
Therapeutic Hypothermia in the
Emergency Department

Remember the principle of homeostasis from first-year physiology — the idea that
the human body has self-regulating processes to maintain a desirable internal
state? What were we taught to do when disease disrupted the self-regulating
processes, and physiologic parameters were abnormal? Use medical treatments to
restore them to normal values. Well, now we know that this may not be the best
way to enhance survival.

So, now we allow the severe asthma patient to remain hypercarbic if placed on a
ventilator. We allow the patient with traumatic shock due to a gunshot wound to the
abdomen to remain hypotensive until surgery is started. And, as in this article, we
purposely should lower the body temperature away from normal in a patient who is
successfully resuscitated from cardiac arrest and who does not quickly recover con-
sciousness.

The principle that restoration of normal physiology is desirable following an acute
severe insult should not be dogma. And, in many conditions, it is being proven
wrong.

—J. Stephan Stapczynski, MD, FACEP, FAAEM, Editor

Opening Case
A 51-year-old male with a history of hypertension is brought into your emer-

gency department (ED) by paramedics after collapsing while doing yard work.
After three rounds of chest compressions, defibrillation, and epinephrine, the
patient has a pulse of 135 and BP of 100/60. On arrival, he is intubated and
unresponsive with intermittent decorticate posturing. 

What can we do in the ED to improve the patient’s chance of survival and good
neurologic outcome? 

Epidemiology — The Role of Therapeutic Hypothermia
Every year there are more than 290,000 victims of sudden cardiac death in the

United States.1 For out-of-hospital cardiac arrest, the mortality remains a stagger-
ing 65-95%. Of the few survivors, on average only 10-20% are discharged with a
good neurologic outcome.2 Until recently, few therapies have been shown to sig-
nificantly improve outcomes for survivors of cardiac arrest. Today, therapeutic
hypothermia (TH) provides a relatively straightforward and inexpensive technique
demonstrated in multiple studies to improve both survival and neurologic out-
comes.3 In fact, recent meta-analyses conclude that only seven patients need to be
treated to save one life, while only five need to be treated to prevent one poor
neurologic outcome.4,5

The use of TH has slowly been gaining public acceptance throughout the
United States. A 2006 USA Today article described the story of a cardiac arrest
victim who survived neurologically intact after being treated with TH. The article
described early adoption of TH protocols, including initiation of cooling by EMS
in Washington, Virginia, and North Carolina.6 More recently, New York City
announced in December 2008 that ambulances would be instructed to bypass the
closest hospital and instead go to the nearest resuscitation center hospital with a
therapeutic hypothermia protocol for cardiac arrest patients.7
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The History of
Hypothermia — Not a
Novel Concept

Hypothermia has been investigated
since the 1940s. Early studies using
deep hypothermia (< 30ºC) were
complicated by difficult-to-control
side effects and a lack of modern
intensive care support. In the 1950s,
studies of moderate hypothermia (26-
32ºC) for the treatment of comatose
survivors of cardiac arrest were again
inconclusive.2 Animal studies and
small clinical studies in the 1980s and
early 1990s renewed interest in mild
hypothermia (32-35ºC). 

Two landmark randomized, con-
trolled trials independently demon-
strated in 2002 that mild therapeutic
hypothermia (32-34ºC) improved
survival and neurologic outcome in
comatose survivors of cardiac arrest
with a presenting rhythm of pulseless
ventricular tachycardia or ventricular
fibrillation.8,9 Both trials had similar
patient populations and produced
similar outcomes despite differences in
protocols. From Europe, the
Hypothermia After Cardiac Arrest
Study cooled patients with an external
air cooling mattress device at presen-
tation in the emergency department
to a temperature between 32-34ºC as
measured by a bladder probe. After
24 hours, patients were passively
rewarmed over 8 hours.8 In the
Bernard study from Australia, cooling
was initiated by paramedics with ice
packs applied to the head and torso.
In the ED, patients were cooled using
ice packs only to 33ºC with tempera-
tures measured with a bladder or tym-
panic probe.9 Patients were

maintained for 12 hours, passively
rewarmed for 6 hours, and then
actively rewarmed as required.9 Both
studies maintained sedation and paral-
ysis throughout the cooling period.  

Therapeutic hypothermia recently
has been studied for numerous other
indications, including traumatic brain
injury, stroke, subarachnoid hemor-
rhage, myocardial infarction, ARDS,
and perinatal hypoxic encephalopathy.
However, current data are either con-
flicting or limited. Small studies of
ischemic stroke have suggested prom-
ise, but a controlled trial of both
ischemic stroke and subarachnoid
hemorrhage is needed.10 The use of
hypothermia in acute myocardial
infarctions has not been shown to
decrease infarct size or limit the num-
ber of adverse events despite the
promise of earlier animal studies.11

The use of TH in the treatment of
traumatic brain injury also has pro-
duced conflicting results.3 Other areas
of ongoing study include spinal cord
injury,12 multi-system trauma,13 and
acute liver failure.14 Until better evi-
dence exists, there is no current rec-
ommendation to induce therapeutic
hypothermia for these indications.2

The one exception is perinatal hypoxic
encephalopathy, for which TH again
dramatically improved outcomes.15

Despite the evidence and inclusion
within the 2005 ACLS guidelines, a
recent survey of U.S. physicians
reported that only 26% of physicians
have implemented TH. The remain-
ing 74% reported not using TH for
several reasons, including the belief
that TH was not part of ACLS proto-
cols, it was too technically difficult, it
simply was not considered, or that

there were not yet enough data.16 A
clear gap exists between current liter-
ature and actual practice. Since vic-
tims of sudden cardiac death present
first to the emergency departments,
emergency physicians must be at the
forefront of creating and implement-
ing effective institution-specific pro-
tocols in collaboration with specialists
from intensive care, cardiology, and
neurology. 

Pathophysiology – How
Cooling Limits Injury

The post-cardiac arrest syndrome is
a complex pathophysiologic process
consisting of brain injury, myocardial
dysfunction, systemic ischemia, and
reperfusion response, and the precipi-
tating pathology.3 Brain injury is the
reported cause of death in two-thirds
of patients after out-of-hospital arrests
and one quarter of patients after in-
hospital arrest. Cerebral ischemia and
impaired vascular autoregulation
result in neuronal apoptosis, necrosis,
and ultimately degeneration. The
immediate post-injury period provides
a window of opportunity to interrupt
these mechanisms, limit injury, and
improve neurologic outcomes.17

A myriad of cellular mechanisms
contributes to neuronal apoptosis and
necrosis, including free radical forma-
tion, disruption of calcium homeosta-
sis, altered gene expression, protease
activation, mitochondrial dysfunction,
and generalized inflammation from
cytokine activity.3,18 The influx of free
radicals during reperfusion further
exacerbates the cellular injury and
impairs cerebral aerobic energy.19

Rather than infarction, cardiac arrest
actually results in only a temporary
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● The principle is cooling, not the specific technique.
Initiate external cooling in the ED.

● Therapeutic hypothermia should not interfere with coro-
nary perfusion. Primary coronary intervention is indicated
if the patient has ST-segment elevation.

● Provide sedation and stop shivering. Use appropriate
medications.

● Do not interrupt cooling if the patient develops arrhyth-
mias. There is no evidence that therapeutic hypothermia
of 32-34ºC promotes or contributes to arrhythmias.

● Maintain hypothermia for at least 12 hours after target
temperature of 34ºC is achieved.

Executive Summary



myocardial stunning.3,20 Although not
permanent, this reduction in ejection
fraction results in reduced end organ
oxygen delivery that initiates a vicious
downward spiral of systemic injury.
Accumulating oxygen debt activates
an inflammatory endothelial
response.21 Reactive oxygen interme-
diates exacerbate the systemic inflam-
matory and reperfusion response.
Continuing organ injury results in
further changes in vasoregulation,
intravascular volume depletion, and an
increased susceptibility to infection.3

Ultimately, cellular apoptosis and
necrosis occurs, leading to end organ
damage.

The initial systemic ischemic insult
results in global tissue hypoxia, a
switch to anaerobic metabolism, and
subsequent acidosis. Within the cell,
there is an increase in calcium and a
decrease in adenosine triphosphate.
However, returning blood flow to
ischemic areas does not end the
downward spiral. Instead, restoring
blood flow actually increases intracel-
lular calcium and activates phospholi-
pases, resulting in further production
of inflammatory cytokines and reac-
tive oxygen intermediates, continuing
the cycle of mitochondrial and cellular
death.3 Limiting this reperfusion
injury provides yet another opportu-
nity for intervention.

The underlying precipitating
pathology resulting in cardiac arrest

must be addressed. Acute coronary
syndrome is the cause of up to 50% of
out-of-hospital cardiac arrests.22

Elevations of troponin T are present
in up to 40% of patients at the time of
cardiac arrest, suggesting an ongoing
cardiac ischemia or injury hours prior
to the event.23 Other etiologies to
consider include pulmonary
embolism, sepsis, drug toxidromes,
primary pulmonary disease (asthma,
chronic obstructive pulmonary dis-
ease, pneumonia), and severe hemor-
rhagic shock.3

TH limits neurologic injury and
improves outcomes by interrupting
multiple processes in this complex
downward spiral of pathology.
Hypothermia decreases epileptic activ-
ity and slows metabolic rate with a 5-
8% decrease in cellular oxygen and
glucose requirements per degree
Celsius reduction in core body tem-
perature.17 The systemic inflammatory
response, including neutrophils,
macrophages, and pro-inflammatory
cytokines, is inhibited. Cooling stabi-
lizes cell membranes, limiting the per-
meability of the blood-brain barrier
and blood vessel walls and decreasing
edema formation. Reduced calcium
influx results in less activation of the
cellular cascades that lead to apoptosis
and necrosis. Reperfusion injury is
suppressed by a reduction in mito-
chondrial dysfunction and free radical
production.24 Mild anticoagulant

effects may result in protection from
microthrombus formation that other-
wise can worsen brain injury.17

Current Indications 
and Evidence for TH 

The American Heart Association
(AHA) recommends cooling to 32-
34ºC for 12-24 hours for uncon-
scious adult patients with spontaneous
circulation after out-of-hospital car-
diac arrest when the initial rhythm
was ventricular fibrillation or ventricu-
lar tachycardia. Furthermore, the
AHA recommends considering TH in
patients with other rhythms as well as
for inpatient cardiac arrest survivors.25

The two landmark studies pub-
lished in 2002 utilized strict inclusion
criteria. TH was performed only on
comatose patients with a return of
spontaneous circulation after out-of-
hospital cardiac arrest with an initial
rhythm of ventricular fibrillation or
ventricular tachycardia.8,9 The com-
monly accepted definition of coma is
a complete failure of the arousal sys-
tem with no spontaneous eye open-
ing and corresponds to a Glasgow
Coma Score (GCS) of 8 or less. One
study excluded any patients with
longer than 15 minutes until EMS
arrival, patients with greater than 60
minutes until return of spontaneous
circulation, and patients with a pre-
existing coagulopathy.8 Furthermore,
patients needed to be between the
ages of 18 and 75, not pregnant, and
not in cardiogenic shock after starting
pressors.8,9

These strict inclusion criteria led to
only 10% of screened patients being
eligible for treatment.2 Follow-up
studies have demonstrated a benefit in
other types of patients, including
patients with other initial rhythms on
presentation,22,26,27 patients in cardio-
genic shock,28,29 and in-hospital arrest
patients.30

Exclusion criteria also must be con-
sidered. Patients who are hypothermic
(< 30°C), comatose prior to the car-
diac arrest, terminally ill, or have a
do-not-resuscitate order should not
be cooled. If the cause of the arrest is
not cardiac in origin, or if the coma is
not due to the arrest itself, as in
cases of head trauma or stroke, TH
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IInnddiiccaattiioonnss
• Non-traumatic cardiac arrest with return of spontaneous circulation 
• Comatose: GCS 8 or less or no purposeful movements
• Age 18-75 years (younger than 18 years, see text)

CCoonnttrraaiinnddiiccaattiioonnss
• DNR/DNI or terminal illness
• Return of spontaneous circulation > 60 minutes (relative)
• More than 6 hours since initial arrest (relative)
• Uncontrolled arrhythmias
• Initial temperature less than 30°C
• Coagulopathy (thrombolytics are not contraindicated)
• Other cause of coma (head trauma, stroke, seizure, hypoglycemia, 

infection, pre-existing coma) 
• Pregnancy (see text)

Table 1: Patient Selection



currently is not indicated.8,9 A primary
coagulopathy and uncontrolled
arrhythmias also are contraindications.
The time frame for instituting
hypothermia is not clear. Consider
excluding patients with more than 60
minutes from arrest to return of spon-
taneous circulation8 and those who
are greater than 6 hours post-arrest.5

(See Table 1.)
Pregnant and pediatric patients have

been excluded from most studies. A
single case report of therapeutic
hypothermia in a pregnant patient
reports favorable outcomes for both
the mother and the infant.31 Until
there is further information or studies,
pregnancy should be considered a rel-
ative contraindication. 

For pediatric patients, international
resuscitation guidelines published in
2006 recommend that physicians con-
sider the induction of TH for 12-24
hours in children who remain coma-
tose after resuscitation from cardiac
arrest.32,33 Neonates with hypoxic-
ischemic encephalopathy have been
successfully cooled for 72 hours.15

However, there is only a single incon-
clusive retrospective study on TH for

cardiac arrest patients younger than
age 18.34 Based on limited available
data, cooling appears safe and should
be considered in pediatric cardiac
arrest cases. 

Multiple ongoing studies are cur-
rently seeking to clarify specific indica-
tions and contraindications.
Specifically, investigators are attempt-
ing to determine optimal timing,
duration, target temperature, cooling
technique, and other clinical roles.

Management 
Preparation. Perform a rapid yet

thorough neurological examination,
including Glasgow Coma Scale, pupil-
lary light reflex, corneal reflex, facial
movements, eye movements, gag,
cough, and motor response to painful
stimuli. Note that any preservation of
these reflexes suggests a good prog-
nosis, but absence does not predict a
poor outcome.3 Intubate and sedate
the patient with the mechanical venti-
lator humidified air turned off.
Perform an electrocardiogram (ECG)
and check basic laboratory tests,
including CBC, serum chemistry,
phosphorous, calcium, magnesium,
coagulation profile, cardiac markers,

urinalysis (UA), urinary pregnancy,
and arterial blood gas (ABG). Insert a
Foley catheter to monitor urine out-
put with goal greater than 0.5
mL/kg/hr. (See Table 2.)

Insert a continuous core tempera-
ture monitor. A pulmonary artery
catheter temperature probe is consid-
ered the gold standard, but other sites
have a high level of accuracy, includ-
ing the esophagus, bladder, nasophar-
ynx, and rectum. These secondary
sites have the advantage of being eas-
ier to place in the ED, with the disad-
vantages of a time lag in temperature
reading and a risk of displacement.17

Esophageal probes have the shortest
lag time and most accurately reflect
the gold standard.17

Sedatives and analgesics are given to
facilitate mechanical ventilation.
Animal studies of global anoxia show
that neurological improvement is lost
without adequate sedation.17

Commonly used sedatives and anal-
gesics include lorazepam, midazolam,
propofol, fentanyl, and morphine. For
control of shivering, paralytics remain
the first-line treatment after adequate
sedation and analgesia in the emer-
gency department.17 Commonly used
paralytics include pancuronium and
vecuronium. Shivering during TH
should first be treated with opioids
(meperidine, fentanyl, or morphine),
buspirone, or benzodiazepines.35,36

Treatment of suspected underlying
acute coronary syndromes with
thrombolytics or percutaneous coro-
nary intervention (PCI) should occur
simultaneously with the therapeutic
hypothermia when clinically
indicated.37,38 The initial 2002 studies
included patients treated with throm-
bolytics or PCI. In 2007, two other
groups published studies confirming
the safety of therapeutic hypothermia
in those receiving PCI.39,40

Additionally, a recent study confirmed
that the use of therapeutic hypother-
mia does not affect door-to-balloon
time while showing the same
improvement in neurological out-
comes and a lower mortality.38

Phases: Induction, Maintenance,
Rewarming. Therapeutic hypother-
mia is most commonly described in
three distinct phases. Multiple different
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• Sedation: Short-acting agent such as propofol or midazolam
• Analgesia: Morphine or fentanyl
• Neuromuscular blockade when needed to control shivering: 

Vecuronium or rocuronium
• Blood pressure, cardiac, and pulse oximetry monitor
• Venous access 
• Arterial line
• Temperature probe: Pulmonary catheter, rectal, bladder, or esophageal
• Foley (goal urine output > 0.5 mL/hr/kg)
• Baseline labs (BMP, Ca, Mg, Phos, CBC, Coag, Trop, CKMB, UA, 

urine pregnancy, ABG)

Table 2: Preparation

• Ice bags: To the neck, axilla, and groin as needed (remove at 34°C)
• Cooled peripheral IV fluids: 30 mL/kg bolus of 4°C NS/LR (no studies 

of fluid bolus into an internal jugular or subclavian central line) or 
1.5-3 L NS

• Monitor carefully: For signs of fluid overload, inadequate sedation, or 
shivering 

• Begin external or internal cooling 

Table 3: Induction Phase Goal: Rapid Cooling to 34°C



methods can be used in each phase
with the same goals of rapidly cool-
ing, maintaining stable core tempera-
ture, and then slowly rewarming.  

Induction. The goal of the induc-
tion phase is to rapidly induce
hypothermia to reach a desired core
temperature of 32-34ºC. Since the
patient is more stable at this temper-
ature, reach 33.5ºC as quickly as
possible.17 Animal studies suggest
that a delay in implementation
decreases the effectiveness.41

Furthermore, the induction phase
has the greatest instability, so cool-
ing the patient quickly results in the
best possible outcome.17 The induc-
tion of hypothermia is assisted by
the typical decrease in temperature
seen in survivors of cardiac arrest.3

Cooling is achieved through
increasing convection and conductive
heat loss. (See Table 3.) The simplest
method is the application of ice packs
and cool wet towels to the head,
neck, torso, and groin regions.42

Another easy and rapid induction
method is the infusion of cold intra-
venous fluid through a peripheral
vein. A 1.5 to 2 liter (30 mL/kg)
fluid bolus of 4ºC normal saline or
lactated Ringers will lower a patient’s
temperature by 1.5-2.3ºC.43-45 After
the initial infusion, a repeat bolus of
500 mL can be repeated every 10
minutes until a target temperature of
33.5°C is reached.46 Continuously
monitor the patient for signs of fluid
overload and stop infusions when
clinically indicated. Patients requiring
PCI can be transported to the
catheterization laboratory with these
cooling measures in place without
affecting door-to-balloon time.38

The placement of ice packs or bolus
of cold fluids has been shown to be
safe even in the prehospital setting.9,43-

45 However, the application of cooling
measures must never distract the
healthcare provider from the primary
goal of CPR: the return of sponta-
neous circulation.

Multiple external and internal cool-
ing devices are available to provide
the advantage of continuous cooling
with feedback control. (See Table 4.)
External systems consist of a cooling
pad or blanket applied directly to the
skin. (See Figure 1.) The external
devices allow for easy application and
work through circulation of cooled
water or air. Internal devices consist
of an intravascular catheter that
directly cools the blood. There are no
studies comparing internal and exter-
nal cooling devices in cardiac arrest
patients.42 A manufacturer study con-
ducted in neurosurgical patients
showed that an internal device cooled
faster and maintained a tighter tem-
perature control with no increase in
complications.47

Maintenance. Cooling is stopped at
33.5ºC to prevent unintentional over-
cooling.2 The goal of the maintenance
phase is to maintain core temperature
between 32-34ºC with minimal fluc-
tuations. Shivering, fluid shifts, and
hemodynamic and electrolyte instabil-
ity all decrease once core temperature
drops below 33.5ºC. Overcooling
should be avoided as the risk of
arrhythmias increases at 30ºC.24 (See
Table 5.) 

Ideally, maintain the core tempera-
ture with a commercially available
internal endovascular or external sur-
face cooling device with a tempera-
ture control feedback system. (See
Figure 2.) Other methods include the
use of ice packs or cool wet blankets
placed around the head, neck, torso,
and extremities.48 Although cheap
and easy to apply, the ice and blan-
kets are more time consuming and
less accurate than a continuous feed-
back system. Fluid boluses alone do
not allow the maintenance of
hypothermia.49

General supportive ICU care and
monitoring must continue. Maintain a
mean arterial pressure of 65-100
mmHg and a central venous pressure
of 8-12 mmHg.3 Due to cold diuresis,
laboratory tests and urine output need
to be monitored and corrected.
Glucose control improves survival and
neurologic outcomes. Sedation and
analgesia are maintained at lower
doses due to decreased drug clearance
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Figure 1: External Water Cooling Wraps

EExxtteerrnnaall
• Ice packs 
• Air-circulating cooling blankets: Bair Hugger (Arizant Healthcare) 
• Water-circulating cooling blankets/pads: Blanketroll (Cincinnati 

Sub-Zero), Coolblue (Innercool Therapies), Artic Sun Temperature 
Management System (Medivance Inc.) 

IInntteerrnnaall
• Infusion of cold fluids
• Endovascular catheters: Coolgard (Alsius Corporation), 

Celsius Control System (Innercool Therapies)

Table 4: External and Internal Cooling Options



with hypothermia. Since shivering
decreases and may cease below
33.5°C, paralytics often are no longer
required.17 Neurology should be con-
sulted for continuous EEG to moni-
tor for seizures, especially when
paralytics are continued.

Rewarming. Rewarming typically
begins 24 hours after initiating
hypothermia. In contrast to the
induction phase, rewarming is a
slow process. Fast rewarming is
associated with adverse outcomes
in animal studies and post-surgical
patients.50 Rewarm at 0.2-0.5ºC
per hour over 6-8 hours.17 This
slow rewarming process helps to
prevent rapid fluctuations in hemo-
dynamics, electrolytes, and meta-
bolic rate. Many cooling devices
allow a controlled rate of rewarm-
ing through the temperature con-

trol mechanisms. Other options
include passive rewarming or the
addition of warm blankets. (See
Table 6.)

For patients who still are para-
lyzed, stop the neuromuscular
blockade at core temperatures
between 35.5 and 36.5ºC.22 Avoid
hyperthermia greater than 37.5ºC
for 72 hours post cardiac arrest.
Although the incidence after
rewarming is unknown,51 hyperther-
mia is associated with brain death
and increased risk of unfavorable
neurologic recovery.52,53 If necessary,
use cooling blankets and acetamino-
phen to avoid rebound hyperther-
mia.3 Shivering during rewarming
can be treated with warm blankets
and opioids (meperidine, fentanyl,
or morphine), buspirone, or benzo-
diazepines.

Complications/Side
Effects

Since TH affects every organ sys-
tem in the body, many benign and
serious complications can occur.
Knowing whether problems are a
result of therapeutic hypothermia or
the underlying post-arrest state and
how to treat common complications
is essential to ensuring the best out-
come. (See Table 7.)

Frequently encountered during the
induction phase, shivering has been
directly linked to an increased risk of
cardiac events and adverse outcomes
in postoperative patients.17 This seem-
ingly benign protective response
results in increased heat production,
metabolic rate, work of breathing,
heart rate, and stress response, all of
which can increase oxygen consump-
tion from 40% to as much as 100%.3,30

Many medications may be used to
prevent shivering. Buspirone and
meperidine have been shown to lower
the shivering threshold in awake
patients.35,36 Other options include
propofol, benzodiazepines, fentanyl,
morphine, clonidine, dexmedetomi-
dine, and neostigmine.54 Magnesium
sulfate 2-3 grams has been shown to
decrease shivering, have anti-arrhyth-
mic and neuroprotective effects, and
increase cooling rates through vasodi-
latation.55,56 Adequate sedation and
analgesia are essential to ensuring the
best outcomes and preventing side
effects from neuromuscular blockade.
Patients with adequate sedation and
analgesia often will not require para-
lytics for shivering. 

The initial landmark studies used
midazolam, fentanyl, and pancuro-
nium or vecuronium. Paralytics are
highly effective at controlling shiver-
ing and have the advantage of not
causing hypotension. However, para-
lytics in the short term mask seizure
activity and insufficient sedation while
in the long term increase the risk of
the critical illness polyneuromyopathy.
When using continuous neuromuscu-
lar blockade, continuous EEG moni-
toring is necessary to detect seizure
activity.17,57

Induction of hypothermia induces
a cold diuresis and worsening hypo-
volemia and leads to electrolyte
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• Monitor temperature to complications (temperature should be 
maintained at 32-34°C). 

• Consult neurology for EEG. 
• Recheck labs every 6 hours (blood culture after 12 hours).

SSuuppppoorrttiivvee  CCaarree
• Gastric protection
• DVT prophylaxis
• Maintenance IV fluids
• Glucose control

Table 5: Maintenance Phase Goal: Avoid Overcooling

Figure 2: External Water Cooling System Temperature
Control



abnormalities, including hypokalemia,
hypophosphatemia, hypomagnesemia,
and hypocalcemia.3,58 These elec-
trolyte abnormalities can exacerbate

neurologic injury or arrhythmias.
Hypotension and hyperkalemia com-
monly occur during rewarming but
can be corrected with a slower rise in

temperature.3,26,27 Hypothermia also
inhibits insulin secretion and decreases
insulin sensitivity, leading to hyper-
glycemia. Hyperglycemia in critically
ill patients is associated with negative
outcomes and may increase brain
injury.59 However, overly tight glu-
cose control to a level of 80-110
mg/dL leads to an increase in hypo-
glycemic episodes. Pending the results
of current studies, a glucose level of
between 145-180 mg/dL provides
the best improvement in mortality.60

Reported cardiovascular side effects
include vasoconstriction resulting in
an increase in systemic vascular resist-
ance and blood pressure, and subse-
quent decrease in cardiac output.
However, the decrease in metabolic
rate is greater than this decrease in
cardiac output.61,3 The vasoconstric-
tion further leads to an increase in
venous return and central venous
pressure. A sinus bradycardia at 40-45
beats/min range commonly develops
as the core temperature decreases.
Electrocardiographic changes are
common, including prolonged PR,
QRS, and QT intervals, and T wave
inversion. Osborn J waves generally
occur only with severe hypothermia.62

Incidental arrhythmias occur more
frequently with the use of endovascu-
lar cooling technique.27 However,
clinically significant arrhythmias
including atrial fibrillation, ventricular
tachycardia, and ventricular fibrillation
generally occur only with core tem-
peratures less than 30°C.27

Hypothermia carries an increased
risk of infections through suppression
of inflammatory response and
immune function. Pneumonia and
sepsis are observed in up to 50% of
hypothermic post-cardiac arrest
patients.8,22,26,63 Prophylactic antibi-
otics may be considered for this rea-
son. Due to immobilization and skin
peripheral vasoconstriction, the risk of
wound infections also increases.
External cooling devices may lead to
skin breakdown and tissue necrosis.42

Close attention must be paid to exist-
ing wounds and frequent reposition-
ing of the patient. Internal cooling
devices require large central catheters
and thus carry the risk of local infec-
tion and catheter-related thrombosis.47
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• Begin rewarming 24 hours after initiating cooling.
• Rewarm slowly at 0.2-0.5°C/hr.
• Avoid hyperthermia (> 37°C). If necessary, use acetaminophen and 

cooling blanket.
• Stop neuromuscular blockade: If shivering occurs, then treat with 

warm blanket and meperidine (25-50 mg every 2 hours as 
needed). Anticipate hypotension and electrolyte abnormalities. 

Table 6: Rewarming Phase Goal: Slow Rewarming

Shivering

Cardiovascular
• Arrhythmia: Bradycardia, prolonged QT/QRS/PR intervals
• Increased BP and CVP
• Decreased HR and CO

Metabolic
• Hypokalemia
• Hyperkalemia with rewarming
• Hypomagnesemia 
• Hypophosphatemia
• Hyperglycemia

Renal
• Cold diuresis with hypovolemia
• Acute renal failure

Coagulopathy
• Inhibit and decrease platelets
• Prolonged PT/PTT
• Impaired coagulation cascade

Infection
• Pneumonia/respiratory
• Wound infections
• Skin breakdown/pressure ulcers

Catheter-related thrombosis

Impaired drug clearance

Laboratory abnormalities
• Blood gas abnormalities
• Increased liver enzymes, amylase, lactate
• Decreased white blood cell count

Table 7: Common Complications



The coagulopathy associated with
TH is rarely clinically significant.17,64 A
decrease in platelet number and func-
tion results in an increased bleeding
time. Prothrombin and partial throm-
boplastin times are prolonged due to
slowing of enzymatic reactions and
impairment of the coagulation cascade
and fibrinolytic activity.63 These side
effects may remain hidden since stan-
dard coagulation profiles occur at
room temperature and will not show
the abnormality unless performed at
the patient’s core temperature.65

Control active bleeding prior to initi-
ating a TH protocol. Although an
increased risk of bleeding exists, fibri-
nolytics and percutaneous coronary
intervention have been demonstrated
in multiple studies to be safe and
effective when performed simultane-
ously with TH.37,38

Other laboratory abnormalities
include increases in renal markers,
liver function tests, lactate, and amy-
lase as well as a decrease in the leuko-
cyte count.17 Acute renal failure may
occur. Hypothermia alters drug clear-
ance and metabolism, resulting in
increased drug levels and effects.63,66

In the maintenance and rewarming
phases, repeat neurological assess-
ments are necessary due to the pro-
longed effects of benzodiazepines,
neuromuscular inhibitors, and opiates
with hypothermia.

Since most blood gas machines
warm blood samples to 37ºC, PO2,
PCO2, and pH must be adjusted by
the physician to the actual core tem-
perature of the patient for correct
ventilator management. For blood gas
analyzers without temperature correc-
tion (or blood warmed to typical
body temperature), for every 1ºC
decrease in core body temperature,
subtract 5 mmHg from measured PO2
and 2 mmHg from measured PCO2,
and then add 0.012 points to meas-
ured pH to estimate true physiologic
measurements.67 This correction will
allow for optimal ventilator manage-
ment of the patient’s ventilation and
oxygenation status.17

Predicting Outcomes 
No definitive data exist to predict

which patients will have favorable
outcomes when treated with

hypothermia. Since the optimal tim-
ing and recovery period have not fully
been defined, early prognostication of
post-cardiac arrest patients must be
modified when TH is applied.3

Current recommendations for deter-
mining brain death in post-cardiac
arrest patients are to wait for 72 hours
post CPR. Hypothermia slows drug
metabolism, prolonging the effects of
sedatives and paralytics. Therefore,
perform prognostication tests at least
72 hours after completion of
hypothermia, instead of CPR, before
making the final determination of
brain death.

Currently, the bedside neurologic
exam as well as somatosensory-evoked
potentials (SSEPs) remain the most
reliable predictors of outcome. Other
methodologies, including biochemical
markers, neuroimaging, intracranial
pressure monitoring, EEG testing,
and circumstances surrounding the
event, have been studied with inade-
quate data to support or refute prog-
nostication of poor outcomes.68-70 The
neurological examination consists of
mental status, cranial nerve function,
motor and sensory evaluation, perti-
nent reflexes, and is mostly quantified
by a Glasgow Coma Scale and
Brainstem Reflex Score (BRS). The
BRS consists of papillary reflex,
corneal reflex, oculocephalic reflex,
cough/gag reflex, and spontaneous
breathing.71 Seventy-two hours post
CPR, a GCS motor score of less than
or equal to 2T or absence of brain-
stem reflexes accurately predicts poor
outcomes.68

Beginning an Institution-
Specific Therapeutic
Hypothermia Protocol

The benefits of TH have been
reported in large academic centers as
well as smaller community hospitals
outside of clinical trials. A European
Registry reported equivalent efficacy
and safety between larger hospitals
and smaller community hospitals.27

Regardless of an institution’s size or
affiliation, the creation and implemen-
tation of a successful TH protocol
requires collaboration between the
physician and nursing staff of all
involved departments, including

emergency medicine, cardiology, criti-
cal care, anesthesia, neurology, and
neurosurgery.72 Each department
must provide enthusiastic, influential,
and dedicated leaders who work
together at regularly scheduled meet-
ings to create a detailed program.  

The Aware, Agreement, Adoption,
Adherence model provides an effec-
tive pathway for the committee to
create a successful institution-specific
protocol based on existing TH
guidelines.73 To create awareness, ini-
tial meetings are dedicated to the
discussion of the latest literature as
well as protocols from similar institu-
tions. Agreement is then reached as
the committee creates a detailed pro-
tocol tailored to the institution’s
patient population and available
resources. Adoption of the protocol
requires the presentation of the com-
mittee’s protocol to the staff of the
individual departments, educational
and training modules, and a trial
period to test and improve the pro-
tocol. Adherence results when TH
becomes the standard of care at the
institution as demonstrated by ongo-
ing quality improvement monitoring
and education. 

Many of the preconceived barriers
to the initiation of new treatment
protocols are easily overcome by the
organized and collaborative efforts of
the TH committee. Initially, TH pro-
tocols can be instituted with almost
no cost by using ice, cool blankets,
and cool fluid boluses. Based on insti-
tutional resources, the purchase and
maintenance of external and internal
cooling devices will be the largest
cost. For the emergency medicine
physician, the main focus will be on
initiating the TH protocol, monitor-
ing the induction phase, and contact-
ing the appropriate specialists
(cardiology, intensive care, neurology)
for further care of the patient.

Detailed protocols for therapeutic
hypothermia from several institutions
are available through the University of
Pennsylvania’s Center for
Resuscitation Science at http://www.
med.upenn.edu/resuscitation/
hypothermia/protocols.shtml. 
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Physician CME Questions
61.In which of the following cases is therapeu-

tic hypothermia indicated?
A. A 58-year-old male with a witnessed

arrest in whom EMS finds in an initial

rhythm of ventricular fibrillation. Patient
undergoes defibrillation and within 10
minutes has return of spontaneous circu-
lation. In the emergency department,
the patient is found to have ST elevation
inferiorly. The patient tells you he has a
previous history of coronary artery dis-
ease with stent placement.

B. A 72-year-old female with return of
spontaneous circulation after cardiac
arrest. The patient had a witnessed arrest
in her nursing home while eating break-
fast. Nursing home notes the patient has
been a resident for the last two months
after being started on palliative
chemotherapy for a terminal lung cancer.

C. A 42-year-old female patient presents in
a coma. EMS reports the woman had
fallen off a ladder while hanging
Christmas lights, hitting her head on a
table. On arrival the patient is intubated
after she was found to have a GCS 3.

D. A 51-year-old male with a history of
hypertension is brought into your ED by
paramedics after collapsing while doing
yard work. After three rounds of chest
compressions, defibrillation, and epi-
nephrine, the patient has a pulse of 135
and BP of 100/60. On arrival, he is
intubated and unresponsive with inter-
mittent decorticate posturing. 

62.Since the patient is comatose, a therapeutic
hypothermia protocol is started in the ED.
The patient’s initial ECG demonstrates ST
elevation in the inferior and lateral leads.
Which of the following statements regarding
this patient’s management is correct?
A. Thrombolytics must not be given during

TH due to the associated coagulopathy. 
B. The induction of TH must be post-

poned until after percutaneous coronary
intervention. 

C. The induction of TH during percuta-
neous coronary intervention may be per-
formed only with external cooling
devices.

D. Thrombolytics may be given during TH
even despite the associated coagulopathy. 

63.During which phase of therapeutic
hypothermia is the patient most unstable?
A. The patient is stable in all phases of ther-

apeutic hypothermia.
B. induction
C. maintenance
D. rewarming

64.When inducing hypothermia, what is the
ideal rate?
A. as fast as possible
B. over a 12-24 hour period
C. at a rate of 0.5°C/hr
D. over a 6-8 hour period

65.During the rewarming phase, which of the
following statements is correct?
A. Patients are rewarmed slowly to monitor

and avoid hyperkalemia and fluid shifts.
B. Patients require increasing doses of para-

lytics to prevent shivering.
C. Patients are stable during this phase and

do not need to be monitored.
D. Patients are rewarmed quickly to avoid

coagulopathies.
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66.Which is the most common cardiac rhythm
seen with therapeutic hypothermia?
A. sinus tachycardia
B. sinus bradycardia
C. ventricular tachycardia
D. atrial fibrillation

67.Which of the following statements is true?
A. Therapeutic hypothermia improves sur-

vival but has no effect on neurologic
outcomes.

B. Therapeutic hypothermia improves neu-
rologic outcomes but has no effect on
survival.

C. Therapeutic hypothermia improves both
survival and neurologic outcomes.

D. Therapeutic hypothermia improves only
short-term survival.

68.When measuring a standard blood gas
(blood has been rewarmed to 37°C) in a
hypothermic patient, which of the following
is true?
A. The reported pH is overestimated.
B. The pH is not dependent on body tem-

perature.
C. The reported PCO2 is underestimated.
D. The reported PO2 is overestimated.

69.Which of the following locations is most
appropriate for monitoring core tempera-
tures while in the emergency department?
A. forehead
B. bladder
C. tympanic
D. axilla

70.Which of the following statements is true
regarding the implementation of therapeutic
hypothermia?
A. It requires the cooperation of multiple

departments and physicians.
B. It is too expensive to set up in most

emergency departments.
C. It currently is performed by the majority

of emergency room physicians.
D. It is not part of recent ACLS guidelines. 

www.emreports.com Emergency Medicine Reports / Volume 30, Number 20 / September 14, 2009
255

In Future Issues
Severe Traumatic Brain Injury

Emergency Medicine Reports
CME Objectives

To help physicians:
• quickly recognize or increase index of suspicion for 

specific conditions; 
• understand the epidemiology, etiology, pathophysiol-

ogy, and clinical features of the entity discussed;
• apply state-of-the-art diagnostic and therapeutic tech-

niques (including the implications of pharmaceutical
therapy discussed) to patients with the particular med-
ical problems discussed; 

• understand the differential diagnosis of the entity
discussed; 

• understand both likely and rare complications that may
occur.

CME Instructions
Physicians participate in this continuing medical educa-

tion program by reading the article, using the provided ref-
erences for further research, and studying the questions at
the end of the article. Participants should select what they
believe to be the correct answers, then refer to the list of
correct answers to evaluate their knowledge. To clarify con-
fusion surrounding any questions answered incorrectly,
please consult the source material. After completing this
activity, you must complete the evaluation form that will be
provided at the end of the semester and return it in the reply
envelope provided to receive a certificate of completion. When
your evaluation is received, a certificate will be mailed to
you.

CME Answer Key
61. D; 62. D; 63. B; 64. A; 65. A; 66. B; 67. C;
68. D; 69. B; 70. A

Remember, as a valued subscriber to Emergency Medicine Reports, not
only do you get your EMR issues, you also benefit from all of this:

• 6 FREE ISSUES of Trauma Reports, a bimonthly 8-12 page highly
specialized newsletter focusing on emergency care of adult and pediatric
patients with moderate and severe traumatic injuries

• Earn up to 75 CME credits quickly, easily.

PLUS! Exclusive “Subscriber-Only” Web Access, which includes:

• Emergency Medicine Reports Podcast: A downloadable audio file with com-
prehensive coverage from a recent issue of the newsletter. You can get the
information — and absorb the ideas — while driving or exercising.

• Pharmacology Watch: A monthly recap featuring quick-read research
summaries, the latest FDA actions and warnings and updated news on criti-

cal issues.
Make sure you are always ready for what’s coming through that door

tomorrow. Renew right now 1-800-688-2421.



Editors
Sandra M. Schneider, MD
Professor
Department of Emergency Medicine
University of Rochester School 
of Medicine
Rochester, New York

J. Stephan Stapczynski, MD
Chair 
Emergency Medicine Department
Maricopa Medical Center
Phoenix, Arizona

Editorial Board
Paul S. Auerbach, MD, MS, FACEP
Professor of Surgery
Division of Emergency Medicine
Department of Surgery
Stanford University School of
Medicine
Stanford, California

Brooks F. Bock, MD, FACEP
Professor 
Department of Emergency Medicine
Detroit Receiving Hospital
Wayne State University
Detroit, Michigan

William J. Brady, MD, FACEP, FAAEM
Professor and Vice Chair of Emergency 
Medicine, Department of Emergency 
Medicine,
University of Virginia School of
Medicine
Charlottesville, Virginia

Kenneth H. Butler, DO FACEP, FAAEM

Associate Professor, Associate
Residency Director
University of Maryland Emergency 
Medicine Residency Program
University of Maryland School 
of Medicine
Baltimore, Maryland

Michael L. Coates, MD, MS
Professor and Chair
Department of Family and Community
Medicine
Wake Forest University School
of Medicine
Winston-Salem, North Carolina

Alasdair K.T. Conn, MD
Chief of Emergency Services
Massachusetts General Hospital
Boston, Massachusetts

Charles L. Emerman, MD
Chairman
Department of Emergency Medicine
MetroHealth Medical Center
Cleveland Clinic Foundation
Cleveland, Ohio

Kurt Kleinschmidt, MD, FACEP,
FACMT
Professor of Surgery/Emergency
Medicine
Director, Section of Toxicology
The University of Texas Southwestern
Medical Center and Parkland Hospital
Dallas, Texas

David A. Kramer, MD, FACEP, FAAEM
Program Director,
Emergency Medicine Residency
Vice Chair
Department of Emergency Medicine
York Hospital
York, Pennsylvania

Larry B. Mellick, MD, MS, FAAP,
FACEP
Professor, Department of Emergency
Medicine and Pediatrics
Medical College of Georgia
Augusta, Georgia

Paul E. Pepe, MD, MPH, FACEP,
FCCM, MACP
Professor of Medicine, Surgery,
Pediatrics, Public Health and Chair,
Emergency Medicine
The University of Texas Southwestern
Medical Center and Parkland Hospital
Dallas, Texas

Charles V. Pollack, MA, MD, FACEP
Chairman, Department of Emergency 
Medicine, Pennsylvania Hospital
Associate Professor of Emergency
Medicine
University of Pennsylvania School of 
Medicine
Philadelphia, Pennsylvania

Robert Powers, MD, MPH
Professor of Medicine and Emergency 
Medicine
University of Virginia
School of Medicine
Charlottesville, Virginia

David J. Robinson, MD, MS, FACEP
Vice-Chairman and Research Director
Associate Professor of Emergency
Medicine
Department of Emergency Medicine
The University of Texas - Health
Science Center at Houston
Houston, Texas

Barry H. Rumack, MD
Director, Emeritus
Rocky Mountain Poison and Drug
Center
Clinical Professor of Pediatrics
University of Colorado Health Sciences
Center
Denver, Colorado

Richard Salluzzo, MD, FACEP
Chief Executive Officer 
Wellmont Health System
Kingsport, Tennessee

John A. Schriver, MD
Chief, Department of Emergency
Services
Rochester General Hospital
Rochester, New York

David Sklar, MD, FACEP
Professor of Emergency Medicine
Associate Dean, Graduate Medical
Education
University of New Mexico School of
Medicine
Albuquerque, New Mexico

Charles E. Stewart, MD, FACEP
Associate Professor of Emergency
Medicine, Director of Research
Department of Emergency Medicine
University of Oklahoma, Tulsa

Gregory A. Volturo, MD, FACEP
Chairman, Department of Emergency
Medicine
Professor of Emergency Medicine and
Medicine
University of Massachusetts Medical
School
Worcester, Massachusetts

Albert C. Weihl, MD
Retired Faculty
Yale University School of Medicine
Section of Emergency Medicine
New Haven, Connecticut

Steven M. Winograd, MD, FACEP
Attending, Emergency Department
Horton Hill Hospital, Arden Hill
Hospital
Orange County, New York

Allan B. Wolfson, MD, FACEP, FACP
Program Director,
Affiliated Residency in Emergency
Medicine
Professor of Emergency Medicine 
University of Pittsburgh
Pittsburgh, Pennsylvania
CME Question Reviewer

CME Question Reviewer
Roger Farel, MD
Retired
Newport Beach, CA

© 2009 AHC Media LLC. All rights
reserved. 

Emergency Medicine Reports™ (ISSN 0746-2506) is
published biweekly by AHC Media LLC, 3525 Piedmont
Road, N.E., Six Piedmont Center, Suite 400, Atlanta, GA
30305. Telephone: (800) 688-2421 or (404) 262-7436. 

Associate Publisher: Russ Underwood

Specialty Editor: Shelly Morrow Mark

Director of Marketing: Schandale Kornegay

GST Registration No.: R128870672

Periodicals Postage Paid at Atlanta, GA 30304 and at
additional mailing offices. 

POSTMASTER: Send address
changes to Emergency Medicine
Reports, P.O. Box 740059, Atlanta,
GA 30374. 
Copyright © 2009 by AHC Media LLC, Atlanta, GA.
All rights reserved. Reproduction, distribution, or
translation without express written permission is
strictly prohibited.

Back issues: $31. Missing issues will be fulfilled by
customer service free of charge when contacted
within one month of the missing issue’s date. 

Multiple copy prices: One to nine additional copies,
$359 each; 10 to 20 additional copies, $319 each. 

Subscriber Information
Customer Service: 1-800-688-2421

Customer Service E-Mail:
customerservice@ahcmedia.com

Editorial E-Mail:
shelly.mark@ahcmedia.com

World Wide Web page:
http://www.ahcmedia.com

Subscription Prices
1 year with 60 ACEP/60 AMA/60 AAFP 

Category 1/Prescribed credits: $544
1 year without credit: $399

Add $17.95 for shipping & handling
Resident’s rate $199

Discounts are available for group
subscriptions, multiple copies, site-licenses or
electronic distribution. For pricing information,

call Tria Kreutzer at 404-262-5482.

All prices U.S. only.
U.S. possessions and Canada, add $30 
plus applicable GST. Other international

orders, add $30.

Accreditation
AHC Media LLC is accredited by the
Accreditation Council for Continuing
Medical Education to provide continuing
medical education for physicians.

AHC Media LLC designates this educational
activity for a maximum of 60 AMA PRA
Category 1 CreditsTM. Each issue has been
designated for a maximum of 2.30 AMA
PRA Category 1 CreditsTM. Physicians should
only claim credit commensurate with the
extent of their participation in the activity.

Approved by the American College of
Emergency Physicians for 60 hours of
ACEP Category 1 credit.

Emergency Medicine Reports has been
reviewed and is acceptable for up to 39
Prescribed credits by the American
Academy of Family Physicians. AAFP
accreditation begins 01/01/09. Term of
approval is for one year from this date.
Each issue is approved for 1.50 Prescribed
credits. Credit may be claimed for 1 year
from the date of each issue. The AAFP
invites comments on any activity that has

been approved for AAFP CME credit. Please
forward your comments on the quality of
this activity to cmecomment@aafp.org.

This is an educational publication designed
to present scientific information and opinion
to health professionals, to stimulate
thought, and further investigation. It does
not provide advice regarding medical
diagnosis or treatment for any individual
case. It is not intended for use by the
layman. Opinions expressed are not
necessarily those of this publication.
Mention of products or services does not
constitute endorsement. Clinical, legal, tax,
and other comments are offered for general
guidance only; professional counsel should
be sought for specific situations.

This CME activity is intended for emergency
and family physicians. It is in effect for 24
months from the date of the publication.

© 2009 AHC Media LLC. All rights reserved.



Therapeutic
Hypothermia

RAPID ACCESS MANAGEMENT GUIDELINESExclusive to our subscribers

Patient Selection

Indications
• Non-traumatic cardiac arrest with return of spontaneous circulation 
• Comatose: GCS 8 or less or no purposeful movements
• Age 18-75 years (younger than 18 years, see article text)

Contraindications
• DNR/DNI or terminal illness
• Return of spontaneous circulation > 60 minutes (relative)
• More than 6 hours since initial arrest (relative)
• Uncontrolled arrhythmias
• Initial temperature less than 30°C
• Coagulopathy (thrombolytics are not contraindicated)
• Other cause of coma (head trauma, stroke, seizure, hypoglycemia, 

infection, pre-existing coma) 
• Pregnancy (see article text)

Preparation

• Sedation: Short-acting agent such as propofol or midazolam
• Analgesia: Morphine or fentanyl
• Neuromuscular blockade when needed to control shivering: 

Vecuronium or rocuronium
• Blood pressure, cardiac, and pulse oximetry monitor
• Venous access 
• Arterial line
• Temperature probe: Pulmonary catheter, rectal, bladder, or esophageal
• Foley (goal urine output > 0.5 mL/hr/kg)
• Baseline labs (BMP, Ca, Mg, Phos, CBC, Coag, Trop, CKMB, UA, 

urine pregnancy, ABG)

Induction Phase Goal: Rapid Cooling to 34°C

• Ice bags: To the neck, axilla, and groin as needed (remove at 34°C)
• Cooled peripheral IV fluids: 30 mL/kg bolus of 4°C NS/LR (no studies 

of fluid bolus into an internal jugular or subclavian central line) or 
1.5-3 L NS

• Monitor carefully: For signs of fluid overload, inadequate sedation, or 
shivering 

• Begin external or internal cooling 

External and Internal Cooling Options

External
• Ice packs 
• Air-circulating cooling blankets: Bair Hugger (Arizant Healthcare) 
• Water-circulating cooling blankets/pads: Blanketroll (Cincinnati 

Sub-Zero), Coolblue (Innercool Therapies), Artic Sun Temperature 
Management System (Medivance Inc.) 

Internal
• Infusion of cold fluids
• Endovascular catheters: Coolgard (Alsius Corporation), 

Celsius Control System (Innercool Therapies)

External Water Cooling Wraps
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Maintenance Phase Goal: Avoid Overcooling

• Monitor temperature to complications (temperature should be 
maintained at 32-34°C). 

• Consult neurology for EEG. 
• Recheck labs every 6 hours (blood culture after 12 hours).

Supportive  Care
• Gastric protection
• DVT prophylaxis
• Maintenance IV fluids
• Glucose control

External Water Cooling System Temperature Control

Rewarming Phase Goal: Slow Rewarming

• Begin rewarming 24 hours after initiating cooling.
• Rewarm slowly at 0.2-0.5°C/hr.
• Avoid hyperthermia (> 37°C). If necessary, use acetaminophen and 

cooling blanket.
• Stop neuromuscular blockade: If shivering occurs, then treat with 

warm blanket and meperidine (25-50 mg every 2 hours as 
needed). Anticipate hypotension and electrolyte abnormalities. 

Common Complications

Shivering

Cardiovascular
• Arrhythmia: Bradycardia, prolonged QT/QRS/PR intervals
• Increased BP and CVP
• Decreased HR and CO

Metabolic
• Hypokalemia
• Hyperkalemia with rewarming
• Hypomagnesemia 
• Hypophosphatemia
• Hyperglycemia

Renal
• Cold diuresis with hypovolemia
• Acute renal failure

Coagulopathy
• Inhibit and decrease platelets
• Prolonged PT/PTT
• Impaired coagulation cascade

Infection
• Pneumonia/respiratory
• Wound infections
• Skin breakdown/pressure ulcers

Catheter-related thrombosis

Impaired drug clearance

Laboratory abnormalities
• Blood gas abnormalities
• Increased liver enzymes, amylase, lactate
• Decreased white blood cell count



The Advanced Trauma Life Support (ATLS) course for doctors
was introduced in Nebraska in 1978 and given nationally for the
first time in 1980 by the Ameri-
can College of Surgeons. The
goal of ATLS is to serve as a
safe and reliable method for
managing patients with trau-
matic injury and provide a
“common baseline for the con-
tinued innovation and challenge
of existing paradigms in trauma
care.”1 Currently, it is taught in
50 countries, with nearly 1 mil-
lion participants having com-
pleted the course. The most
recent version (8th edition) was
published in 2008. 

— The Editor

Introduction
Early versions of the ATLS course were largely based upon a

consensus of experts.1 Likewise, previous editions of the course
have been updated based upon expert opinion and a select review

of the literature.1 Given increasing international involvement and
recognition of the importance of an evidence-based practice, the

revision process was enhanced
for the 8th edition. 

For this edition, the ATLS
subcommittee solicited recom-
mendations for updates and
additions from the International
ATLS subcommittee, a dedicat-
ed trauma interest website, and
various organizations and
stakeholders.1 A compilation of
suggested changes was
reviewed by the ATLS subcom-
mittee and the evidence behind
any revision was assigned a

level of evidence (LOE) rating by an expert panel. (See Table 1.)
In this manner, the subcommittee attempted to utilize an interna-
tional, multidisciplinary, and evidence-based approach to
improve the current edition.

The specific changes made to the ATLS educational course
are reviewed here using the course’s respective chapter head-
ings. (See Table 2.)
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Initial Assessment 
The first content revision is found in the Initial Assessment

chapter and involves the performance of a rectal examination
prior to placing a urinary catheter following traumatic injury. 

As part of the routine resuscitation of trauma patients, urinary
and gastric catheters are recommended. Urinary catheters assist
in the monitoring of urinary output as a means of tracking vol-
ume status and renal perfusion. Transurethral bladder catheteri-
zation is contraindicated in patients in whom urethral transaction
is suspected, as a partial urethral tear may be converted into a
complete transection. A potential urethral injury may be suggest-
ed by a high-riding or nonpalpable prostate or a pelvic fracture.
Thus, the 7th edition states that “the urinary catheter should not
be inserted before an examination of the rectum and genitalia,”
and “a rectal examination should be performed prior to catheter
placement.”2 The 8th edition has revised this recommendation to
read, “A rectal examination may be performed before placing a
urinary catheter.”3 This recommendation is supported by Esposi-
to and colleagues, who performed a prospective study of clinical
indicators other (OCI) than digital rectal examination (DRE)
denoting gastrointestinal bleeding, urethral disruption, or spinal
cord injury, and correlated DRE findings suggesting the same.4

DRE findings agreed positively or negatively with one or more
OCI of index injuries in 93% of all cases. Overall, negative pre-
dictive value of DRE was the same as that of OCI (99%). DRE
was equivalent to OCI for confirming or excluding the presence
of index injuries. The authors conclude that DRE rarely provides
additional accurate or useful information that changes manage-

ment. This study was assigned the 4th category of level of evi-
dence (LOE 4). 

Airway
Numerous revisions have been made to the Airway chapter,

including updated material and recommendations regarding the
use of carbon dioxide detectors, laryngeal mask airways (LMA),
laryngeal tube airways (LTA), gum elastic bougies (GEB), and the
evaluation of a difficult airway. 

The 7th edition states that “a carbon dioxide [CO
2
] detector

[colorimetric CO
2

monitoring device] is indicted to help confirm
proper intubation.”2 The 8th edition expands this recommendation
for CO

2
detection from endotracheal tube confirmation to specify-

ing that capnography (continuous CO
2

detection with a waveform)
is preferred to capnometry (single measurement of CO

2
).3 Two ref-

erences (LOE 3) are included in the 8th edition in support of
capnography and capnometry. Grmec and Mally describe a
prospective study performed in the prehospital setting that com-
pared three different methods for immediate confirmation of endo-
tracheal tube placement in patients with severe head injury: auscul-
tation, capnometry, and capnography.5 The confirmation of final
tube placement was performed by a second direct visualization
with laryngoscope. In the 81 patients evaluated, capnometry and
capnography (after sixth breaths) were significantly better indica-
tors for tracheal tube placement (sensitivity 100%, specificity
100%) than auscultation (sensitivity 94%, specificity 66%). Sil-
vestri and Ralls performed a prospective, observational study of
the out-of-hospital use of continuous end-tidal carbon dioxide
monitoring and the rate of unrecognized misplaced intubation.6

The overall incidence of unrecognized misplaced intubations was
9%. The rate of unrecognized misplaced intubations in the group
for whom continuous ETCO

2
monitoring was used was zero,

whereas the rate in the group for whom continuous ETCO
2

moni-
toring was not used was 23.3% (95% CI 13.4%–36.0%).

The role of the LMA as an alternative airway device was previ-
ously undefined in the ATLS course. The LMA is considered a
useful airway device in a patient who has had failed attempts at
intubation or bag-valve-mask ventilation (BVM).3 However, the
LMA is not considered a definitive airway. For this reason, ATLS
recommends that physicians plan for a definitive airway when
patients have an LMA in place on arrival to the emergency depart-
ment (ED). Nine references regarding LMA have been added to
the newest edition, including three studies meeting a category 2
LOE. 7-15 These three studies maintain the usability (including
patients immobilized in a rigid cervical collar), safety, and efficacy
of the LMA. Similarly, other studies referenced in support of the
LMA (LOE 3 and 4) support its effectiveness as a rescue airway
during resuscitation if both BVM and endotracheal tube intubation
have been unsuccessful. 

The LTA is an “extraglottic airway device with similar capabili-
ty to provide successful ventilation to the patient as that of the
LMA.” As with the LMA, the LTA is not considered a definitive
airway device. Level 2 and 4 evidence is presented in support of
this new recommendation.16-18 Level 2 evidence in support of the
use of LTA was provided by Russi and Miller.18 The aim of this

2 Special Editorial Supplement/Trauma Reports

Trauma Reports™ (ISSN 1531-1082) is published
bimonthly by AHC Media LLC, 3525 Piedmont Road, N.E.,
Six Piedmont Center, Suite 400, Atlanta, GA 30305.
Telephone: (800) 688-2421 or (404) 262-7436.

Associate Publisher: Coles McKagen
Managing Editor: Allison Weaver
Director of Marketing: Schandale Kornegay

POSTMASTER: Send address
changes to Trauma Reports,
P.O. Box 740059, Atlanta, GA
30374. 

Copyright © 2009 by AHC Media LLC, Atlanta, GA. All rights
reserved. Reproduction, distribution, or translation without
express written permission is strictly prohibited.

Accreditation

AHC Media LLC is accredited by the Accreditation Council
for Continuing Medical Education to provide continuing
medical education for physicians.

AHC Media LLC designates this educational activity for 
a maximum of 2.5 AMA PRA Category 1 CreditsTM.
Physicians should only claim credit commensurate with
the extent of their participation in the activity.

Approved by the American College of Emergency
Physicians for 2.5 hours of ACEP Category 1 credit.

AHC Media LLC is accredited as a provider of continuing
nursing education by the American Nurses Credentialing
Center’s Commission on Accreditation.

Provider approved by the California Board of Registered
Nursing, Provider # 14749, for 1.5 Contact Hours.

This is an educational publication designed to present
scientific information and opinion to health professionals,
to stimulate thought, and further investigation. It does not
provide advice regarding medical diagnosis or treatment
for any individual case. It is not intended for use by the
layman. Opinions expressed are not necessarily those of
this publication. Mention of products or services does not
constitute endorsement. Clinical, legal, tax, and other
comments are offered for general guidance only; profes-
sional counsel should be sought for specific situations.

This CME/CNE activity is intended for emergency, family,
osteopathic, trauma, surgical, and general practice physi-
cians and nurses who have contact with trauma patients.

It is in effect for 24 months from the date of publication.

Subscriber Information

Customer Service: 1-800-688-2421

Customer Service E-Mail: customerservice@ahcmedia.com
Editorial E-Mail: allison.weaver@ahcmedia.com

World Wide Web page: http://www.ahcmedia.com

FREE to subscribers of Emergency Medicine Reports
and Pediatric Emergency Medicine Reports

Subscription Prices
United States

$249 per year. Add $17.95 for shipping & handling 
Multiple Copies

Discounts are available for group subscriptions, multiple copies,
site-licenses or electronic distribution. For pricing information, call

Tria Kreutzer at 404-262-5482.
All prices U.S. only. U.S. possessions and Canada, add $30

postage plus applicable GST.
Other international orders, add $30.

For Customer Service,
Please call our customer service depart-

ment at (800) 688-2421. For editorial ques-
tions or comments, please contact 
Allison Weaver, Managing Editor, 

at allison.weaver@ahcmedia.com.



study was to determine if LTA offers improved placement success
and times over the Combitube (ETC) and endotracheal tube (ETT)
in a simulated difficult airway. Sixty-nine prehospital providers —
emergency medical technicians (EMT-Bs) and paramedics (EMT-
Ps) — were assessed in a series of trauma scenarios involving the
placement of an ETT, ETC, and LTA in a difficult airway simula-
tor. Primary outcome measures were placement time and success
for each device. Successful placement in the manikin was defined
by adequate placement depth, inflation of device cuffs, the pres-
ence of breath sounds, and the absence of epigastric sounds. EMT-
Ps successfully placed an ETT in 68.9% (31/45) of attempts.
EMT-P success for ETC and LTA scenarios were 82.2% (37/45)
and 100% (45/45). EMT-B success in the ETC was 87.5% (21/24)
and 100% (24/24) with the LTA. Differences in successful place-
ment between all devices were significant for paramedics only.
Like the LMA, the LTA is placed without direct visualization of
the glottis and does not require significant manipulation of the
head and neck.

The GEB is another new addition to ATLS in 2008. The GEB,
also known as the Eschmann Tracheal Introducer (ETTI), is a 60
cm-long, 15 French stylette with a Coude tip angulated at 40°.
When the vocal cords cannot be visualized on direct laryngoscopy,

the GEB may be passed blindly beyond the epiglottis with the
angulated tip positioned anteriorly. Tracheal position is confirmed
by feeling for clicks as tracheal rings are struck or when the tube
rotates as it enters the right or left bronchus. An endotracheal tube
is passed over the stylette and the GEB is then removed. Level 2-5
evidence supports the use of GEB as an airway adjunct.19-31 In mul-
tiple operating room studies, successful intubation occurred at
rates greater than 95% with GEB.19,20,23,24,26-29,31

The final amendment in the Airway chapter is new material
regarding the prediction of a difficult airway. This segment
emphasizes the importance of assessing the patient’s airway prior
to an intubation attempt in order to predict the difficulty. The
mnemonic LEMON (“Look externally, Evaluate 3-3-2 rule, Mal-
lampati, Obstruction, Neck mobility”) is helpful in judging the
potential for intubation difficulty.32,33 External characteristics that
may predict difficulty with intubation include significant maxillo-
facial trauma, limited mouth opening, and anatomical variation
such as a receding chin, overbite, or a short neck. The 3-3-2 rule
evaluates the alignment of the pharyngeal, laryngeal, and oral
axes, and may predict the ease of intubation. (See Figure 1.) Mal-
lampati classification assesses the ability to visualize the
hypopharynx. (See Figure 2.) Conditions that cause airway
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Table 1. ATLS Level of Evidence Rating System 

Treatment Prognosis Diagnosis Economic and Decision Analysis

Level of 
Evidence

1 RCT with significant Prospective study with Testing of previously applied Clinically sensible costs and 
difference or narrow single inception cohort diagnostic criteria in a alternatives; values obtained
confidence intervals and >80% follow-up consecutive series against a from many studies; multiway 

gold standard sensitivity analyses

2 Systematic reviews of Systematic review of Systematic review of Systematic review of
level 1 studies level 1 studies level 1 studies level 1 studies

Prospective cohort, poor Retrospective study, Development of diagnostic Clinically sensible costs and
quality RCT untreated controls criteria on basis of alternatives, values

from a previous RCT consecutive patients obtained from limited
against a gold standard studies, multiway

sensitivity analyses

3 Systematic reviews of Systematic reviews of Systematic reviews of Systematic reviews of
level 2 studies level 2 studies level 2 studies level 2 studies

Case-control study Study of nonconsecutive Limited alternatives and
patients (no consistently costs; poor estimates
applied gold standard)

4 Case series Case series Case-control study No sensitivity analyses

Poor reference standard

5 Expert opinion Expert opinion Expert opinion Expert opinion

Used with permission from: Wright JG, Swiontkowski MF, Heckman JD. Introducing levels of evidence to the journal. J Bone Joint Surg Am 2003;85A:1-3.



obstruction, such as epiglottitis, peritonsillar abscess, and trauma,
will make laryngoscopy and ventilation difficult. Finally, neck
mobility is assessed with the understanding that patients with lim-
ited neck movement, such as those in a hard cervical collar, are
more difficult to intubate.

Shock 
In the 8th edition update of the ATLS Shock chapter, the initial

management of hemorrhagic shock and pericardial tamponade and
the utility of a base deficit and lactate are revised.

Prior versions of ATLS declare that “warmed isotonic elec-
trolyte solutions are used for initial resuscitation” with lactated
ringer’s (RL) being the initial fluid of choice and normal saline the
second choice.2 The current edition does not preference RL over

normal saline, but now states “warmed isotonic electrolyte solu-
tions, such as lactated ringer’s and normal saline, are used for ini-
tial resuscitation.”3

Hypertonic solutions are considered to have a greater ability to
expand blood volume, and thus elevate blood pressure, and can be
administered as a small-volume infusion over a short time period.
However, the current literature does not support the routine use of
hypertonic saline, as no survival advantage has been demonstrat-
ed.34-37 Evidence for this statement is supported by LOE 2 and 3
research. A meta-analysis (LOE 2) of 14 randomized trials com-
paring hypertonic saline to isotonic and near-isotonic crystalloid
failed to demonstrate any benefit of hypertonic crystalloid in the
resuscitation of trauma patients.37

ATLS continues to teach the four classes of hemorrhage based
upon clinical signs as a useful tool for estimating the percentage of
acute blood loss. These clinical findings often represent a continu-
um of ongoing hemorrhage and a way to guide initial therapy.
However, volume replacement is guided by the patient’s response
to initial therapy, not solely by the initial classification category.
The current edition contains an enhanced description of the initial
fluid therapy, including an introduction to the concept of permis-
sive hypotension.

The 8th edition states:
“Fluid resuscitation and avoidance of hypotension are
important principles in the initial management of blunt
trauma patients particularly those with traumatic brain
injury [TBI]. In penetrating trauma with hemorrhage,
delayed aggressive fluid resuscitation until definitive con-
trol may prevent additional bleeding. Although complica-
tions associated with resuscitation injury are undesirable,
the alternative of exsanguination is even less so. A care-
ful, balanced approach with frequent reevaluation is
required.”1

Balancing the goal of organ perfusion with the risks of rebleed-
ing by accepting a lower-than-normal blood pressure has been
termed “controlled resuscitation,” “balanced resuscitation,”
“hypotensive resuscitation,” and “permissive hypotension.” The
goal is the balance, not the hypotension. Such a resuscitation strat-
egy may be a bridge to, but is not a substitute for, definitive surgi-
cal control of bleeding.

Supportive research regarding fluid resuscitation is provided
and categorized as level 2–5 evidence.35,38-44 Dutton and colleagues
(LOE 2) randomized 110 patients presenting in hemorrhagic
shock to one of two fluid resuscitation protocols: target SBP 
> 100 mmHg (conventional) or target SBP of 70 mmHg (low).39

Fluid therapy was titrated to this endpoint until definitive hemosta-
sis was achieved. In-hospital mortality, injury severity, and survival
were determined for each patient. The study cohort had a mean
age of 31 years, with 51% suffering penetrating trauma. While a
significant difference in SBP was observed between the two
groups, the overall survival was 92.7%, with four deaths in each
group. The authors concluded that lack of effect on mortality
between groups was likely impacted by improvements in diagnos-
tic and therapeutic technology, the heterogeneous nature of
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Table 2. Major Updates to ATLS 

Chapter Major Updates

Initial Assessment Rectal examination

Airway Carbon dioxide devices
LMA, LTA, gum elastic bougie
Difficult airway assessment

Shock Fluid resuscitation
Angioembolization
Cardiac tamponade
Base deficit and lactate

Thoracic Pneumothorax
Blunt aortic injury
ED thoracotomy 

Abdomen Explosive devices
Hemodynamically unstable pelvic fractures

Head Trauma Classification of minor head injury
Canadian Head CT rules
Penetrating brain injury

Spine and Blunt carotid and vertebral injuries
Spinal Cord Trauma No support for steroids in cord injury

CT of cervical spine
Atlantooccipital dislocation

Musculoskeletal Tourniquets
Trauma Compartment syndrome

Pediatric Trauma Functional outcome
Abdominal imaging (CT and FAST)
Abdominal bruising

Geriatric Trauma Transfusions
Elder abuse

Trauma in Women Restraints in pregnant patients
Airbags in pregnant patients

Transfer to Use of a checklist in transfer form
Definitive Care



human traumatic injuries, and the imprecision of SBP as a marker
for tissue oxygen delivery. Bickell and colleagues (LOE 2) per-
formed a prospective trial comparing immediate and delayed
resuscitation in patients with penetrating torso trauma and a pre-
hospital BP < 90mmHg.38 Five-hundred and ninety-eight patients
were assigned to either immediate fluid resuscitation before they
reached the hospital and in the trauma center, or no fluid resuscita-
tion until they reached the operating room. Among the 289
patients who received delayed fluid resuscitation, 203 (70%) sur-
vived and were discharged from the hospital, as compared with
193 of the 309 patients (62%) who received immediate fluid
resuscitation (P = 0.04). The mean estimated intraoperative blood
loss was similar in the two groups. Among the 238 patients in the
delayed-resuscitation group who survived to the postoperative
period, 55 (23%) had one or more complications (adult respiratory
distress syndrome, sepsis syndrome, acute renal failure, coagu-
lopathy, wound infection, or pneumonia), as compared with 69 of
the 227 patients (30%) in the immediate resuscitation group (P =
0.08). The duration of hospitalization was also shorter in the
delayed resuscitation group. Authors conclude that in hypotensive
patients with penetrating torso injuries, delay of aggressive fluid
resuscitation until operative intervention improves the outcome.

As the goal of a “balanced” resuscitation is end-organ perfu-

sion, a failed hemodynamic response to crystalloid and blood
administration dictates the need for immediate intervention (oper-
ation or angioembolization) to control exsanguinating hemor-
rhage.3 Although no more details or recommendations regarding
embolization are provided in this section of the 8th edition, 16
new references are listed regarding the use of angioembolization
for pelvic fracture and solid organ injury, namely splenic and
hepatic hemorrhage.45-60 The use of angioembolization in an
unstable patient with a pelvic fracture is also discussed in the
Abdominal and Pelvic Trauma chapter. 

Further amendments made to the Shock chapter of the ATLS
manual include the use of pericardiocentesis in cardiac tampon-
ade. In prior ATLS manuals, pericardiocentesis is described as
the initial treatment of traumatic tamponade. The prior edition
states that “appropriate placement of a needle…into the pericar-
dial sac for tamponade” temporarily relieves this life-threatening
condition.2 The updated position states that “cardiac tamponade
is best managed by thoracotomy.”3 Pericardiocentesis is now
considered a temporizing maneuver to be used when thoracoto-
my is not an available option. Eight LOE 4 articles support this
new recommendation.61-68

The final revision to the Shock chapter involves the use of
base deficit and lactate. The 7th edition teaches that a base deficit
may be useful in estimating the severity of the acute perfusion
deficit,2 whereas the 8th edition declares that a base deficit and/or
lactate can be useful in determining the presence and severity of
shock. This slightly stronger wording and the addition of lactate
have been added with the support of four LOE 2 and 3 studies.69-

72 Kaplan and colleagues found these markers of inadequate local
tissue perfusion especially relevant in the patient with a “normal”
blood pressure.71 In this observational, retrospective review of
trauma patients requiring vascular repair of torso or extremity
injury, the initial ED base deficit and lactate (in addition to pH,
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Figure 1. 3-3-2 Rule

To allow for alignment of the pharyngeal, laryngeal, and oral
axes, and therefore simple intubation, the following relationships
should be observed: The distance between the patient’s incisor
teeth should be at least 3 finger breadths (A); the distance
between the hyoid bone and the chin should be at least 3 finger
breadths (B); and the distance between the thyroid notch and
floor of the mouth should be at least 2 finger breadths (C).

Used with permission from: Advanced Trauma Life Support for Doctors
(ATLS). 8th edition. Chicago: American College of Surgeons Committee
on Trauma;2008:36.

Figure 2. Mallampati Classification

Mallampati classifications: Used to visualize the hypopharynx.
Class I: soft palate, uvula, fauces pillars visible. Class II: soft
palate, uvula, fauces visible. Class III: soft palate, base of uvula
visible. Class IV: hard palate only visible.

Used with permission from: Advanced Trauma Life Support for Doctors
(ATLS). 8th edition. Chicago: American College of Surgeons Committee on
Trauma;2008:36.

Class I Class IVClass IIIClass II



anion gap, strong ion difference, and strong ion gap) discriminat-
ed survivors from non-survivors. Serial measurements of these
values can also be used to monitor the response to therapy. 

Thoracic Trauma 
Revisions to the Thoracic trauma chapter of the updated ATLS

manual involve the treatment of pneumothorax, ED thoracotomy,
and surgical management of blunt aortic injury.3

A pneumothorax is best treated with a chest tube placed at the
fourth or fifth intercostal space, just anterior to the midaxillary
line.2,3 Previously, observation and/or aspiration of any pneu-
mothorax was considered “risky,” as a simple pneumothorax can
quickly convert to a life-threatening tension pneumothorax, par-
ticularly if it is unrecognized or positive-pressure ventilation is
applied.2 Current ATLS recommendations state that observation
and aspiration of an asymptomatic pneumothorax “may be
appropriate,” but the choice should be made by a “qualified doc-
tor”; otherwise, placement of a chest tube should be performed.3

The recommendation to support this change from “risky” to
“may be appropriate” was based on level 2 and 4 evidence.73-75

Brasel and colleagues (LOE 2) performed a prospective trial that
randomized blunt trauma patients with occult pneumothoraces to
computed tomography (CT) scan or observation.74 An occult
pneumothorax (OPTX) was defined as a pneumothorax seen on
abdominal CT scan but not on an anteroposterior chest x-ray
(CXR) as read by the trauma chief resident or attending staff
member. Primary outcome measures were respiratory compro-
mise and progression of pneumothoraces. Thirty-nine patients
with 44 pneumothoraces were enrolled. Eighteen patients
received CT scan, and 21 patients were observed. There was no
difference in overall complication rate. No patient had respirato-
ry distress related to the OPTX or required emergent CT scan.
The authors conclude that occult pneumothoraces can be safely
observed in patients with blunt traumatic injury.

Patients with penetrating thoracic injuries who arrive pulseless
but with myocardial electrical activity may be candidates for
immediate resuscitative thoracotomy.2,3 However, patients who
sustain blunt injuries with the same presentation are not candi-
dates for thoracotomy, as multiple reports (LOE 4) confirm this
maneuver rarely to be effective.3,76-80 Likewise, in patients with
penetrating thoracic injuries and no signs of life and no cardiac
electrical activity, no further resuscitative effort should be made.2,3

To note, ATLS states that a “qualified surgeon” must be present at
the time of the patient’s arrival to determine the need and potential
for success of a resuscitative thoracotomy in the ED.2,3 Rhee and
colleagues performed a review of 24 studies, (n = 4620) that
reported ED thoracotomy for both blunt and penetrating trauma
during the previous 25 years.81 The primary outcomes analyzed
were in-hospital survival rates. Survival rates were 8.8% for pene-
trating injuries and 1.4% for blunt injuries. Absence of signs of
life in the field yielded a survival rate of 1.2%. The best survival
results are seen in patients who undergo thoracotomy for thoracic
stab injuries and who arrive to the ED with signs of life. 

The 8th edition includes substantiated support for endovascu-
lar repair for blunt traumatic aortic injury. The treatment of trau-

matic aortic rupture involves either primary repair or resection of
the torn segment and replacement with an interposition graft. The
techniques of endovascular repair are rapidly evolving as an
alternative approach for repair of blunt traumatic injury.3,82-84 A
recent study (not referenced in the ATLS manual) assessed the
early efficacy and safety of endovascular stent grafts in traumatic
thoracic aortic injuries and compared outcomes with the standard
operative repair.83 The outcome data of this prospective, nonran-
domized, multicenter study included mortality, complications,
and intensive care unit and hospital days. Overall, 125 patients
(64.9%) were selected for endovascular stent graft and 68
(35.2%) for operative repair. Stent grafting was selected in
71.6% of the 74 patients with major extrathoracic injuries and in
60.0% of the 115 patients with no major extrathoracic injuries.
Overall, 25 patients in the stented group (20.0%) developed 32
device-related complications, 18 of which were endoleaks
(14.4%). Procedure-related paraplegia developed in 2.9% in the
operative repair group and 0.8% in the stent graft group. Multi-
variable analysis adjusting for severe extrathoracic injuries,
hypotension, GCS, and age showed that the endovascular stent
graft group had a significantly lower mortality (adjusted odds
ratio: 8.42; 95% CI 2.76–25.69; adjusted p = <0.001), and fewer
blood transfusions (adjusted mean difference: 4.98; 95% CI
0.14–9.82; adjusted p = 0.046) than the operative repair group.
Among the 115 patients without major extrathoracic injuries,
higher mortality and higher transfusion requirements were also
found in the operative group. The authors conclude that endovas-
cular stent graft is associated with significantly lower mortality;
however, there is a considerable risk of serious device-related
complications. 

Abdominal and Pelvic Trauma
New educational material on explosive devices and recommen-

dations in the Abdominal and Pelvic Trauma chapter involve the
management of hemodynamically unstable patients with pelvic
fractures. 

Explosive devices cause injuries through several mechanisms.
These include penetrating fragment wounds and blunt injuries
from the patient being thrown or struck. Therefore, when evalu-
ating these patients, both penetrating and blunt mechanisms of
injury need to be considered. Patients close to the source of the
explosion may have additional pulmonary and hollow viscera
injuries related to blast pressure. However, “the potential for
high-pressure injury should not distract the doctor from a sys-
tematic, ABC approach to identification and the treatment of the
more common blunt and penetrating injuries.” Twelve LOE 3–5
articles are referenced by the ATLS manual regarding explosive
devices.85-96

Pelvic fractures have a significant association with injuries to
intraperitoneal and retroperitoneal visceral and vascular struc-
tures. However, hypotension may or may not be related to the
pelvic fracture itself. Patients with hemorrhagic shock and unsta-
ble pelvic fractures have four potential sources of blood loss:
fractured bone surfaces, pelvic venous plexus injury, pelvic arte-
rial injury, or extrapelvic sources. The updated recommendations
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highlight the importance of excluding other intraabdominal
sources of hemorrhage in this population.3

In patients with hemorrhagic shock and unstable pelvic frac-
tures, the pelvis should be temporarily stabilized or “closed”
with a commercial compression device or sheet. Further deci-
sions to control ongoing pelvic bleeding include angiographic
embolization, surgical stabilization, and direct surgical control.3

Angioembolization has been a recommended therapy to control
hemorrhage in the hemodynamically unstable patient with
pelvic fractures who is found to have a grossly negative diag-
nostic peritoneal lavage (DPL).2 Both the 7th and 8th editions
recommend a decision for angiographic embolization or opera-
tive repair to be made based upon the identification of intraperi-
toneal blood via DPL or Focused Assessment Sonography in
Trauma (FAST) examination. This algorithmic approach recom-
mends laparotomy in the presence of gross blood and angiogra-
phy/embolization when either of these studies is negative in a
hemodynamically unstable patient with a pelvic fracture.2,3 (See
Figure 3.) Twenty-two new references were reviewed (LOE
2–4) and cited regarding the management of hemodynamically
unstable pelvic fractures.45,48,53,55-57,59,97-110

Head Trauma
Updates to the 8th edition of the Head Trauma chapter include

new definitions of minor and moderate brain injury, use of the

Canadian head CT rule, and new educational material on penetrat-
ing brain injury.3

Previously, the definitions of mild, moderate, and severe brain
injuries were as follows: mild = GCS 14–15, moderate = GCS
9–13; severe = GCS 3–8.2 In the 8th edition, the authors have
updated the definitions of brain injury to minor, moderate, and
severe with the definitions as follows: mild brain injury = GCS
13–15, moderate = GCS 9–12, and severe = GCS 3–8. This
reflects a greater consensus with organizations such as the Cen-
ters for Disease Control and Prevention and the Eastern Associa-
tion for the Surgery of Trauma, which use GCS 13–15 for minor
traumatic brain injury.1 Furthermore, the Canadian Head CT
Rule, introduced in this edition of ATLS, also uses this definition
for minor head injury. 

The 8th edition of ATLS teaches students to evaluate the need
for brain imaging in trauma patients by using the Canadian Head
CT rule.111-113 In the 7th edition, the authors state that CT “should
be considered in all brain-injury patients who have a loss of con-
sciousness of greater than five minutes, amnesia, severe
headaches, a GCS score of <15, or a focal neurologic deficit
attributable to the brain.”2 The current edition recommends that
students use the evidence-based criteria set forth in the Canadian
Head CT rule. (See Table 3.) The initial paper was published by
Stiell and colleagues in 2001 (LOE 2). The authors performed a
prospective cohort study of 3,121 patients conducted in 10 EDs
in Canada. All subjects had undergone minor head injury in the
previous 24 hours and had a GCS score of 13–15. Indications for
CT scanning in minor traumatic brain injury (MTBI) included
high-risk criteria (GCS less than 15 at two hours, suspected open
or depressed skull fracture, any sign of basilar skull fracture,
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Table 3. Canadian Head CT Rules

Head CT is required for patients with minor head injuries (i.e., 
witnessed loss of consciousness, definite amnesia, or witnessed
disorientation in a patient with a GCS score of 13 to 15) and any
one of the following:

High risk for neurosurgical intervention:
• GCS score less than 15 at two hours after injury
• Suspected open or depressed skull fracture
• Any sign of basal skull fracture (e.g., hemotympanum, 

raccoon eyes, CSF otorrhea or rhinorrhea, Battle sign)
• Vomiting (more than two episodes)
• Age greater than 65 years

Moderate risk for brain injury on CT:
• Amnesia before impact (more than 30 minutes)
• Dangerous mechanism (e.g., pedestrian struck by motor 

vehicle, occupant ejected from motor vehicle, fall from 
height more than three feet or five stairs)

Figure 3. Algorithm for Unstable Patient with
Pelvic Fracture 

Initial Management
• Surgical consult • Pelvic wrap

Intraperitoneal gross blood?

Yes No

Laparotomy Angiography

Hemorrhage control fixation device

Adapted with permission from: Advanced Trauma Life Support for Doctors
(ATLS). 8th edition. Chicago: American College of Surgeons Committee on
Trauma;2008:122.

Used with permission from: Advanced Trauma Life Support for Doctors
(ATLS). 8th edition. Chicago: American College of Surgeons Committee on
Trauma;2008:142.



vomiting more than twice, age greater than 65 years) or moderate
risk criteria (amnesia before impact of more than 30 minutes or
dangerous mechanism, such as pedestrian struck, ejection from
vehicle, or fall from greater than three feet or five stairs).113 The
high-risk factors were 100% sensitive (95% CI 92%–100%) for
predicting need for neurosurgical intervention, and would require
only 32% of patients to undergo CT. The medium-risk factors
were 98% sensitive (95% CI 96%–99%) and 49% specific for
predicting clinically important brain injury, and would require
only 54% of patients to undergo CT.113 Further validation and
comparison of this rule to the New Orleans Criteria has been per-
formed by the initial authors as well as external validation by
another group and were both published in JAMA in 2005 (both
LOE 1).111,112 The authors of the 8th edition of ATLS have refer-
enced these and other articles on this topic in support of the
Canadian Head CT rule (LOE 1–4).111-118

The discussion of the management of minor, moderate, and
severe brain injury is very similar in both the 7th and 8th edi-
tions. This version of ATLS uses the same algorithms for man-
agement of minor, moderate, and severe brain injuries. While
these algorithms are based on a 1996 book by Narayan, Neuro-
trauma, a new table is included in the 8th edition of ATLS in
which the authors give an overview of the management of TBI.119

In the severe brain injury section, the authors discuss important
crucial findings to look for on head CT. These findings are:
intracranial hematoma, contusions, or midline shift, specifically a
shift of 5 mm or greater, which is often indicative of need for
surgical evacuation. New to the 8th edition is mention of CT
angiography to evaluate for vascular injury. ATLS mentions that
CTA may uncover unsuspected vascular injury to the skull base
that could place the patient at risk for stroke. They state that
these studies should be considered when a high-risk mechanism
of injury is present.3 Specific references to this, however, are not

mentioned until Chapter 7, Spine and Spinal Cord Trauma. 
New educational material is presented in the 8th edition in

regard to penetrating brain injuries. First, the authors recommend
CT scanning as opposed to plain radiographs in situations involv-
ing penetrating injuries to the brain.120 The authors state that
“when CT is available, plain radiographs are not essential.”3 Much
of the evidence for this section is summarized in a supplemental
section in the Journal of Trauma from 2001 entitled “Guidelines
for the Management of Penetrating Brain Injuries.”120-122 Most of
these recommendations are based on LOE-4 studies.120,122-124 The
authors make the point that many penetrating injuries are associat-
ed with vascular injuries, and therefore moving the penetrating
object may cause harm. They state that “objects that penetrate the
intracranial compartment or infratemporal fossa must be left in
place until vascular injury has been evaluated and definitive neu-
rosurgical management established.”3 Disturbing the object pre-
maturely may lead to vascular injury or intracranial hemorrhage.
CTA is recommended when vascular injury is suspected (trajecto-
ry passes through skull base or near venous sinus, substantial sub-
arachnoid hemorrhage, or injury to the orbitofacial or pterional
regions). MRI is not recommended if there is question of a missile
injury. Broad spectrum antibiotics and one week of anti-convul-
sants are recommended in penetrating brain injury. Small bullet
entrance wounds may be cleansed and closed in patients whose
scalp is not devitalized and have no intracranial injury.123 If there
is dural injury or significant fragmentation of the skull, however,
debridement and neurosurgical watertight closure is recommend-
ed. If there is significant mass effect, evacuating intracranial
hematoma is recommended. In the absence of significant mass
effect, surgical debridement of the missile track in the brain,
removal of fragments, surgical removal of fragments, and reoper-
ation to remove retained bone or missile fragments does not
improve outcome and is not recommended.123,124

Spine and Spinal Cord Trauma
Revisions to the Spine and Spinal Cord Trauma chapter

include sections on blunt carotid and vertebral vascular injuries
(BCVI), CT evaluation of the cervical spine, steroid therapy in
acute spinal cord injury, and radiographic diagnosis of atlanto-
occipital dislocation.3

A new section to the 8th edition is “Blunt Carotid and Verte-
bral Vascular Injuries.”3 Blunt trauma to the head and neck has
been found to be a risk factor for carotid and vertebral injuries and
early recognition may reduce the risk of stroke. ATLS recommen-
dations for screening CT Angiography (CTA) include: C1–C3
fracture, cervical spine fracture with subluxation, and fractures
involving the foramen transversarium.3 Five articles (LOE 1–3)
are referenced in regard to this addition.125-129 One study by
Cothren in 2003 (LOE 1) used angiography to diagnose vertebral
artery injuries on blunt trauma patients.126 Of 605 patients who
underwent diagnostic angiography as part of a blunt vertebral
injury screening protocol, 92 patients were found to have verte-
bral artery injuries. Of these patients who had spine fractures, spe-
cific fracture patterns were found to have high associations with
BVI (subluxations in 55%, extension of the fracture through the
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Figure 4. Atlanto-Occipital Joint Assessment

Normal

Wackenheim

C0-C1 Instability

BC/AO (Power’s ratio) ≤ 1 BC/AO (Power’s ratio) > 1

Used with permission from: Advanced Trauma Life Support for Doctors
(ATLS). 8th edition. Chicago: American College of Surgeons Committee on
Trauma;2008:177.



foramen transversarium in 26%, and upper cervical spine frac-
tures in 18%). The authors conclude that routine screening for
vascular injury should be performed on patients with these frac-
ture patterns.126 In another study, the same author (LOE 2) looked
at more than 17,000 blunt trauma patients and found that 37% of
patients with the fracture patterns above had blunt cerebrovascular
injury (BCVI). Screening in this study was performed by CTA
instead of angiography.127 ATLS therefore recommends screening
CTA in the above high-risk populations. Although the authors of
ATLS do not make specific recommendations on treatment, the
latter article mentions that some surgeons view anticoagulation as
standard treatment for BCVI.128

ATLS continues to teach radiographic evaluation of the spine
based on the NEXUS criteria (screening imaging of trauma
patients with midline neck pain, tenderness on palpation, neuro-
logic deficits, or altered level of consciousness or intoxication).3

New to this edition, however, is emphasis on the use of CT scan-
ning. The authors state, “CT scans may be used in lieu of plain
images to evaluate the cervical spine.”3 This recommendation is
based on LOE 1–3.130-139 One study by Mower and colleagues
examined more than 34,000 patients with blunt trauma and cervi-
cal spine injury. A total of 1,496 cervical spine injuries were
identified, and of those, 35 injuries were missed on adequate
plain-film imaging (2.81% of all injured patients).136 A meta-
analysis by Holmes and Akkinepalli looked at all studies that
evaluated patients with both plain films and CT, and of seven
studies that met criteria (plain films without three views, CT
without entire spine, CT cuts >5 mm), there were no randomized
controlled trials. The pooled sensitivity for plain films was 52%,
and 98% for helical CT. Although CT was shown to have a high-
er sensitivity for diagnosing cervical spine injuries, all seven
studies were performed at trauma centers where there was a high
prevalence of injury.135 The authors conclude that although CT
was found to have a higher sensitivity, there is insignificant evi-
dence at this time that CT should replace plain film radiography
in all patients who require screening for cervical spine injury.135

ATLS again reminds students that approximately 10% of patients
with a cervical spine fracture have a second vertebral column
fracture and should be radiographically screened. MRI is indicat-
ed in the presence of neurologic deficits.3

The management of spinal injury includes immobilization,
intravenous fluids, medications, and appropriate transfer. In the
7th edition, high-dose methylprednisolone was recommended for
patients with non-penetrating spinal cord injuries within the first
eight hours.2 In the 8th edition, the authors state, “at present,
there is insufficient evidence to support the routine use of
steroids in spinal cord injury.”3 This is based on multiple studies
(LOE 1–3).140-150 In the past, steroid recommendations were
largely based on the NASCIS II trial, which did not find a differ-
ence in steroid therapy with the main patient population but did
find a small difference in a post hoc subgroup analysis that
showed a benefit in the steroid group.151 Subsequent systematic
reviews and high LOE studies have found no benefit to steroid
therapy and trends toward increased morbidity and mortali-
ty.142,146,147 Therefore, in this edition of ATLS, the authors con-

clude that there is insufficient evidence to support steroid use in
spinal cord injury.

Both the 7th and 8th editions include a skill station that teaches
participants to examine cervical, thoracic, and lumbar spine radi-
ographs. New to the 8th edition, however, is a section that teaches
participants how to identify atlanto-occipital dislocation. They
describe a Power’s ratio >1 and an abnormal Wackenheim’s line
(from the posterior clivus to the posterior dens) as useful markers
of instability.3 (See Figure 4.) These recommendations were based
on both CT images and plain film images described in the radi-
ographic literature.152,153

Musculoskeletal Trauma
Revisions in the current edition of ATLS for the Musculoskele-

tal Trauma chapter include updates on tourniquet use and compart-
ment syndrome.3

Injuries to the musculoskeletal system occur in 85% of blunt
trauma patients and only rarely cause threat to life or limb. Hemor-
rhage, crush syndrome, and compartment syndrome, however, can
pose life and limb threats. New to the 8th edition is material on the
use of tourniquets for vascular injuries, including traumatic ampu-
tation. The authors state:

“Although controversial, the use of a tourniquet may
occasionally be life and/or limb-saving in the presence
of ongoing hemorrhage uncontrolled by direct pressure.
A properly applied tourniquet, while endangering the
limb, may save a life. A tourniquet must occlude arterial
inflow, as occluding only the venous system can increase
hemorrhage.”3

This recommendation is based on level 4 and 5 evidence.154-160

One study (LOE 4) by Walters and colleagues compared seven
commercially available tourniquets and found that only three of
seven were effective in all tests of human volunteers.155 A study by
King evaluated five tourniquet systems for the Canadian Forces
and found that the emergency medical tourniquet and latex surgi-
cal tubing performed the best.157 A retrospective analysis of 550
Israeli soldiers in which 16% had tourniquets applied found that
78% of the tourniquets applied were effective in controlling hem-
orrhage.158 There are no level three or above studies that assess
tourniquet use. 

Compartment syndrome is a limb threatening condition that
develops when the pressure in the osteofascial compartment of
the muscle causes ischemia. It is most commonly seen in the
lower leg, forearm, foot, hand, gluteal region, and thigh. ATLS 8th
edition includes a color diagram of lower leg compartment syn-
drome as well as a revised description of the signs and symptoms.
In the 7th edition, the authors state “a palpable distal pulse usually
is present in compartment syndrome.”2 The updated version
states, “absence of a palpable distal pulse usually is an uncommon
finding and should not be relied upon to diagnose compartment
syndrome.” Furthermore, the authors have emphasized and bullet-
ed the early findings of compartment syndrome, which are:
increasing pain greater than expected and out of proportion to the
stimulus, palpable tenseness of the compartment, asymmetry of
the muscle compartments, pain on passive stretch of the affected
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muscle, and altered sensation.3 Evidence for this comes from
three articles (LOE 3 and 5). Ulmer reviewed 1,932 titles on
“compartment syndrome” and found only four prospective studies
of compartment syndrome of the lower leg.161,162 He found that the
sensitivity of clinical findings to suggest compartment syndrome
was low (13%–19%), and concludes that, “the clinical features of
compartment syndrome of the lower leg are more useful by their
absence in excluding the diagnosis than they are when present in
confirming the diagnosis.”163 The clinical diagnosis is based on
history of injury, physical signs, and having a high index of suspi-
cion for the diagnosis. Management consists of acquiring com-
partment pressures and early surgical consultation.

Thermal Injuries
The chapter on Thermal Injuries in the 8th edition of ATLS is

essentially the same as the prior version. No new references were
included. Updated graphics representing approximate BSA are
included as well as color photographs of second- and third-degree
burns.

Again, educational material focuses on immediate lifesaving
measures: airway control, stopping the burning process, and
establishing intravenous access; assessment of the burn including
body surface area calculation; primary and secondary survey;
and special burn-related adjuncts and requirements. Similar sec-
tions are included on chemical burns, electrical burns, and cold
injuries. 

Pediatric Trauma
Revisions to the 8th edition of the Pediatric Trauma chapter

include new material on functional outcome of pediatric trauma
patients, abdominal imaging (including CT and FAST), and
abdominal bruising.

Injury is the most common cause of death and disability in
childhood and motor vehicle-associated injuries are the most
common cause of death in children of all ages. Deaths due to
drowning, house fires, homicides, and falls follow in descending
order.3 As in the 7th edition, the differences between children and
adults are addressed, including their size and shape, increased
surface-area-to-weight ratio, skeleton, psychological status, and
long-term effects (cognitive and personality changes) of trauma.
New to this edition is emphasis that even though children may
have disabilities after traumatic events, their long-term quality of
life is robust and justifies aggressive resuscitation efforts. Evi-
dence is based on a study in which van der Sluis and colleagues
surveyed 59 pediatric polytrauma patients. After nine-year fol-
low-up, authors found that the degree of physical disablement
was low (12%), and that patients’ quality of life using the
RAND-36 scale did not differ between trauma patients and
healthy controls (LOE 3).164

The airway, breathing, and circulation sections of this chapter
are similar to the 7th edition, aside from updated graphics and a
new mnemonic, “Don’t be a DOPE” (Dislodgment of endotra-
cheal tube, Obstruction, Pneumothorax, and Equipment failure).
This is introduced as a reminder of potential pitfalls when intubat-
ed pediatric patients deteriorate. A new chart showing the physio-

logic impact of blood loss on pediatric hemodynamics emphasizes
the rapid rate of deterioration after a certain compensatory point is
exceeded in pediatric patients.3

New emphasis is placed in the 8th edition on the use of FAST
for children. The 7th edition states, “few studies on the efficacy
of ultrasound in the child with abdominal injury have been
reported. The role of abdominal ultrasound in children remains to
be defined.”2 The 8th edition encourages use of FAST in chil-
dren. In summary, the authors state that although comparatively
few studies on the efficacy of ultrasound in children have been
reported, its use as an extension of the abdominal examination in
injured children is rapidly evolving, and it has the advantage that
imaging may be easily repeated.3 If large amounts of intraab-
dominal blood are found, significant injury is more likely to be
present. However, even in these patients, operative management
is indicated not by the amount of blood, but by hemodynamic
abnormality and its response to treatment. ATLS authors also
caution that “FAST is incapable of identifying isolated intra-
parenchymal injuries, which account for up to one-third of solid
organ injuries in children.”135,165-172 This is based upon multiple
studies (LOE 3) of the pediatric FAST. A study by Holmes and
colleagues evaluated the FAST examination in 224 pediatric
blunt trauma patients. Thirty-three of them had intraperitoneal
fluid, while ultrasound identified fluid in 27. This gave ultra-
sound a sensitivity of 82% (95% CI 65%–93%) and specificity of
95% (95% CI 91%–97%).167 A meta-analysis by the same author
in 2007, which was not included in the 8th edition of ATLS cites
overall sensitivity of pediatric ultrasound for hemoperitoneum as
80% (95% CI 76%–84%), with specificity of 96% (95% CI
95%–97%). The authors go on to state that the most rigorous
studies of their meta-analysis yielded a sensitivity of 66% (95%
CI 56%–75%) and specificity of 95% (95% CI 93%–97%)173 In
conclusion, the FAST examination does have utility in pediatric
blunt trauma patients, but the decision to proceed to operative
management should not be based on the FAST alone but in com-
bination with the patients’ hemodynamic stability and surgeons’
assessment.

There is also new educational material regarding the use of
abdominal CT for pediatric trauma. The authors state that the
identification on CT scan of intraabdominal injuries in patients
with no hemodynamic abnormalities can allow for non-operative
management. Furthermore, they mention that “the presence of a
splenic blush on CT with intravenous contrast does not mandate
exploration. The decision to operate continues to be based on the
amount of blood lost as well as abnormal physiologic parame-
ters.”3 This statement is based on a study by Cloutier (LOE 4) in
which a trauma registry identified 107 pediatric blunt trauma
patients with splenic injury. Of the 63 patients with admission
CT scan available, five (9.7%) had contrast blush. Four of these
patients remained stable and one required splenectomy for hemo-
dynamic instability. The authors conclude from this limited
series that contrast blush alone does not predict failure of non-
operative management in pediatric patients, as it does in adults.174

New material is presented in the 8th edition regarding abdomi-
nal bruising. The authors now state that the incidence of intraab-

10 Special Editorial Supplement/Trauma Reports



dominal injury is significantly higher if abdominal wall bruising
is observed during the primary or secondary survey.3 This is based
on evidence from a study by Lutz and colleagues (LOE 3) in
which they used the crash surveillance database to identify
147,985 children who were restrained in motor vehicle collisions.
Although abdominal bruising was rare (noted in 1.33%), children
with a bruise were significantly more likely to have intraabdomi-
nal injury than those without a bruise (odds ratio 232; 95% CI,
75.9–710.3).175

One final addition to the 8th edition is a section on the impor-
tance of prevention of pediatric injury. The authors have included a
box of the “ABCDEs of injury prevention.” The prevention of
pediatric injury involves analyzing injury data, building local coali-
tions, communicating the problem, developing prevention activi-
ties, and evaluating the interventions.176

Geriatric Trauma
Updates to the chapter Geriatric Trauma in the 8th edition

include improved graphics, a diagram on the relationship between
age and mortality, and expanded discussion regarding transfusions
in trauma and elder abuse. 

A diagram was added to the 8th edition to emphasize that
older patients have a higher rate of preexisting disease as well as a
three-fold higher rate of mortality than younger patients (9.2% vs
3.2%), as reported in a study by Milzman and colleagues.177 The
authors emphasize the fact that “seemingly minor mechanisms of
injury can produce serious injury and complications because of
the effect of multiple medications, especially anticoagulants.”3

Currently, trauma is the seventh leading cause of death in this
population. As our population ages, elder trauma will become
more frequent. It’s estimated that in 2050, the elderly will repre-
sent 25% of the population. 

The 8th edition emphasizes the judicious use of transfusions
in the elder trauma patient. As in the 7th edition, authors state
that blood should be transfused to achieve a hemoglobin over
10g/dL in those older than age 65, but that indiscriminate trans-
fusions should be avoided because of risk of infection and
immune response. New to this edition is an added clause that a
high hematocrit can adversely affect myocardial function by
increased blood viscosity. They also comment on early recogni-
tion and correction of coagulation defects, including reversal of
drug-induced anticoagulation.178

The ATLS manual now contains an expanded section on elder
abuse. Elder abuse can be categorized into six categories: physi-
cal abuse, sexual abuse, neglect, psychological abuse, financial
and material exploitation, and violation of rights. The authors go
on to describe many physical findings (i.e., contusions of inner
arms, abrasions from restraints, oral injuries, burns) that suggest
elder abuse and should prompt the provider to obtain a thorough
history and take action. The 2004 report from the National Cen-
ter on Elder Abuse states that 8.3 cases of abuse are reported for
every 1,000 elder Americans and is vastly underreported.179,180

Trauma in Women
The section on Trauma in Women is updated in the 2008 edi-

tion to include new material and references on restraints and
airbags in collisions involving pregnant patients as well as updated
risk factors for poor fetal outcomes following trauma.

The authors include a chart that outlines the percentages of var-
ious types of blunt trauma in pregnancy as detailed in a 2003 study
by Shah and Kilcline (LOE 4).181 There is also new evidence pre-
sented that states, “There does not appear to be any increase in
pregnancy specific risks from the deployment of airbags in motor
vehicles.”182,183

Again in this edition, the authors emphasize the importance of
assessing and resuscitating the mother first, and then assessing the
fetus before conducting a secondary survey of the mother.

New material to the ATLS course includes evidence on the
morbidity and mortality of the fetus. Authors state that the primary
cause of fetal death is maternal shock and death, and that the sec-
ond most common cause of fetal death is placental abruption. They
emphasize that up to 30% of placental abruptions following trau-
ma will not have vaginal bleeding.3

New material is also presented on the use of restraints for
pregnant mothers involved in motor vehicle collisions. They state
that compared with restrained pregnant women involved in colli-
sions, unrestrained pregnant women have a higher risk of prema-
ture delivery and fetal death.181,184-188 A retrospective cohort study
by Wolf and colleagues (LOE 2) compared 1,243 restrained and
1,349 unrestrained pregnant women involved in motor vehicle
crashes from 1980 through 1988. The authors found that unre-
strained pregnant drivers were 1.9 times more likely to have a
low birth weight baby (95% CI 1.2–2.9) and 2.3 times more like-
ly to give birth within 48 hours after the motor vehicle crash
(95% CI 1.1–4.8) than restrained pregnant drivers.188

Finally, the current ATLS manual contains a list of risk factors
for fetal loss or placental abruption that should prompt continu-
ous fetal monitoring. These risk factors are based on retrospec-
tive review of 271 pregnant blunt trauma patients by Curet and
colleagues. Risk factors include: maternal heart rate >110, Injury
Severity Score >9, evidence of placental abruption, fetal heart
rate >160 or <120, ejection during motor vehicle accident, and
motorcycle or pedestrian collisions.184 Based on this evidence,
the authors recommend that patients with no risk factors who
have a viable fetus (20–24 weeks gestation) should be monitored
for six hours, while patients with any of the above risk factors
should be monitored for 24 hours.

Transfer to Definitive Care
The chapter on Transfer to Definitive Care is essentially the

same as the 7th edition. However, there are updated graphics that
show proper methods for transferring patients and an updated
sample transfer form. This form is adapted from Schoettker and
colleagues and emphasizes the importance of having a checklist
with a transfer form to make sure that all procedures and items
are accounted for (i.e., airway secured, oxygen, and documents
obtained). The authors of this study implemented the above
checklist system and found a significant decrease in interhospital
transfer time post implementation.189 ATLS encourages the use of
some form of checklist when transferring patients. 

Special Editorial Supplement/Trauma Reports 11



12 Special Editorial Supplement/Trauma Reports

Appendices
Although this paper will not go into depth regarding the appen-

dices in the 8th edition of ATLS, it is worth noting that the appen-
dices have been expanded and now include a section on Disaster
Management and Emergency Preparedness. While there is little
evidence at present to support and guide current practice in disaster
medicine, the authors have included references to multiple studies
and reviews that use computer modeling and recent events to guide
practice.3

Conclusion
Significant improvements have been made in the 8th edition of

the ATLS manual. The authors have made substantial efforts to
improve syntax and graphics and include more evidence-based
strategies and algorithms. Although many of the new recommen-
dations are not supported by high levels of evidence, there have
been efforts to include randomized controlled trials where avail-
able. This article has reviewed the major changes to the current
edition of ATLS, and we anticipate future editions will continue to
evolve and teach “one safe way” to care for trauma patients.
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CME/CNE Questions

1. Traumatic urethral injury may be suggested by all of the following

physical findings except:

A. High-riding or nonpalpable prostate 

B. Blood at the urethral meatus 
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C. Pelvic fracture

D. Enlarged prostate

2. The “2” in the 3-3-2 Rule refers to:

A. The distance between the patient’s incisors teeth 

B. The distance between the thyroid notch and the floor of the

mouth

C. The distance between the thyroid notch and the chin

D. The distance between the hyoid bone and the chin

3. Which of the following is an indication for immediate resuscitative

thoracotomy?

A. A patient who has sustained blunt chest trauma and had signs of

life in the field who arrives to the ED with pulseless electrical

activity (PEA) 

B. A patient who has sustained blunt chest trauma and had signs of

life in the field who arrives to the ED with a pulse and subse-

quently becomes asystolic

C. A patient who has sustained penetrating chest trauma and had

signs of life in the field who arrives to the ED with pulseless

electrical activity (PEA)

D. A patient who has sustained penetrating chest trauma and arrives

to the ED without a pulse or any electrical cardiac activity

4. According to ATLS, all of the following are true of laryngeal mask

airway (LMA) except:

A. The LMA is an alternative airway device.

B. The LMA is a rescue airway device.

C. Proper placement is difficult without training. 

D. The LMA is a definitive airway.

5. A patient presents to the ED with an unstable comminuted pelvic

fracture. Vital signs are: blood pressure 90/45, pulse rate 130, and res-

piratory rate 24. Which of the following is the most appropriate next

step?

A. angiographic embolization

B. skeletal traction

C. commercial compression device

D. operative repair

6. Minor traumatic brain injury is classified as a GCS (Glasgow Coma

Scale) score of:

A. 9–12

B. 9–13

C. 13–15

D. 14–15

7. Which of the following are indications to obtain CT angiography to

screen for blunt carotid and vertebral injuries (BCVI)?

A. C1–C3 Fracture

B. C spine fracture with subluxation

C. Fractures involving the foramen transversarium

D. All of the above

8. Which of the following is true regarding the use of a tourniquet in

extremity trauma?

A. Tourniquets have been found to be unsafe and should never be

used.

B. A properly applied tourniquet can be life-saving but limb-

threatening.

C. A properly applied tourniquet can be life-threatening but limb-

saving.

D. A tourniquet must be tight enough to occlude only the venous

outflow.

9. In pediatric trauma to the abdomen, which of the following is true?

A. The FAST exam has not been studied and should not be used.

B. A splenic blush of contrast on CT scan mandates that the

patient have exploratory laparotomy

C. All patients with intraabdominal injury should be taken to the

operating room

D. The incidence of intraabdominal injury is significantly higher if

there is evidence of abdominal wall bruising on exam.

10. Which of the following pregnant trauma patients have higher risk of

premature delivery and fetal death?

A. Unrestrained pregnant women

B. Restrained pregnant women

C. Pregnant women exposed to airbag deployment

D. Pregnant women not exposed to airbag deployment
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CNE/CME Objectives
Upon completing this program, the participants will be able to:
a.) discuss conditions that should increase suspicion for 

traumatic injuries;
b.) describe the various modalities used to identify different 

traumatic conditions;
c.) cite methods of quickly stabilizing and managing patients;

and
d.) identify possible complications that may occur with 

traumatic injuries.

CNE/CME Instructions
Physicians and nurses participate in this continuing medical

education/continuing education program by reading the article,
using the provided references for further research, and study-
ing the questions at the end of the article. Participants should
select what they believe to be the correct answers, then refer to
the list of correct answers to test their knowledge. To clarify
confusion surrounding any questions answered incorrectly,
please consult the source material. After completing this
activity, you must complete the evaluation form provided
and return it in the reply envelope provided in order to
receive a letter of credit. When your evaluation is received, a
letter of credit will be mailed to you.

Answers: 1. D, 2. B, 3. C, 4. D, 5. C, 6. C, 7. D, 8. B, 9. D, 10. A


