
Introduction
Heart failure (HF) continues

to cause substantial morbidity
and mortality in the United
States, accounting for a higher
portion of Medicare costs than
any other disease.1 In fact, this
disease is reaching epidemic pro-
portions. HF is the leading cause
of hospitalization in patients over
the age of 65,2 and it is the most
common reason for re-hospital-
ization in the same group.3 The
rate of hospitalization for heart
failure increased 165% from
1979 to 2000.2 In 2004 alone,
there were more than 1 million

heart failure hospitalizations in
the United States, and another 1
million in Europe.3

To fully understand this epi-
demic, the impact of comorbid
illnesses, patient demographics,
and cost need to be explored.
Within the general patient pop-
ulation exists a growing num-
ber of patients older than age
65. Unfortunately, HF is pre-
dominantly a disease of the eld-
erly. The impact of HF is fur-
ther compounded by improved
survival following many previ-
ously fatal events, including
myocardial infarction and
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chronic disease processes (e.g., hypertension).2 The demograph-
ics have changed and large databases show that clinical trials do
not accurately identify the true HF population.

A more accurate reflection of the heart failure population is rep-
resented by the Acute Decompensated Heart Failure National Reg-
istry (ADHERE), a data set that currently contains information on
more than 200,000 acute decompensated heart failure (ADHF)
hospitalizations and, more importantly, can be used to determine
what currently represents the population and standard care of
ADHF. Limitations include that it is a self-reporting registry and
therefore is not considered the gold standard. Having said this,
Table 1 compares clinical trial patients with patients from the
ADHERE database. Note that while randomized controlled trials
provide data that suggest a therapy or test can work, registry data
tell if a therapy or test does work (as real world issues can negate
the most effective therapy). A comparison of patients enrolled in
ADHF randomized controlled trials vs. ADHERE registry data
reveals that in the registry, the average patient is much older, more
often female, and more often burdened by co-existent disease.

It is estimated that 80% of patients who present to the emer-
gency department with acute decompensated heart failure

(ADHF) will be hospitalized, and repeat admissions are com-
mon. In an analysis of 100,000 ADHF hospitalizations from
ADHERE, nearly 25% of patients had a history of prior HF hos-
pitalizations in the 6 months preceding their index admission.2

Information regarding process of care is also provided by this
registry. Of the total patients admitted for ADHF, 78% presented
through the ED, and 89% reported shortness of breath as the
chief complaint. Once hospitalized, 79% of ADHF patients were
placed to either telemetry (66%) or the ICU (13%). Although ini-
tially small in number, observation unit admissions increased
approximately 100% between 2003 and 2004, and are expected
to increase as the Center for Medicare and Medicaid Services has
identified this as an area to increase.

Altogether, the costs for heart failure hospitalizations approxi-
mate $14.7 billion annually, and outpatient costs are estimated to
equal this number.1 Among patients hospitalized with heart fail-
ure, almost 80% are receiving Medicare benefits, and these
Medicare costs outweigh the costs for patients treated for acute
myocardial infarction or any single cancer. Follow-up costs also
remain high, and one study estimated that one-year follow-up
costs of treating heart failure exceed those of initial hospitaliza-
tion by 50%.4

When considering the progress made regarding treatment and
understanding of myocardial infarction, it is unfortunate that no
major United States cardiac or emergency medicine professional
organization has published guidelines on the treatment of acute
decompensated heart failure (ADHF).3 While many chronic heart
failure management guidelines exist and are promoted, the Euro-
pean Society of Cardiology is the only organization to have pro-
duced guidelines for acute management. Recommendations for
the management of pulmonary congestion in the setting of acute
myocardial infarction were published in 2004 by the American
College of Cardiology and the American Heart Association.5 The
emergency department is the common gateway to the hospital for
many of these patients. Thus, the burden is on the emergency
physician to recognize ADHF early and initiate treatment well in
advance of disposition to any inpatient hospital setting. An esti-
mated 80% of ED visits for HF result in hospitalizations. 

For the current standard of ADHF to represent optimal care,
then treatment strategies must be successful in reducing the fre-
quency of hospitalizations and ED visits as well as reducing the
days spent in the hospital. In addressing this objective, the great-
est success has come with developing a team approach to the
patient with recurrent decompensated heart failure and with the
advent of observation units.1 With a balanced team approach,
careful discharge planning, and outpatient care, patient outcomes
improve and visits to the emergency department decrease.

One measure of successful ED treatment strategies is to evalu-
ate chronic heart failure in the outpatient community setting. The
ADHERE Disease Management Quality Initiative for Care
Beginning in the Emergency Department Module (ADHERE ED
DM) was initiated to provide insight into the treatment patterns
and overall quality of disease management (DM) of ADHF in the
emergency setting. This registry recorded more specific data on
the emergency medicine encounter for ED patients in ADHF.
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The database offers insight into what currently represents the
population and “standard of care” of ADHF treatment.6

Pathophysiology of Heart Failure
One of the most important challenges in the emergency

department is to accurately diagnose heart failure. Patients may
experience a period of latent or asymptomatic heart failure prior
to ED presentation, and this makes it difficult to determine the
etiology of their disease. Furthermore, this is primarily an elderly
population with multiple comorbidities, and thus ADHF does not
occur as a homogenous ED population. The combination of
false-positive and false-negative diagnoses has been reported as
high as 18.5% in the emergency setting.7-9

Understanding the pathophysiology of this disease is impera-
tive to developing the approach to diagnosis and treatment.
Although ADHERE data suggest that a greater number of patients
with HF have hypertension than coronary artery disease, the pres-
ence of coronary artery disease is the underlying pathology in a
significant number of patients.10,11 Cardiac markers such as tro-
ponin and creatinine kinase isoenzymes may be elevated in HF.
Such elevation can predict prognosis.12,13 An increase in cardiac
troponins has been associated with a poor prognosis in patients
with ADHF and are related to the severity of HF.14 Thus measures
to prevent the development of heart failure also center on resolv-
ing the risk factors associated with coronary artery disease, which
include hypertension, obesity, smoking, diabetes, and dyslipi-
demia (though not immediate issues to address in the ED).15

ADHF, or cardiogenic pulmonary edema, is characterized by
the transudation of excess fluid into the lungs secondary to
increased left atrial pressure and subsequently pulmonary venous

and capillary pressures. The net result is protein-poor fluid filter-
ing across the pulmonary endothelium into the alveolar spaces.
This leads to decreased diffusion capacity, hypoxia, and dyspnea.
Cardiogenic pulmonary edema can manifest from either left atri-
al outflow impairment or left ventricular systolic or diastolic dys-
function. Despite different pathophysiologic initiators, symptoms
at ED presentation initially will be identical, making treatment
concerns supercede that of ejection fraction determination.

Left atrial outflow impairment can be acute or chronic. In
chronically impaired left atrial outflow states (see Table 2), pul-
monary edema precipitates from decreased left ventricular filling
time as a result of rapid heart rate (HR). Acutely impaired left
atrial outflow arises from increased left ventricular end-diastolic
pressures, which lowers the ability of the left atrium to fill the
left ventricle. Less common causes of impaired left atrial outflow
include mitral stenosis and left atrial tumors.

Pulmonary edema also can result from left ventricular systolic
and diastolic dysfunction,15 left ventricular outflow obstruction, or
left ventricular volume overload. Increased vascular volume can
also precipitate pulmonary edema and can occur with pregnancy or
increased salt intake. Reduced cardiac output as a result of a con-
tractile deficit is the most common cause of cardiogenic pulmonary
edema (CPE). The most common causes for systolic dysfunction
are listed in Table 2. The impaired forward flow caused by systolic
dysfunction activates the renin-angiotensin-aldosterone (RAAS)
and sympathetic nervous system (SNS). This compensation leads to
renal sodium and water retention and pulmonary edema.

Diastolic dysfunction is defined by an increase in ventricular
stiffness, reduced compliance, and impaired ventricular filling dur-
ing diastole. It can be induced by both acute and chronic disorders.
It is further defined as increased left ventricular end diastolic pres-
sure with a left ventricular ejection fraction greater than or equal to
40%. Diastolic dysfunction can exist with systolic dysfunction or
can be an isolated process. Other factors that can lead to pulmonary
edema during diastolic dysfunction include concurrent systolic dys-
function, reduced diastolic coronary blood flow, and arrhythmia.
Echocardiography can be a useful tool in diagnosing diastolic dys-
function as the cause of an acute event and can identify normal
ejection fraction ranges. Left ventricular volume overload can result
from ventricular septal rupture, aortic insufficiency, and sodium
retention due to renal disease. Acute aortic insufficiency is associat-
ed with congenital heart disease or may be the result of infective
endocarditis, acute aortic dissection, lupus, or trauma. Left ventricu-
lar outflow obstruction can result from critical aortic stenosis,
hypertrophic cardiomyopathy, or severe systemic hypertension. 

To summarize, systolic dysfunction is due to pump failure,
which typically results from ischemic cardiomyopathy, dilated car-
diomyopathy (DCM), or valvular disease. Diastolic dysfunction is a
factor in approximately one-third of ADHF cases and is associated
with hypertension, hypertrophic cardiomyopathy, and infiltrative
disease. High output causes of ADHF are less common, and are
associated with anemia, hyperthyroidism, and pregnancy.16

Neurohormonal Imbalance in ADHF  
Left ventricular dysfunction results from myocardial injury.
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Table 1. Randomized Controlled Trials vs. ED
Patients

RANDOMIZED CONTROLLED TRIALS

Age 50-60 years old
Sex 70-80% Men
Co-morbidities Diabetes 20-25%
Renal insufficiency Infrequent (mean Cr 1.1-1.3)
Ventricular function 75-80% Systolic Dysfunction 

(LVEF < 0.40)
PAC use 30-40%
In-hospital mortality 1.5-2.5%

PATIENTS FROM ADHERE DATABASE

Median age 75 years
Female gender 52%
Race White 72%

Black 20%
History of HF 75%
Ejection fraction < 40% 59%
Hospitalized within 6 months 23%
Chronic renal Insufficiency

(creatinine > 1.5 mg/dL) 30%
Systolic BP > 90 mmHg

at presentation 98%
Initial BNP 667 pg/mL



Changes occur in the peripheral circulation that also affect car-
diac function and contribute to the symptoms of HF. Vasocon-
strictors—those in the sympathetic nervous system and the
RAAS, as well as arginine vasopressin and endothelin—become
activated to increase afterload and preload by conserving sodium
ions and water. Vasodilators—hormones in the natriuretic peptide
system, as well as endothelin-derived relaxing factor and
prostaglandins—help to unload the left ventricle and promote
natriuretic action. In other words, the actions of atrial natriuretic
peptides (ANP) and plasma brain natriuretic peptides (BNP)
counteract the activation of the RAAS and sympathetic nervous
system. Interventions, such as angiotensin-converting enzyme
inhibitors (ACEIs) and beta blockers, have been developed to
prevent ADHF by blocking the RAAS and SNS. Table 3 illus-
trates the physiologic effects of neurohormones and the counter-
action of the natriuretic peptide system on the RAAS. Figure 1
illustrates the progression of heart failure following acute LV
systolic dysfunction.

Natriuretic Peptides 
Natriuretic peptides (NP) represent a series of proteins

released as a result of volume stimulus. First studied in 1981 by
Debold it has since become clear that natriuretic proteins exert a
counter-balancing influence on many of the deleterious conse-
quences of neurohormonal activation.16 ANP originates from the
cardiac atria and is increased in response to atrial distension. BNP
is released in response to increased ventricular stretch or pressure.
Its endogenous concentration can be assayed in the forms of BNP
and NT–pro BNP. There are multiple assays available for BNP

and at least two assays available for the NT–pro BNP. Only BNP
is available on a point-of-care testing platform. Physiologically
BNP and NT–pro BNP are very different from each other, but
both are helpful to confirm the diagnosis of heart failure, especial-
ly when the signs and symptoms are ambiguous. The upper limit
cutoff of normal varies between the two tests and the assays used.

Once in circulation, BNP binds to natriuretic peptide recep-
tors (NPRs) which are located on endothelial and smooth muscle
cells. The physiologic actions of BNP occur when it binds to
NPR A and B receptors, which causes an increase in cyclic GMP.
In essence, the natriuretic proteins exert a counterbalancing influ-
ence on many of the deleterious consequences of neurohormonal
activation. BNP is metabolized by three pathways: binding to the
NPR-C receptor, cleavage via neutral endopeptidase, and to a
lesser extent by renal elimination. NT-pro BNP relies predomi-
nantly on renal elimination.

Clinical Features
Presenting Symptoms. Using a symptom-based approach,

ADHF is not a homogenous presentation to the ED, but can be
divided into two distinct syndromes, defined by the nature of their
presentation. The two presentations are manifested as volume over-
load or hemodynamic mismatch and can be distinguished by the
acuity of their symptoms and their response to vasodilation.3

In patients with hemodynamic mismatch, function is relatively
near their baseline until they suffer a precipitous decompensating
event, at which time they present to the ED with severe respiratory
distress. The precipitating event leads to a decrease in CO- e.g., MI,
dysrhythmia. Fluid overload generally is limited and the response
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Table 2. Etiology of Cardiogenic Pulmonary Edema

IMPAIRED LEFT SYSTOLIC DIASTOLIC LV VOLUME 
ATRIAL OUTFLOW DYSFUNCTION DYSFUNCTION OVERLOAD

Elevated heart rate Coronary heart LV hypertrophy Ventricular septal rupture
-V Tach disease
-atrial fibrillation Hypertension Hypertrophic Aortic insufficiency
-exertion cardiomyopathy
-fever Valvular heart disease Restrictive cardiomyopathy Renal disease
-stress

Mitral stenosis Idiopathic dilated cardiomyopathy Ischemia LV outflow obstruction

Atrial myxoma Acute hypertensive crisis Critical aortic stenosis

Prosthetic valve thrombus Concurrent systolic dysfunction Hypertrophic 
cardiomyopathy

Congenital defects Reduced diastolic coronary Severe systemic 
perfusion hypertension

Mitral insufficiency Arrhythmia (Afib)

Mitral regurg. 
Secondary to ischemic 
heart disease



to vasodilation is remarkable. They can, in fact, return to being
nearly asymptomatic within minutes of treatment with vasodilators
despite little volume being removed. The underlying pathophysiol-
ogy in this cohort is hypothesized to be excessive systemic vascular
resistance resulting from diminished cardiac output.17

Acute pulmonary edema presents clinically as tachypnea, rales,
and respiratory distress due to pulmonary congestion. Dyspnea,
especially exertional dyspnea, is the most common symptom of
HF.2 An increase in respiratory rate (> 16) often accompanies dys-
pnea, but is a nonspecific symptom seen with a wide variety of
pulmonary, cardiac, chest wall, or even neurologic disorders. Other
manifestations include orthopnea (breathing discomfort precipitat-
ed by lying supine) and paroxysmal nocturnal dyspnea or sudden
onset of dyspnea at night. Heart failure could also manifest as
fatigue, increased frequency of nocturnal dyspnea, and increased
systemic venous pressure, which contributes to the GI complaints.

In the volume overload patient, the acuity of presentation is
that of moderate respiratory distress, and complaints generally
are driven by exertional limitations or the discomfort from exces-
sive volume. Diuretics can remove large volumes from these
patients, and they may have partial improvement with vasodila-
tion, but their symptoms only improve with volume removal.

Symptoms of HF can be divided into those due to left- sided or
right-sided heart failure. Symptoms of left-sided failure include
dyspnea, orthopnea, paroxysmal nocturnal dyspnea (PND), noc-
turia, fatigue, and altered mental state. Symptoms of right-sided
heart failure are the result of elevated systemic venous pressure and
include peripheral edema and GI complaints such as anorexia and
nausea. A physical finding of jugular venous distention (JVD) may
be the most important exam finding for estimating volume status.2

The New York Heart Association (NYHA) class severity for
HF patients (see Figure 2) represents an historical standard for
categorizing clinical severity of HF. NYHA class is directly pro-
portional to survival. There is, however, no direct relationship
between NYHA and ejection fraction (EF). New York Heart
Association class does suffer from interobserver variability.18

Brain-type natriuretic peptide assay correlates are provided and
likely provide a more objective measure. The mortality rate in
NYHA class III patients is 15% to 20% per year. In class IV the
mortality rate increases to 50% per year or more.

The American College of Cardiology and the American Heart
Association have published a classification system and includes
patients who are in asymptomatic initial stages of HF. This sys-
tem does recognize the fact that earlier intervention has the
potential for greater morbidity and mortality benefits as com-
pared to therapy provided in later stages.19,20

Differential Diagnoses
There are a number of clinical conditions that can mimic HF
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Table 3. Physiologic Effects 
of Neurohormones

RAAS (RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM)

Activation of AT1 receptors Vasoconstriction
by angiotensin Sodium retention

Increased aldosterone release
Increased cellular growth
Increased sympathetic nervous 

activity

NATRIURETIC PEPTIDE SYSTEM

ANP, BNP Vasodilation
Sodium excretion
Decreased aldosterone levels
Inhibition of RAAS
Inhibition of sympathetic 

nervous activity
Antiproliferation of vascular 

smooth muscle cells
Key:
ANP = atrial natriuretic peptide; AT1 = angiotensin I; 
BNP = endogenous B-type natriuretic peptide

Reference: Burrell JC Jr. J Hypertens 1999;17(suppl 1):837-843.

Figure 1. Pathophysiology

Acute LV systolic dysfunction

Decreased myocardial contractility,   C.O.

Catecholamine production

Increased SVR (afterload) and   blood pressure

Increased myocardial wall tension and myocardial oxygen
demand

Myocardial ischemia

Decreased myocardial contractility and C.O. (continue the cycle)

Diastolic dysfunction, increased pulmonary artery and capillary
hydrostatic pressures

Transudation of fluid into pulmonary alveoli and interstitium

Hypoxia

Myocardial ischemia     (continue the cycle)

Increased anxiety

Increased catecholamine production      (continue the cycle)

As the left side of the heart fails, the right side continues to fill
(preload). This   greater pulmonary artery and capillary hydrostat-
ic forces.    (continue the cycle)

Adapted from: Mattu A. Heart Failure: Advances in Diagnosis and
Treatment, ACEP Scientific Assembly 2005: 2.



and the wrong diagnosis can delay optimal response to treatment
or cause further decompensation. Shortness of breath is such a
common presenting symptom that other conditions causing dysp-
nea need consideration. Table 4 summarizes the differential diag-
nosis for dyspnea in the clinical setting. For instance, impending
pulmonary embolism (PE) can present with intense dyspnea but
in the absence of rales or edema.

It is imperative to be able to distinguish between two diag-
noses such as pulmonary edema and PE due to the potential for
rapid deterioration. In the patient with pulmonary edema, arterial
blood pressure often is elevated and requires immediate therapy
with vasodilators. Decreasing preload in a patient with PE may
lead to deterioration.

A useful approach to categorizing heart failure in the ED is by
hemodynamic classification (see Figure 3). Patients can be
placed into the appropriate hemodynamic category based on ini-
tial history and physical and then appropriate therapy can be
selected.2 For example, the warm and dry patient is well compen-
sated with no congestion at rest. Symptoms typically require
minor medication adjustments and follow-up. The warm and wet
patient is fluid overloaded and well perfused. 

Physical Exam and ADHF Diagnosis
Diagnosis of ADHF begins with a brief history and focused

physical exam. A brief history should focus on risk factors, signs
or symptoms of myocardial ischemia, arrhythmia, any potential
infectious processes and, as appropriate, PE.21 Questions for the
patient or family should include salt intake, medication compli-
ance, and use of alcohol or drugs.

After addressing the airway, breathing, and circulation
(ABCs) in treatment, the physical exam should focus on heart
and lung sounds, especially murmurs that could indicate valve
insufficiency or outflow tract obstruction. Such lesions warrant
avoidance of aggressive therapies aimed at prompt reduction of
preload and afterload.

Diagnosis of ADHF: How Good is the History
and Physical Exam

Auscultation in the ED can be challenging, but should focus
on the identification of heart sounds, murmurs, and the presence
of rales. Rales may be heard in both lungs and represent the
physical finding of pulmonary congestion.

A third heart sound, if present, may be difficult to auscultate
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Figure 2. Heart Failure Classification Systems

AHA/ACC (Prognostic)

Stage A: RF for HF

Stage B: SHD (e.g., MI,
LVD) symptoms of HF

Stage C: SHD +
symptoms of HF
amenable to tx

Stage D: Refractory HF
requiring assist device,
transplant, or palliation

NYHA (Symptomatic)

Class I: No symptoms
(36%)

Class II: Symtoms with
moderate exertion

(36%)

Class III: Symptoms with
minimal exertion

(26%)

Class IV: Symtoms at rest
(6%)

Key: RF = risk factor; SHD = structural heart disease
Source: Pharmacotherapy 2003;23:997-1020

Table 4. Heart Failure Differential Diagnosis
for Dyspneic States

• Chronic obstructive pulmonary disease exacerbation
• Asthma exacerbation
• Pulmonary embolus
• Acute myocardial infarction
• Physical deconditioning
• Obesity
• Pleural effusions
• Pneumonia/pulmonary infection
• Pneumothorax/tension pneumothorax
• Fluid retentive states
• Renal failure/nephritic syndrome
• Liver failure/cirrhosis
• Portal vein thrombosis
• Hypoproteinemia
• Deep venous thrombosis
• Dependent edema
• Low cardiac output states
• Pericardial tamponade
• Sepsis

Figure 3. Hemodynamic Profile Assessment
for Patient Selection and Treatment

Congestion at Rest

No Yes

Warm and dry
PCWP normal
CI normal
(compensated)

Warm and wet
PCWP elevated
CI normal

Cold and dry
PCWP low/normal
CI decreased

Cold and wet
PCWP elevated
CI decreased

Yes

Low 
perfu-
sion at
rest

Nitroglycerine,
vasodilators,
nitroprusside,
or natriuretic
peptide 
(nesiritide)

Normal
SVR

No

Elevated
SVR

Inotropic Drugs
Dobutamine
Milrinone
Calcium sensitizers

Signs and Symptoms of
Congestion
• Orthopnea/PND
• JVD
• Ascites
• Edema
• Rales

Possible Evidence of Low Perfusion
• Narrow pulse pressure
• Sleepy/obtunded
• Low serum sodium
• Cool extremities
• Hypertension with ACE inhibitor
• Renal dysfunction (one cause)



in the ED setting. It is due to decreased compliance of the left
ventricle and most commonly is heard in patients with volume
overload and tachycardia. An S

3
, when detected, is specific for

elevated left ventricular pressure,22 low ejection fraction,23 and
worse outcomes.24-26 Pulsus alternans may be present in severe
cases and if identified is virtually diagnostic of severe advanced
heart failure.27 (See Tables 5 and 6.)

Hepatojugular reflux can occur in patients with mild heart fail-
ure and is manifested as JVD while compressing the liver. Right-
sided heart failure leads to raised systemic venous pressure,
resulting in JVD, peripheral edema, and ascites. JVD may be the
most important exam finding for estimating volume status.2

Look for peripheral edema to accumulate in dependent parts
of the body such as feet, ankles, and the pretibial regions of legs
in ambulatory people. Presacral edema is more common in non-
ambulatory patients. Ascites is a result of elevated pressure in
hepatic veins and transudation of fluid into the peritoneal cavity.
Keep in mind that misdiagnoses can be attributed to obesity,
deconditioning, or another dyspneic condition. When limited to
using only the history and physical exam, the diagnosis of HF
frequently is in error.

Ancillary Testing
Objective tools can improve diagnostic accuracy. A right heart

catheterization can yield great diagnostic value, but is not rou-
tinely performed in the ED. Echocardiography, the gold standard
to measure ejection fraction and wall motion, also is not readily
available, but reports of previous echocardiograms (ECGs) may
be found in prior records. 

Chest Radiography. A chest x-ray (CXR) should be obtained
in all suspected ADHF patients but use caution in the interpreta-
tion. The key findings on the CXR indicative of HF are car-
diomegaly and evidence of redistribution (cephalization) but, due
to limited sensitivity, these findings alone cannot exclude or con-
firm HF or elevated filling pressure. Though incapable of exclud-
ing LV dysfunction, the CXR can help confirm other diagnoses,
such as pneumonia. The key findings on the CXR indicative of
HF are (in order of descending frequency): dilated upper lobe
vessels, cardiomegaly, interstitial edema, enlarged pulmonary
artery, pleural effusion, alveolar edema, prominent superior vena
cava, and Kerley lines. The ED physician often encounters
chronic HF patients in which the CXR does not identify patients
with high pulmonary capillary wedge pressure (PCWP).28

Cardiomegaly can suggest an HF diagnosis, and a cardiotho-
racic ratio greater than 60% correlates with increased five-year
mortality.28 However, the CXR has poor sensitivity for car-
diomegaly (20% of cardiomegaly seen on echocardiography is
missed on CXR).29 Pleural effusions are common in HF but often
missed on CXR. A portable CXR done with the patient in the
supine position further degrades the diagnostic accuracy to detect
pleural effusions. Detection of pleural effusion if supine is 67%
sensitive, 70% specific, and 67% accurate, as demonstrated in
one study of 34 patients with pleural effusions proven by decubi-
tus CXRs.30

Sensitivity is poor for HF findings with a portable radiograph.
(See Table 7.) In cases of mild HF, only dilated upper lobe vessels
were found in greater than 60% of patients.3 With severe HF, CXR
findings occurred in at least 66% of patients, thus the frequency of
CXR findings that confirm HF increases with severity of HF.

Electrocardiography. Though of limited diagnostic value, an
ECG should be performed on every patient who presents with
dyspnea and suspected HF. The ECG is a useful diagnostic tool
in the assessment of HF patients because it can identify causal
abnormalities, such as acute MI and acute ischemia, both of
which would require CCU admission as well as a specific
approach to treatment. An ECG also can assess cardiac rhythm,
identify possible electrolyte disturbance (e.g., hyperkalemia), and
may indicate a potential drug toxicity (e.g., junctional bradycar-
dia due to digoxin toxicity). 

The ECG also offers prognostic information. In dilated car-
diomyopathy, the presence of abnormal Q waves, QRS duration
greater than 0.12 ms, or left bundle-branch-block predict an
increased five-year mortality rate.31 The resting ECG is relatively
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Table 5. Sensitivity of History and Physical
Findings for an ADHF Diagnosis

VARIABLE SENSITIVITY SPECIFICITY ACCURACY

Hx of HF 62 94 80
Dyspnea 56 53 54
Orthopnea 47 88 72
Rale 56 80 70
S3 20 99 66
JVD 39 94 72
Edema 67 68 68

Table 6. Findings of Physical Examination

SYSTOLIC DIASTOLIC 
DYSFUNCTION DYSFUNCTION

Third heart sound Frequent Rare
Fourth heart sound Rare Frequent
Rales Occasional Occasional
Peripheral edema Frequent Rare
Jugular venous distention Frequent Rare
Cardiomegaly Usual Rare

Modified from Braunwald E. Heart disease. Philadelphia; WB
Saunders, 1997.

Table 7. Chest Radiograph

Sensitivity

PRELOAD EF (%) INTEROBSERVER 
(%) AGREEMENT

Cardiomegaly 44 51 Moderate
Redistribution 65 37 Fair to moderate
Intensified edema 45 18 Moderate to 

almost perfect



insensitive and nonspecific in identifying severe underlying coro-
nary disease (e.g., presence or absence of old Q waves). 

A period of cardiac monitoring is essential for patients with
HF. Continuous monitoring may be indicated by the clinical
presentation (e.g., recent palpitations or near-syncope). With
aggressive treatment such as repetitive diuretic dosing, an elec-
trolyte abnormality may increase the possibility of arrhythmias.
Initially, ECG monitoring may exclude cardiac arrhythmias as
the cause of the current exacerbation.31-33

Heart Failure and Digital Heart Sound Detection
for Rapid Diagnosis and Initial Treatment 

Phonocardiography is the measurement of heart sounds and can
be used to help detect an S

3
or an S

4
that easily can be missed in

the noisy ED environment. The third (S
3
) heart sound may be a

normal finding in patients younger than 40 years, but in the patient
at risk for HF, the S

3
is 93-99% specific for positive diagnosis of

ADHF. The presence of an S
3

is highly correlated to LV systolic
dysfunction, reduced ejection fraction, and elevated LV end dias-
tolic pressure. In acute myocardial infarction (AMI), S

3
usually

indicates concomitant HF. In dialysis patients, S
3

usually indicates
fluid overload and elevated left ventricular end diastolic pressure
(LVEDP). A third heart sound and JVD together carry a poor prog-
nosis. Figure 4 illustrates likelihood ratios for primary ADHF.

The fourth (S
4
) heart sound is an uncommon finding in young

healthy subjects, but is nonspecific in the elderly, which is the
population with HF. This highly correlates to LV dysfunction,
elevated LVEDP and reduced LV compliance. An S

4
may be

present in ADHF but may be present in other conditions, such as
valvular disorders, LVH, and hypertrophic obstructive cardiomy-
opathy. New devices allow digital detection of extra heart
sounds, taken at the same time as the ECG via two acoustical
sensors in the V

3
/V

4
positions. Algorithms extract ECG and

acoustical information simultaneously. 

Laboratory Testing. Asymptomatic cardiac ischemia can
precipitate acute HF or produce decompensation in previously
stable HF patients. Troponin and creatinine kinase isoenzyme
levels are predictors of adverse prognosis and risk in patients
with HF.8,9 Because of their kinetics, a positive result may diag-
nose cardiac ischemia, but a negative result may not exclude it.
As compared to AMI in non-HF patients, elevated cardiac necro-
sis markers in HF may not necessarily represent epicardial coro-
nary artery occlusion.34 However, cardiac marker elevation is
associated with an increased risk of adverse outcome.35-40 Perna
et al. concluded that a cardiac troponin T (cTnT) level of 0.1
ng/mL or greater was associated with poor long-term survival
and emerged as a powerful independent predictor of mortality in
patients with acute cardiogenic pulmonary edema.41

Additional laboratory tests to consider include serum elec-
trolytes. Serum magnesium levels should be ordered when either
arrhythmias or severe hypokalemia is present.

Both sodium and potassium can be measurably altered by the
activation of the RAAS or by diuretic treatment. Low serum sodi-
um is not uncommon and is due to dilutional hyponatremia from
expansion of extracellular fluid volume and correlates with a
worse prognosis. The same can be said for worsening renal func-
tion. Elevated creatinine and liver function tests also are predic-
tors of poor outcome. Inflammatory markers (e.g., C-reactive pro-
tein) appear to be elevated in CHF patients; however, their prog-
nostic role requires further study.32

Natriuretic Peptides as a Diagnostic Tool
Brain-type natriuretic peptide levels correlate well with func-

tion and clinical presentation. In a study examining patients with
and without heart failure, mean BNP levels were 38 in normal
patients and 1076 pg/mL in those with heart failure.42 The extent
of the BNP elevation also corresponds well to functional class.
The NYHA classification is used to estimate severity of heart
failure, with higher scores being directly proportional to
increased mortality. When heart failure is graded by NYHA
class, the BNP levels vary directly with severity.43,44

Endogenous BNP has a half-life of only 22 minutes.42 In com-
parison NT–pro BNP has a half-life of 1-2 hours. In the ED,
BNP or NT-pro BNP can be used to diagnose heart failure. It is
most helpful in those patients that are difficult to diagnose, such
as in the combination of chronic obstructive pulmonary disease
(COPD) and heart failure. In dyspnea resulting from isolated
COPD, BNP generally is less than 100 pg/mL as compared to
those whose symptoms are the result of heart failure where levels
may exceed 1000 pg/mL.42

BNP is able to predict clinical events in patients presenting to
the emergency department. Levels greater than 480 pg/mL pre-
dicted a markedly increased risk of death or re-hospitalization
from heart failure in the following one to six months, as com-
pared to those patients with levels less than 230 pg/mL.43 Mortal-
ity also is predicted by BNP. Mortality in patients with BNPs
greater than 73 pg/mL is markedly increased in the next 10-12
months, as compared to those with lower BNPs. Research indi-
cates that admission status also correlates with BNP levels. In
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Figure 4. Sensitivity, Specificity, and +LR 
for an S3 in Predicting HF in Challenging
Subgroups

BNP<100 S3 and

BNP

100-500

S3 alone S3 and

BNP>500

BNP>500BNP

100-500

N=340



one study, heart failure patients required hospital admission with
BNP levels greater than 700 pg/mL, while those able to be treat-
ed as an outpatients had BNPs less than 254 pg/mL.42-44

Figure 5 shows the recommended cutpoints of BNP as well as
the general BNP reference guidelines. Current (BNP consensus
panel)45 recommendations suggest the laboratory should perform
BNP testing on a continuous 24-hour basis with a turn-around
time of 60 minutes or less. If the BNP is less than 100 pg/mL,
then HF is highly unlikely (negative predictive value is 90%). If
the BNP is greater than 500 pg/mL, then HF is highly likely
(PPV = 90%). If the BNP is 100-500 pg/mL, consider that the
baseline BNP may be elevated due to a stable underlying dys-
function, which could include right ventricular failure from core
pulmonale, acute pulmonary embolism, or renal failure. Brain-
type natriuretic peptide also rises with age and is affected by gen-
der, comorbidity, and drug use, and should not be used as the
sole diagnostic tool in assessing patients for heart failure. It
should be considered in addition to the clinical context presented
by the patient history and physical examination, chest x-ray,
ECG, and other laboratory assessments.  

A number of clinical scenarios can alter BNP levels. BNP is
altered with chronic renal insufficiency. As chronic kidney dis-
ease advances, a higher BNP cut-off point may be required. An
upper limit of normal of approximately 200 pg/mL is reasonable
for those with an estimated glomular filtration rate (GFR) less
than 60 mL /min,42 In other non-heart failure cardiopulmonary

diseases, BNP values may be increased. In approximately 20%
of patients with pulmonary disease, BNP is elevated, which
implies combined heart failure and lung disease, or cor pul-
monale. In the setting of pulmonary embolism, BNP is elevated
in one-third of cases and is associated with right ventricular pres-
sure overload and higher mortality. Brain-type natriuretic peptide
is not diagnostic for acute PE, however, and BNP levels can
range from 100 to 500 pg/mL in cases of pulmonary hyperten-
sion and right ventricular pressure volume overload. Finally,
BNP has been studied as a marker in patients with acute coro-
nary syndromes. When used together, BNP and cardiac troponin
levels provided a more effective tool for identifying patients at an
increased risk for clinically important cardiac events related to
acute coronary syndrome (ACS) and HF.46-48

There are situations when BNP levels are lower than expected
clinically. In cases of preserved systolic function heart failure or
diastolic myocardial dysfunction, BNP may be found to be
approximately half as high as when compared to cases of systolic
dysfunction. Therefore, BNP may or may not detect patients with
diastolic dysfunction. Obese patients tend to have lower levels of
BNP when measured for any given severity of heart failure.
Physiologically, adipose tissue is related to the natriuretic clear-
ance receptor, and obesity can interfere with the usual diagnostic
approach to heart failure. In a study by Mehra, nearly 40% of
obese patients had BNPs less than 100 pg/mL.49 Lastly, unex-
pectedly low levels can occur during the first one to two hours of
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Figure 5. Algorithm for Using BNP Levels in the ED to Diagnose CHF37,38

Patient presenting with dyspnea

Physical examination,
chest x-ray, 

ECG, 
BNP level

BNP < 100 pg/mL BNP 100-500 pg/mL or NT-pro
BNP < 450 pg/mL (< 900 pg/mL
in patients older than 50 years)

BNP > 500 pg/mL or NT-
pro BNP > 450 pg/mL (>

900 pg/mL in patients older
than 50 years)

Baseline LV dysfunction,
underlying cor pulmonale, or
acute pulmonary embolism?

CHF very unlike-
ly 

(2%)

Possible 
exacerbation of CHF

(25%)

CHF likely
(75%)

CHF very likely
(95%)

Yes No



flash pulmonary edema.50,51 Table 8 illustrates special circum-
stances in interpreting BNP levels. Figure 5 illustrates an algo-
rithm for using BNP levels in the ED to diagnose ADHF. There
is less literature on the use of NT-pro BNP. Elevation of NT-pro
BNP above 450 pg/mL in patients younger than 50 years, or ele-
vations above 900 pg/mL in patients older than 50 years are sen-
sitive and specific for the diagnosis of HF.52

Risk Stratification
This is a process well known in the setting of suspected acute

coronary syndrome but is less well defined for ADHF. Risk strat-
ification for ADHF can be divided into low- and high-risk predic-
tors for adverse outcomes. Patients with a low risk of adverse
outcomes can be considered for possible 23-hour observation
admission. Longer hospitalization and aggressive therapy would
be warranted for patients at high risk for an adverse event.

The low-risk population was evaluated in two studies. One
study53 evaluated predictors of successful therapy in nearly 500
patients. Low risk was defined as discharge within 24 hours, and
no death or rehospitalization within 30 days. Parameters predict-
ing low risk include an initial negative troponin and systolic
blood pressure (SBP) greater than 160 mmHg. Burkhardt54 used
similar methods and was able to identify predictors of short stay
failure. A measured BUN greater than 30 mg/dL at ED presenta-
tion was associated with an increased probability of hospitaliza-
tion in excess of 24 hours and, therefore, identified patients inap-

propriate for observation unit therapy.
A high-risk population also can be identified. An analysis of

more than 80,000 patients from the ADHERE registry revealed a
BUN exceeding 43 mg/dL to be the single greatest acute mortali-
ty predictor.55 The mortality risk of nearly 10% compared to only
2.8% if the BUN was less than 43 mg/dL. The next most power-
ful mortality predictor was an SBP below 115 mmHg. Combined
with a high BUN, mortality increased to approximately 15%. If
serum creatinine is also more than 2.75 mg/dL, in-hospital mor-
tality is greater than 22%. (See Figure 6.)

These parameters help identify patients appropriate for a 23-
hour observation unit vs. those requiring more aggressive care
and admission to a more critical bed. Patients directed to an
observation unit can receive rapid emergency care for HF symp-
toms with close follow-up arranged at the time of discharge.
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Physician CME Questions

11. A comparison of patients enrolled in ADHF randomized trials vs.

ADHERE registry patients reveals that, in the registry, the average

patient is:

A. much younger.

B. more often burdened by coexistent disease. 

C. more often male.

D. none of the above.

12. Considering the etiologies for cardiogenic pulmonary edema, all of

the following are considered causes of diastolic dysfunction except:

A. left ventricle hypertrophy.

B. acute hypertensive crisis.

C. concurrent systolic dysfunction.

D. mitral stenosis. 

13. Which of the following statements regarding B-type natriuretic pep-

tide (BNP) is false?  

A. BNP is released in response to increased ventricular stretch.

B. Both BNP and NT-pro BNP are helpful in confirming a diagno-

sis of HF.

C. Physiologically, BNP and NT-pro BNP are very similar to each

other. 

D. Only BNP is available as a point of care testing platform.

14. Which of the following statements regarding the New York Heart

Association classification is true?

A. The NYHA class is directly proportional to survival.

B. There is no direct relationship between NYHA and ejection

fraction.

C. The NYHA does suffer from interobserver variability.

D. All of the above are true.

15. Risk stratification for ADHF can be divided into low- and high-risk

predictors for adverse outcomes. A high-risk population of heart fail-

ure patients can be identified based on which of the following mortali-

ty predictors ?

A. BUN < 30

B. BUN > 43 

C. Systolic BP > 160

D. Negative troponin

16. Phonocardiography is a measurement of heart sounds and can be used

to help detect an S
3

or an S
4

that can be missed in the noisy environ-

ment of the ED. All of the following statements regarding S
3

are true

except:

A. S
3

may be a normal finding in ages < 40.

B. The presence of an S
3

is highly correlated to LV diastolic dys-

function. 

C. An S
3

and JVD together carry a poor prognosis. 

D. In an acute MI, an S
3

usually indicates concomitant heart failure.

17. Ancillary testing can improve diagnostic accuracy in HF patients.

Which of the following statements is correct regarding ancillary tests?

A. The chest x-ray is highly sensitive in detecting pleural effusion.

B. The resting ECG is highly sensitive to underlying coronary

artery disease.

C. Cardiac marker elevation, including troponin T, is associated

with an increased risk of adverse outcomes.

D. BNP levels of > 50 pg/mL are highly sensitive for heart failure.

18. NT-pro BNP differs from BNP because:

A. NT-proBNP has a much shorter half-life and returns to normal

more quickly.

B. NT-pro BNP is available as a bedside test.

C. NT-pro BNP levels vary significantly with age. 

D. A level >100 pg/mL of either BNP or NT-pro BNP is diagnositic

of heart failure.

19. The best physical sign for estimating volume status is:

A. jugular venous distention. 

B. peripheral edema.

C. rales.

D. hepatomegaly.

20. Modest elevations of BNP may occur in all of the following except:

A. infection. 

B. renal disease.

C. acute coronary syndrome.

D. pulmonary edema.

CME Answer Key
11. B; 12. D; 13. C; 14. D; 15. B; 16. B; 17. C; 18. C; 19. A; 20. A

184 July 10, 2006/Emergency Medicine Reports



Acute
Decompensated

Heart Failure
Part I

RAPID ACCESS MANAGEMENT GUIDELINES
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Etiology of Cardiogenic Pulmonary Edema

IMPAIRED LEFT SYSTOLIC DIASTOLIC LV VOLUME 
ATRIAL OUTFLOW DYSFUNCTION DYSFUNCTION OVERLOAD

Elevated heart rate Coronary heart LV hypertrophy Ventricular septal rupture
-V Tach disease
-atrial fibrillation Hypertension Hypertrophic Aortic insufficiency
-exertion cardiomyopathy
-fever Valvular heart disease Restrictive cardiomyopathy Renal disease
-stress

Mitral stenosis Idiopathic dilated cardiomyopathy Ischemia LV outflow obstruction

Atrial myxoma Acute hypertensive crisis Critical aortic stenosis

Prosthetic valve thrombus Concurrent systolic dysfunction Hypertrophic 
cardiomyopathy

Congenital defects Reduced diastolic coronary Severe systemic 
perfusion hypertension

Mitral insufficiency Arrhythmia (Afib)

Mitral regurg. 
Secondary to ischemic 
heart disease

Randomized Controlled Trials vs. ED 
Patients

RANDOMIZED CONTROLLED TRIALS

Age 50-60 years old
Sex 70-80% Men
Co-morbidities Diabetes 20-25%
Renal insufficiency Infrequent (mean Cr 1.1-1.3)
Ventricular function 75-80% Systolic Dysfunction 

(LVEF < 0.40)
PAC use 30-40%
In-hospital mortality 1.5-2.5%

PATIENTS FROM ADHERE DATABASE

Median age 75 years
Female gender 52%
Race White 72%

Black 20%
History of HF 75%
Ejection fraction < 40% 59%
Hospitalized within 6 months 23%
Chronic renal Insufficiency

(creatinine > 1.5 mg/dL) 30%
Systolic BP > 90 mmHg

at presentation 98%
Initial BNP 667 pg/mL

Sensitivity of History and Physical 
Findings for an ADHF Diagnosis

VARIABLE SENSITIVITY SPECIFICITY ACCURACY

Hx of HF 62 94 80
Dyspnea 56 53 54
Orthopnea 47 88 72
Rale 56 80 70
S3 20 99 66
JVD 39 94 72
Edema 67 68 68

Findings of Physical Examination

SYSTOLIC DIASTOLIC 
DYSFUNCTION DYSFUNCTION

Third heart sound Frequent Rare
Fourth heart sound Rare Frequent
Rales Occasional Occasional
Peripheral edema Frequent Rare
Jugular venous distention Frequent Rare
Cardiomegaly Usual Rare

Modified from Braunwald E. Heart disease. Philadelphia; WB
Saunders, 1997.

Heart Failure Classification Systems

AHA/ACC (Prognostic)

Stage A: RF for HF

Stage B: SHD (e.g., MI,
LVD) symptoms of HF

Stage C: SHD +
symptoms of HF
amenable to tx

Stage D: Refractory HF
requiring assist device,
transplant, or palliation

NYHA (Symptomatic)

Class I: No symptoms
(36%)

Class II: Symtoms with
moderate exertion

(36%)

Class III: Symptoms with
minimal exertion

(26%)

Class IV: Symtoms at rest
(6%)

Key: RF = risk factor; SHD = structural heart disease
Source: Pharmacotherapy 2003;23:997-1020

Physiologic Effects of Neurohormones

RAAS (RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM)

Activation of AT1 receptors Vasoconstriction
by angiotensin Sodium retention

Increased aldosterone release
Increased cellular growth
Increased sympathetic nervous 

activity

NATRIURETIC PEPTIDE SYSTEM

ANP, BNP Vasodilation
Sodium excretion
Decreased aldosterone levels
Inhibition of RAAS
Inhibition of sympathetic 

nervous activity
Antiproliferation of vascular 

smooth muscle cells
Key:
ANP = atrial natriuretic peptide; AT1 = angiotensin I; 
BNP = endogenous B-type natriuretic peptide

Reference: Burrell JC Jr. J Hypertens 1999;17(suppl 1):837-843.

Hemodynamic Profile Assessment 
for Patient Selection and Treatment

Congestion at Rest

No Yes

Warm and dry
PCWP normal
CI normal
(compensated)

Warm and wet
PCWP elevated
CI normal

Cold and dry
PCWP low/normal
CI decreased

Cold and wet
PCWP elevated
CI decreased

Yes

Low 
perfu-
sion at
rest

Nitroglycerine,
vasodilators,
nitroprusside,
or natriuretic
peptide 
(nesiritide)

Normal
SVR

No

Elevated
SVR

Inotropic Drugs
Dobutamine
Milrinone
Calcium sensitizers

Signs and Symptoms of
Congestion
• Orthopnea/PND
• JVD
• Ascites
• Edema
• Rales

Possible Evidence of Low Perfusi
• Narrow pulse pressure
• Sleepy/obtunded
• Low serum sodium
• Cool extremities
• Hypertension with ACE inhibitor
• Renal dysfunction (one cause)

Heart Failure Differential Diagnosis 
of Dyspneic States

• Chronic obstructive pulmonary disease exacerbation
• Asthma exacerbation
• Pulmonary embolus
• Acute myocardial infarction
• Physical deconditioning
• Obesity
• Pleural effusions
• Pneumonia/pulmonary infection
• Pneumothorax/tension pneumothorax
• Fluid retentive states
• Renal failure/nephritic syndrome
• Liver failure/cirrhosis
• Portal vein thrombosis
• Hypoproteinemia
• Deep venous thrombosis
• Dependent edema
• Low cardiac output states
• Pericardial tamponade
• Sepsis

Chest Radiograph

Sensitivity

PRELOAD EF (%) INTEROBSERVER 
(%) AGREEMENT

Cardiomegaly 44 51 Moderate
Redistribution 65 37 Fair to moderate
Intensified edema 45 18 Moderate to 

almost perfect
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Pathophysiology

Acute LV systolic dysfunction

Decreased myocardial contractility,   C.O.

Catecholamine production

Increased SVR (afterload) and   blood pressure

Increased myocardial wall tension and myocardial oxygen
demand

Myocardial ischemia

Decreased myocardial contractility and C.O. (continue the cycle)

Diastolic dysfunction, increased pulmonary artery and capillary
hydrostatic pressures

Transudation of fluid into pulmonary alveoli and interstitium

Hypoxia

Myocardial ischemia     (continue the cycle)

Increased anxiety

Increased catecholamine production      (continue the cycle)

As the left side of the heart fails, the right side continues to fill
(preload). This   greater pulmonary artery and capillary hydro-
static forces.    (continue the cycle)

Adapted from: Mattu A. Heart Failure: Advances in Diagnosis
and Treatment, ACEP Scientific Assembly 2005: 2.

Algorithm for Using BNP Levels in the ED to Diagnose CHF

Patient presenting with dyspnea

Physical examination,
chest x-ray, 

ECG, 
BNP level

BNP < 100 pg/mL BNP 100-500 pg/mL or NT-pro
BNP < 450 pg/mL (< 900 pg/mL
in patients older than 50 years)

BNP > 500 pg/mL or NT-
pro BNP > 450 pg/mL (>

900 pg/mL in patients older
than 50 years)

Baseline LV dysfunction,
underlying cor pulmonale, or
acute pulmonary embolism?

CHF very unlike-
ly 

(2%)

Possible 
exacerbation of CHF

(25%)

CHF likely
(75%)

CHF very likely
(95%)

Yes No

Sensitivity, Specificity, and +LR 
for an S3 in Predicting HF 
in Challenging Subgroups

BNP<100 S3 and

BNP

100-500

S3 alone S3 and

BNP>500

BNP>500BNP

100-500

N=340

Special Circumstances in Interpreting 
BNP Levels

FACTORS OTHER THAN CHF THAT CAN ACCOUNT FOR HIGH 
BNP LEVELS

• Advanced age
• Renal failure
• Myocardial infarction
• Acute coronary syndrome
• Lung disease with right-sided failure
• Acute large pulmonary embolism
• High-output states (e.g., cirrhosis)

FACTORS THAT CAN ACCOUNT FOR LOWER-THAN-EXPECTED 
BNP LEVELS WHEN CHF IS PRESENT

• Flash pulmonary edema
• Obesity
• CHF secondary to causes upstream from the left ventricle

- Acute mitral regurgitation
- Mitral stenosis
- Atrial myxoma

• Stable NYHA class I patients with low ejection fractions
Key:
BNP = B-type natriuretic peptide; CHF = congestive heart failure;
NYHA = New York Heart Association.
Copyright © MedReviews, LLC. Reprinted with permission of
MedReviews, LLC. Maisel A. B-Type natriuretic peptide measure-
ments in diagnosing congestive heart failure in the dyspneic
emergency department patient. Rev Cardiovasc Med
2003;3(suppl 4):S10-S17. All rights reserved.

Risk Stratification of Emergency 
Department Patients with Acute 
Dyspnea

Diagnosis:
BNP/NTproBNP creatinine, weight

Disposition/Risk Stratification
Low Risk High Risk

BUN < 30a
BNP > 160 mmHgb

Tn (-)b

BUN > 43 mg/dLc
BNP < 115 mmHg
Cr > 2.75 mg/dL

a) Burkardt, AJEM, 2005; b) Diercks, HFSA, 2004;c) Fonorow,
JAMA, 2005



Between 800,000 and 1,000,000 annual emergency depart-
ment (ED) visits are for patients with head injury; 80% of these
involve minor head injuries;
35% to 61% of patients seen in
the ED undergo some form of
radiographic evaluation.1-4

The use of computed tomog-
raphy (CT) imaging specifically
has seen exponential growth in
the ED during the last 30 years.
The first unit was installed at
the Mayo Clinic in 1973; within
only a few years, CT had virtu-
ally eliminated the use of pneu-
moencephalography and arteri-
ography in head trauma. 

In addition, the advent of CT
scanning resulted in a reduction in the morbidity and mortality of
head-injured patients when compared to historical controls stud-
ied by other methods.5 This study also demonstrated a reduction
in the number of skull radiographs, cerebral angiograms, and
unnecessary surgical exploration. Early surgical intervention in
head-injured patients with extra-axial hematomas was made pos-
sible with the advent of CT and was shown to improve morbidity
and mortality in this population.6,7

As with all radiographic studies, an organized approach to
interpretation of head CT imaging, as well as other cranial radi-

ographic studies, is imperative.
Missed radiographic findings
account for 12% to 15% of all
malpractice settlements.8,9 Some
studies have demonstrated that
missed CT scan interpretations
are significant among those
without specific training in CT
interpretation.10,11 Fortunately,
physicians with proper training
have a high degree of accuracy
in interpretation of radiographs
when compared with that of
radiologists.12-18 The authors
review indications for radi-

ographic imaging, interpreting images, and specific injuries.
— The Editor

Basics Principles of Radiology
Traditional radiographs record images on film or computer,

which convey information about the size, shape, and distribution
of tissues within a patient. Radiographs are a two-dimensional
representation of a series of x-ray beams projected through a
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three-dimensional object. The image represents a combination of
black, gray, and white shades that are determined by the absorp-
tion and scattering of x-rays by each tissue through which the
beam is projected. Tissues that possess little radiodensity (e.g.,
air or fat) allow the beam to pass easily through the body with lit-
tle scatter or absorption, exposing the radiographic film and pro-
ducing a black image. Very radiodense tissues (e.g., metal, calci-
um, or bone) obstruct the beam and produce a white image. Each
radiographic plate is coated with chemicals that emit a fluores-
cent flash when struck by the beam, thus augmenting the actual
effect of the x-ray beam. More recently, the photographic plate
has been modified so that the image can be digitized and convert-
ed to a computer image. Most other tissues, especially those con-
taining water, produce a gray image. The x-ray beam will pass
through many tissues en route to the film, and the final shading
will reflect the summation of all tissues through which the beam
has traversed. 

Plain radiographs are described in terms of the path that the
beam takes from the x-ray tube to the film. For example, a plain
radiograph of the skull shot from front to back is an anterior to
posterior (AP) projection. If directed from one side through to
the other, the radiograph is a lateral view. The oblique view is
obtained by directing the beam obliquely.

In CT, images represent the same spectrum of radiographic
densities as plain radiography but repeated dynamic imaging
allows reconstruction of the body part in the axial plain. Newer
scanners allow coronal, sagittal, and even three-dimensional
reconstructions. Despite the advances in CT technology, the aver-
age cost is approximately $125 per study.19

The basic components of the CT scanner are the x-ray tube,
detectors, and computers that allow for image reconstruction.
Repeated slices are constructed as the beam rotates 360° around
the patient while the table advances. Each CT image generated
represents a matrix of picture elements or pixels. Each pixel is
assigned an attenuation coefficient based upon its ability to
absorb or scatter x-rays. This attenuation coefficient is expressed
in Hounsfield units (HU), which vary from -1000 U (air) to
+1000 (cortical bone). CT images can be viewed in a variety of
‘windows’ that accentuate tissues of a specific attenuation. In
most trauma head CT protocols, 5-mm thick cuts are performed
through the posterior fossa; 10-mm thick cuts are taken in the
supratentorial region and will be displayed in brain, bone, and
blood windows.

Newer high resolution scanners have thinner cuts, achieving
submillimeter thickness. More recently, faster helical or spiral
CT units that move the patient through the scanner in a continu-
ous fashion and scan in a helical pattern around the patient have
been introduced, reducing the scanning time to 20 to 30 seconds.
This is particularly useful for imaging anatomy that is constantly
in motion such as the chest.

Magnetic resonance imaging (MRI) uses computer technolo-
gy to convert radiofrequency signals into shades of black, gray,
and white. Instead of x-ray beams, an external magnetic field and
radiofrequency waves are used to produce the image. The basic
principle of MRI is the detection of spinning protons. When the
patient is placed in the bore of the magnet, the magnetic fields of
the protons align with the stronger magnetic field of the scanner.
Radio waves are then intermittently and briefly applied to the tis-
sue being examined to enhance the spin frequency by causing the
protons to resonate (Larmor frequency) at a higher energy level.
As the tissues return to their resting state, a radiofrequency wave
is emitted and then detected by the receiving coil. The computer
then converts the intensity of the detected signal to shades of
black, gray, or white. The result is a three-dimensional plot of
proton densities.

As noted, a signal is detected as the protons return to their
resting state. This relaxation phase occurs by two major path-
ways: longitudinal or T1 decay, and transverse or T2 decay.
Images generated from signals in the early portion of the relax-
ation phase (called T1-weighted sequence) produce a unique
image in which fat appears as white and gray image contrast is
excellent. During late relaxation (T2-weighted sequence), water
appears white and fat appears gray. The T1-weighted sequence
and T2-weighted sequence provide two perspectives on the same
image. T1 images provide more useful architectural information;
T2 images depict pathology more accurately because water (high
in hydrogen protons) accumulates in many pathologic conditions
(e.g., ischemia, edema, and tumor). In addition to producing
images of high quality, MRI does not rely on radiation and thus,
does not carry the biologic risk of x-rays.

Iodinated contrast agents used in x-ray-generated images are
not useful for MR studies. Instead, paramagnetic agents such as
gadolinium are used to enhance the image. Gadolinium acts by
reducing T1 relaxation times and thus, improving the contrast
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between tissues. It is most useful for delineating tumors and
infections.

Indications for Radiographic Imaging in Head
Trauma

CT scanning has virtually replaced plain skull radiographs in
imaging the patient with head injury. Some physicians still will
obtain plain radiographs in patients with suspected depressed
skull fractures or with metallic foreign bodies. Plain radiography
had previous utility in determining the presence of linear skull
fractures. While 66% of patients with severe head trauma have an
associated skull fracture, only 25% to 35% of patients with skull
fractures have underlying cranial pathology.20 The primary indi-
cations for obtaining skull plain films are to evaluate nonacciden-
tal trauma (i.e., to look for fractures in different stages of heal-
ing), to assess ventricular shunt integrity, and as an adjunct to CT
in penetrating skull trauma. It has been shown that the number of
radiographs ordered for medicolegal considerations varies from
10% to 46%.21,22

Although MRI has the advantage of producing images with
superior anatomic detail, CT provides several important advan-
tages in the setting of trauma. The more rapid study completion
time and greater availability of CT imaging makes it a far more
useful study. Additionally, CT is as reliable as MRI in demon-
strating intracranial lesions requiring operative intervention.
Finally, CT has none of the stringent safety requirements of MRI
imposed by the strong magnetic fields surrounding the scanner.
MRI has a prominent role, however, in evaluating patients with
subacute and chronic injuries. In these patients, MRI offers better
discrimination between lesions and normal brain tissue, whereas
subacute hemorrhage may appear isodense with normal brain tis-
sue on CT.

Patients with altered level of consciousness documented by a
Glascow coma scale (GCS) score less than 13 will require CT
imaging in the acute setting. Controversy exists around the role
of CT imaging in minor head trauma, defined as patients with
blunt head injury, amnesia or disorientation or documented loss
of consciousness, and a GCS score of 13 to 15. Several scoring
systems have been suggested,23-25 with the larger, validated Cana-
dian CT rule23 outperforming other published rules in adults with
head trauma. Adults with risk factors delineated by the Canadian
CT rule require emergent CT scanning. (See Table 1.) Using
these criteria for obtaining a head CT in minor trauma, the
authors noted a sensitivity of 100% and a specificity of 68.7% in
detecting injuries requiring neurosurgical intervention. Addition-
ally, they found a sensitivity of 98.4% and a specificity of 49.6%

for clinically important brain injuries. Finally, the Canadian CT
rule reduced the number of CT studies by almost 50%. Some
additional patient populations must be considered for early use of
CT. These include intoxicated patients,26,27 patients with bleeding
disorders,28 patients with shunts from prior neurosurgical proce-
dures,29 and patients who return after initial evaluation following
a head injury.30 Other authors have independently found age
greater than 65 years to be a risk factor for significant head
injury.31,32 However, even with a clinical model that includes
these high-risk patients, it has been suggested that 100% sensitiv-
ity for intracranial injuries may not be achieved.33,34 Patients with
no loss of consciousness, normal neurologic findings, no vomit-
ing, no amnesia, and minimal scalp injury can be discharged
with careful instructions including 24 hours of close observation.

Clinicians should have a lower threshold for imaging infants
and children with head injury as clinical features can be particu-
larly subtle.35 Independent risk factors for closed head injury
include headache, vomiting, an altered mental status, physical
signs of a basilar skull fracture, and focal neurological deficits.
Importantly, a scalp hematoma alone signifies an increased risk
of intracranial injury in infants younger than 1 to 2 years and
careful consideration of CT imaging.35,36 One additional consid-
eration is the fact that significant pathology can arise after a pre-
sumably normal CT scan. This occurrence is particularly true of
cerebral contusions, which commonly develop hours to days
after injury. Even delayed epidural37 and subdural38 hematomas
have been reported.

Interpretation of Radiographs in Head Trauma
As with other body systems, practitioners must have an organ-

ized approach in viewing radiographs of the cranial vault and its
internal structures. Because of the importance of CT scanning in
assessing the patient with head trauma, we will focus primarily
on findings with this modality. The general principle is to divide
head-injured patients into the following broad categories: normal
intracranial findings, diffuse intracranial injury, and focal intra-
axial or extra-axial findings.

Remember that the patient is placed supine on the CT table
and the axial images are constructed as if one is viewing from the
feet upward. As a result, the patient’s left is on the right side of
the image as with plain radiography. This is also true for MR
images. It also should be remembered that black, gray, and white
are defined by the tissue densities similar to plain radiography.
However, specific tissues may be accentuated by viewing the
various window settings as described previously.

The initial evaluation of the CT scan should consider the tech-
nical adequacy of the study. The axis of the x-ray beam is angled
20° downward along a line extending from the lateral canthus to
the external acoustic meatus. If the patient’s head is tilted as it
enters the gantry, an oblique rather than a true axial cut is
obtained. This can obscure an abnormality or create the appear-
ance of an abnormality in a normal brain. The CT scout image is
useful when assessing the technical quality of the study by
demonstrating the orientation of the images, as well as the num-
ber of images produced and the anatomic area scanned. The
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Table 1.  High-Risk Criteria for Minor 
Head Injury 21

•  Glascow coma scale score < 15 after 2 hours
•  Suspected open or depressed skull fracture
•  Any sign of basilar skull fracture
•  Vomiting > 2 episodes
•  Age > 65 years



scout image is also valuable in assessing the skull for fractures
that can be visible on this image. Images should also be evaluat-
ed for motion artifact or artifacts related to the presence of bul-
lets or other dense foreign bodies.

Interpretation of CT imaging requires a thorough understand-
ing of the cross-sectional anatomy of the brain. A complete
review of neuroanatomy is beyond the scope of this article, how-
ever, excellent reviews on this subject are available.39 With each
slice, specific anatomic landmarks should be located as described
below. Specific focus on symmetry, the cerebrospinal fluid (CSF)
spaces, brain tissue, the skull, and soft tissues should be reviewed
on brain window settings. Brain windows are used to highlight
cerebral anatomy. Bone windows better delineate skull fractures
and pneumocephaly. Blood windows more clearly demonstrate
intracranial hemorrhage, which can be subtle, especially near the
inner table of the skull. Localized soft-tissue swelling over the
skull may be an indication of head trauma and may yield clues as
to the location of coup and contre-coup injuries.

By convention, CT images progress cephalad from the fora-
men magnum to vertex of the skull. Important structures to iden-
tify on the lower images are the fourth ventricle, which lies on
the midline, dorsal to the brainstem. Ventral to the brainstem are
the prepontine and supracellar cisterns (Figure 1A). Because CSF
is clear, these fluid-filled spaces appear dark gray. Air-filled
spaces (e.g., the mastoid air cells and paranasal sinuses) are
black on the image. Blood in either the CSF or sinuses will alter
their appearance by increasing their densities. The posterior fossa
structures demonstrated on lower CT images also include the
cerebellar hemispheres and the dural sinuses.

Proceeding cephalad, the inferior portions of the cerebral
hemispheres and the third and lateral ventricles can be seen (Fig-
ure 1B). The third ventricle is an important landmark for
intracranial mass effect causing midline shift. The ambient cis-

terns that surround the upper pons are also visible and are impor-
tant in assessing mass effect on the brainstem from injury to the
temporal lobes. The third ventricle is flanked by the thalamic
nuclei and each frontal horn of the lateral ventricles lies adjacent
to the head of the caudate nucleus. These gray matter structures
are of intermediate density as compared with the dark CSF in the
adjacent ventricle.

Continuing cephalad, the cerebral cortex occupies virtually
the entire image (Figure 1C). One should appreciate a distinct
border between gray and white matter structures. In addition, the
cortical sulci should be well delineated and should appear more
prominent in the older brain. On the higher images, the falx cere-
bri becomes visible and becomes a second important midline
structure. Ensure that equal volume occupies the right and left
halves of the cranial vault and that no structure has crossed the
midline.

Finally, there are three questions that you should consider as
you view the images of a head CT scan:

• Is there blood in or around the brain?
• Is there a shift in the midline structures?
• Is there evidence of brain edema?
In the CT scan of a patient with acute injury, clotted blood is

typically identified as a high density focus. Clotted blood tends
to assume a characteristic shape depending upon the nature of
the underlying abnormality, as will be discussed later. Next, one
looks at all of the images for asymmetrical displacement of
intracranial structures across the midline. Important landmarks
that are useful midline indicators include the third and fourth
ventricles and the falx cerebri. In addition, the ventricles may be
obliterated by mass effect from edema or hematoma. Small vol-
umes of blood in CSF can make the subarachnoid spaces appear
isodense with brain, essentially obliterating the ventricles, sulci,
and basal cisterns.
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Figure 1. Cross-sectional Image of Brain at Various Levels
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Finally, one should appreciate a clear delineation between the
gray and white matter structures in the brain. Significant edema
reduces or eliminates these density differences to produce a more
uniform, isodense appearance of brain tissue. Edema may mani-
fest as either a localized or diffuse hypodense area of brain (usu-
ally 12 to 24 HU) with ill-defined gray/white boundaries result-
ing from increased brain water content. Edema also may result in
the loss of sharp delineation of sulci. An area of suspected edema
can be compared with the contralateral hemisphere to better
appreciate the abnormality.

Perron14 has suggested that the pneumonic “Blood Can Be
Very Bad” be used to ensure that the examiner has reviewed all
of the important features of the CT scan (Table 2).

MRI has not gained widespread use in the acute management
of the injured patient due to a number of factors including cost,
availability, speed of scanning, potential for motion artifact, limi-
tations on the use of life support equipment in the strong magnet-
ic field and insensitivity to bone involvement. On the other hand,
MRI does not utilize ionizing radiation, can better discriminate
between similar tissues, is better at defining cerebral edema, and
is not complicated by bone artifacts. It is also able to provide
delineation of structures in three orthogonal planes (axial, sagittal
and coronal); CT scanning is generally limited to the axial plane
when imaging the acutely injured patient. Small parenchymal
injuries and collections of blood at the vertex and skull base are
better elucidated by MRI. At least one study has demonstrated

the superiority of MRI in identifying intracranial lesions;40 how-
ever, these radiologic findings did not affect clinical manage-
ment. The basic anatomy and approach are similar to reviewing
CT scans. In the setting of acute trauma, MRI may be useful in
assessing the extent of parenchymal injury, the exact location of
extra-axial blood collections (i.e., subdural, epidural, and sub-
arachnoid hemorrhage), the integrity of vascular structures using
MR angiography, and potentially to determine the metabolic
impact of injury using MR spectroscopy.

Specific Injuries
Skull fractures can be identified using plain radiographs or

CT scans. When the latter is used, bone windows best define the
fracture line. Skull fractures are described as linear, basilar, or
depressed. Diastatic fractures occur along existing suture lines.
In the plain radiograph, a linear fracture appears as a clean
sharply demarcated radiolucent line that is typically wider in its
central portion and tapered at both ends. Linear fractures appear
more sharply delineated than vascular grooves or suture lines.
Fractures can further be differentiated from suture lines by the
irregular corticated border seen with sutures. On a CT scan, the
fracture line may be readily apparent. However, the fracture may
be difficult to appreciate if it is transverse in its orientation, lying
within the plane of the image. Examination of the scout film may
reveal the fracture line (Figure 2). One should look for evidence
of focal soft-tissue swelling in the scalp to identify areas of
potential skull fractures. MRI is not useful in the assessment of
skull fractures because this imaging modality requires that pro-
tons be mobile, and the protons of cortical bone are immobile.
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Table 2. Mnemonic for Reviewing 
Head CT Scan14

BLOOD:

• Epidural hematoma
• Subdural hematoma
• Intraparenchymal hemorrhage
• Intraventricular hemorrhage
• Subarachnoid hemorrhage

CAN (CISTERNS): EXAMINE FOR BLOOD AND EFFACEMENT

• Circummesencephalic
• Suprasellar
• Quadrigeminal
• Sylvian

BE (BRAIN):

• Symmetry
• Gray-white differentiation
• Shift
• Hyper- or hypodensity
• Pneumocephalus

VERY (VENTRICLES):

• Effacement
• Shift
• Blood

BAD (BONE): FRACTURES, SOFT-TISSUE INJURY, BLOOD IN SINUSES

Figure 2. Linear Skull Fracture

Figure 2. Black arrows indicate site of fracture.



Thus, cortical bone appears uniformly black with MRI.
A depressed skull fracture is seen as overlapping cortical

shadows on plain radiographs (Figure 3A). These injuries can be
further elucidated by obtaining tangential views in the area of the
fracture. Skull fractures are typically the result of direct trauma
to the skull, most commonly in the frontal or parietal regions of
the skull. A depressed skull fracture is believed to be significant
when the deepest portion of the fracture extends below the inner
table of the skull. These fractures are typically associated with
injuries to brain parenchyma and dural tears. CT scanning offers
the advantage of accurately defining the depth of the fracture and
demonstrating any underlying brain injury.

Finally, basilar skull fractures are typically defined by clinical
findings of raccoon eyes, Battle’s sign, hemotympanum, CSF
rhinorrhea, or otorrhea. A Towne view taken with plain skull
radiographs occasionally may demonstrate the fracture. CT
images of the posterior fossa with 1 to 2 mm cuts are the best
method of demonstrating the fracture site (Figure 3B). Extension
of the fracture line through the outer table or into an air-filled
cavity (e.g., paranasal sinuses, nasal cavity, mastoid air cells)
defines a compound basilar skull fracture. Pneumocephalus may
accompany a compound basilar skull fracture. Basilar skull frac-
tures through the petrous or sphenoid bone also may result in
cranial nerve injuries and are best demonstrated on high-resolu-
tion CT.

Intracranial blood is classified as being intra-axial (within the
brain substance) or extra-axial. The most common intra-axial
traumatic lesions are cerebral contusions, hematomas, and shear-
ing injuries. Contusions are ill-defined collections of blood along
the brain surface or within the brain substance, whereas
hematomas are well-circumscribed. Contusions are typically
seen in the gray matter but may extend into the subcortical white
matter (Figure 3C). There is typically a high density focus repre-
senting hemorrhage surrounded by low density edema. These are

typically defined as coup or contrecoup injuries. Coup injuries
occur beneath the surface of the skull at the site of impact,
whereas contrecoup injuries occur on the opposite side of the
brain along the line where the force was directed. Contusions
have been found in high association with depressed skull frac-
tures. MRI also may be used to define cerebral contusion. T2-
weighted images demonstrate a low intensity signal (hematoma)
surrounded by a high-intensity signal (edema).

Cerebral hematomas occur in a distribution similar to cerebral
contusions and are most common in the frontal and temporal
regions of the brain (Figure 4). Hematomas may be the result of
the dissection of the clot through the brain white matter or the
disruption of a penetrating vessel in this region. Large clots can
actually dissect through the white matter into the ventricular sys-
tem that may result in obstructive or communicating hydro-
cephalus. Cerebral hematomas are found in association with
other brain injuries in 50% of cases, and intraventricular exten-
sion occurs in 33% of cases; 20% of these lesions are bilateral.41-42

On CT, hematomas are identified by distinct collections of
hyperdense blood surrounded by a hypodense area of edema in
the acute injury and serum from clot degradation in the subacute
injury. Typically, these are found in the frontal or anterior tempo-
ral lobe. On MRI, cerebral hematomas are similar in appearance
on T2-weighted images in that the clot is hypointense and the
edema or serum is hyperintense. Delayed appearance of cerebral
hematomas 1 to 7 days after injury has also been reported.43,44

Shear injuries typically occur at the junction of the gray and
white matter of the brain as the result of rotational forces, result-
ing in disruption of axons and their small accompanying blood
vessels. These injuries can produce diffuse cerebral edema but
also may appear as multiple distinct hemorrhagic foci varying
from punctate to a few centimeters in diameter. Cisternal and
ventricular compression may be seen but is not common in acute
injury. Typically, lesions are found in four areas: the corpus cal-
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Figure 3. CT Scans Demonstrating Depressed Skull Fracture, Basilar Skull Fracture,
and Cerebral Contusion 

Figure 3A. Depressed Skull Frac-
ture. Arrow denotes site of depression.

Figure 3B. Basilar Skull Fracture.
Arrow demonstrates fracture through the
skull base.

Cerebral
contusion

Figure 3C. Cerebral Contusion.

3A 3B 3C



losum, the corticomedullary junction, the upper brainstem, or the
basal ganglia. Hemorrhage into the corpus callosum may extend
into the ventricular system where it is seen more easily.45 It has
been demonstrated that only one-fourth of shearing injuries ini-
tially present with visible hemorrhage. Thus, a negative CT study
does not eliminate the possibility of shearing injury. Delayed pre-
sentations of diffuse axonal injury also have been reported.46 

MRI has been shown to better demonstrate findings of diffuse
axonal injury.47,48 MRI should be performed when there is a dis-
parity between the patient’s clinical picture and the CT image. A
high intensity signal is seen on T2-weighted images in the four
regions where typical lesions occur. However, when demonstra-
tion of microhemorrhage is required, the preferred scan tech-
nique uses gradient-refocused imaging. This technique is highly
sensitive to the presence of iron within hemoglobin.

Extra-axial injuries include subdural hematoma, epidural
hematoma, and traumatic subarachnoid hemorrhage including
intraventricular hemorrhage. In each case, the characteristic find-
ings are defined by the relationship of the bleeding source to the
brain and the meninges.

A subdural hematoma collects between the inner layer of the
dura and the subarachnoid space when there is a tear in the bridg-
ing veins. The subdural space extends over both sides of the ten-
torium, cerebellar surfaces, convexities of the brain, and the
interhemispheric fissure. Because a subdural hemorrhage lies
deep to the dura, it can cross suture lines. Occasionally, a rupture
of a parenchymal artery may produce these lesions. Subdural
hematomas typically are associated with underlying brain injury
and, therefore, carry a poor prognosis. Typical associated injuries
include cerebral hematoma or contusion. Associated skull frac-
tures are rare. 

A typical subdural hematoma appears as a crescent-shaped
collection of blood between the inner table of the skull and brain
parenchyma (Figure 5). The classic shape may be modified in

patients with previous injuries or meningeal infection. Small sub-
dural injuries may be difficult to identify (See Pitfalls section,
page 8.) and also may coexist with an epidural hematoma. These
injuries tend to extend from front to back. They also may extend
around the frontal or occipital pole into the interhemispheric fis-
sure or beneath the brain along the tentorium. These injuries are
often associated with displacement of intracranial contents by
mass effect.49 Collapse of the ventricular system and midline
shift commonly are associated with acute subdural hematoma. In
the acute phase of bleeding associated with a subdural
hematoma, MRI is very insensitive in defining this injury and has
gained a prominent role in the detection and defining the extent
of subacute and chronic subdural hematomas.

An epidural hematoma is typically lens-shaped with blood
collecting between the inner table of the skull and the dura.
Because the dura attaches to the skull at suture lines, an epidural
hematoma does not cross suture lines. Classically, an epidural
hematoma results from a skull fracture in 85% to 95% of cases.50

The most common site of an epidural hematoma is in the tem-
poroparietal region and is due to disruption of the main trunk of
the middle meningeal artery (Figure 6). This also may give rise
to epidural blood on the floor of the middle cranial fossa. Disrup-
tion of the anterior trunk of the middle meningeal artery gives
rise to frontal epidural hematomas. Other injuries are venous in
origin and result from the tear of a dural sinus. 

Epidural hematomas are almost exclusively unilateral injuries.
An epidural hematoma in the posterior fossa is typically caused
by venous bleeding; occipital fractures may be seen. These
lesions account for 4% to 13% of epidural hematomas.51,52 These
injuries must be identified early; with prompt neurosurgical
intervention a good prognosis can be expected. The size of the
lesion depends upon the rate of bleeding, the time from injury to
presentation, the severity of injury, and the formation of clot.
Large epidural hematomas compress adjacent brain tissue, cause
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Figure 4. Cerebral Hematoma

Figure 4. Cerebral Hematoma. Arrow indicates area of
cerebral hematoma.

Figure 5. Subdural Hematoma

Figure 5. Subdural Hematoma. Note midline shift of lateral 
ventricle.



collapse of the ventricular system, and result in brain herniation.
The lesion may not be uniform in appearance with an area of
less-dense fluid representing both active bleeding and breakdown
of clot.50

Finally, epidural hematomas commonly are associated with
cerebral contusion or subdural hematoma.53 Because these
lesions must be promptly evacuated surgically, there is typically
no role for MRI in acute management of epidural hematomas.
Finally, it should be mentioned that epidural hematomas may
have a delayed presentation arising hours to days after injury.
These are typically found in areas beneath known skull fractures
and frequently occur after evacuation of other intracranial
lesions.54

In traumatic subarachnoid hemorrhage, disruption of the lep-
tomeningeal vessels leads to bleeding, which tracks into the sub-
arachnoid space. These collections course along the cerebral
sulci and also may be seen along the interhemispheric fissure
(Figure 7). Blood also can track into the ventricular system and
can be visualized along the surface of the brain or layering
dependently in the occipital horns of the lateral ventricle. Trau-
matic subarachnoid hemorrhages tend to be more focal than the
spontaneous subarachnoid hemorrhage associated with a rup-
tured aneurysm. 

Finally, disruption of the subependymal veins can result in
traumatic intraventricular hemorrhage (Figure 8). This appears as
a hyperdense localized collection within the ventricular system
following trauma. Blood also may be seen in association with
traumatic subarachnoid hemorrhage that extends into the ventric-
ular system as described above.

Pitfalls in Radiology Interpretation
Bone averaging (Figure 9) occurs where a high-density struc-

ture (e.g., bone) abuts a low density structure (e.g., brain tissue).
Where this occurs, the high and low density pixels are ‘averaged’
and give the appearance of an intermediate density that can
mimic blood. Similarly, areas of calcification within the brain
(e.g., the pineal gland, the choroid plexus, within the basal gan-
glia, or even a partial cut through the bony floor of the skull) may
be mistaken for blood. Additionally, the falx cerebrum and tento-
rium tend to calcify with age and may be mistaken for subdural
blood.

Small collections of intra-axial (cerebral contusion) or extra-
axial blood (subdural or epidural hematoma or subarachnoid
hemorrhage) located near the inner table of the skull may be dif-
ficult to appreciate, especially if only brain windows are used.
The high density of blood may be indistinguishable from the
adjacent cortical bone, a fact particularly true for extra-axial
hematomas and cerebral contusions located in the parietal vertex
and inferior temporal lobe. Extra-axial hematomas or subarach-
noid blood that collects along the transverse plane may be diffi-
cult to distinguish from bone when present along the floor of the
posterior fossa (Figure 10). Collections in the vertex or along the
tentorium are better detected when coronal images are obtained. 

CT does not provide adequate contrast between structures
with similar densities, especially when one considers the high
water content of brain structures. Artifact from metal structures
(e.g., bullet fragments and aneurysm clips) can degrade the CT
image by a phenomenon known as ‘beam hardening,’ where high
density structures (e.g., the skull) may produce a streak artifact
that can obscure the images.
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Figure 6. Epidural Hematoma Figure 7. Traumatic Subarachnoid 
Hemorrhage



An important CT indicator of brain swelling is effacement of
the subarachnoid spaces surrounding the brainstem (basal cis-
terns). However, blood within the basal cisterns can make them
isodense with the brainstem, mimicking herniation.

Interhemispheric blood is often confused with thickening of
the falx cerebri. The falx may be prominent along its posterior
portion. However, subdural blood that collects along the falx can
be difficult to distinguish from the more benign condition (Fig-

ure 11). When there is significant thickening along the anterior
portion of the falx or when there is outlining of the adjacent
sulci, interhemispheric blood must be suspected. Localized sub-
dural hematomas may be found along the interhemispheric fis-
sure. These are the result of tears in bridging veins and tend to
occur in older patients with whiplash injury. Interhemispheric
subdural hematomas tend to have a straight medial border and a
convex lateral margin. The bleeding from a parasagittal subdural
hematoma tends to remain contained in this region by arachnoid
granulations. In addition, subarachnoid or subdural hemorrhage
in the posterior falx may produce a high density (‘pseudo-delta’)
sign that can be confused with the image of dural sinuses in a
contrast-enhanced CT scan. Subarachnoid hemorrhage along the
interhemispheric fissure is characterized by increased density
outlining the parasagittal cortical sulci.

The sensitivity of CT may be limited when imaging subacute
injuries. Subdural hematomas in the elderly patient are notorious
for their subacute presentation. This relates to the breakdown of
hemoglobin over time, with blood clot becoming isodense with
brain and less visible on CT (usually around two weeks after the
injury). In this circumstance, MRI becomes a more sensitive
imaging modality for defining subacute or chronic collections of
blood that will demonstrate a high-intensity signal on T1-weight-
ed images.
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Figure 8. Traumatic Intraventricular 
Hemorrhage

Figure 8. Traumatic Intraventricular Hemorrhage. Note that
this patient also has a right subdural hematoma in the fronto-
parietal region.

Figure 9. Bone Averaging

Figure 9. Bone Averaging. White arrow depicits bone averag-
ing artifact from orbital roof originally interpreted as subarach-
noid blood.

Figure 10. Tentorial Hemorrhage

Figure 10. Tentorial Hemorrhage. Arrow depicts blood along
the tentorium.



Conclusions
The clinician should be aware of the role of the various imag-

ing modalities in the assessment of the patient with head trauma.
CT imaging has revolutionized the evaluation of head injury, pro-
viding a rapid and reliable method for detecting acute traumatic
hemorrhage and facilitating early surgical intervention when
appropriate. Skull radiographs and MRI have limited roles in the
management of early head injury. The clinician should be aware
of the characteristic shape and location of intra-axial and extra-
axial blood collections. In addition, when interpreting CT scans
in the acute setting the clinician should be cognizant of difficul-
ties in interpreting these radiographs caused by artifacts inherent
in the imaging modality and unusual presentations of the result-
ant injury.
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Figure 11. Subarachnoid Blood Along Falx

Figure 11. Subarachnoid Blood Along Falx. White arrow
depicts blood along the falx. Black arrows demonstrate subdural
hemorrhage along frontal and parietal convexities.
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CE/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 certificate of completion. When your evaluation is
received, a certificate will be mailed to you.

CE/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.



CE/CME Questions

1. Which of the following are indications for a patient to receive a head

CT?

A. Glascow coma scale score of 13

B. Open skull fracture

C. Signs of a basilar skull fracture

D. All of the above

2. Which one of the following groups of patients should physicians have

a lower threshold for obtaining a head CT following trauma to the

head?

A. Intoxicated patients

B. Patients taking antidepressant medications

C. Patients with a history of a previous concussion

D. Patients from prisons

3. In children, clinicians should have a lower threshold for obtaining a

head CT after head trauma. Which of the following is not an inde-

pendent risk factor for closed head injury?

A. Crying

B. Altered mental status

C. Large scalp hematoma in a child younger than 1 year

D. Focal neurologic deficit

4. The CT scout image is useful when assessing the technical quality of

the study by demonstrating the orientation of the images as well as

the number of images produced and the anatomic area scanned.

A. True

B. False

5. MRI has been shown to be superior to CT for the detection of:

A. acute epidural hematomas.

B. acute subdural hematomas.

C. diffuse axonal injury.

D. None of the above

6. Which of the following statements is not true regarding an epidural

hematoma?

A. It is usually a unilateral injury.

B. The lesion is typically lens shaped.

C. It is associated with a skull fracture in 10-15% of cases.

D. The size of the lesion depends upon the rate of bleeding, time

from injury to presentation, and severity of the injury.

7. Typically there is no role for the use of MRI in the acute evaluation of

an epidural hematoma.

A. True

B. False

8. Which of the following statements regarding traumatic subarachnoid

hemorrhage is true?

A. Disruption of the leptomeningeal vessels leads to bleeding.

B. Blood may track into the ventricular system and can be visual-

ized along the surface of the brain or layering dependently in the

occipital horns of the lateral ventricle.

C. Traumatic subarachnoid hemorrhage tends to be more focal than

the spontaneous subarachnoid hemorrhage associated with a

ruptured aneurysm.

D. All of the above

9. An important indicator of brain swelling is blood accumulation within

the lateral ventricles.

A. True

B. False

10. Which of the following statements regarding interhemispheric blood

is not true?

A. It is often confused with thickening of the falx cerebri.

B. Significant thickening along the anterior portion of the falx or

outlining of the adjacent sulci should lead the clinician to sus-

pect interhemispheric blood.

C. Typically these are a result of an arterial bleed.

D. Interhemispheric subdural hematomas tend to have a straight

medial border and a convex lateral margin.

Answers:
1. D 
2. A 
3. A 
4. A 
5. C 
6. C 
7. A 
8. D 
9. B 
10. C
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In Future Issues: The use of ultrasound 
in the hypotensive trauma patient
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Dear Trauma Reports Subscriber:

This issue of your newsletter marks the start of a new continuing medical education (CME) or
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