in permitting patients to breathe deeply, cough

forcefully, and participate in chest physiotherapy

maneuvers (Ingalls et al. 2010; Karmakar and

Ho 2003).

When a mechanically obstructed bronchus is

suggested but coughing or suctioning is not suc-

cessful, flexible bronchoscopy should be

performed. Some patients may require repeat

bronchoscopy if atelectasis recurs. Patients with

poor pain control and those who are chronic

smokers may need this repeat procedure

(Kreider and Lipson 2003). Therapy with
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a broad-spectrum antibiotic is started and modi-

fied appropriately if a specific pathogen is iso-

lated from bronchial lavage secretions. Although

N-acetylcysteine aerosols commonly are admin-

istered in an effort to promote clearance of tena-

cious secretions, their efficacy has not been

documented. In addition, N-acetylcysteine may

cause acute bronchoconstriction (Schindler

2005).
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Synonyms

All-terrain vehicle; Four wheeler; Quad;

Quad bike
Definition

An ATV is a motorized vehicle with wide, low-

pressure tires, a seat, and handlebars designed to

be straddled by the rider. It is designed to handle

rugged, off-road terrain (Fig. 1). The weight of

the vehicle ranges from 600 to greater than

1,000 lbs. Engine sizes range from 49 to

1,000 cc and speed can approach 80 mph. ATVs
ATV Injuries, Fig. 1 All-Terrain Vehicle (ATV)
are used in a variety of work settings including

farming, ranching, and industrial work. However,

the most common utilization is for recreational

activities. The three-wheeled ATV appeared in

the 1970s, but after an alarming number of inju-

ries and deaths, it was removed from the market

in 1988. The four-wheeled ATV is more stable

than the earlier version, but there remain con-

cerns about the injuries due to these machines.
Application

ATVs are primarily designed for one rider and

require active rider participation to adequately

steer it. To balance the vehicle during a turn, the

rider must actively shift weight away from the

turn. This characteristic contributes to the rate of

rollover accidents when the rider is not able to

provide adequate counter weight, such as when

there is also a passenger or the driver is too small

for the vehicle. This is also why children are at

substantial risk especially when they operate an

adult-sized ATV. ATVs are produced in a variety

of sizes to better match the size of the operator;

however, it is not uncommon that the issue of size

is overlooked.

It is estimated that as of 2010 there were

10.8 million ATVs in use (http://www.atvsafety.

gov/stats.html. Accessed 15 Sep 2013). From the

1990s to 2000s, ATV sales increased 316 %

(Axelband et al. 2007). As the number of ATVs

in the community has increased, so has the

number of ATV-related injuries. The Consumer

Product Safety Commission (CPSC) reported in

2010 that there were 590 confirmed deaths due to

ATV crashes, of which 82 were children under

age 16. The CPSC estimates that the actual

number of ATV-related deaths for 2010 was

726. 115,000 emergency department visits were

recorded in 2010 due to injury after ATV

accidents. 28,300 visits (25 %) were pediatric

patients (http://www.atvsafety.gov/stats.html;

accessed 15 Sep 2013). There has been concern

over the increasing numbers of injuries and

deaths due to ATV injuries. Table 1 illustrates

the trends in injuries and fatalities for both adult

and pediatric patients. Annually, May through
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ATV Injuries, Table 1 Trends in injuries and fatalities

for adult and pediatric patients

Total deaths

Pediatric

deaths

Total ED

visits

Pediatric

ED visits

2010 590 82 115,000 28,300

2000 447 123 92,200 32,000

1990 235 81 59,500 22,400

Data adapted from http://www.atvsafety.gov/stats.html

ATV Injuries, Table 2 Distribution of injuries by body

region in 2011

Number of

injuries

% of total

injuries

Head and neck 30,300 28 %

Upper

extremity

31,300 29 %

Torso 23,400 22 %

Lower

extremity

20,900 20 %

Other 1,500 1 %

Data adapted from http://www.cpsc.gov
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September yield the greatest number of both

adult and pediatric ATV-related deaths. These

injuries predominantly happen in rural environ-

ments. Of reported fatalities, 53 % occurred on

a roadway, while only 12% occurred on a farm or

pasture and 9 % occurred in forest area (http://

www.cpsc.gov/Safety-Education/Safety-Educa-

tion-Centers/ATV-Safety; accessed 15 Sep

2013). States with the greatest number of deaths

due to ATVs are California and Texas. However,

West Virginia continues to have the greatest

number of fatalities on a per capita basis, and

this number appears to be rising. The number

of ATV-related fatalities in WV increased

from.72 per 100,000 population in 2004 to 1.32

per 100,000 in 2006. The highest death rate

is among age 10–17 years and occurs in the

southern counties of the state. These counties

also have the highest rate of poverty and are

the farthest from a trauma center (Center for

Disease Control 2008). West Virginia is

followed by Kentucky, Tennessee, and North

Carolina in per capita ATV-related fatalities.

Risk factors for a fatal head injury include lack

of a helmet and being a passenger. 95 % of the

fatal injuries occurred in riders not wearing hel-

mets (Helmkamp 2003).

Injury patterns can vary depending on the

circumstances of the ATV use. Extremity

fractures account for approximately half of the

total number of injuries, with open extremity

fractures being common (Helmkamp et al.

2008). Open elbow fractures are of significant

concern in the pediatric population (Kirkpatrick

et al. 2007). Facial fractures and spine fractures

are also common injuries. Table 2 depicts the

anatomic injury distribution as reported by

the CPSC for 2011. Severe traumatic brain injury
is the most common injury leading to death. Head

and neck injuries account for approximately 28%

of the total injuries.

Injury populations due to ATV crashes can

vary distinctly. In general, ATVs are designed

for an active operator without a passenger, but

the actual use and subsequent injury populations

expand beyond this group. This is reflected by the

trauma registries of injured patients. At one West

Virginia Level 1 trauma center, the age range for

ATV-related injuries spanned from 2 months of

age to 88 years. Geriatric ATV operators tend to

be more often using the ATV for occupational

use. These vehicles are very useful on farms and

ranches where rugged terrain unable to be crossed

by a car is common. It is estimated that geriatric

ATV riders now comprise 7–9 % of all ATV

injury hospitalizations. These accidents tend to

be of lower speed and often involve a rollover of

the ATV. Helmet use among geriatric patients is

low. Recovery from injuries in these patients can

be complicated bymedical comorbidities, limited

physiologic reserves, and pre-injury medications,

particularly anticoagulants. Age greater than

60 was an independent predictor of mortality.

Patients over age 60 also had a statistically higher

Injury Severity Score (12.9 vs. 10.3, p < 0.001),

longer hospital length of stay (8.3 vs. 4.8 days,

p < 0.001), and greater number of ICU days

(3.1 vs. 1.3 days, p < 0.001). Age older than 60

was associated with increased risk of mortality

(OR 6.96; 95 % CI 3.75–12.92) (Deladisma

et al. 2008).

Pediatric injuries and subsequent mortalities

continue to be of concern. Though there are
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smaller-sized ATVs, children are frequently

involved in accidents with adult-sized ATVs.

The large size and weight of these machines

makes crash injuries and traumatic asphyxia of

particular concern in this population. Small-

statured children in particular may have difficulty

steering appropriately given the need to actively

shift weight toward the outside while turning.

This makes rollover accidents more likely with

a child. Younger children may not have the cog-

nitive development to be able to understand the

complexities of steering and balance particularly

in uneven terrain (Shah et al. 2012). Children are

more likely to be passengers. A passenger on an

ATV designed for one person will also cause

potential weight shifts that may negatively affect

steering. There is evidence that ATV dealers do

review the safety recommendations and state

legislation, but almost half the ATVs are pur-

chased secondhand. The annualized injury rate

is approximately double for boys compared to

girls. For children, approximately 70 % of hospi-

talizations are less than 4 days; however, 10 %

had a length of stay greater than 10 days. Also of

concern is that the severity of injury as reflected

by ISS appears to be increasing (Killingsworth

et al. 2005).

An increasing trend is the number of accidents

occurring on the roadways. Roadway fatalities

increased over twice the rate of off-road fatalities.

Roadway crashes were more likely to involve

collisions with another vehicle and have multiple

fatalities. In fact, ATV crashes that resulted in

multiple fatalities were three times greater on

roadways as compared to off roadway accidents

(Denning et al. 2013a). Roadway crashes are

more likely to involve young males and involve

alcohol. One in three on road crashes involves

collision with another vehicle. This type of colli-

sion is 10 times more likely to occur on roadways

than off and more likely to result in severe trau-

matic brain injury (Denning et al. 2013b). Other

contributing factors for roadways to pose more

danger include structural aspects of the ATV. The

wheels are intended for off-road use and do not

have the traction interface for paved surfaces.

Roadway turns are also more acutely angled
than the turn radius that the ATV can usually

accommodate. These factors, with the higher cen-

ter of gravity and high speed of the larger engines,

contribute to crashes.

From 2000 to 2004, estimated hospital charges

were $1.1 billion with an average charge per

patient being approximately $19,000. Intracra-
nial injuries resulted in a longer hospital LOS

and hospital cost (Helmkamp et al. 2008). In

a pediatric study over a 2-year period total hos-

pital charges were estimated at $74 million

(Killingsworth et al. 2005), so the economic

impact is significant. Overall, injuries secondary

to ATV crashes are increasing, in part due to the

increasing popularity of the vehicle. Legislative

efforts have been initiated but often are difficult

to enforce. Continued education and outreach to

high-risk populations, especially young males in

rural areas, are warranted.
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Synonyms

Acute normovolemic hemodilution; Homologous

donation; Intraoperative cell salvage
Definition

Autologous donation is a method of utilizing

a patient’s own blood to reduce the number of

allogenic blood products needed and the inherent

risks associated with their use. Autologous blood

donation can be done preoperatively and stored

for elective use or intraoperatively using different

methods. Indications for autologous donation

include large expected blood losses, continued

bleeding, and patients that have rare blood types

or antibodies or who refuse allogenic blood

products (Ashworth and Klein 2010).

Acute normovolemic hemodilution can be uti-

lized in patients with an adequate preoperative

hematocrit and expected blood losses near one

liter. One to three units of blood are drawn off,

anticoagulated, and stored in the operating room

for up to eight hours for subsequent transfusion.

After the blood is drawn, the volume is replaced

with either crystalloid or colloid, producing
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a temporary hemodilution. This practice has lim-

ited application in elective cases but may be

associated with increased risk of myocardial

ischemia in susceptible patients (Cushing and

Ness 2013).

Intraoperative cell salvage (ICS) is an attrac-

tive choice for rapidly exsanguinating patients.

The process requires a skilled transfusionist and

involves collecting blood from the surgical field

using a dual-lumen anticoagulating suctioning

device, followed by filtration and temporary

storage. When an adequate amount of blood

has been collected, it is then washed and

centrifuged and passed through a semiperme-

able membrane to recover red blood cells for

transfusion. Processing removes free plasma

hemoglobin, plasma, white blood cells, plate-

lets, and heparin. Newer devices can separate

collected autologous whole blood and separate

them into components much like apheresis

blood donation, giving red blood cells, platelet-

poor liquid plasma, and platelet-rich plasma gels

(Waters 2013). Leukocyte reduction filters may

also be utilized. Caution must be used, and ICS

should be interrupted when the surgical field is

contaminated with topical hemostatic agents,

antibiotic-laden irrigation, and gross spillage of

bowel contents or uterine breach in pregnant

females. ICS should be avoided in cases of

known bacteremia.

Trauma patients present a complex interplay

of pathology and often have contaminated

wounds, concomitant gastrointestinal injury,

massive inflammatory response, and cytokine

release leading to disseminated intravascular

coagulopathy (DIC) at the time of surgery. The

effects of transfusing blood collected from this

environment are being actively studied and are

currently unknown, though early studies raise

questions about postoperative infection and coag-

ulation problems in these populations (Bhangu

2013; Konig et al. 2013). Meticulous washing of

isolated red blood cells may ameliorate some of

the detrimental effects (Gruber et al. 2013).

Autologous blood salvage systems can be

connected to a variety of devices already utilized
in trauma, from thoracostomy drainage systems

(first used in 1931) to intra-abdominal suction

catheters. There is a paucity of data, but recent

studies have looked at the safety and effects of

collecting and transfusing autologous blood

during trauma surgery and have found that ICS

decreases the amount of autologous blood trans-

fused with no difference in morbidity or mortality

(Bowley et al. 2006; Brown et al. 2010).

In special social circumstances, such as man-

aging hemorrhagic shock in patients that refuse

allogenic blood transfusion, ICS and even use of

existing stored preoperative autologous blood

donations may be helpful (Gohel et al. 2011).
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Synonyms

Right to decide; Self-determination
Definition

The autonomy of an individual is his or her

capacity to think and act in accordance with

self-endorsed reasons and motives free from

distorting or manipulative forces. Individual

autonomy is a central value in biomedical

ethics and underpins the ethical and legal

requirements of consent, information disclo-

sure, truth-telling, and confidentiality in bio-

medicine. Autonomy as self-determination is

distinct from freedom, which is the ability to

act without constraints, whether internal or

external. Thus, even constraints upon a person’s

actions are present or cannot be removed, so that

one is not free to act, the autonomy of the indi-

vidual could remain a matter to be respected,

encouraged to certain degrees, and protected in

different ways.

Autonomy is a characteristic that could be

applied globally, and thus, certain beings may

be deemed to have autonomy because of their

capacity for reason and reflection (e.g., human

beings rather than lower animals) or certain

persons may be deemed to have autonomy

(mentally competent individuals) and not others

(e.g., legal minors, patients in PVS or coma,

patients with dementia). Or autonomy could

be applied piecemeal to aspects of decision

making, such as to immediate decisions,

preferences, wishes, or general values of an

individual.
Background

Patients in the Emergency Department

How the autonomy of patients should be

protected in a health emergency is a complex

question. Patients presenting at the emergency

department may be in a critical condition such

as trauma, myocardial infarction, and drug

overdose and whose survival depends on imme-

diate supportive treatment. Or, they could be

seriously ill with rapidly deteriorating functions

that could be arrested or reversed by appropriate

treatment measures. Many patients in EDs have

compromised mental status or regressive

behavior due to alcohol or drug-induced intoxi-

cation, head trauma, pain, shock, anxiety, or psy-

chiatric conditions. Some may be verbally and

physically abusive, requiring stabilization or

even restraint. Emergency medicine characteris-

tically demands rapid intervention and, at times,

aggressive measures under circumstances when

key information is sketchy or simply unavailable

(Sanders 2008).

While many patients in the ED may be

mentally and decisionally compromised (as

legal minors or PVS patients might be) such that

their immediate choices are of uncertain reliabil-

ity, their general preferences, wishes, and values

may be known to close friends and relatives who

may be at hand to serve as proxy decision makers

or collaborators in the decision-making process

or through advance directives. However, the

availability of knowledgeable proxies or advance

directives and their interpretation is not usually

assured in the ED. Since present consent to

treatment or refusal of treatment carries such an

uncertain status with regard to the patient’s

authentic values, various proposals have been

put forward for the protection of patient

autonomy in emergency situations.

Paternalism in Emergency Medicine

It used to be assumed in emergency medicine

that, while patient consent is an important ethical

requirement that underpins patient autonomy,

under emergency conditions, it is sufficient that

http://dx.doi.org/10.1007/978-3-642-29613-0_101326
http://dx.doi.org/10.1007/978-3-642-29613-0_101356
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consent be implied (Ramsey 1970, p. 5).

Emergency care cannot take into account the

idiosyncratic wishes of desperately ill persons.

The capacity of emergency room patients to

think clearly and the ability of medical

professionals to make decisions that accord with

the wishes of uniquely individual patients under

conditions of limited access to good information

in such situations warrant acting in accordance

with standards that rational and reflective persons

could accept (Tait and Winslow 1977).

Emergency care on this account aimed at provid-

ing swift intervention and management of

patients that emergency medical teams judged

to be necessary for preserving life and preventing

serious compromise to the patient’s health

condition. The assumptions behind this practice

were the life-preserving aims of medicine, the

idea that in a medical emergency patients want

physicians and others with experience and

expertise in dealing with similar situations to

make decisions for them, and that these aims are

important enough for most reasonable patients to

be willing to take the risk of injury or compro-

mise in quality of life as a result of aggressive

management. These assumptions justified

medical paternalism on the part of emergency

teams (Mattox and Engelhardt 1998).

Limits to Medical Paternalism During

Emergencies

In emergency situations involving serious risks to

public health, law and ethics support the position

that the requirement of consent may be waived. In

a pandemic outbreak, for example, quarantine

measures may be enforced even against the will

of patients. Under such circumstances, the

principle of necessity prevails over the principle

of liberty. However, such paternalistic actions

must be justified by demonstration of sound

reasoning and proportionality of the autonomy-

limiting interventions. Thus, quarantine

measures are normally not recommended until

their efficacy has been properly assessed and

until public hygiene messages are deemed to be

insufficient for addressing the spread of infection.

Similarly, the case for more discerning

judgement and proportionate action may be
applied to patients presenting in the ED, and the

assumptions in favor of aggressive intervention

and presumed consent by patients have to be

subject to careful scrutiny.

The Assumption of Urgency

In an emergency, it may be felt that evaluation and

treatment decisions have to be takenwithin a highly

limited time frame (the “golden hour”). However,

blanket assumptions of urgency in the emergency

situation are unhelpful formedical decisionmaking

and may further exacerbate the difficulties of mak-

ing care decisions in circumstanceswhere the infor-

mation available is likely to be incomplete,

inconclusive, or even incorrect. In situations

where surgery is a consideration, for example,

urgent surgical conditions such as drainage of sub-

dural hematoma, arresting blood loss or establish-

ment of an airway could represent less than 1 % of

the emergency surgery case load (Mattox and

Engelhardt 1998, p. 79). Most other surgical deci-

sion making in emergency cases is not significantly

time constrained and observatory treatment is rou-

tine, allowing for better information to emerge for

clarifying risks and treatment options.

The Assumption of Aggressive Treatment

Pressure

The “vitalist” assumption that all life-preserving

measures should be aggressively pursued comes

under challenge in the light of considerations of

cost, unlikely success, marginal life-prolonging

benefit, and quality of life. If treatment is deemed

futile or inappropriate, then emergency teams

have no obligation to provide it. Ways of

classifying emergency patients for aiding deci-

sions on whether to go for cure or comfort care

have been proposed (Mattox and Engelhardt

1998). Decision-making guidelines may be

drawn up for various categories of emergency

patients including those for whom survival

of a particular treatment is unprecedented,

those who would survive but with likely severe

neurological deficits or survive with severe

disabilities, or those whose survival chances are

low but there is good quality of life among

survivors (American College of Emergency

Physicians 2004).
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Challenges of Informed Consent

Having a patient’s informed consent to treatment

gives medical teams the right to treat patients.

Under emergency conditions, information

provided needs to be at a level that is enough

for a patient to understand what the medical

team intends to do and to authorize them to do

it. Fully informed consent may be too

difficult, impractical, or unduly burdensome on

emergency patients. Hence, quick consent, surro-

gate consent, or collaborative models of decision

making to ascertain a patient’s capacity to make

specific decisions are common compromises.

Again, in the context of a medical emergency,

assessment of a patient’s capacity to choose or

refuse treatment would at times be feasible only

at the level of ascertaining whether the patient

understands intellectually the intervention to be

chosen or refused and what is at stake, appreci-

ates the context of the choice intellectually and

affectively, and grasps the causal connections

between choosing or refusing particular interven-

tions and their outcomes. This level of under-

standing may diverge from that of the medical

team and the nonemergency patient.

Advance Directives

There is increasing interest in the advance

directive or living will as a means of understand-

ing the considered wishes of a patient in a range

of anticipated circumstances. These are intended

as authoritative instructions even for emergency

settings. However, the practical obstacles to their

implementation are serious and numerous.

Surrogates and medical personnel are often

unaware of the existence of any advance directive

that the patient might have made. Interpreting the

directive is often difficult because some features

of the current situation might not have been antic-

ipated and could be seen as relevant exceptions to

the circumstances envisaged by the patient. For

example, the validity of a DNAR order for “the

next episode of respiratory failure” may be called

into question if the situation is readily reversed by

establishment of an airway and a new significant

feature has entered the situation, such as the

unexpected diagnosis of terminal illness in

a spouse, for instance. There is also evidence of
physician reluctance to implement advance

directives due to unwillingness to take on

the responsibility of interpreting them in an

emergency, especially when trust between

doctors, patients and their families have yet to

be established (Emanuel et al. 1991).

The Role of the Physician

Within the many constraints of the emergency

situation, the responsibility to guide and make

decisions that respect the autonomy of the patient

rests squarely with physicians. Respect for

patient autonomy does not absolve physicians of

their critical role in aiding patients, families, and

the whole medical team in coming to terms with

tough responsibilities accepted under the

conditions of human finitude. They have obliga-

tions to implement good emergency care and

protect the best interests of patients often in the

face of emotive interventions by families or

against the pressures exerted by law enforcement

agencies in some cases.
Application

Refusal of treatment in a medical emergency

follows a pattern of practice where the greater

the health costs to the patient who refuses

treatment, the greater will be the burden on

patients to establish their competence or to have

left good, clear advance directives that antici-

pated the current circumstances. Thus, the

concern to protect the best interests of patients

warrants overriding refusals of lifesaving mea-

sures and interventions to prevent grave health

risks if a patient’s decision-making capacity has

not been convincingly established, due to the

high cost of the refusal (Sanders 2008, p. 471).

Families are often called upon to be surrogate

decision makers in a medical emergency, but

the notion that the family possesses decision-

making authority over its individual members is

a contested one and not well established in most

legal jurisdictions. Increasingly, legislative

frameworks are providing for involvement of

surrogates that take account of traditional family

structures. Surrogates are assumed to be good
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informants on the patient’s view of his or her best

interests, although this has been repeatedly

shown to be false. Family members and surro-

gates very commonly come to conclusions that

are completely different from previously

established wishes of a patient. It is also common

to find families disagreeing with medical team’s

judgement of the patient’s best interest. Thus,

surrogate decision making has not been shown

to be a reliable means of preserving patient

autonomy. In most Anglo-European countries

within the developed world, it is expected of

medical teams that patients be asked about the

extent to which they would want family to be

involved in treatment and care decisions.

In truly emergent conditions where threats to

life and limb are imminent, treatment is some-

times undertaken with justification without

seeking the patient’s consent, such as when

capacity is severely compromised (e.g., with

patients with trauma, hypotension, or under

narcotic influence). The bare semblance of

consent or “quick consent” (a grunt or feeble

nod) to a quick request to insert a catheter in

the bladder or a tube into the chest may suffice.

Medical teams have a continuing obligation to

then engage the patient and surrogates in gaining

understanding of the evolving circumstances and

treatment options as time allows.
Cross-References
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Capacity
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▶ Pedestrian Struck
Auto-PEEP
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Synonyms

Dynamic hyperinflation; Intrinsic PEEP; Occult

PEEP
Definition

Auto-PEEP is the positive end-expiratory pres-

sure caused by the progressive accumulation of

air (air trapping), due to incomplete expiration

prior to the initiation of the next breath. This

occurs when expiration is limited by airway

narrowing or obstruction, or when expiratory

time is limited. Total end-expiratory pressure is

the sum of the auto-PEEP and the extrinsically

applied PEEP, in the mechanically ventilated

patient.
Preexisting Condition

Pathophysiology

Inability to fully exhale a tidal volume before the

next breath may be caused by increased minute

http://dx.doi.org/10.1007/978-3-642-29613-0_216
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ventilation (i.e., increased tidal volume or respi-

ratory rate) or due to obstruction to exhalation

(i.e., airway obstruction or extrinsic resistance),

and usually a combination of both.

Elevated minute ventilation: A large tidal vol-

ume requires a longer expiratory time to exhale,

and increased respiratory rate will shorten the

expiratory time. These effects will be aggravated

in the patient with airflow limitation. Elevated

minute ventilation may occur with a high-set

mechanical ventilation, with increased drive to

breathe (e.g., acidosis, pneumonia) or may be

unrecognized due to rapid manual bag

ventilation.

Obstruction to exhalation: This may occur due

to airway narrowing (bronchospasm, secretions,

airway collapse) or to obstruction to the exhala-

tion circuit, e.g., narrowed endotracheal tube,

extrinsic PEEP, or ventilator dyssynchrony.

Identification

Auto-PEEP should be considered in any patient

with obstructive airway disease (chronic obstruc-

tive pulmonary disease, asthma) receiving

mechanical ventilation or any mechanically ven-

tilated patient presenting with potential sequelae

of auto-PEEP such as hypotension, pulseless

electrical activity, or ventilator dyssynchrony.

Identification is relatively simple, but quantifica-

tion of auto-PEEP is more complex.

Clinical: The patient who continues to exhale

(visually, by palpation, or by auscultation of

breath sounds) at the time of onset of the next

breath likely has a degree of auto-PEEP. How-

ever, clinical examination may not be reliable in

confidently excluding the presence of auto-PEEP

(Kress et al. 1999).

Ventilator graphics: Auto-PEEP can be diag-

nosed by viewing the flow-time tracing on the

ventilator. In the normal situation, expiratory

flow gradually approaches the zero level prior to

onset of the next breath. In the presence of auto-

PEEP, expiratory flow is still present when the

upstroke of the next breath occurs (see Fig. 1).

Methods to quantify the degree of auto-PEEP

require a patient without spontaneous respiratory

efforts, e.g., heavily sedated or paralyzed.

By using an end-expiratory breath hold, the
end-expiratory pressure in the respiratory system

can be measured from the ventilator. Any applied

PEEP should be subtracted from the value gener-

ated. Another method involves simultaneous

measurement of airflow and airway and esopha-

geal pressures (using an esophageal balloon)

(Laghi and Goyal 2012). During the respiratory

cycle, the negative esophageal pressure

(representing pleural pressure) at which expira-

tory flow ceases correlates with the level of auto-

PEEP. Many current ventilators automate one or

both of these measurement techniques. The accu-

racy of measured auto-PEEP is often in question,

and all these measurements are affected by active

expiratory efforts. The end-inspiratory plateau

pressure may be more informative, in terms of

the clinical effects and hazards produced by auto-

PEEP (Marini 2011).

The presence of spontaneous respiratory effort

should be recognized, as this can significantly

affect the assessment and quantification of auto-

PEEP. Furthermore, the concept of hidden or

occult auto-PEEP needs to be appreciated – the

presence of widespread airway closure in severe

obstructive airway disease may block the conti-

nuity between alveoli and the proximal airway

where pressure is measured, making the presence

of auto-PEEP unrecognized (Stewart and Slutsky

1996).
Application

Clinical Effects

The clinical effects of auto-PEEP are influenced

by the compliance of the lungs and chest wall.

Auto-PEEP effects on the lungs are also not

homogeneous and are influenced by local airway

disease, secretions, and positional and gravita-

tional influences.

Hemodynamic effects: Elevated intrathoracic

pressure results in a decrease in venous return and

reduces cardiac output. In addition, the dynamic

hyperinflation also increases pulmonary vascular

resistance and therefore right ventricular

afterload. The hemodynamic effects are particu-

larly pronounced in the patient who is volume

depleted. Hypotension results, which may be



Auto-PEEP,
Fig. 1 Flow-time tracings,

demonstrating auto-PEEP.

Panel A shows expiratory

flow returning to zero prior

to next breath, while panel
B shows subsequent breath

beginning while expiratory

flow continues (arrow)
implying the presence of

auto-PEEP
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severe, and pulseless electrical activity (PEA)

cardiac arrests have been reported (Rogers et al.

1991; Lapinsky and Leung 1996).

Respiratory effects: Alveolar distension may

result in barotrauma, manifesting as pneumotho-

rax or pneumomediastinum, which can exacer-

bate the hemodynamic effects. Compression of

the alveolar capillary bed by alveoli under pres-

sure can shunt blood to less well-ventilated areas,

causing hypoxemia. In the spontaneously breath-

ing patient, auto-PEEP increases the work of

breathing (or work of triggering the ventilator).

The respiratory musculature must generate

a negative pressure equivalent to the auto-PEEP

to the reverse exhalation, before the negative

intrathoracic pressure required to initiate the

breath becomes effective. Furthermore, the

lungs and chest wall are less complaint at high
lung volumes. Auto-PEEP may result in patient-

ventilator dyssynchrony (i.e., inability to trigger

the ventilator) or respiratory muscle fatigue.

Unrecognized auto-PEEP in the mechanically

ventilated patient may produce a relatively low

respiratory rate due to a proportion of patient

efforts being unable to trigger the ventilator.

This can be detected clinically by comparing

patient efforts (visually or by palpation) with

ventilator-assisted breaths and may be corrected

when minute ventilation is reduced. A clinical

scenario suggestive of intolerance of ventilator

weaning may be a manifestation of this effect.

An increase in respiratory frequency occurs as

ventilator pressure-support level (and therefore

minute ventilation) is weaned, due to reduced

ineffective triggering of the ventilator (Thille

et al. 2008).
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Differential Diagnosis

Pneumothorax is a complication of auto-PEEP,

but pneumothorax may produce many similar

clinical features, i.e., increased intrathoracic

pressure and hypotension. In the patient with

pneumothorax who does not improve following

chest tube drainage, the possibility of associated

auto-PEEP should be considered. High levels of

extrinsically applied PEEPmay produce a similar

clinical picture to auto-PEEP.

Management

In the ventilated patient with significant hemody-

namic compromise due to auto-PEEP, a rapid

solution is to disconnect the ventilator briefly,

exposing the airway to room pressure. This will

allow the dynamic hyperinflation to “deflate”

with resolution of the hypotension within a few

heart beats. The ventilator can then be reset to

a lower minute ventilation while the patient is

reconnected. Fluid resuscitation will also be ben-

eficial in this situation.

Definitive correction of auto-PEEP requires an

identification of the cause. Correction of any

extrinsic obstruction to the ventilator circuit is

essential. Treatment with bronchodilators or ste-

roids may be beneficial in the patient where

obstructive airway disease is playing

a significant role. Minute ventilation should be

reduced, either by decreasing tidal volume, pres-

sure-support level, or respiratory rate or by sedat-

ing or paralyzing the spontaneously breathing

patient. Reduced ventilation may cause carbon

dioxide levels to rise, and a strategy of permissive

hypercapnia may be appropriate and lifesaving.

In the spontaneously breathing ventilated

patient with auto-PEEP and ventilator

dyssynchrony, applying extrinsic PEEP may

help to reduce the need for a large negative intra-

thoracic pressure to trigger the ventilator and

improve synchrony and work of breathing.

Applied PEEP will generally not increase plateau

pressure, if administered in a pressure less than

the auto-PEEP level, in patients on volume-

cycled ventilation. In the patient on pressure-

cycled ventilation, the applied PEEP will
increase peak pressure, if driving pressure is

maintained. Extrinsically applied PEEP may be

beneficial in the patient with expiratory airflow

limitation, by opening airways and redistributing

PEEP from the most severely air-trapped zones,

potentially reducing total PEEP. Applied PEEP

should always be significantly less than the

auto-PEEP level; otherwise, overall intrathoracic

pressure levels may be raised (Marini 2011).
Cross-References
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▶Mechanical Ventilation, High-Frequency
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Synonyms

Aseptic necrosis; AVN; Bone infarction;

Ischemic bone necrosis; Osteonecrosis
Definition

Avascular necrosis (AVN) is a pathologic pro-

cess with various etiologies, the most common of

which are trauma and injury. By definition, avas-

cular necrosis of the femoral head is death of

bone and marrow cells due to compromise of

the blood supply, leading to mechanical failure

of the joint. The process is usually progressive,

resulting in destruction of the joint within a few

months to two years in the majority of patients

(Kaushik et al. 2012).
Preexisting Conditions

Anatomy of the Femoral Head

An understanding of the vasculature of the fem-

oral head is necessary to understand the progres-

sive nature of AVN. The main blood supply to the

femoral head arises from the medial femoral cir-

cumflex artery (MFCA). Branches of MFCA

enter the capsule of hip joint near its distal inser-

tion and course proximally along the femoral

neck towards the head. The MCFA arises from

the posteromedial aspect of the deep femoral

artery and less commonly from the common fem-

oral artery. Of the branches of the MCFA, the

posterior superior retinacular vessels give rise to

the lateral epiphyseal vessels (LEVs), which are
the principal sources of blood flow to the femoral

head. The LEVs enter the femoral head within

a 1-cm-wide zone between the cartilage of the

femoral head and the cortical bone of the femoral

neck. The LEVs supply the lateral and central

thirds of the femoral head. The artery of the

ligamentum teres supplies the medial third of

the femoral head, when patent (Karatoprak and

Karaca 2012).

Etiology and Pathophysiology

Avascular necrosis of the femoral head can be

associated with a variety of traumatic and

atraumatic factors. It can be a result of a combina-

tion of multiple factors which include genetic pre-

disposition, metabolic factors, vascular disease,

and mechanical stresses (Kaushik et al. 2012).

Trauma is one of the most common causes of

AVN and can occur within 8 h after a traumatic

disruption of the blood supply. Fracture in the

subcapital region is often accompanied by inter-

ruption of the blood supply to the head of the

femur resulting in ischemia and eventual necro-

sis. In addition, intracapsular hematoma can

increase intracapsular pressure and cause block-

age of blood flow to the vessels within the joint

capsule (Kaushik et al. 2012).

Corticosteroids have been associated to the

development of osteonecrosis in numerous retro-

spective studies, with incidence ranging from

27 % to 31 % (Shigemura et al. 2011). Several

mechanisms have been suggested, one of which

involves alterations in circulating lipids resulting

in microemboli in the arteries. Another possible

mechanism suggests an increase in the size of

bone marrow fat cells that cause an obstruction

of the venous flow. Yet another possibility is that

corticosteroids cause change in venous endothe-

lium leading to stasis, increased intraosseous

pressure, and necrosis (Sen 2009).

Excessive alcohol use may cause fat emboli,

adipocyte hypertrophy, venous stasis, and

increased cortisol levels, which can lead to

osteonecrosis. Systemic lupus erythematosus

has been associated with avascular necrosis in

3–30 % of patients (Fukushima et al. 2010). The

greatest risk is in patients who use corticoste-

roids. Osteonecrosis is also seen in patients with

http://dx.doi.org/10.1007/978-3-642-29613-0_100142
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Avascular Necrosis of the Femoral Head, Table 1 Classification systems for avascular necrosis of the femoral head

Stage Ficat/Arlet Steinberg/U Penn ARCOa Treatment options

I Normal radiographs Normal radiographs Normal radiographs Core – decompression

possible, free

vascularized fibula

grafting

II Subchondral cyst

formation and

sclerosis

Femoral head lucency/

sclerosis

Demarcating

sclerosis in femoral

head, no collapse

Free vascularized fibula

grafting

III Femoral head

flattening,

subchondral collapse,

“crescent sign”

Subchondral collapse

without femoral head

flattening, “crescent sign”

Femoral head

collapse, “crescent

sign,” no joint space

narrowing

Free vascularized fibula

grafting. Success

depends on degree of

changes

IIIA Collapse < 3 mm Increasing risk of failure

of preventative surgery

IIIB Collapse > 3 mm Increasing risk of failure

of preventative surgery

IV Osteoarthritic space

narrowing,

degenerative changes

Subchondral collapse,

femoral head flattening,

normal joint space

Osteoarthritic

degenerative changes

Total hip replacement,

free vascularized fibula

grafting

V Femoral head flattening

with joint space narrowing,

acetabular changes, or both

Hip replacement required

VI Advanced degenerative

changes, secondary

osteoarthritis

Total hip replacement

aARCO: Association Research Circulation Osseous
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sickle cell hemoglobinopathies, Gaucher disease,

radiation therapy, and type II collagen mutation.

There are also two types of osteonecrosis limited

to children and adolescents. These include Legg-

Calve-Perthes disease and slipped capital femoral

epiphysis (Kaushik et al. 2012).
Application

Presentation

Patients presenting with medial thigh or groin

pain with limitation of hip motion, particularly

hip abduction and internal rotation, should raise

suspicion for AVN. Symptoms are usually slow

onset and may be unilateral or bilateral. They are

aggravated by weight bearing and alleviated by

rest. The pain may be present in the buttocks,

knees, or anterior and lateral thigh. It is important

to remember that early stages of the disease may

be asymptomatic. Diagnosis and management of

the disease are based upon plain radiographic

classification (Karatoprak and Karaca 2012).
Multiple classification systems exist for classify-

ing AVN of the femoral head (Table 1).

Nonoperative Management

Nonoperative management of avascular necrosis

of the femoral head includes restricted weight

bearing, pharmacological agents, and external,

biophysical modalities. Reduced weight bearing

was recommended on the expectation that it

would prevent femoral head collapse during

healing. However, numerous studies have failed

to demonstrate the effectiveness of this treatment

modality (Sen 2009).

Pharmacological agents such as lipid-

lowering drugs, anticoagulants, vasodilators, and

bisphosphonates have been suggested as therapies,

due to their effects on physiologic risk factors.

Pulsed electromagnetic field stimulation has been

used on the premise that it affects local inflamma-

tion and contributes to the repair of the

osteonecrotic head by neovascularization and new

bone formation. Hyperbaric oxygen has also been

used because it is thought to induce angiogenesis,
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reduce edema, and improve oxygenation. It should

be noted that although various nonoperative

methods are available to manage asymptomatic

patients or those in early stages of the disease,

most authors agree that advanced stages of the

disease should be treated operatively (Sen 2009).

Operative Management

Operative management of avascular necrosis

of the femoral head can be divided into either

joint-preserving procedures or arthroplasty.

Joint-preserving techniques have good outcomes

if performed at earlier stages of the disease or

prior to femoral head collapse. In the event that

the femoral head has already collapsed,

arthroplasty is the preferred technique

(Karatoprak and Karaca 2012).

Joint-sparing techniques include core decom-

pression, vascularized fibular grafting,

nonvascularized bone grafting, and rotational

osteotomies. Core decompression involves the

removal of one or more necrotic cores in order

to stimulate repair and is performed as

a prophylactic measure in earlier stage of the

disease. The procedure may be performed with

cancellous bone autograft or structural allograft

for stabilization and to augment the repair. Core

decompression can be further supplemented by

bone morphogenetic proteins, electromagnetic

stimulation, or demineralized bone matrix,

which has been suggested to improve the healing

process (Karatoprak and Karaca 2012).

Vascularized fibular grafts have been used as

a supplement to core decompression for more

advanced disease. This can delay the progression

of disease both before and after femoral head

collapse. They provide structural support and

promote callus formation and remodeling.

Nonvascularized bone grafting provides

subchondral and joint cartilage support by

replacing necrotic tissue with a cortical or can-

cellous bone graft. Although there is no consen-

sus regarding the use of this technique, it is

usually recommended for patients with depres-

sion of the femoral head of less than 2 mm.

Osteotomies can be performed in attempt

to move necrotic bone away from the

primary weight bearing areas in the hip joint.
However, osteotomies make subsequent

arthroplasty more challenging, and unfortunately,

these procedures are associated with a higher risk

of nonunion. Although the aforementioned tech-

niquesmay delay arthroplasty, ultimately, total hip

replacement is the definitive repair for avascular

necrosis of the femoral head (Kaushik et al. 2012).

Conclusion

Avascular necrosis of the femoral head is

a problem seen after trauma that can result in

serious morbidity for the victim. This is a result

of interruption in the blood supply to the femoral

head, which is usually supplied by an end artery.

This injury is classified based on a number of

different systems, and treatment is based on its

classification. Prompt diagnosis and treatment

are necessary to prevent any undue complications

and the need for further surgeries and possible

total joint replacement.
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Synonyms

Recall; Unintentional Consciousness;

Unintentional Intraoperative Awareness
Definition

Awareness during anesthesia implies that

during a period of intended general anesthesia,

the brain is aroused by stimuli that are stored

in memory for future explicit recall. It

has an estimated incidence between 0.007 %

and 0.91 % (Domino et al. 2000; Ghoneim

et al. 2009; Sebel et al. 2004). Thus, with

over 20 million general anesthetics performed

yearly in the United States, the occurrence can

be striking. Consequently, in 2004, the Joint

Commission issued an alert stating that anesthe-

sia awareness is an “under-recognized and

undertreated” problem in health-care organiza-

tions. The incidence in trauma patients is even

more alarming and has been shown to range from

11 % to 43 % in various studies (Bogetz and Katz

1984; Moerman et al. 1993; Dave and Winikoff

2012). However, ethical considerations have

limited intervention-based studies that support

recommendations to prevent awareness under

anesthesia or treat patients who have experienced

it. The current body of evidence is mostly com-

prised of retrospective studies and data analysis

that identify risk factors and associations or have

limited interventions.

When discussing and describing awareness,

there are several important terms that require

defining (ASA Practice Advisory 2006; Ghoneim

et al. 2009; Moerman et al. 1993; Dave and

Winikoff 2012):
• Consciousness describes a state in which

a patient is able to process information from

his or her surroundings.

• Unconsciousness results from the interruption

in cortical communication and loss of integra-

tion that is needed to process information from

one’s surroundings.

• General anesthesia is a drug-induced state that

produces unconsciousness.

• Perceptions while under anesthesia are

most commonly auditory (sounds, conversa-

tions) and feelings of fear, helplessness,

pain, anxiety, and paralysis. Less commonly,

they include visual perception, memory of

intubation, and feeling the operation without

pain.

• Memories are often described as explicit or

implicit. Explicit memory, or recall, is the

conscious recollection of stored memories,

whereas implicit memory describes changes

in performance or behavior that are produced

by previous experiences but without any

conscious recollection of those experiences

• Amnesia is the absence of recall. Patients

may follow commands as they are emerging

from anesthesia or during “wake-up” testing

(e.g., spinal surgery to test the integrity

of nerves), but not have conscious recall

(explicit memory).

• “Awake paralysis” is a term used to describe

errors in the administration of neuromuscular

blocking agent resulting in paralysis of the

unanesthetized or incompletely anesthetized

patient.
Preexisting Condition

Risk Factors

Retrospective studies and closed claims analysis

have identified the following risk factors for

awareness under anesthesia (Bischoff and

Rundshagen 2011; Domino et al. 2000; Ghoneim

et al. 2009):

• Patient related: Impaired cardiovascular

function and reserve, chronic pain conditions,

obesity, and children

http://dx.doi.org/10.1007/978-3-642-29613-0_101275
http://dx.doi.org/10.1007/978-3-642-29613-0_101638
http://dx.doi.org/10.1007/978-3-642-29613-0_101639
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• Intervention related: Emergency surgery,

procedures performed at night, Cesarean

sections, and cardiac surgery

• Drug related: Administration of muscle relax-

ants, total intravenous anesthesia, and nitrous

oxide

Trauma patients may have several of the

above-mentioned risk factors including impaired

cardiovascular reserve, emergency status, and

requiring surgery at night.

Morbidity

The impact of anesthesia awareness is not incon-

sequential. Studies have shown that postoperative

sequelae can range from 33 % to 69 % and

may persist for varying durations. They include

(Bischoff and Rundshagen 2011; Ghoneim

et al. 2009; Moerman et al. 1993; Dave and

Winikoff 2012):

• Sleep disturbances, including nightmares.

• Daytime anxiety and panic attacks.

• Post-traumatic stress disorder (PTSD).

Patients that experience the inability to

move or feelings such as helplessness have

a significant increase in PTSD. Studies have

shown that 10–25 % of patients who experi-

ence PTSD will not recover and will require

treatment.

• Avoidance of future medical care including

any future anesthetic exposure.
Application

Clinical Signs and Symptoms

Clinical signs and symptoms of perception have

been described as surrogate markers and often

occur after awareness has taken place. Sweating,

lacrimation, and movement may be seen

(Bischoff and Rundshagen 2011). Vital sign

changes include tachycardia and hypertension,

and in spontaneously breathing subjects,

increases in the respiratory rate and volume

can be indicative of inadequate anesthesia

and awareness. However, the administration of

beta-blockers or calcium channel blockers, med-

ications with sympatholytic effects, or muscle
relaxation can mask these findings. A review of

the American Society of Anesthesiologist’s

Closed Claims Database showed that increased

blood pressure was noted in only 15 % of cases,

increased heart rate in only 7 % of cases, and

movement in only 2 % of cases (ASA Practice

Advisory 2006; Domino et al. 2000).

Volatile Anesthetics

Inhaled volatile agents are frequently utilized

to maintain unconsciousness, amnesia, and

immobility. The main hemodynamic implication

of contemporary inhalational agents (desflurane,

isoflurane, and sevoflurane) is a decrease in the

systemic vascular resistance (SVR); decreases in

cardiac contractility occur to a smaller extent.

Halothane, which is less commonly used, signif-

icantly decreases cardiac contractility and hence

cardiac output (CO), in addition to decreasing the

SVR. Since blood pressure (BP) is the product of

the SVR and CO (BP= SVR� CO), decreases in

either parameter can affect perfusion of vital

organs. These cardiovascular effects from vola-

tile agents are more profound in patients with

advanced age, increased vascular tone, decreased

cardiac function/reserve, coadministration of

medications affecting the SVR and/or CO,

coadministration of intravenous anesthetics

(e.g., propofol), and hypovolemia.

The term minimum alveolar concentration

(MAC) describes the alveolar concentration of

a volatile agent, at 1 atm, that is required to

produce immobility in 50 % of patients at skin

incision. MAC awake, or MAC awareness, is the

term used to describe the concentration at which

there is no response to verbal or tactile stimula-

tion in 50 % of patients and is estimated at

approximately 0.4 MAC. MAC values have

limitations and cannot ensure that a patient will

not have awareness. They do not reflect an

individual’s response and, by definition, 50 % of

patients will move or respond to verbal or tactile

stimulation.

Intravenous Anesthetics

Intravenous anesthetics can be used to induce

or maintain general anesthesia as well as serve as

an adjunct to provide a “balanced” anesthetic.
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Depending on their hemodynamic profile, these

agents may be utilized to offset the deleterious

hemodynamic effects of volatile agents and allow

a decrease in MAC values. In the unstable patient,

intravenous agents may be the only agent that is

tolerated.

Propofol is a hypnotic agent that is

commonly utilized to induce general anesthesia

or as a component of total intravenous anesthesia.

It can result in profound decreases in the systemic

BP from vasodilation of arterial and venous

systems as well as myocardial depression.

It demonstrates a dose-dependent reduction in

preload, afterload, and contractility, with

a consequent decrease in the mean arterial pres-

sure (MAP, up to 40 %) and cardiac output.

Additionally, it blocks the arterial baroreceptor

response to hypotension and reflex tachycardia.

Its effects are more pronounced in elderly

patients, states of hypovolemia, and with rapid

administration. Consequently, its pharmacody-

namic profile often precludes its use, or requires

dose reduction, for induction in the trauma

patient.

Etomidate is a hypnotic agent that is often

preferred for induction of anesthesia in the

hemodynamically unstable patient. It does not

release histamine and has a unique lack of effect

on the sympathetic nervous system and barore-

ceptor function. Consequently, it has been shown

to maintain cardiac contractility, central venous

pressure, systemic vascular resistance, heart rate,

and stroke volume to a greater extent than

propofol. Mild decreases in the MAP can occur

from decreased SVR (hypovolemic states may

see a drop in the blood pressure).

Ketamine is a phencyclidine derivative that

can be utilized for induction of anesthesia; it has

one-tenth the potency but maintains many of its

psychomimetic effects. In vitro, it is a cardiac

depressant. In vivo, administration often results

in centrally mediated sympathetic stimulation as

well as inhibits reuptake of norepinephrine with

resultant increases in mean arterial pressure,

heart rate, cardiac output, and systemic vascular

resistance (coadministration of benzodiazepines,

opioids, and inhaled anesthetics may blunt this

effect). However, if catecholamine stores are
depleted, as can be seen in the trauma patient,

ketamine has a direct depressant effect on the

myocardium.

Scopolamine is a nonselective muscarinic

antagonist that can cross the blood–brain

barrier and produce amnesia with minimal hemo-

dynamic consequences. Its use as a pharmacolog-

ical model of “cholinergic amnesia” became very

popular after the cholinergic hypothesis of geri-

atric memory dysfunction was postulated. This

hypothesis assumes that the age-related decline in

cognitive function is predominantly related to the

decrease of the integrity of cholinergic neuro-

transmission. In the trauma patient, intravenous

administration of 5–10 mcg/kg (onset time


20 min) may be given to decrease the incidence

of awareness (Mashour et al. 2011; Dave and

Winikoff 2012). It is also available for subcuta-

neous and transdermal patch administration.

However, it does not reliably produce amnesia.

In addition to providing anxiolysis and

treating seizure activity, benzodiazepines are

capable of producing anterograde amnesia by

impairing acquisition processes and disrupting

the ability to build new associations between

events. Midazolam, at large doses (0.3 mg/kg),

may also be used as a sole intravenous induction

agent. However, it has a slower onset of

action and longer duration than propofol,

etomidate, and ketamine. Additionally, it is not

void of cardiovascular effects; however, they are

typically less pronounced than propofol and

volatile agents. Benzodiazepine administration

can decrease the MAC of volatile agents neces-

sary to prevent awareness. In the setting of hemo-

dynamic embarrassment, it may be the only agent

that a patient can tolerate.

Monitors

At this time, cost-effective monitors that can

detect the level of consciousness during general

anesthesia and prevent awareness with high

reliability do not exist. However, these monitors

have been shown to potentially be effective and

may play an important role in the trauma patient.

Most current monitors aim to assess brain

electrical activity rather than physiological

responses.
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The raw electroencephalogram (EEG) is

a reflection of cortical brain activity that requires

knowledge of the differing waveforms to gain an

understanding of anesthetic depth. The complexity

of the EEG, however, can mislead even sophisti-

cated quantitative monitors and can lead to erro-

neous clinical decisions. Classically, the patient

requires a full “montage” of electrodes that cover

the entire scalp to capture the whole spectrum of

EEG activity that is generated (e.g., assessment of

seizure activity, during carotid endarterectomy,

and clipping of cerebral aneurysms). To assess

anesthetic depth, monitoring three or four elec-

trodes (positive, negative, and reference) placed

on the forehead close to the hairline will obtain an

EEG sufficient to assess the depth of anesthesia.

The frontal aspect is more resistant to pharmaco-

logic sleep than posterior aspects, thereby

bestowing a margin of safety. Voltage fluctuations

that arise from dendritic synapses are sensed by

the electrodes, and the sum is reflected in each

EEG electrode. The EEG pattern consists of

waves of differing frequencies over time. The

awake state is demonstrated by low amplitude (or

voltage) and high frequency. With increasing

anesthetic depth, the amplitude increases and the

frequency decreases; there is a loss of fast alpha

activity and an increase in beta activity. With

further increasing sedation, beta activity will

slow, and spindle (theta) activity will appear.

Eventually, alpha and beta activity disappears,

and theta activity will appear. Even deeper levels

of general anesthesiawill cause an isoelectric EEG

that is interrupted by “bursts,” and is referred to as

burst suppression. Further deepening of anesthesia

will further increase the length spent suppressed

and reduce the number of “bursts.” Eventually,

isoelectricity will prevail without “bursts”

(Nadjat-Haiem 2012) (Table 1).

The EEG is influenced not only by the

medications administered but also by a myriad

of factors in the patient’s physiology and under-

lying pathology. Additionally, the electrodes will

also pick up signals generated by other unwanted

current sources, such as facial, eye, and heart

muscles, and electrical sources. The anesthetist

must be aware of these noise generators when

making clinical decisions.
Modern monitors, such as the Bispectral

Index® (BIS) and Spectral Entropy®

(M-entropy), attempt to quantify this raw EEG,

yielding an easy-to-interpret number. The BIS

monitor provides a single, unitless value based

on the weighted sum of electroencephalographic

subparameters to indicate the depth of anesthesia.

BIS values range from 0 to 100, with higher

values suggesting awakeness. Values within

40–60 have been generally accepted to have

a low probability of awareness under anesthesia.

However, retrospective studies have shown that

awareness can occur outside these ranges.

Furthermore, BIS values are affected by

hypoperfusion and cerebral ischemia and may

lead to false positives (O’Connor et al. 2001).

Preventative Measures

Basic preventative measures that can be

performed to decrease the likelihood of

intraoperative awareness include conducting

a preoperative checklist of the anesthesia

machine and equipment to ensure that the

intended anesthetic drugs and dosages will be

delivered (Bischoff and Rundshagen 2011).

These procedures should be extended to include

proper functioning of intravenous access, infu-

sion pumps, and their connections. Modulation

of operating room behavior should also be

performed, as patients tend to remember auditory

perceptions. The use of electrical function

monitors may be useful, in addition to delivering

a balanced general anesthetic and assessing

clinical signs and symptoms frequently.

Providing a balanced general anesthetic

that ensures adequate end-organ perfusion and

amnesia is a challenging task in trauma. Several

measures that help prevent awareness are often

not applicable in trauma patients. These include

taking the time to obtain a thorough medical

history, reviewing the patient’s medical records,

or discussing potential risk factors. Additionally,

administering between 0.8 and 1.0 MAC of

volatile anesthetic, nitrous oxide (potential to

expand airspaces), or more than a “sleep dose”

of induction agent prior to tracheal intubation

is usually not a viable option in trauma

anesthesia. The cardiodepressant effects of
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volatile agents are the main limiting factor in

achieving adequate MAC values and, hence,

amnesia in the trauma patient. In the setting of

hemodynamic instability, the administration of

anesthetic agents can lead to end-organ damage

or hemodynamic decompensation and collapse,

thereby warranting dose reduction. Additionally,

MAC values may be increased with chronic

alcoholism or use of sympathetic agents (acute

cocaine and amphetamine intoxication), condi-

tions that may be present in the trauma patient

and potentially increase the risk of awareness.

Conversely, certain physiological derangements

and factors that may be coexistent in the trauma

patient have been shown to reduce MAC values:

hypothermia (decreases 50 % for every 10 �C
decrease), hypotension (MAP < 40 mmHg),

hyponatremia, metabolic acidosis, anemia

(Hct <10 %), hypercarbia (paCO2 >95 mmHg),

hypoxia (paO2 >38 mmHg), and pregnancy

(after 
8 weeks). Therefore, assessment of anes-

thetic depth during trauma anesthesia requires tak-

ing into consideration all of these physiologic,

pharmacologic, and intraoperative considerations,

continuous monitoring of clinical signs of aware-

ness, and use of adjunct monitors if available.

Postoperative Assessment and Management

Awareness under general anesthesia for the

trauma patient should be identified, managed,

and, if appropriate, referred for further support

(ASA Practice Advisory 2006; Bogetz and

Katz 1984; Ghoneim et al. 2009). Postoperative

follow-up of all trauma patients may be

performed with the modified Brice Question-

naire. This four-question list provides a quick

and easy way to assess for the occurrence of

awareness under anesthesia:

• What was the last thing you remembered

before going to sleep?

• What was the last thing you remembered on

waking?

• Do you remember anything between going to

sleep and waking?

• While you were sleeping during the operation,

did you dream?
Studies have shown that explicit memories

may not be detected in the immediate postopera-

tive period or hospital stay, however.

In patients in whom awareness has

occurred, a discussion should take place to obtain

a detailed account of the patient’s experience.

This should be appropriately documented.

Additionally, an occurrence report regarding the

event should be completed for the purpose of

quality management. The patient should be

informed of the Anesthesia Awareness Registry

and encouraged to join the registry by calling

(206) 616–2669 and request a paper enrollment

packet. Apologizing to the patient and offering

counseling or psychological support to the patient

should also take place (ASA Practice

Advisory 2006; Bogetz and Katz 1984; Ghoneim

et al. 2009).
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