
Emergency physicians deal
with anticoagulation on a daily
basis. We have all dealt with the
bleeding patient on anticoagu-
lants. What is relatively new for
us is the initiation of anticoagu-
lants. Once reserved for pul-
monary embolism, anticoagula-
tion now is initiated for a vari-
ety of disorders and likely will
be used with greater frequency.
Not only must the emergency
physician decide when to initi-
ate therapy, but now the choices
of anticoagulant therapy are
more numerous and complex.

The issues covered in this
article and in Part II of this
series are important. For those
facing the Lifelong Learning
and Self-Assessment for the
American Board of Emergency
Medicine, this article relates to

the 2005 reading on stroke, the
2006 article on deep venous
thrombosis, and the 2007 article
on acute coronary syndrome. 

—Sandra M. Schneider, MD,
FACEP, Editor

The Scope of the 
Problem

The number of patient visits
to emergency departments
(EDs) in the United States rose
from 90 million in 1993 to 114
million in 2003. This increase
in demand occurred while the
number of EDs decreased from
more than 6000 to about 4000
during the time period.
Increased demand for ED
access is in part due to the
growth in the U.S. population,
and in part due to growth in the
population older than 45 years,
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a group with more acute medical and surgical problems than
those 45 years and younger. In addition, as the population ages,
and more elderly citizens survive conditions such as cancer, car-
diovascular diseases, renal failure, and sepsis, the number of
patients who have survived complicated medical illnesses has
increased. A shortage of intensive care beds in many parts of the
United States means that this population must be stabilized, diag-
nosed, and treated in the ED for several hours or days before
being assigned an inpatient bed. 

Randomized controlled clinical trials have demonstrated that
rapid restoration of blood flow to a major vascular bed in the after-
math of an acute occlusion can dramatically reduce the morbidity
and mortality associated with these events.1 Since such patients are
directed to EDs for their initial assessment and care, the initiation
of anticoagulant or thrombolytic therapy for conditions such as
venous thrombosis (VTE), acute coronary syndrome (ACS), and
cerebrovascular accident and transient ischemic attack (CVA/TIA)
now often occurs in the ED. In addition, when patients who are
being treated with anticoagulants present to the ED with complica-
tions of anticoagulant therapy, or another condition that is associat-
ed with bleeding, they are more difficult to manage. Emergency
medicine providers must therefore be prepared to initiate anticoag-
ulation and treat the associated complications.

Current treatment for acute vascular occlusion may involve
pharmacotherapy, percutaneous intervention, surgery, or a com-
bination of these approaches. Advances in our understanding of
the conditions and events leading to acute occlusion permit the
development of treatment strategies aimed at re-establishing flow
and diminishing the likelihood of subsequent occlusive events.
Research has demonstrated that the degree of benefit to the
patient from revascularization is correlated with the time taken to
re-establish flow in the affected vessel.2 The methods available to
re-establish circulation are associated with serious complications
such as bleeding, immune reactions, and vascular rupture. There-
fore, before initiating anticoagulant or thrombolytic treatment,
clinicians must complete a risk/benefit analysis based on what is
known about the patient’s past medical history, presenting symp-
toms, and physical findings. The potential benefit from the treat-
ment must exceed the risks associated with the particular treat-
ment being considered. Since a combination of pharmacotherapy
and invasive procedure may be used, the physician initiating
treatment must be prepared to monitor the patient’s progress and
intervene when complications develop.  

Patient outcomes improve when predetermined protocols for
diagnosis and treatment of suspected ACS patients are followed.3

Clinical pathways represent the collective wisdom of all health
care providers involved in the management of a specific clinical
condition within a medical system. Pathways provide a means to
achieve the best outcome for a patient in a given clinical setting
while helping to minimize the occurrence of errors in the deliv-
ery of care. The use of clinical pathways for ACS, VTE, and
CVA/TIA can facilitate the use of anticoagulants and throm-
bolytic agents in the ED.

Epidemiology/Pathophysiology
Venous Thromboembolism. VTE is defined by two types of

clinical presentations that share a common pathophysiology and
involve partial or complete occlusion within the venous circula-
tion. These clinical presentations are deep venous thrombosis
(DVT) and pulmonary embolism (PE). Approximately 2 million
cases of VTE are detected each year in the United States with
approximately 600,000 having evidence of PE.4 In patients with
VTE, death occurs within 1 month in 6% of the patients found to
have DVT, and 12% of patients with PE. The lifetime cumulative
incidence of DVT is somewhere between 2-5% for the U.S. pop-
ulation. Once DVT has been diagnosed, the patient has a 17%
likelihood of a recurrence within two years of their initial diag-
nosis and treatment.5 Patients treated in an intensive care unit and
the elderly are more likely to experience VTE.  

Pathophysiologic changes that increase a patient’s risk for
VTE include: endothelial injury, stasis, and hypercoagulable
states. Patients who are acutely immobile or will be immobile
(such as patients who are acutely ill or injured) are at high risk in
the initial weeks of immobilization. With time, that risk decreas-
es so that patients who have been immobile for long periods of
time have no increase in risk for VTE. Examples of clinical enti-
ties associated with these changes are listed in Table 1. Anticoag-
ulation is started in the ED in patients with VTE and PE. In some
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cases, patients can be discharged from the ED or after a brief
observation stay on anticoagulation started in the ED. In addi-
tion, patients admitted to the hospital who will be immobile (for
example walking less than 30 feet in a day) may be started on
prophylactic anticoagulation. As many of these patients now
remain in the ED, anticoagulation and its management become
the emergency physician’s issue. 

Acute Coronary Syndrome. The three clinical syndromes
that are included under the definition of ACS are unstable angina
(UA), non-ST segment elevation myocardial infarction (NSTE-
MI), and ST segment elevation myocardial infarction (STEMI).
These clinical presentations share a similar underlying patho-
physiologic process, which is acute thrombosis superimposed on
coronary artery atherosclerosis. Approximately 8 million patients
visit EDs in the United States with symptoms that may represent
a form of ACS. About 2 million of these individuals will be expe-
riencing a partial or compete occlusive event involving the coro-
nary vasculature. Current approaches to the diagnosis and treat-
ment of ACS have dramatically reduced the mortality associated
with ACS. For example, Furman, et al. demonstrated a reduction
in mortality for acute myocardial infarction from 24% in 1975 to
14% in 1997.6 Morbidity and mortality associated with ACS has
continued to decline. STEMI is occurring today in an older popu-

lation and more often in those who have had a prior major car-
diovascular event or other complicated medical conditions.

Most atheromatous plaques develop over years. They are
more likely to occur and progress rapidly in patients with dia-
betes mellitus, hyperlipidemia, uncontrolled hypertension, cer-
tain inflammatory conditions, and in families with a history of
premature coronary artery disease. Acute thrombosis most often
develops after the endothelial surface overlying a plaque rup-
tures, erodes, or fissures. Once the endothelial layer is disrupted,
underlying tissue factor and collagen are exposed to blood com-
ponents in the circulation. This stimulates prothrombotic events,
such as platelet adhesion and activation leading to thrombus for-
mation. If the endothelial injury is small and the subsequent
thrombus is small, no significant interruption in flow through the
coronary artery occurs, and the patient remains asymptomatic. If
the thrombosis is more occlusive, the patient may experience
ischemic symptoms such as angina or near syncope. Complete
occlusion caused by the newly formed thrombus may result in
acute myocardial infarction, sometimes immediately progressing
to cardiac arrest. After sudden occlusion of a coronary artery,
collateral circulation from nearby vessels may prevent some
ischemic myocardium from progressing to necrosis. A minority
of patients with ACS symptoms, particularly if induced by exer-
cise, will have patent but underdeveloped coronary vessels or
abnormalities of the cardiac architecture as the basis for their
symptoms. Embolization of clot that has formed in the chambers
of the left side of the heart into coronary arteries, and dissection
involving the coronary arteries and thoracic aorta produce ACS
symptoms in a small number of patients. Finally, any condition
that impairs the delivery of oxygen to myocardial tissue or
impairs cellular metabolism in myocytes can cause irreversible
injury to the heart muscle. Prolonged hypotension, severe ane-
mia, or carbon monoxide poisoning are examples of situations
that may lead to ischemic symptoms. A careful medical history,
including a discussion of the events leading up to the onset of
acute symptoms, often helps determine the pathophysiologic
process.  

Since thrombus formation is pivotal to the development of
ACS symptoms in most cases, antithrombotic and/or throm-
bolytic therapy play critical roles in the definitive management
of patients with ACS. While in the ED, the goal should be to
identify the cause of the symptoms, initiate therapy to lyse the
culprit thrombus, and to take steps to prevent the formation of
additional thrombi in the affected vessels. Anticoagulant drugs
interfere with clot formation by blocking the coagulation cascade
at various points. (See Figure 1.) These drugs should be adminis-
tered with care in patients with congenital or acquired deficien-
cies of clotting factors, acquired factor inhibitors, and advanced
liver disease (and therefore decreased clotting factor production).
Examples of procoagulant states include antithrombin III defi-
ciency, protein C or S deficiency, and increased plasma levels of
Factor VII. Consultation with a coagulation specialist is advised
for such patients.  

Cerebrovascular Accident. Transient ischemic attacks
(TIAs) are defined as periods of temporary neurological dys-
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Table 1. Venous Thromboembolism 
Pathophysiology

UNDERLYING ETIOLOGY CLINICAL EXAMPLES

Endothelial injury • Acute infection
• Acute coronary syndrome
• Varicose veins

Stasis • Major surgery
• Stroke
• Morbid obesity
• Long-term indwelling 
catheters

Hypercoagulable states • Pregnancy
• Birth control medication
• Inherited or acquired 
thrombophilia

CONDITIONS ASSOCIATED WITH INCREASED RISK FOR VTE

• Hypovolemic shock
• Sepsis
• Advanced heart failure (particularly NYHA Class IV) 
• Complicated surgical procedures associated with periods of 
immobility 

• Orthopedic procedures involving the hip or knee
• Inflammatory bowel disease
• Heparin-induced thrombocytopenia
• Patients who require mechanical ventilation
• Morbid obesity
• Stroke with physical impairment
• Extensive varicose veins or abnormalities of the venous 
circulation



function associated with diminished but not completely inter-
rupted flow to portions of the central nervous system (CNS).
TIAs represent temporary or partial occlusion in the cere-
brovascular circulation just as UA represents a similar process
involving the coronary circulation. Clinically, TIAs commonly
present as transient aphasia, monocular blindness, or focal
motor or sensor deficits. Traditionally, TIAs were defined as
deficits that lasted less than 24 hours. However, recent MR
studies demonstrated that many longer lasting TIAs actually are
small, completed strokes.8 Typically TIA-related deficits are
short-lived, lasting for minutes to about one hour. The patho-
physiologic processes that cause TIAs are similar to that for
CVAs, and a significant number of patients with a TIA often
experience a CVA with days or weeks of their initial TIA
symptoms.

CVAs, also known as strokes, commonly are caused by a sud-
den disruption of blood flow to the brain or brainstem. Interrup-
tion of blood flow to the CNS causes an abrupt onset of a neuro-
logic deficit.

Approximately 700,000 patients per year are found to have
suffered a new CVA in the United States. CVAs account for
about 160,000 deaths annually, making CVA the third leading
cause of death. CVA is the leading cause of long-term disability,
and it has been noted that only 10% of CVA victims return to
their baseline neurologic function after an acute event.9

Acute ischemic strokes most often are caused by acute
thrombosis forming over an atherosclerotic plaque in an

intracranial artery or by emboli from the heart or great vessels.
Eighty-five percent of CVAs are the result of an acute ischemic
event; most of the remaining 15% are a result of hemorrhage.
Approximately 80% of acute ischemic strokes involve cerebral
vessels that are supplied by the carotids, while 20% involve ves-
sels supplied by the vertebro-basilar system. CVAs also may be
precipitated by emboli released from the left atrium ascending
aorta, or from atherosclerotic plaques in the carotid arteries.
Atrial fibrillation has been shown to be a major risk factor for
embolic stroke with 15% of strokes occurring in people with a
history of atrial fibrillation.10

It has been estimated that 2.3 million Americans experience
persistent or episodic atrial fibrillation, and that 5% of the popu-
lation older than 70 years will develop atrial fibrillation. Overall,
people with atrial fibrillation have a 5-fold increase in the inci-
dence of CVA as compared to those with sinus rhythm. A small
number of CVAs will occur in individuals who have a patent
foramen ovale (PFO). PFO is found in up to one-third of other-
wise normal hearts. In patients with PFO or other atrial or ven-
tricular septal defects, venous thromboemboli may pass from the
right side of the heart to the left without entering the pulmonary
circulation.

CVA also can be caused by rupture of cerebral arterial
aneurysm or penetrating cerebral artery, particularly in patients
with uncontrolled systemic hypertension, congenital or acquired
cerebrovascular defects. In addition, dissection of the cerebral
arteries can cause a stroke; this commonly is seen after high-speed

52 February 19, 2007/Emergency Medicine Reports

Figure 1. Coagulation Cascade
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injuries such as those from a motor vehicle accident associated
with craniofacial injuries. The extent of the CVA is determined by
the amount of intracranial hemorrhage, associated ischemic injury,
and the subsequent distortion of CNS anatomy. Cerebral venous
thrombosis also can cause CVA; it usually is seen in individuals
with congenital or acquired thrombophilia (risk for thrombosis).
Finally CVAs may be caused by tumors (benign or malignant),
abscesses, by expanding aneurysms, or processes that lead to
hydrocephalus. Since CVA may be precipitated by a wide variety
of pathophysiologic events, a thorough diagnostic evaluation and a
risk/benefit assessment must be completed prior to selection of a
therapeutic intervention for a particular patient. 

Clinical Presentation of Thrombosis
The development of venous thrombosis is encouraged by situ-

ations where flow within the venous circulation is mechanically
impeded or fluctuates widely during periods of hemodynamic
instability. Shock is associated with diminished venous flow
whether caused by massive bleeding, severe burns, or cardiac
compromise. These situations increase the risk for thrombosis in
the venous system. Prolonged periods of immobility following
an orthopedic procedure, major trauma, disabling stroke, exacer-
bation of an arthritic condition, disabling heart failure, or damage
to veins (varicosities) are associated with increased risk for
VTE.7 Some patients with heart failure, inflammatory bowel dis-
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Figure 2A. VTE Clinical Practice Guidelines (sample)

Suspected DVT Pathway
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Compression ultrasonography

Negative Positive

Begin DVT treatmentSpiral CT or ventilation
perfusion scan

Consider other diagnoses if no PE found
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Negative Positive

No treatment Compression ultrasonography

Negative Positive

Observe Begin DVT anticoagulation

Figure 2B. VTE Clinical Practice Guidelines (sample)
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ease, or cancer may have a combination of diminished venous
flow and immobility increasing their risk for VTE. Some patients
have an increased propensity to venous thrombosis because of
congenital thrombophilia or an acquired (most often drug-
induced) disturbance of normal clotting mechanisms in the body.
In some instances it is appropriate to initiate anticoagulation in
the ED when certain sedentary patients with complex medical
conditions are transported to the ED for treatment of acute exac-
erbations of the chronic conditions. (See Insert.)

When a large clot breaks off from its site of origin in the prox-
imal venous system, it likely will lodge in the pulmonary arterial
tree. Sudden occlusion in the pulmonary artery bed by a large
embolism produces right ventricular (RV) strain. RV strain leads
to RV dilatation. Dilatation of the RV causes alteration in the
heart’s chambers and valves, making the heart much less efficient
as a pumping organ. Decreased blood flow from the right to the
left of the heart through the pulmonary circulation causes a
decrease in the left ventricular output which, in turn, results in
the release of compensatory catecholamines to increase blood
pressure. In previously damaged hearts or in normal hearts sud-
denly confronted with a large clot burden, the increase in
demand on the heart muscle may cause the heart to fail and
arrest. In addition, blockage of pulmonary artery flow causes a
ventilation perfusion mismatch that may cause hypoxia and
reflex hypocapnia due to a compensatory increase of the respira-
tory rate. The clinical result often is sudden shortness of breath
and cardiovascular instability. Embolization of a large thrombo-
sis may progress rapidly to cardiovascular collapse and death.
Sudden death precipitated by a massive and lethal PE often goes
unrecognized during resuscitation or in the immediate post resus-
citation phase of patient management. Therefore, death precipi-
tated by a massive PE may be inappropriately attributed to acute
coronary occlusion, aortic dissection, or a lethal arrhythmia if an
autopsy is not performed.

Pathways for ED Anticoagulation
Pathways (or patient care guidelines) are useful in maintain-

ing the “continuum of care” for the VTE, ACS, and CVA/TIA
patients. In ACS, for example, pathways permit the expedious

transfer of patient care responsibilities from EMTs to ED person-
nel and to cardiologists or primary care physicians who manage
the patient on the inpatient service and after discharge. Pathways
should take into consideration the resources and personnel avail-
able at the point of care. The development of pathways should be
multidisciplinary with all specialties equally involved. This not
only results in pathways that are more likely to be followed but
also builds relationships and mutual respect. This article give
sample guidelines that can be used to start the conversation
among disciplines. When pathways are employed, physicians can
deviate from the pathway to customize therapy to a particular
patient’s needs, providing written justification is included in the
medical record. The figures on the Insert and Figures 2A and 2B
represent examples of ACS, VTE, and stroke pathways. (See Fig-
ures 2A, 2B and Insert).

Assessing the Patient in the ED
Patients presenting to the ED with an indication for any type

of anticoagulant should have a detailed history and physical
examination oriented toward eliciting prior bleeding problems
and exposure to anticoagulants and antiplatelets. Any recent
admission for ACS, VTE, or CVA should raise the suspicion that
the patient has been exposed to heparin, another anticoagulant,
and/or antiplatelet agents. Such a history may indicate the patient
is at increased risk for thrombosis, or is experiencing a complica-
tion of anticoagulation. The presence of bruising, ecchymosis,
and easy bleeding should lead to a comprehensive evaluation
prior to the administration of any anticoagulants.  

Along with the history and exam, a panel of coagulation-ori-
ented blood tests should be performed to establish a normal base-
line before the introduction of therapy. (See Table 2.) Establish-
ing a normal baseline is important to avoid iatrogenically induc-
ing a hemorrhagic state in patients with hereditary or acquired
defects in coagulation. Although hereditary coagulopathies such
as hemophilia and Von Willebrand’s disease are relatively
uncommon and usually apparent from the patient’s history, a few
patients may present with undiagnosed coagulopathies that can
be detected on a screening evaluation. More commonly, patients
will have an acquired coagulopathy due to the administration of
antiplatelet agents (physician-prescribed or self-prescribed) or
warfarin. Less commonly, patients may be on chronic outpatient
parenteral anticoagulation with a low molecular weight heparin
(LMWH). Rarely, patients may have an acquired inhibitor of
coagulation associated with disorders such as lymphoprolifera-
tive diseases or lupus.  

The most commonly performed tests to assess the state of the
coagulation system are the prothrombin time (PT)/international
normalized ratio (INR), activated partial thromboplastin time
(aPTT), and a platelet count. The PT/INR is used to evaluate the
extrinsic system while the aPTT is used to evaluate the intrinsic
coagulation system. (See Figure 1.) The extrinsic system initiates
thrombosis through the release of tissue factor, which complexes
with factor VII; the tissue factor:FVII complex sets off the clot-
ting cascade through activation of factor X, ultimately generating
thrombin, which in turn catalyzes the generation of fibrin from
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Table 2. Evaluation of Patients Prior 
to Initiating Anticoagulation

1. History
2. Physical examination
3. PT/INR, aPTT
4. Platelet count
5. Uncommonly performed tests:

a. Antithrombin, protein C, protein S levels and activity
b. Factor VIII, IX levels
c. Factor VIII or IX inhibitors (warm and cold antibodies)
d. Lupus anticoagulant, antiphospholipid levels
e. Factor V Leiden
f. Prothrombin 20210A mutation
g. Individual factor levels (eg, VII, XIII)



fibrinogen. This currently is believed to be the predominant path-
way for thrombosis. Hepatic disease and warfarin are the most
common conditions causing an isolated prolongation of the
PT/INR, although severe liver disease and warfarin excess can
prolong both the PT/INR and aPTT. The PT/INR may be “false-
ly” prolonged by a lupus anticoagulant, a condition paradoxically
associated with thrombotic complications.11

The aPTT evaluates the intrinsic system and generally is used
to detect hemophilia A and B, which are due to deficiencies of
factors VIII and IX, respectively. It also is used to evaluate the
effects of many of the rapid-onset anticoagulants including
heparin and the direct thrombin inhibitors, although the general-
ized use of a fixed aPTT range for guiding heparin therapy is rec-
ommended against.12 Each hospital should have its own guide-
line. In the ED, the aPTT rarely is prolonged, but it may be the
first indication of an undiagnosed coagulopathy. It is minimally
affected by LMWHs and so is not useful for monitoring their
effect.

Finally, thrombocytopenia of less than 150,000/L is present
in 7%13 to 10.4%14 of ED patients. It is important to document
the platelet count, since thrombocytopenia usually precludes the
administration of an anticoagulant or antiplatelet agent. Throm-
bocytopenia may reflect an isolated case of idiopathic thrombo-
cytopenic purpura (ITP) or thrombotic thrombocytopenic purpu-
ra (TTP) or may be the manifestation of some systemic disorder
such as DIC or sepsis. Thrombocytopenia also may be the only
clue to the presence of heparin-induced thrombocytopenia
(HIT). (This will be covered in detail in Part II of this article.)
Aspirin, adenosine diphosphate receptor antagonists such as
clopidogrel, and the non-steroidal anti-inflammatory agents
inhibit platelet function; this will not be detected by the platelet
count. Although assays of platelet function are not part of a rou-
tine screen in the ED, history of exposure to an antiplatelet
agent in a patient suffering a life-threatening hemorrhage is suf-
ficient to justify platelet transfusions and the administration of
desmopressin (DDAVP) in an attempt to restore normal forma-
tion of a thrombus.

Some patients presenting to the ED with ACS, VTE, or some
other thrombotic event may on history be noted to have a strong
family history of thromboses or the patient may have had multi-
ple thrombotic events. Although not routinely part of the ED
evaluation, several screening tests can be obtained to expedite the
patient’s definitive evaluation prior to the initiation of anticoagu-
lant therapy, which can interfere with and delay the diagnosis of
several clotting disorders. (These less commonly performed tests
include antithrombin, protein C and protein S levels and activity,
as well as tests for the factor V Leiden mutation and prothrombin
20210A gene mutation.)15 When indicated, lupus anticoagulant
tests as well as determination of antiphospholipid antibody levels
may be an important part of the workup.  
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Physician CME Questions

41. Thrombosis over an atherosclerotic plaque in proximal coronary

artery may lead to:

A. STEMI.

B. NSTEMI.

C. U/A.

D. no discernable symptoms.

E. all of the above.
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42. Activation of both the extrinsic pathway and the intrinsic pathway

lead to thrombin formation through the conversion of factor X to 

factor Xa.

A. True

B. False

43. Approximately 2 million cases of pulmonary embolism are diagnosed

each year.

A. True

B. False

44. Adults with atrial fibrillation are:

A. twice as likely to experience a CVA as those in sinus rhythm.

B. are prone to develop a clot in the right atrium of the heart.

C. may develop atrial or ventricular septal defects.

D. All of the above

E. None of the above

45. A panel of coagulation-oriented tests to establish a normal baseline

before the introduction of anticoagulant therapy in the ED would

commonly include:

A. PT/INR and aPTT.

B. Factor V Leiden.

C. platelet count.

D. A and C.

E. A, B, and C.

46. Which of the following patients is at risk for VTE?

A. Patient with a radial head fracture

B. Patient with a massive CVA and hemiplegia, decreased level of

consciousness

C. Patient who has been paraplegic for 5 years

D. All of the above

47. This paper discusses the role of clot formation in the development of

cardiac ischemia. Cardiac ischemia can also occur with:

A. carbon monoxide poisoning.

B. prolonged hypotension.

C. severe anemia.

D. all of the above.

48. Several examples of treatment pathways are given in this article. 

Pathways:

A. provide strict rules for physicians who are uncertain how to

properly treat patients.

B. are best created by the specialty that knows the subject matter

best (e.g., cardiology for patients with chest pain).

C. provide an example for physicians but generally are not fol-

lowed, and deviation requires no justification or documentation.

D. provide a continuum of care between disciplines.

49. A patient presents with bleeding, yet PT/INR, aPTT, and platelet

count are all normal. Which of the following may explain this?

A. TTP

B. ITP

C. Use of clopidogrel

D. All of the above

50. A 17-year-old patient presents 5 days after a motor vehicle accident.

He suffered significant facial trauma but has been at home ambulatory

for the past 3 days. He complains of persistent headache and neck

pain. For the past two hours he has been unable to move his right arm

or leg. The most likely diagnosis in this patient is:

A. carotid dissection.

B. cervical spine fracture.

C. central cord syndrome.

D. malingering.

CME Answer Key
41. E; 42. A; 43. B; 44. E; 45. D; 46. B; 47. D; 48. D; 49. C;

50. A
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CME Objectives
To help physicians:
• quickly recognize or increase index of suspicion for 

specific conditions; 
• understand the epidemiology, etiology, pathophysiology,

and clinical features of the entity discussed;
• apply state-of-the-art diagnostic and therapeutic techniques 

(including the implications of pharmaceutical therapy 
discussed) to patients with the particular medical problems 
discussed; 

• understand the differential diagnosis of the entity 
discussed; 

• understand both likely and rare complications that may 
occur.

CME Instructions

Physicians participate in this continuing medical education
program by reading the article, using the provided references for
further research, and studying the questions at the end of the arti-
cle. Participants should select what they believe to be the correct
answers, then refer to the list of correct answers to evaluate their
knowledge. To clarify confusion surrounding any questions
answered incorrectly, please consult the source material. After
completing this activity, you must complete the evaluation form
that will be provided at the end of the semester and return it in
the reply envelope provided to receive a certificate of completion.
When your evaluation is received, a certificate will be mailed to
you.
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Table. Chest Pain Clinical Practice Guideline

If symptoms atypical (positional,
migratory, stabbing, etc.) consider
other etiologies:
• Musculoskeletal
• GERD
• Anxiety
• Etc.

History and physical

Initiate ED CP Order Sheet:
• Initial orders
• ASA 325 mg to chew
• Nitrates, oxygen + beta blocker

Always consider alternative
life-threatening diagnoses:
• Aortic dissection
• Aortic stenosis
• Pulmonary emboli
• Pneumothorax, etc.

Calculate TIMI Risk Score:
1 point for presence of:
• Age > 65 years
• Prior stenosis > 50%
• > 3 CAD risk factors
• Elevated biomarkers
• ASA in last 2 days
• > 2 anginal events in last 24 hrs
• ST deviation

Low Risk:
TIMI Score: 0-2

Moderate Risk
TIMI Score: 3-4

Thrombolytics if:
• Door to balloon > 90
min AND
• No contraindications
Thrombolysis Orders
TMK + LMWH or UFH

STEMI PCI Orders
• Clopidogrel 300 mg po x 1
• UFH as per protocol
• GP IIb/IIIa inhibitors
• eptifibitide or abciximab • Troponins q6 hrs x 3

• Lopressor 5 mg IV q 5 mins x3
then 25-50 mg po
• Enoxaparin 1 mg/kg sq q12 hrs
(UFH instead if CrCl < 40 ml/mm
or pt going directly to cath
• Clopidogrel 300 mg po x 1 then
75 mg qd (unless high suspicion
CABG will be needed)

• Monitor on telemetry; troponins
q4-6 hrs x 2 (last one at least 8
hrs after the onset of pain)
• If recurrent or refractory CP,
consult General Cardiology
• If troponin > 01. ng/mL or
dynamic EKC changes, to go the
High Risk Pathway

• Monitor on telemetry; Troponins
q4-6 hrs x 2 (last one at least 8
hrs after the onset of pain)
• If recurrent or refractory CP,
consult General Cardiology
• If troponin > 0.1 ng/mL or
dynamic EKG changes, to the
High Risk Pathway

High Risk:
TIMI Score: 5-7

If symptoms resolve and tro-
ponins negative, then d/c
home; Outpatient ETT;F/U with
primary MD or Cardiology
within 1 week

If symptoms resolve and troponins
negative, then ETT + imaging or
Cardiology consult if ETT is not
available

Emergency Cath If:
• Door to balloon < 90
min OR
• Age > 75 years OR
• Cardiogenic shock OR
• Contraindications to
thrombolytics

Initial 12 or 15 lead EKG (15 lead if
suspected RV or posterior MI)

Nondiagnostic or Normal EKG

ST Elevation
• ST elevations > 1 mm
• New LBBB
• Acute posterior MI

Contact interventional Cardiology

Non ST Elevation 
• Dynamic ST depressions
< 0.5 mm
• Transient ST elevations

If ETT negative or indeter-
minate and still question,
consult Cardiology. Low
suspicion ACS d/c home

If positive,
admit to
Medicine/
Cardiology

Recurrent/ongoing
CP, EKG changes?

Contact interventional
Cardiology; consider GP
IIb/IIIa inhibitors (eptifi-
batide or abciximab)

Admit to
Medicine/
Cardiology

Yes
No

Figure used with permission from: University of Massachusetts Memorial Medial Center.
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Table. CVA/TIA Clinical Practice Guideline

Patient with signs/symptoms of stroke:
• Page stroke team
• R/O other diagnoses* (see Differential DX)
• Stat: Platelets, PT/PTT, INR, glucose, BUN,
Creatinine
• Head CT: CTA of head/neck if < 3 hours; MRI/MRA
acute stroke protocol (3-12 hours)
• EKG, CXR
• Guaiac Stool
• Complete Initial Acute Stroke Worksheet (by ED
unless stroke occurs in the inpatient setting)
• All stroke patients are admitted to Neurology
Service or co-managed by Neurology Consult Service

Complete history and physical ASAP

Neurosurgery consult as 
appropriate

Medical stabilization, O2, airway, BP,
temp and glucose control****
Prescribe antiplatelet agent within 48
hours, unless dysphagic, bleeding or
anticoagulated

Administer IV rt-PA per IV rt-PA
Administration & ICU Workflow

Intracranial 
hemorrhage

present?

IV rt-PA candidate?
- Onset of signs/symptoms within 3
hours
- Meets t-PA selection protocol

Is patient 
medically stable?

Is patient at risk
for aspiration?***

Is it anticipated
that enteral tube

feeding will be > 1
week?

Discharge

Consult Interventional
Neuroradiologist STAT

Confirm presumed pathophysi-
ological diagnosis:
• Large vessel
• Cardioembolic
• Lacunar
• Other (tumor, infection, etc.)

• Admit/transfer to
Neurology/Medicine/Family
Medicine–Cross
Consultation
• Consult Rehab Services
as appropriate

Prevent 
Complications

Assess:
bowel, bladder, DVT
prophylaxis, nutrition,
skin, splinting, tone

Complete remaining workup:
CTA/MRA Diffusion/perfusion MR
US/TCD Hypercoag Eval**
Angio/Telemetry/Cardiac Echo
Fasting glucose, lipids, and homocysteine
CRP
Dysphagia screen***

Initiate treatment for
acute/recurrent stroke:
• Antiplatelet
• Anticoagulation
• Risk Factor Management:
HTN, A-Fib, hyperlipidemia,
DM, smoking cessation

Rehab Services
Consider rehabilitation medicine

consultation

Assess pt. for post-acute care

• Complete diagnostic workup
• Obtain/record NIHSS Score
• Establish neurologic stability
• Feeding tube placement if neces-
sary and patient/family agree
• Pt. education and risk factor modifi-
cation
• Finalize stroke prevention measures
• Establish follow-up needs

Continue
TF/Speech Therapy

GI Consult for PEG
Placement if patient
and family agree

Key:
** See Stroke Mgmt Worksheet
*** See Aspiration Risk Pathway
**** See ED Stroke Mgmt
Protocol

CTA head and neck
show carotid or

basilar occlusion?

Admit ICU or 
ICU stepdown

Monitor vital signs * Differential Diagnosis
• Post-ictal state
• Brain tumor
• Subdural hematoma
• Metabolic disorders
• Post-cardiac arrest ischemia
• Heat stroke
• Meningoencephalitis
• Migraine with persistent 
neurological signs

Yes

No

Yes

No

Yes

No

No

Yes

Yes

No
No Yes

Figure used with permission from: University of Massachusetts Memorial Medial Center.
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Coagulation Cascade

Extrinsic (or Tissue Factor) Pathway

Exposed tissue factor

VII VIIa

Intrinsic (or Contact Activation) Pathway

Activated blood components

XIIa XII

XIa XI

IXa IX

X Xa

II (prothrombin) IIa (thrombin)

Fibrinogen Fibrin

ATIII

Drug Principle Site of Action
Heparin Thrombin (via ATIII)
LMWH Factor Xa (via ATIII)
Warfarin Factors II, VII, IX, X
DTIs Thrombin 
Fondaparinux Factor Xa (via ATIII)
Fibrinolytics Fibrin

ATIII

VTE Clinical Practice Guidelines (sample)

Suspected DVT Pathway

Low moderate suspicion High suspicion

Compression ultrasonography

Negative Positive

Begin DVT treatmentSpiral CT or ventilation
perfusion scan

Consider other diagnoses if no PE found

D-Dimer

Negative Positive

No treatment Compression ultrasonography

Negative Positive

Observe Begin DVT anticoagulation

VTE Clinical Practice Guidelines (sample)

Suspected PE Pathway

Low/moderate suspicion

D-Dimer

Negative Positive

No Rx Compression ultrasonography

Positive

Begin DVT treatment

High suspicion

Compression ultrasonography and 
spiral CT (or ventilation/perfusion scan)

Negative (both) Positive (one or both)

Observe & consider other
tests

Begin PE treatment

Venous Thromboembolism 
Pathophysiology

UNDERLYING ETIOLOGY CLINICAL EXAMPLES

Endothelial injury • Acute infection
• Acute coronary syndrome
• Varicose veins

Stasis • Major surgery
• Stroke
• Morbid obesity
• Long-term indwelling 

catheters

Hypercoagulable states • Pregnancy
• Birth control medication
• Inherited or acquired 

thrombophilia

CONDITIONS ASSOCIATED WITH INCREASED RISK FOR VTE

• Hypovolemic shock
• Sepsis
• Advanced heart failure (particularly NYHA Class IV) 
• Complicated surgical procedures associated with periods of 

immobility 
• Orthopedic procedures involving the hip or knee
• Inflammatory bowel disease
• Heparin-induced thrombocytopenia
• Patients who require mechanical ventilation
• Morbid obesity
• Stroke with physical impairment
• Extensive varicose veins or abnormalities of the venous 

circulation

Evaluation of Patients Prior 
to Initiating Anticoagulation

1. History
2. Physical examination
3. PT/INR, aPTT
4. Platelet count
5. Uncommonly performed tests:

a. Antithrombin, protein C, protein S levels and activity
b. Factor VIII, IX levels
c. Factor VIII or IX inhibitors (warm and cold antibodies)
d. Lupus anticoagulant, antiphospholipid levels
e. Factor V Leiden
f. Prothrombin 20210A mutation
g. Individual factor levels (eg, VII, XIII)
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Chest Pain Clinical Practice Guideline

If symptoms atypical (positional,
migratory, stabbing, etc.) consider
other etiologies:
• Musculoskeletal
• GERD
• Anxiety
• Etc.

History and physical

Initiate ED CP Order Sheet:
• Initial orders
• ASA 325 mg to chew
• Nitrates, oxygen + beta blocker

Always consider alternative
life-threatening diagnoses:
• Aortic dissection
• Aortic stenosis
• Pulmonary emboli
• Pneumothorax, etc.

Calculate TIMI Risk Score:
1 point for presence of:
• Age > 65 years
• Prior stenosis > 50%
• > 3 CAD risk factors
• Elevated biomarkers
• ASA in last 2 days
• > 2 anginal events in last 24 hrs
• ST deviation

Low Risk:
TIMI Score: 0-2

Moderate Risk
TIMI Score: 3-4

Thrombolytics if:
• Door to balloon > 90
min AND
• No contraindications
Thrombolysis Orders
TMK + LMWH or UFH

STEMI PCI Orders
• Clopidogrel 300 mg po x 1
• UFH as per protocol
• GP IIb/IIIa inhibitors
• eptifibitide or abciximab • Troponins q6 hrs x 3

• Lopressor 5 mg IV q 5 mins x3
then 25-50 mg po
• Enoxaparin 1 mg/kg sq q12
hrs (UFH instead if CrCl < 40
ml/mm or pt going directly to
cath
• Clopidogrel 300 mg po x 1
then 75 mg qd (unless high sus-
picion CABG will be needed)

• Monitor on telemetry; troponins
q4-6 hrs x 2 (last one at least 8
hrs after the onset of pain)
• If recurrent or refractory CP,
consult General Cardiology
• If troponin > 01. ng/mL or
dynamic EKC changes, to go the
High Risk Pathway

• Monitor on telemetry; Troponins
q4-6 hrs x 2 (last one at least 8
hrs after the onset of pain)
• If recurrent or refractory CP,
consult General Cardiology
• If troponin > 0.1 ng/mL or
dynamic EKG changes, to the
High Risk Pathway

High Risk:
TIMI Score: 5-7

If symptoms resolve and tro-
ponins negative, then d/c
home; Outpatient ETT;F/U
with primary MD or Cardiology
within 1 week

If symptoms resolve and troponins
negative, then ETT + imaging or
Cardiology consult if ETT is not
available

Emergency Cath If:
• Door to balloon < 90
min OR
• Age > 75 years OR
• Cardiogenic shock OR
• Contraindications to
thrombolytics

Initial 12 or 15 lead EKG (15 lead if
suspected RV or posterior MI)

Nondiagnostic or Normal EKG

ST Elevation
• ST elevations > 1 mm
• New LBBB
• Acute posterior MI

Contact interventional Cardiology

Non ST Elevation 
• Dynamic ST depressions
< 0.5 mm
• Transient ST elevations

If ETT negative or indeter-
minate and still question,
consult Cardiology. Low
suspicion ACS d/c home

If positive,
admit to
Medicine/
Cardiology

Recurrent/ongoing
CP, EKG changes?

Contact interventional
Cardiology; consider GP
IIb/IIIa inhibitors (eptifi-
batide or abciximab)

Admit to
Medicine/
Cardiology

Yes
No

CVA/TIA Clinical Practice Guideline

Patient with signs/symptoms of stroke:
• Page stroke team
• R/O other diagnoses* (see Differential DX)
• Stat: Platelets, PT/PTT, INR, glucose, BUN,
Creatinine
• Head CT: CTA of head/neck if < 3 hours; MRI/MRA
acute stroke protocol (3-12 hours)
• EKG, CXR
• Guaiac Stool
• Complete Initial Acute Stroke Worksheet (by ED
unless stroke occurs in the inpatient setting)
• All stroke patients are admitted to Neurology
Service or co-managed by Neurology Consult Service

Complete history and physical ASAP

Neurosurgery consult as 
appropriate

Medical stabilization, O2, airway, BP,
temp and glucose control****
Prescribe antiplatelet agent within 48
hours, unless dysphagic, bleeding or
anticoagulated

Administer IV rt-PA per IV rt-PA
Administration & ICU Workflow

Intracranial 
hemorrhage

present?

IV rt-PA candidate?
- Onset of signs/symptoms within 3
hours
- Meets t-PA selection protocol

Is patient 
medically stable?

Is patient at risk
for aspiration?***

Is it anticipated
that enteral tube

feeding will be > 1
week?

Discharge

Consult Interventional
Neuroradiologist STAT

Confirm presumed pathophysi-
ological diagnosis:
• Large vessel
• Cardioembolic
• Lacunar
• Other (tumor, infection, etc.)

• Admit/transfer to
Neurology/Medicine/Family
Medicine–Cross
Consultation
• Consult Rehab Services
as appropriate

Prevent 
Complications

Assess:
bowel, bladder, DVT
prophylaxis, nutrition,
skin, splinting, tone

Complete remaining workup:
CTA/MRA Diffusion/perfusion MR
US/TCD Hypercoag Eval**
Angio/Telemetry/Cardiac Echo
Fasting glucose, lipids, and homocysteine
CRP
Dysphagia screen***

Initiate treatment for
acute/recurrent stroke:
• Antiplatelet
• Anticoagulation
• Risk Factor Management:
HTN, A-Fib, hyperlipidemia,
DM, smoking cessation

Rehab Services
Consider rehabilitation medicine

consultation

Assess pt. for post-acute care

• Complete diagnostic workup
• Obtain/record NIHSS Score
• Establish neurologic stability
• Feeding tube placement if neces-
sary and patient/family agree
• Pt. education and risk factor modifi-
cation
• Finalize stroke prevention measures
• Establish follow-up needs

Continue
TF/Speech Therapy

GI Consult for PEG
Placement if patient
and family agree

Key:
** See Stroke Mgmt Worksheet
*** See Aspiration Risk Pathway
**** See ED Stroke Mgmt
Protocol

CTA head and neck
show carotid or

basilar occlusion?

Admit ICU or 
ICU stepdown

Monitor vital signs * Differential Diagnosis
• Post-ictal state
• Brain tumor
• Subdural hematoma
• Metabolic disorders
• Post-cardiac arrest ischemia
• Heat stroke
• Meningoencephalitis
• Migraine with persistent 
neurological signs

Yes

No

Yes

No

Yes

No

No

Yes

Yes

No
No Yes

Figure used with permission from: University of Massachusetts Memorial Medical Center.

Figure used with permission from: University of Massachusetts Memorial
Medical Center.


