
Produced by

Printed in  the USAPrinted in  the USA

This educational monograph was supported in part by This educational monograph was supported in part by 

unrestricted educational grants fromunrestricted educational grants from

AstraZeneca and Daiichi Sankyo/Lilly.AstraZeneca and Daiichi Sankyo/Lilly.

Advancing the Standard of Care: 
Cardiovascular and 
Neurovascular Emergencies

MARCH 2011

EMCREG-International Monograph
Based on the 2010 Web Symposia Held
on October 19th and November 9th 2010

© 2011 EMCREG-International

www.emcreg.org

Produced byProduced byProduced by

 
 

 
 

 
 

 
 

 
 

   A
dvancing the Standard of C

are:  C
ardiovascular and N

eurovascular E
m

ergencies -  M
A

R
C

H
 2011 

 
 

                                              E
M

C
R

E
G

-International

128891 Cover Layout 5.indd   1128891 Cover Layout 5.indd   1 3/22/11   8:31:47 PM3/22/11   8:31:47 PM
Process CyanProcess CyanProcess MagentaProcess MagentaProcess YellowProcess YellowProcess BlackProcess Black





ADVANCING THE STANDARD OF CARE:
Cardiovascular and Neurovascular Emergencies 

EMCREG-International Monograph
Based on the 2010 Web Symposia Held
October 19th and November 9th 2010

Edited by:

W. Brian Gibler, MD
President and CEO, University Hospital

Senior Vice President, UC Health
Professor of Emergency Medicine

Department of Emergency Medicine
University of Cincinnati College of Medicine

Cincinnati, OH
President, EMCREG-International

Andra L. Blomkalns, MD
Associate Professor, Vice Chair Academic Affairs

Department of Emergency Medicine
University of Cincinnati College of Medicine

Cincinnati, OH
Director of CME and Enduring Materials, EMCREG-International

w w w . e m c r e g . o r gI n t e rn a t i o n a l



  Advancing the Standard of Care: Cardiovascular and Neurovascular Emergencies



Andra L. Blomkalns, MD
Associate Professor, Vice Chair Academic Affairs
Department of Emergency Medicine
University of Cincinnati College of Medicine
Cincinnati, OH
Director of CME and Enduring Materials
EMCREG-International

W. Brian Gibler, MD
President and CEO, University Hospital
Senior Vice President, UC Health
Professor of Emergency Medicine
Department of Emergency Medicine
University of Cincinnati College of Medicine
Cincinnati, OH
President, EMCREG-International

I n t e rna t i ona l

w w w . e m c r e g . o r g

March 2011

Dear Colleagues,

In this EMCREG-International Monograph, you will fi nd a variety of cardiovascular and neurovascular topics which will hopefully be helpful to you in 
your practice of Emergency Medicine. These manuscripts are based on two EMCREG-International webcasts from October 2010 and November 
2010. To hear the original webcast and see the slide sets which form the basis for the presentation, you can visit the www.emcreg.org website.

The primary emphasis of the fi rst four manuscripts in this Monograph is on acute coronary syndrome (ACS) diagnosis and treatment.  Appropriate 
risk stratifi cation of the patient with chest pain in the emergency department can identify high risk patients who will benefi t from anti-thrombotic 
treatment using agents such as heparin and low molecular weight heparin, and anti-platelet agents such as aspirin, glycoprotein IIb/IIIa receptor 
antagonists, and thienopyridine drugs such as clopidogrel and prasugrel. A discussion of the presently available anti-thrombotic and anti-platelet 
agents, as well as current controversies and research in these areas, will prepare the emergency physician to provide the highest level of care for 
ACS. A discussion of the evaluation and treatment of patients with acute heart failure syndromes is provided to educate the clinician about the care 
of these patients in the emergency setting.  As heart failure is a natural progression for some patients with ACS, or a complication for individuals 
with signifi cant myocardial muscle loss, this update is particularly germane for the emergency physician.

In addition to ACS and heart failure, this monograph will feature three additional important areas of interest to the practicing emergency physician.  
The epidemic of obesity has made this an enormous health problem in the United States and a daily issue in emergency care. The manuscript on 
obesity in this EMCREG-International Monograph will prepare the clinician to deal with specifi c issues related to obesity such as appropriate drug 
dosing and techniques to improve procedural effi ciency in the morbidly obese patient. A “state of the art” description of diagnosis and treatment 
pearls in patients with acute ischemic and hemorrhagic stroke provides the emergency physician with the best available approach to these often 
complex patients. There is probably no other area of treatment of critically-ill patients which is more controversial than stroke management. 
Finally, a comprehensive approach to treating hypertensive emergencies is provided to the reader.  As hypertensive emergencies are an extremely 
common disease presentation in the emergency department, the clinician now has the current research and drug therapies which can be used for 
both inpatients and outpatients with this malady.

It is our sincere hope that you will fi nd these articles to be useful to you in your daily practice as an emergency physician. Written by EMCREG-
International members who are expert clinicians and active researchers from across the United States, this 2010 EMCREG-International Monograph 
can hopefully serve as a useful source of information for you during the coming year.  Each topic is also referenced should you wish to read more 
about a particular area.  In addition, instructions for obtaining CME from the University of Cincinnati College of Medicine Offi ce of CME are available 
at the conclusion of this 2010 EMCREG-International Monograph. Thank you very much for your interest in EMCREG-International educational 
initiatives and we hope you visit our website for future educational interests in cardiovascular and neurovascular emergencies.

EMCREG Educational Mission
The mission of EMCREG-International is to provide up-to-date, evidence based, and clinically useful educational materials to healthcare providers 
involved in the care of emergency conditions. We take great pride and effort to provide these materials free of commercial bias. While these 
educational endeavors are sponsored in part by industry, speaker or contributor infl uence or bias is carefully reviewed and strictly prohibited. 
Comments regarding any of our educational materials can be referred directly to Andra L. Blomkalns, MD, Director of CME and Enduring Materials 
at support@emcreg.org.

Sincerely,
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Risk Stratifi cation of Acute Coronary 
Syndrome in the ED
W. Brian Gibler, MD, FACEP, FACC
President and CEO, University Hospital Cincinnati
Professor of Emergency Medicine
Department of Emergency Medicine
University of Cincinnati College of Medicine
President, EMCREG-International

Objectives:

1. Summarize the multiple diagnostic modalities necessary for 
risk stratifi cation of patients with possible ACS presenting 
to the ED

2. Identify the key diagnostic triggers to begin therapy 
for patients with STEMI and NSTEMI acute coronary 
syndrome

3. Discuss new diagnostic testing such as computed 
tomographic (CT) coronary angiography and its future 
role in ED evaluation of chest pain

Introduction

The risk stratifi cation of acute coronary syndrome (ACS) is 
an extremely important skill for the emergency physician.  
In the Emergency Department (ED), patients present with 
chest discomfort and a variety of other symptoms which could 
represent ACS and have the potential risk of signifi cant loss of 
myocardial muscle and possible death.  
As approximately 8 million patients 
present to EDs each year in the United 
States with possible ACS, emergency 
physicians must identify patients with 
a high likelihood of having this disease 
process and begin therapy. After risk 
stratifying the patient using history 
and physical examination, a number of 
diagnostic tests are available to identify 
high risk features and the potential 
for complications. In the emergency 
setting, evaluation of the patient with 
possible ACS should include testing 
which can identify myocardial necrosis, 
rest ischemia, and exercise-induced 
ischemia. A recent American Heart Association Scientifi c 
Statement provides an excellent detailed approach to the 
patient presenting to the ED with chest pain. 1   Emergency 
physicians are encouraged to read this recent paper to 

obtain the specifi c study references for the recommendations 
provided by this expert panel of emergency physicians and 
cardiologists.

History And Physical Examination

The history and physical examination are critical to the initial 
risk stratifi cation process. There is no diagnostic test which will 
identify ACS in a patient if the clinician fails to consider the 
diagnosis in the fi rst place. 2-5 Classic symptomatic features such 
as crushing substernal chest pain, radiation to the jaw, neck, 
or left arm, nausea, vomiting and signs such as diaphoresis are 
inconsistently present in the patient with ACS, therefore the 
emergency physician must have a high level of suspicion for 
this disease in patients, particularly women, presenting with 
less typical symptoms. Risk factors for atherosclerotic coronary 
artery disease including male sex, age > 70 years, smoking, 
hypertension, and diabetes mellitus indicate patients who 
likely will develop coronary artery disease over their lifetime 
but doesn’t necessarily identify the patient presenting with 
acute chest pain. Evidence of transient mitral regurgitation 
murmer, heart failure or extra-cardiac vascular disease helps to 
identify the patient with ACS emergently.

Electrocardiogram

The 12-lead electrocardiogram (ECG), which by guidelines 
should be obtained in the patient with possible ACS within 10 
minutes after presentation to the ED, is a critically important 
diagnostic test for ischemia at rest in patients with partial 

coronary artery occlusion. For patients 
with a complete coronary artery 
occlusion causing ST-segment elevation 
myocardial infarction (STEMI), the 
ECG drives therapy.  Current standards 
for therapy include either percutaneous 
coronary intervention (PCI) within 90 
minutes after ED presentation, the door 
to balloon time, or fi brinolytic therapy 
within 30 minutes after presentation 
if the delay in providing PCI exceeds 
the 90 minute ideal.   The presence 
of ischemic ST-segment depression 
0.5 mV or greater or deep symmetrical 
T-wave inversion 0.20 mV or greater 
typically identifi es patients with non-

ST-segment elevation (NSTEMI) ACS.  In the ED chest 
pain center (CPC), serial ECGs can be obtained every 30-60 
minutes to detect evolving ischemia and identify patients for 
treatment with anti-thrombotic and anti-platelet therapies. 
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In some centers, rest radionuclide 
imaging with agents such as sestamibi 
serve to identify the patient with rest 
ischemia in need of anti-thrombotic 
and anti-platelet therapy with hospital 
admission.

Cardiac Biomarkers

During the last two decades cardiac 
biomarkers, in particular the troponins, 
have become the single most powerful 
diagnostic test for patients with possible 
ACS in the ED. An elevated troponin 
level is indicative of myocardial 
necrosis and typically portends cardiac 
complications such as myocardial 
infarction and death not only in the 
initial hospitalization but up to 1 year 
later.  Recent advances in the assays 
for troponins allow reliable detection 
of myocardial necrosis within 3 hours 
after ED arrival, making serial testing in 
an ED, along with serial 12-lead ECGs, 
essential for accurate ACS diagnosis 
in the emergency setting.6-9 Multiple 
studies have shown that in high risk 
NSTEMI ACS patients, an elevated 
troponin level identifies patients who 
will benefi t from treatment using anti-
thrombin agents such as heparin or low 
molecular weight heparin as well as 
anti-platelet drugs such as clopidogrel, 
prasugrel, or glycoprotein IIb/IIIa 
inhibitors. 

Provocative Testing 

After serial ECG and cardiac biomarker 
testing has excluded rest ischemia and 
myocardial necrosis, respectively, in 
an ED CPC over a 3-6 hour period, 
graded exercise testing or myocardial 
radionuclide perfusion imaging is 
then used to detect exercise-induced 
ischemia. In some institutions, stress 
echocardiography is routinely used to 
identify ischemia with exercise. 10-13 
The expertise of the cardiologists at an 
institution will typically determine the 

modality used for testing. If during any 
portion of the 3-6 hour evaluation the 
patient has a positive diagnostic test, 
admission for treatment using anti-
thrombotic and anti-platelet agents 
with further evaluation is necessary.

Computed Tomographic Coronary 
Angiography 

In the last several years, multiple studies 
have examined the use of computed 
tomographic coronary angiography 
(CTA) for patients presenting to 
the ED with chest pain and possible 
ACS.14  In the past, electron beam CT 
or multidetector computed tomography 
have been used to provide a quantitative 
calcium score which provided evidence 
of atherosclerotic coronary artery 
disease.  While useful to identify 
patients with chronic atherosclerotic 
disease burden, the calcium score test 
was less useful in identifying patients 
with ACS. With the development of 
64-slice multidetector CT and even 
faster scanners, very rapid imaging of 
the coronary arteries in patients with 
possible ACS allows detection of not 
only plaque and calcium in the walls, 
but also partial occlusion of the lumen 
of the coronary artery.  In addition, 
the CTA allows for diagnosis of non-
coronary artery disease in acute chest 
pain such as pulmonary embolus and 
aortic dissection.  This modality has 
the potential to rapidly exclude the 
diagnosis of cardiac chest pain in an 
ED population of low risk patients but 
has the negative aspects of signifi cant 
radiation exposure and the necessity 
of having real time expertise available 
for reading CT coronary angiograms 24 
hours per day either by radiologists or 
cardiologists.

Clinical Risk Scores 

The use of clinical risk scores has not 
been routinely successful in the ED.  
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The TIMI risk score, for example, was developed from a high 
risk ACS trial and has not been found to be routinely useful 
for low risk patients in the emergency setting.15

Conclusion 

It is essential for emergency physicians to risk stratify patients 
with possible ACS presenting to the ED.  Familiarity with the 
diagnostic modalities available for detecting ACS is necessary 
is critical for the clinician. Triggers such as ST-segment 
elevation on the ECG and elevated troponin levels drive 
treatment with anti-thrombotic and anti-platelet therapy. 
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Anticoagulation in Acute Coronary Syndrome 
and Beyond
Charles V. Pollack, Jr, MA, MD, FACEP, FAAEM, FAHA
Professor and Chairman
Emergency Medicine, Pennsylvania Hospital
University of Pennsylvania Health System
Philadelphia, PA

Objectives:

1. Describe the role of anticoagulant therapy in ACS 
management

2. List by mechanism of action the various anticoagulants 
potentially available in treating ACS

3. Discuss the different roles anticoagulants may plan in 
primary therapy and secondary prevention

Fibrin-linked platelet thrombosis in a coronary artery is at 
the pathologic root of myocardial infarction (MI), so it is 
reasonable that antithrombotic therapy is the foundation 
for the management of acute coronary syndrome (ACS).  A 
number of agents have been studied, 
validated, and labeled by the United 
States Food and Drug Administration 
(FDA) for acute management of 
ACS and are therefore pertinent to 
emergency department (ED) care.  
Others have failed to demonstrate utility 
in acute management but may still have 
a role later in ACS care, such as in the 
cardiac catheterization laboratory.  A 
group of  novel oral agents may hold further promise of benefi t 
in secondary prevention of ACS which, while not initiated 
in the ED, may impact ED management when the patient 
later presents for anginal symptoms or for other issues quite 
unrelated to coronary artery disease.

Anticoagulation therapy is generally not employed 
independently of antiplatelet agents in the ED management 
of suspected or confi rmed ACS.  Concomitant use of aspirin 
(ASA) and a thienopyridine antiplatelet agent are supported 
by trial data, by label, and by guidelines, and is often initiated 
in the ED.  The nonthienopyridine P2Y12 antagonist ticagrelor 
may soon be added to this therapeutic arsenal when approved 
by the FDA.  Parenteral antiplatelet therapy with glycoprotein 
IIb/IIIa receptor antagonists may also offer benefi ts in selected 
ED patients with ACS.  This review, however, focuses only on 
anticoagulant agents.

Anticoagulation is appropriate for patients deemed to be 
at intermediate or higher ACS ischemic risk.  There are 
many options for anticoagulation in the upstream,  ED 
environment, and the choice is impacted by many issues, 
including (1) emergency physician preference, (2) cardiologist 
preference, (3) perceived level of ischemic risk, (4) concern 
for hemorrhagic risk, (5) likely duration of therapy prior to 
angiography and possible revascularization, (6) logistical issues 
such as FDA labels and formulary inclusion, and (7) local 
standard of care.  

Indirect and direct parenteral anticoagulants—unfractionated 
heparin, low-molecular-weight heparins, and bivalirudin—
all have evidence-supported roles in the early medical and 
interventional management of ACS.  After the acute phase, 
a generally prothrombotic state, due to persistent exposed 
prothrombotic material at the healing site of atherosclerotic 
plaque rupture and from the infarct-related artery and post–
intravenous anticoagulant rebound hypercoagulability, persists.   
Effective management of this ongoing risk from the coagulation 
cascade requires an understanding of the data accrued for each 
option among this broad class of anticoagulant agents.

Unfractionated heparin

Unfractionated heparin (UFH) exerts 
its anticoagulant effect by accelerating 
the action of circulating antithrombin 
III (AT-III), a proteolytic enzyme which 
inactivates Factor IIa (thrombin), 
Factor IXa, and Factor Xa.  The UFH-
AT-III complex prevents thrombus 

propagation but does not lyse existing thrombi.  Conventional 
teaching in ACS pharmacology is that UFH has both early, 
through blocking Factor Xa which has an important impact of 
amplifi cation of the clotting cascade, and a late anti-thrombin 
impact.   Many cardiologists consider it an advantage that the 
effect of UFH can be readily and repeatedly measured—in the 
ED with the aPTT assay and in the cath lab with the activated 
clotting time (ACT).  Still, the disadvantages of UFH are 
widely recognized—namely, its relatively poor bioavailability, 
which stems from its many nonproductive interactions with 
plasma proteins and endothelial cells, and its activation of 
the PF4 receptor on platelets.  This may result in heparin-
induced thrombocytopenia (HIT) and paradoxical pathologic 
thrombosis.  

For many years now, the only “new” data on the use of 
UFH in ACS have been its use as a control agent vs newer 
anticoagulants such as low-molecular weight heparins and 
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bivalirudin.  The initial, placebo-controlled support for UFH 
derives from six relatively small trials.1-6  In aggregate these 
studies suggest that the benefit of adding UFH to aspirin 
amounts to a statistically signifi cant reduction in early, up to 
30 days, depending on the study, death and MI of up to 54%.

The ACC/AHA Guidelines-recommended dosing for UFH in 
the acute management of ACS is as follows:

In ST-segment elevation myocardial infarction (STEMI) being 
managed with primary percutaneous coronary intervention 
(PCI): bolus of 40-60 U/kg (maximum 4000 U) followed by 
an infusion of 12 U/kg/hr (maximum 1000 U), or successive 
boluses in the cath lab based on ACT monitoring and whether 
or not glycoprotein IIb/IIIa inhibitors are used.7

In STEMI being managed with fi brinolysis: bolus of 60 U/kg 
(maximum 4000 U) followed by an infusion of 12 U/kg/hr 
(maximum 1000 U) initially adjusted to maintain aPTT at 1.5 
to 2.0 times control (approximately 50 to 70 seconds).8

In non-ST-segment elevation myocardial infarction (NSTE) 
ACS: bolus of 60 U/kg (maximum 4000 U) followed by an 
infusion of 12 U/kg/hr (maximum 1000 U) initially adjusted 
to maintain aPTT at 1.5 to 2.0 times control (approximately 
50 to 70 seconds).9

Dalteparin

 Unfractionated heparin is a heterogeneous mixture of 
polysaccharide chains of molecular weights ranging from 
5,000 to 30,000 Daltons.  It is known that this chain weight 
has a direct impact on anticoagulant activity.  Dalteparin 
and enoxaparin are “low-molecular-weight heparins” 
(LWMH), which are created through different, proprietary, 
enzymatic degradations of UFH to smaller chain lengths.  The 
preponderance of LWMH chains retains the ability to link to 
AT-III and then to Factor Xa, impacting this amplifi cation step 
in the clotting cascade and therefore inhibiting coagulation.  
Fewer LMWH chains have the stoichiometric capability to 
link to AT-III and the much larger thrombin (IIa) moiety, so 
the relative activity of LMWHs in therapeutic anticoagulation 
is much greater against Factor Xa than against thrombin.

Dalteparin, like its parent compound UFH, has been studied 
in a placebo-controlled trial in ACS patients.  The FRISC 
study randomized 1,506 patients with NSTE-ACS to receive 
subcutaneous dalteparin or placebo twice daily for 6 days 
and then once a day for the next 35-45 days.  Dalteparin was 
associated with a 63% risk reduction in death or MI during 
the fi rst 6 days (4.8% vs. 1.8%, p < 0.001), which matched 

the favorable experience observed with UFH.10  A subsequent 
trial established dalteparin’s noninferiority to UFH in NSTE-
ACS.11  Prolonged therapy with injectable anticoagulants after 
the patient’s discharge home after an episode of ACS has never 
gained much support in clinical practice, but the acute impact 
of dalteparin resulted in an FDA label for its use in ACS.  The 
recommended dose of dalteparin for ACS in the ED is 120 IU 
per kg subcutaneous (SC) every 12 h (maximum 10,000 IU 
twice daily).  Dalteparin is not specifi cally supported by the 
ACC-AHA Guidelines for use in ACS.7-9

Enoxaparin

 The LMWH enoxaparin, alternatively, is specifically 
supported by the most current ACC-AHA Guidelines for 
both NSTE-ACS and STEMI.7-9  For STEMI being managed 
with fi brinolytic therapy, enoxaparin is preferred over UFH 
(I-A).  This recommendation is based on the EXTRACT 
TIMI-25 trial.  EXTRACT was an international, double-
blind, double-dummy comparison of enoxaparin versus UFH 
in 20,506 patients with STEMI who presented within 6 hours 
of symptom onset, and for whom fibrinolytic therapy was 
planned.  A novel dosing regimen was used for enoxaparin, 
with dosing reductions both for advanced age and diminished 
renal function.  The median treatment duration was 7 days for 
enoxaparin and 2 days for UFH.  The primary endpoint for 
effi cacy was death or nonfatal re-MI in 30 days.12

The primary endpoint occurred in 12.0% of patients 
randomized to UFH and 9.9% of those receiving enoxaparin 
(17% relative risk reduction (RRR), p < 0.001).  There was 
a small excess of overall major bleeding in the enoxaparin 
arm, (2.1% vs 1.4%, p < 0.001), but not of fatal bleeding or 
intracranial hemorrhage.12  Furthermore, 2,178 patients went 
on to PCI after lytic therapy, which occurred on randomized 
therapy if it occurred within 8 days (n = 2,178).  Among 
patients who underwent PCI within 30 days of STEMI, the 
primary endpoint occurred in 10.7% of enoxaparin patients 
and in 13.8% of UFH patients (23% RRR, p < 0.001), with no 
difference in major bleeding.13

Per FDA label and ACC/AHA Guidelines, the recommended 
dose of enoxaparin in STEMI patients receiving lytic therapy 
is as follows: when serum creatinine < 2.5mg/dL in men and 
< 2.0mg/dL in women: if < 75 years of age, 30mg IV bolus, 
then 1.0mg/kg subcutaneously fifteen minutes later and 
every 12 hours thereafter; if > 75 years of age, omit bolus and 
administer 0.75mg/kg every 12 hours; if estimated creatinine 
clearance is < 30cc/min, change 12-hour dosing intervals to 
24 hours. 7 
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In patients with NSTE-ACS, the most recent clinical trial 
evaluating enoxaparin is SYNERGY, which compared 
enoxaparin with UFH in patients with NSTE-ACS and high-
risk features who were to be treated with an early invasive 
strategy.14  The dose of enoxaparin was 1mg/kg given SC every 
12 hours, with a supplemental IV dose (0.3mg/kg) given in 
the event of PCI more than eight, but less than 12,  hours 
after the last SC dose.  The dose of UFH was an IV bolus of 
60U/kg (up to 5000U), then an initial infusion of 12U/kg/hr 
(up to 1000U/hr), further adjusted with a goal of an activated 
partial thromboplastin time (aPTT) of 50-70sec.  Patients 
with an estimated creatinine clearance of less than 30cc/min 
were excluded.  All other treatment, including clopidogrel, 
GPIs, beta-blockers, statins, etc., was left to the discretion of 
the treating physician, although compliance with the 2002 
Guidelines was encouraged.

Overa l l ,  92% of  the  pat ients 
underwent diagnostic angiography, 
and approximately half of those 
underwent PCI; 19% of the 10,027 
patients underwent coronary artery 
bypass grafting (CABG), a high 
proportion probably attributable to the 
advanced age of the subject population 
of which one-quarter were 75 years 
and older.  There was no baseline 
or procedural intensity differences 
between the two groups.  Median time 
from randomization to catheterization was 22 hours, although 
some 8-10 hours typically elapsed between presentation and 
randomization, which potentially impacts the applicability 
of this study to ED management.  The primary efficacy 
endpoint failed to show superiority of enoxaparin, although 
noninferiority criteria (at a 10% margin) were satisfi ed; 14.0% 
of the enoxaparin patients had death or MI by 30 days, while 
14.5% of the UFH patients met the endpoint (hazard ratio, 
0.96; 95% CI, 0.86, 1.06).  The safety endpoint was less clear-
cut, with the enoxaparin patients experiencing a statistically 
signifi cant increase in TIMI major bleeding (9.1% vs 7.6%, p = 
0.008), but a nonsignifi cant excess of GUSTO severe bleeding 
(2.7% vs 2.2%, p = 0.08) and red cell transfusions (17.0% 
vs 16.0%, p = 0.16).14  At least some of the excess bleeding 
was attributable to crossover from enoxaparin to UFH at the 
time of PCI in this unblinded study,15 once more reinforcing 
the need for good communication and collaboration between 
emergency physicians and cardiologists.  It should be noted 
that the dosing interval for enoxaparin should be doubled 
from 12 to 24 hours if creatinine clearance, which can be 

readily estimated in the ED, is less than 30cc/min.  The 2007 
ACC/AHA Guidelines for NSTE-ACS recommend the use of 
enoxaparin at a I-A level.9

Fondaparinux

Fondaparinux is a synthetic pentasaccharide with the AT-III 
binding site of UFH.  Because of its small and uniform chain 
size, the fondaparinux-AT-III complex can bind only Factor 
Xa, and not thrombin, so fondaparinux has no measurable 
antithrombin activity.  It is also thought to be associated 
with a very, very low rate of PF4 activation and hence rare, 
if any, HIT risk.  The OASIS-6 trial was an international, 
double-blind, double-dummy comparison of fondaparinux 
versus placebo or UFH in 12,092 patients with STEMI who 
presented within 12-24 hours of symptom onset.16  Patients 
with serum creatinine > 3.0mg/dL were excluded.  Patients 

selected by their treating physician 
to receive STEMI management in 
which no UFH would ordinarily be 
given, such as fi brinolytic therapy with 
streptokinase or no reperfusion therapy, 
were randomized to receive either 
fondaparinux or placebo (Stratum I, n = 
5,658).  Patients selected for fi brinolysis 
with a fi brin-specifi c agent, for primary 
PCI, or for no reperfusion therapy but 
with anticoagulation, were randomized 
to either fondaparinux or UFH 

(Stratum II, n = 6,434).   The study dose of fondaparinux was 
2.5mg IV at randomization, then 2.5mg SC daily thereafter.  
The median treatment duration was 8 days for fondaparinux in 
Stratum I and, in Stratum II, 7 days for fondaparinux and 45 
hours for UFH.  The primary endpoint for effi cacy was death 
or nonfatal re-MI at 30 days.16

Nearly one-quarter of the patients in OASIS-6 received 
no reperfusion therapy.  Overall, the primary endpoint was 
significantly reduced in the group receiving fondaparinux 
compared to control therapy (11.2% vs 9.7%, RRR 14%, p = 
0.008), with a signifi cant and persistent reduction in mortality 
at 9, 30, and 180 days.  Fondaparinux was superior to the 
comparator in both strata, but the subset of Stratum II patients 
undergoing primary PCI received no benefit compared to 
UFH (8.5% of fondaparinux patients with primary endpoint, 
vs 8.2% with UFH).  At least some of this deficiency in 
primary PCI was due to guiding catheter thrombus in patients 
instrumented on fondaparinux monotherapy,16 a problem 
similar to that reported in OASIS-5, which studied NSTE 
ACS patients.17  There was a tendency towards fewer major 
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bleeding complications with fondaparinux in OASIS-6.16

The OASIS-5 trial considered the possible role of fondaparinux 
in NSTE-ACS.17  The OASIS-5 investigators compared a 
control strategy of enoxaparin 1.0mg/kg SC twice daily, once 
daily if creatinine clearance was < 30cc/min, coupled with 
UFH at the time of PCI if performed more than 6 hours after 
the last enoxaparin dose, versus a strategy of fondaparinux 2.5 
mg SC daily, one-third the venous thrombosis treatment dose, 
with more fondaparinux or UFH at the time of PCI.  The 
OASIS-5 trial was designed and powered as a noninferiority 
trial.  After enrollment of about 60% of the 20,078 NSTE-
ACS patients in the study, the protocol 
was amended to allow more UFH in the 
catheterization laboratory.  This was in 
response to the fi nding that catheter-
associated thrombus was reported three 
times more frequently (0.9% vs 0.3%) 
in the fondaparinux arm than in the 
enoxaparin arm,17 but given the fi ndings 
of increased bleeding in the SYNERGY 
study among patients who received both 
enoxaparin and UFH,15 the change may 
have negatively impacted the safety 
profile of enoxaparin in this double-
blind, double-dummy study.

In OASIS-5, only about two-thirds of the patients underwent 
diagnostic angiography; just over half of these had PCI and 
the CABG rate overall was under 10%.  The primary ischemic 
outcome (death, MI, or refractory ischemia) at 9 days showed 
no difference between the two groups (5.8% with fondaparinux, 
5.7% with enoxaparin; hazard ratio for fondaparinux, 1.01; 
95% CI, 0.90, 1.13), but met the noninferiority margin 
of 18.5%.  At 30 days and at 6-month follow-up, patients 
receiving fondaparinux experienced a nonsignificant trend 
towards better composite ischemic outcomes, although the 
single endpoints of death at 30 days (p = 0.02) and 180 days 
(p = 0.05), and of stroke at 180 days (p = 0.04) signifi cantly 
favored fondaparinux.  In the safety analysis of OASIS-5, 
major bleeding was much less common in the fondaparinux 
arm at 9 days (2.2% vs 4.1%; hazard ratio 0.52, p < 0.001), 
driving a net benefi t, defi ned as primary ischemic composite 
plus major bleeding, which favored fondaparinux (7.3% vs 
9.0%; hazard ratio 0.81; 95% CI, 0.73, 0.89; p < 0.001).17

Fondaparinux is not labeled for use in ACS in the US.  In 
the ACC-AHA Guidelines for both STEMI, not managed 
with primary PCI, and NSTE-ACS, it is a reasonable option 
especially in patients with high bleeding risk.7,9 

Bivalirudin

Bivalirudin is an intravenous direct thrombin inhibitor.  It does 
not require the intercession of AT-III to impact the clotting 
cascade.  It affects only Factor IIa (thrombin).  Bivalirudin 
is approved by the FDA as a catheterization laboratory 
anticoagulant.  There is evidence from both a large NSTE-
ACS trial (ACUITY) and a contemporary STEMI primary 
PCI trial that bivalirudin is an effective anticoagulant with a 
bleeding risk lower than indirect anticoagulants.18,19  However, 
from ACUITY (NSTE-ACS) and from HORIZONS (STEMI), 
there is no clear evidence that initiation of bivalirudin in the 

ED is associated with, nor is it necessary 
for, improved ischemic outcomes.  For 
example, in HORIZONS, 66% of the 
patients undergoing primary PCI who 
were randomized to receive bivalirudin 
actually received UFH in the ED, without 
apparent decrement in the overall 
benefi t of bivalirudin.19  In the ACC/
AHA Guideline recommendations for 
NSTE-ACS, bivalirudin receives a I-B 
recommendation, while in primary PCI 
for STEMI, it is graded at I-C.7,9

Secondary prevention and newer oral anticoagulants

Warfarin has been effective in some studies of post-ACS 
patients,2,19-22 but other studies have shown either no effi cacy 
benefi t over ASA alone or worrisome bleeding risks which 
outweigh ischemic benefit.23-25   The negative benefit-risk 
balance of warfarin is cited in the absence of support for routine 
use in secondary prevention in the current ACS guidelines. 

In the phase II ESTEEM trial, however, ximelagatran, an oral 
direct thrombin inhibitor, plus ASA was signifi cantly more 
effective than ASA monotherapy in reducing the composite 
endpoint of death, nonfatal reinfarction, and severe recurrent 
ischemia in a high-risk population randomized within 14 
days after an acute event.  The risk reduction was evident 
within the first month and the difference was maintained, 
or even increased, over six months of treatment.26    In 
contradistinction to warfarin trials, major bleeding was not 
significantly increased in the ximelagatran-treated groups 
relative to placebo, although the cumulative risk for total 
bleeding (major and minor) was higher in the ximelagatran 
groups.  Nonetheless, the ESTEEM data were widely 
interpreted as providing clear evidence that a non-warfarin 
oral anticoagulant might actually prevent new coronary 
events in a secondary prevention setting.  Ximelagatran was 
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subsequently found to be associated with hepatotoxicity which 
prevented its approval and widespread adoption with further 
study truncated.  

Besides ximelagatran, there are other oral non-warfarin 
anticoagulants which have potential utility in the longer 
term management of coronary artery disease, and they are 
these same agents being studied in stroke prevention in atrial 
fi brillation: rivaroxaban, apixaban, and dabigatran.  All three 
drugs are being considered as adjuncts to dual anti[platelet 
therapy in secondary prevention for patients after an episode 
of ACS.  

The ATLAS ACS-TIMI 46 trial was a dose-ranging study 
designed to fi nd the best dose of rivaroxaban in ACS.  Patients 
were stratified by the choice of background antiplatelet 
therapy, dual antiplatelet therapy or ASA monotherapy.  
Rivaroxaban caused signifi cant and dose-dependent increases 
in bleeding, with the biggest increase in patients receiving 
dual antiplatelet therapy. Although there were no overall 
signifi cant differences in the primary endpoint of death, MI, 
stroke, or severe recurrent ischemia requiring revascularization, 
there was a signifi cant benefi t observed in the group of patients 
who received aspirin monotherapy.27  

Apixaban was studied in the Dose Ranging Study to Evaluate 
Safety and Effi cacy of Apixaban in Patients with a Recent 
Acute Coronary Syndrome (APPRAISE-1), in which 
apixaban combined with ASA or dual antiplatelet therapy 
(ASA+clopidogrel) for 6 months post-ACS led to reduced 
ischemic events but also increased bleeding in a dose-
dependent fashion.28   Similar outcomes were found among 
patients taking ASA or dual antiplatelet therapy.

Dabigatran is being studied in secondary prevention for ACS 
in the ongoing REDEEM trial.

Conclusion

It is it clear that treating patients with ACS using anticoagulant 
therapy requires the clinician to understand multiple potential 
regimens.  Evaluation of anticoagulant strategies is an active, 
ongoing area of investigation.  It is diffi cult to draw conclusions 
that one anticoagulant strategy is to be preferred over another 
based on study in which dosing, treatment duration, timing, 
and concomitant medical and interventional therapy vary.  
A number of acceptable anticoagulant strategies can be 
recommended, but preferences for one strategy over another 
may be elusive on a global basis.  It is better to seek prospective 

agreement among all the stakeholders in ACS care, emergency 
physicians, hospitalists, noninterventional cardiologists, and 
interventional cardiologists, within a specifi c institution and 
to develop evidence-based, Guidelines-consistent protocols 
which can be readily referenced and used to minimize the 
chance of medication errors and double anticoagulation 
administration when personal preferences are superimposed 
on an already-initiated treatment plan.  It is often best, if 
sometimes politically challenging, for emergency physicians to 
take the lead in developing these approaches.

References

1. Telford AM, Wilson C. Trial of heparin versus atenolol in prevention 
of myocardial infarction in intermediate coronary syndrome. Lancet 
1981;1:1225–8.

2. Williams DO, Kirby MG, McPherson K, Phear DN. Anticoagulant 
treatment of unstable angina. Br J Clin Pract 1986;40:114–6.

3. Theroux P, Waters D, Qiu S, McCans J, de Guise P, Juneau M. Aspirin 
versus heparin to prevent myocardial infarction during the acute phase of 
unstable angina. Circulation 1993;88:2045–8.

4. Neri SG, Gensini GF, Poggesi L, et al. Effect of heparin, aspirin, or 
alteplase in reduction of myocardial ischaemia in refractory unstable 
angina (published erratum appears in Lancet 1990;335:868). Lancet 
1990;335:615–8.

5. Holdright D, Patel D, Cunningham D, et al. Comparison of the effect of 
heparin and aspirin versus aspirin alone on transient myocardial ischemia 
and in-hospital prognosis in patients with unstable angina. J Am Coll 
Cardiol 1994;24:39–45.

6. Cohen M, Adams PC, Hawkins L, Bach M, Fuster V. Usefulness of 
antithrombotic therapy in resting angina pectoris or non- Q-wave 
myocardial infarction in preventing death and myocardial infarction 
(a pilot study from the Antithrombotic Therapy in Acute Coronary 
Syndromes Study Group). Am J Cardiol 1990;66:1287–92.

7. Kushner FG, Hand M, Smith SC Jr, King SB 3rd, Anderson JL, Antman 
EM, Bailey SR, Bates ER, Blankenship JC, Casey DJ Jr, Green LA, 
Hochman JS, Jacobs AK, Krumholz HM, Morrison DA, Ornato JP, Pearle 
DL, Peterson ED, Sloan MA, Whitlow PL, Williams DO. 2009 Focused 
updates: ACC/AHA guidelines for the management of patients with 
ST-elevation myocardial infarction (updating the 2004 guideline and 
2007 focused update) and ACC/AHA/SCAI guidelines on percutaneous 
coronary intervention (updating the 2005 guideline and 2007 focused 
update): a report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines. 
Circulation 2009;120:2271–2306.

8. Antman EM, Anbe DT, Armstrong PW, Bates ER, Green LA, Hand 
M, Hochman JS, Krumholz HM, Kushner FG, Lamas GA, Mullany CJ, 
Ornato JP, Pearle DL, Sloan MA, Smith SC Jr. ACC/AHA guidelines 
for the management of patients with ST-elevation myocardial infarction: 
a report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines (Committee to Revise the 
1999 Guidelines for the Management of Patients With Acute Myocardial 
Infarction). 2004. Available at www.acc.org/clinical/guidelines/stemi/
index.pdf.



Anticoagulation in Acute Coronary Syndrome and Beyond 9

Anticoagulation in  Acute Coronar y Syndrome and B eyond

9. Anderson JL, Adams CD, Antman EM, Bridges CR, Califf RM, Casey 
DE Jr, Chavey WE II, Fesmire FM, Hochman JS, Levin TN, Lincoff AM, 
Peterson ED, Theroux P, Wenger NK, Wright RS. ACC/AHA 2007 
guidelines for the management of patients with unstable angina/non–
ST-elevation myocardial infarction: a report of the American College 
of Cardiology/American Heart Association Task Force on Practice 
Guidelines (Writing Committee to Revise the 2002 Guidelines for the 
Management of Patients With Unstable Angina/Non–ST-Elevation 
Myocardial Infarction). Circulation 2007;116:e148–e304.

10. Fragmin during Instability in Coronary Artery Disease (FRISC) Study 
Group. Low-molecular-weight heparin during instability in coronary 
artery disease. Lancet 1996;347:561–8.

11. Klein W, Buchwald A, Hillis SE, et al. Comparison of low-molecular-
weight heparin with unfractionated heparin acutely and with placebo for 
6 weeks in the management of unstable coronary artery disease. Fragmin 
in unstable coronary artery disease study (FRIC) (published erratum 
appears in Circulation 1998;97:413). Circulation 1997;96:61–8.

12. Antman EM, Morrow DA, McCabe CH, et al. Enoxaparin versus 
unfractionated heparin with fibrinolysis for ST-elevation myocardial 
infarction. N Engl J Med 2006;354:1477–88.

13. Gibson CM, Murphy SA, Montalescot G, et al.  Percutaneous coronary 
intervention in patients receiving enoxaparin after fi brinolytic therapy for 
ST-segment elevation myocardial infarction in the ExTRACT-TIMI 25 
trial.  J Am Coll Cardiol 2007;49:2238-46.

14. Ferguson JJ, Califf RM, Antman EM, et al. Enoxaparin vs unfractionated 
heparin in high-risk patients with non-ST-segment elevation acute 
coronary syndromes managed with an intended early invasive strategy: 
primary results of the SYNERGY randomized trial. JAMA 2004;292:45–
54.

15. Mahaffey KW, Cohen M, Garg J, et al. High-risk patients with acute 
coronary syndromes treated with low-molecular-weight or unfractionated 
heparin: Outcomes at 6 months and 1 year in the SYNERGY trial.  JAMA 
2005;294:2594-2600.

16. Yusuf S, Mehta SR, Chrolavicius S, et al. Effects of fondaparinux 
on mortality and reinfarction in patients with acute ST-segment 
elevation myocardial infarction: the OASIS-6 randomized trial. JAMA 
2006;295:1519–30.

17. Yusuf S, Mehta SR, Chrolavicius S, et al.  Comparison of fondaparinux and 
enoxaparin in acute coronary syndromes.  N Engl J Med 2006;354:1464-
76.

18. Stone GW, McLaurin BT, Cox DA, et al. Bivalirudin for patients with 
acute coronary syndromes. N Engl J Med 2006;355:2203–16.

19.  Stone GW, Witzenbichler B, Guagliumi G, et al. Bivalirudin during 
primary PCI in acute myocardial infarction. N Engl J Med. 2008;358:2218–
30.

20. Cohen M, Adams PC, Parry G, et al. Combination antithrombotic therapy 
in unstable rest angina and non-Q-wave infarction in nonprior aspirin 
users: primary end points analysis from the ATACS trial. Antithrombotic 
Therapy in Acute Coronary Syndromes Research Group. Circulation 
1994;89:81-8.

21. Williams MJ, Morison IM, Parker JH, Stewart RA. Progression of the 
culprit lesion in unstable coronary artery disease with warfarin and aspirin 
versus aspirin alone: preliminary study. J Am Coll Cardiol 1997;30:364-9.

22. Anand SS, Yusuf S, Pogue J, Weitz JI, Flather M. Long-term oral 
anticoagulant therapy in patients with unstable angina or suspected non-
Q-wave myocardial infarction: organization to assess strategies for ischemic 
syndromes (OASIS) pilot study results. Circulation 1998;98:1064-70.

23. Anand SS, Yusuf S. Oral anticoagulant therapy in patients with coronary 
artery disease: a meta-analysis. JAMA 1999;282:2058–67.

24. Coumadin Aspirin Reinfarction Study (CARS) Investigators. Randomised 
double-blind trial of fi xed low-dose warfarin with aspirin after myocardial 
infarction. Lancet 1997;350:389-96.

25. Fiore LD, Ezekowitz MD, Brophy MT, Lu D, Sacco J, Peduzzi P.  
Department of Veterans Affairs Cooperative Studies Program clinical trial 
comparing combined warfarin and aspirin with aspirin alone in survivors 
of acute myocardial infarction: primary results of the CHAMP study. 
Circulation 2002;105:557-63.

26. Wallentin L, Wilcox RG, Weaver WD, et al.  Oral ximelagatran 
for secondary prophylaxis after myocardial infarction: the ESTEEM 
randomised controlled trial. Lancet 2003;362:789–97.

27. Mega JL, Braunwald E, Mohanavelu S, et al. Rivaroxaban versus placebo 
in patients with acute coronary syndromes (ATLAS ACS-TIMI 46): A 
randomised, double-blind, phase II trial. Lancet 2009;374:29-38

28. ESC 2008 presentation of APPRAISE-1.



10 Managing Thienopyridine Therapy in Acute Coronary Syndromes: Novel Antiplatelet Agents Prasugrel and Ticagrelor

Managing Thienopyridine Therapy in Acute 
Coronary Syndromes: Novel Antiplatelet 
Agents Prasugrel and Ticagrelor 
James W. Hoekstra, MD
Professor and Chairman 
Department of Emergency Medicine
Wake Forest University Baptist Medical Center
Winston Salem, NC

Objectives:

1. Describe the appropriate application of oral antiplatelet 
agents in NSTE ACS and STEMI, according to 
the new ACC/AHA 2009 PCI/STEMI guideline 
recommendations 

2. Describe the mechanism of action of prasugrel and the 
trial design and results of TRITON TIMI 38

3. Describe the mechanism of action of ticagrelor, and the 
trial design and results of the PLATO trial  

4. Describe the potential applications of prasugrel and 
ticagrelor in patients with STEMI and NSTE ACS

Introduction

The 2009 American College of Cardiology/American Heart 
Association (ACC/AHA) Guidelines for Percutaneous 
Coronary Intervention (PCI) and Management of ST segment 
elevation Myocardial Infarction (STEMI) were revised, 
updated, and released to the public in December of 2009.1,2   
The new ACC/AHA Guidelines incorporate recent clinical 
trials data and include updated recommendations on treatment 
strategies for STEMI and  Non-ST-segment elevation acute 
coronary syndromes (NSTE ACS)  treated with PCI.  The 
new guidelines assign a I-B recommendation for the use of 
prasugrel 60 mg orally as a loading dose at the time of primary 
PCI for STEMI.  They also assign a I-B recommendation for 
prasugrel 60 mg orally as a loading dose at the time of PCI for 
NSTE ACS, except in patients already on clopidogrel.  The 
guidelines also include a class III recommendation (harmful) 
for the use of prasugrel in patients with age >75 years old, 
weight <60 kg, or a prior history of transient ischemic attack 
(TIA) or stroke.    Emergency physicians should be aware of 
prasugrel’s mechanism of action, pharmacology, and clinical 
application in the treatment of these patients.

Novel Antiplatelet Therapy

As an alternative to clopidogrel in NSTE ACS, the novel 

platelet P2Y12 inhibitor prasugrel was recently evaluated in 
the TIMI 38 trial.3  Prasugrel is a more potent oral platelet 
inhibitor than clopidogrel, with a higher and more predictable 
range of platelet inhibition after administration, overcoming 
the issues of clopidogrel nonresponders.4  It is not a pro-drug, 
and is therefore more quickly biologically active after oral 
administration.   It is metabolized by a different pathway than 
clopidogrel, eliminating the issue of genetically related slow 
metabolism or competitive slow metabolism with concomitant 
proton pump inhibitor (PPI) administration.    It has a longer 
half life than clopidogrel, however, making reversibility more 
difficult in patients proceeding to coronary artery bypass 
grafting. 

In the TIMI 38 trial, 13,608 patients with either STEMI or 
moderate to high risk NSTE ACS and planned intervention 
for a known intracoronary lesion were randomized in a double 
blind fashion to receive either a 300 mg load of clopidogrel and 
75 mg per day, or a 60 mg load of prasugrel and 10 mg a day, 
beginning at the time of cardiac catheterization and continuing 
for a year.3  It should be noted that this randomization occurred 
after the initial angiogram.  Prasugrel was not evaluated 
upstream in the emergency department (ED) in NSTE ACS, 
but only in the catheterization lab after the coronary anatomy 
was defi ned.  The primary outcome of the trial was death, MI, 
or stroke at one year.  Safety outcomes were also analyzed to 
determine net clinical benefi t.   At one year, prasugrel was 
associated with a 19% reduction in death, MI, and stroke (HR 
0.81, 95% CI 0.73-0.90) compared to clopidogrel (Figure 1).   
Bleeding was increased in the prasugrel group, however, with 
an overall 0.6% increase in major bleeding (2.4% versus 1.8%, 
HR 1.32, 95% CI 1.03-1.68).   Fatal bleeding, transfusions, 
and coronary artery bypass grafting (CABG) bleeding were 
all signifi cantly higher in the prasugrel group, and bleeding 
was especially higher in the elderly (>75 yo), patients with 
low body weight, and in patients with prior TIA or Stroke 
(Figure 2).   There was a definite trade-off noted between 
increased efficacy and increased bleeding, prompting the 
authors of the study to caution against the use of prasugrel in 
these high risk groups.  The lack of any pre-catheterization 
medical management in the TIMI 38 trial, and the high rate 
of CABG-related bleeding, makes this drug less applicable to 
the ED setting in NSTE ACS.

The TRITON-TIMI 38 trial also enrolled 3534 patients with 
STEMI treated with either primary or secondary PCI.5   In 
these patients, prasugrel 60 mg resulted in a 19% relative risk 
reduction in death, MI, and stroke at 15 months (HR 0.81, 
95% CI 0.66-0.99) compared to clopidogrel 300 mg.    Bleeding 
still trended worse in the prasugrel arm, but there were no 
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Figure 1.  Primary Outcome Results of the TIMI 38 Trial: Cardiovascular 
death, MI, Stroke 

statistically signifi cant differences in bleeding, 
including life threatening bleeding.  Unlike the 
NSTE ACS population in TRITON, the STEMI 
patients were often randomized to prasugrel 
upstream, prior to angiography.  As such, these 
results support the use of prasugrel in the ED for 
STEMI patients.   

Another novel antiplatelet, which is presently 
under review by the FDA for approval in ACS, 
is ticagrelor.6  Like prasugrel, ticagrelor is a 
novel adenosine diphosphate (ADP) P2Y12 
inhibitor.  Unlike prasugrel, however, it is not 
a thienopyridine.  It blocks the conversion of 
cyclic AMP to ADP at the P2Y12 site, but does 
not directly bind the P2Y12 site.  Oral intake 
of ticagrelor results in rapid onset of potent 
antiplatelet activity, higher than levels seen with 
clopidogrel.   Ticagrelor has a shorter half life 
than clopidogrel, however, necessitating twice 
daily dosing, and theoretically leading to earlier 
reversal of antiplatelet activity after ceasing 
therapy.  

Ticagrelor was recently evaluated in the 
PLATO trial, which enrolled 18,624 patients 
with either STEMI or NSTE ACS destined 
for the catheterization laboratory.7  Unlike in 
TRITON, patients in PLATO were enrolled 
and randomized prior to their coronary 
angiograms.  Also, unlike in TRITON, the 
loading dose of clopidogrel was not specifi ed, 
allowing a signifi cant percentage of patients in 
the clopidogrel arm to receive a 600 mg loading 
dose prior to PCI.  Approximately 70% of the 
patients in the PLATO trial underwent PCI, 
and 30% were treated with CABG, medical 
therapy, or no therapy.   The primary outcome 
of the trial was death, MI, and stroke at one 
year.  

Ticagrelor resulted in a 16% reduction in death, 
MI, and stroke in ACS patients at one year (HR 
0.84, 95% CI 0.75-0.94) compared to clopidogrel 
(Figure 3).7 In addition, cardiac mortality was 
reduced in the ticagrelor group at one year 
from 5.1% to 4.0% (HR 0.79, 95% CI 0.69-
0.91).  Total major bleeding, transfusions, and 
life-threatening bleeding were not signifi cantly 
different between groups, but when non-CABG 
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bleeding alone is analyzed, there was a signifi cant increase 
in non-CABG bleeding with ticagrelor (4.5% versus 3.8%, 
p =0.026 ).  This was offset by a nonsignifi cant decrease in 
CABG bleeding with ticagrelor (7.4% versus 7.9%, p=NS).  
Despite theoretical advantages of a short half-life antiplatelet 
agent in patients proceeding to CABG after angiogram, there 
were no significant reductions in bleeding in the CABG 
cohort in PLATO.8

The PLATO trial enrolled 8,430 patients with STEMI, 
randomized to ticagrelor versus clopidogrel.9  In these patients, 
ticagrelor resulted in a 15% relative risk reduction in death, 
MI, and stroke at one year compared to clopidogrel   (HR 0.85, 
95% CI 0.74-0.97).   Bleeding rates in the STEMI patients 
were similar between ticagrelor and clopidogrel, making 
ticagrelor a viable option in ED treatment of STEMI prior to 
primary PCI.  

Both prasugrel and ticagrelor are oral agents which provide 
signifi cantly higher antiplatelet activity than clopidogrel.  Both 
have been investigated in STEMI and NSTE ACS patients 
treated by an invasive pathway, and both provide signifi cant 
reductions in ischemic endpoints compared to clopidogrel.   
In the case of prasugrel, this advantage is mitigated by an 
increase in life-threatening bleeding.  Prasugrel also cannot be 
used upstream in NSTE ACS patients prior to catheterization.  
It also should be avoided in patients with age >75, weight < 
60 kg, and a prior history of CVA and stroke.  It remains, 
however, a viable option for STEMI therapy upstream prior 
to primary PCI.   Ticagrelor does not have prasugrel’s bleeding 
issues, and can be used upstream in NSTE ACS as well as 
STEMI.  It also provides a death benefi t at one year in ACS 
patients.  It is not yet, however, FDA approved.   It may prove 
to be a viable oral antiplatelet in high risk NSTE ACS and 
STEMI.    
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Figure 3.  Efficacy of ticagrelor in the PLATO trial:  Secondary endpoints of death and MI 
at one year.  

Adapted and reprinted with permission from Cannon CP, Harrington RA, James , Adrissino D, et al. for the PLATO investigators. 
Comparison of ticagrelor with clopidogrel in patients with a planned invasive strategy for acute coronary syndromes. Lancet 2010; 
375:283–93.
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Objectives:

1. Describe the data on dosing and timing of antiplatelet 
agent administration 

2. Discuss the implication of genomics on antiplatelet agent 
metabolism

3. Discuss the implications of new studies regarding 
glycoprotein agents on emergency department utilization 
of these agents

Introduction

A non-ST-segment elevation myocardial infarction (NSTEMI) 
is often the result of a plaque rupture which leads to the 
exposure of circulating platelets to prothrombotic substances. 
This process progresses to increased platelet activation, 
adhesion, and aggregation.  The fi nal common pathway of 
platelet adhesion is activation of platelet glycoprotein IIb/IIIa 
receptors as they become cross-linked by fi brinogen or von 
Willebrand factor and result in platelet aggregation.

In the last decade signifi cant advances have been made in the 
adjunctive use of anti-platelet agents in 
patients with acute coronary syndromes.  
This has resulted in substantial change 
in the recommendations for the use 
of antiplatelet therapy in patients 
with non-ST-segment elevation acute 
coronary syndrome (NSTE ACS).1,2  
These recommendations ref lect 
advances in pharmacotherapy, better 
understanding of optimal combination 
of agents, and further understanding 
of the onset of action for antiplatelet 
inhibition. Despite these advances, the in-hospital mortality 
rate for patients with a NSTE ACS remains 3-5%.3,4    In 
addition, several unanswered clinical questions exist surround 
optimal dosing, timing, and patient selection for antiplatelet 
therapy.   This review will address current recommendations 
for the dosing and timing of antiplatelet administration as well 
as address areas of clinical controversy or concern that may 
impact emergency department (ED) care.

Current options

The last American Heart Association/ American College 
of Cardiology (AHA/ACC) update of guidelines for the 
management of patients with a NSTEMI and unstable 
angina was in 2007.2  Unlike prior versions, these guidelines 
dichotomized treatment algorithms based on the planned 
management, such as invasive or conservative, of these 
patients during their hospitalization.  

Aspirin

In the AHA/ACC 2007 guidelines aspirin continues to be 
the mainstay of antiplatelet therapy.  It was recommended 
that aspirin be given as a 162-365 mg dose chewed at the time 
of presentation or soon thereafter.2  Since the last version 
of these guidelines there have been no studies which have 
utilized different aspirin administration strategies in the acute 
setting.  A study published in 2009 evaluated the use of aspirin 
in addition to clopidogrel or aspirin alone in the prevention 
of coronary artery disease (CAD).  A subgroup analysis of this 
study evaluated the effi cacy and bleeding risk of aspirin dosing. 
Although the study reported no difference in efficacy and 
safety in those patients receiving aspirin alone (75 to 162 mg), 
when evaluating those patients treated with clopidogrel  there 
was an increased risk of bleeding noted in those patients given 
>100mg a day of aspirin, but no difference in prevention of 
CAD.5  This fi nding was also noted in  a recent contemporary 
trial.6 Results from these studies may impact future guidelines 
for the management of NSTE ACS to recommend lower 
discharge aspirin dosing in patients being treated with dual 

antiplatelet therapy. 

Clopidogrel

Since the publication of the ACC/
AHA 2007 guidelines there have been 
multiple studies addressing three key 
areas involving clopidogrel; dosage 
and timing, metabolism, and drug 
interactions. The ACC/AHA 2007 
guidelines recommended using a 300 
mg loading dose, but recognized that a 
600 mg loading dose may be utilized in 

patients undergoing an interventional approach.2 Since this 
guideline publication, 600 mg has become a routinely used 
loading dose especially in those patients undergoing coronary 
intervention.  Mehta et al. evaluated the impact of 600 mg 
loading dose of clopidogrel compared to 300 mg in patients 
with ACS and early invasive intervention planned. In those 
patients who received a 600 mg clopidogrel loading dose there 
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was reduction in the composite endpoint in those patients only 
undergoing percutaneous coronary  intervention (PCI).7  This 
may result in the modifi cation of the guidelines to recommend 
a 600 mg dose of clopidogrel in those patients immediately 
undergoing coronary intervention. 

The Antiplatelet Therapy for the reduction of Myocardial 
Damage during Angioplasty Preload trial evaluated randomized 
patients to receive 600 mg of clopidogrel 4-8 hours prior 
to PCI or in the cardiac catheterization laboratory. This 
study attempted to address the optimal time for clopidogrel 
administration prior to coronary intervention. The study 
showed no difference in the primary outcome of cardiac death, 
myocardial infarction, and target vessel revascularization 
between groups.  However there was 
a reduction in platelet reactivity in 
the group preloaded with clopidogrel.8 
This lack of clear benefit from early 
treatment will most likely result no 
specifi c recommendation to administer 
clopidogrel in the ED setting. 

In March of 2010, the United States 
Food and Drug Administration issued 
a boxed warning regarding the need 
for testing of patients who may have 
impaired metabolism of clopidogrel. 
The warning addressed the need for 
pharmacogenomics testing to identify patients with altered 
metabolism due to genetic polymorphism of cytochrome P450 
2C19 (CYP2C19) which results in decreased activation of 
the cytochrome P450. The liver enzyme CP2C19 is primarily 
responsible for the formation of the active metabolite of 
clopidogrel. Drug levels and antiplatelet effects differ depending 
on the genotype of each individual patient. There are three 
major CYP2C19 genetic polymorphisms: CYP2C19*1, 
CYP2C19*2 and CYP2C19*3. The polymorphisms 
CYP2C19*2 and CYP2C19*3 have a loss of function alleles. 
Patients with CYP2C19*2  loss of function alleles will poorly 
metabolize clopidogrel and those patients with a single loss of 
function allele will be intermediate metabolizers.9 In a recent 
meta-analysis those patients with CYP2C19*2 were noted to 
have an increased risk of major adverse cardiac events OR 1.3 
(95% CI 1.1-1.5), stent thrombosis OR 3.5 (95% CI 2.1-5.6), 
and death OR 1.8 (95% CI1.1-2.9) compared to those with 
no loss of function alleles.10 Although these are compelling 
data the assimilation of genetic testing into routine care is 
challenging. There are commercial assays available to measure 
genetic polymorphisms, but these tests are expensive and not 
available in a point of care manner for the ED.

An alternative to genetic testing would be to focus on 
phenotypic activity, such as platelet function. Studies have 
been done to assess the association of platelet reactivity with 
various dosing regimens of clopidogrel. These studies have 
all have produced very similar results in that the platelet 
reactivity is signifi cantly reduced in patients receiving 150 mg 
compared to 75 mg a day.  Loading doses of 600 mg caused 
decreased platelet reactivity in patients compared to smaller 
doses.11 Currently there are a number of trials being conducted 
to determine if personalized medicine, altering clopidogrel 
dosing based on phenotypic activity or genomic data, improves 
clinical outcomes. One large trial is randomizing subjects 12-
24 hours after drug eluting stent placement with high residual 
platelet activity after treatment with standard dose clopidogrel 

dosing (300 mg load and 75 mg a day) 
compared to high dose clopidogrel (600 
mg load and 150 mg a day). Another 
open label trial is enrolling 14,600 
patients with recent ACS evaluating 
the association of 75 mg of clopidogrel 
in extensive metabolizers and prasugrel, 
another thienopyridine, evaluation 
adverse cardiac events.11 The trials 
hopefully will provide more insight into 
the clinical implications of tailoring 
treatment to individuals based on 
genomic and phenotype characteristics. 

One of the side effects of clopidogrel is an increased risk of 
gastrointestinal bleeding, although the risk associated with 
this therapy has not been definitively described. A case 
control study reported association between clopidogrel and 
gastrointestinal bleeding demonstrated a relative risk of 2.8 
(95%CI 1.9-4.2) when using the antiplatelet agent.12  The 
use of proton pump inhibitors (PPI) has been associated with 
a decrease in gastrointestinal bleeding. Increased concern 
regarding drug interactions between clopidogrel and PPI have 
been raised because CYP2C19 is also one of the principle 
enzymes responsible for PPI metabolism.  Reduced CYP2C19 
function, however, results in increased acid inhibition due 
to less drug inactivation. Since both clopidogrel and PPIs 
involve the CYP2C19 system, it has been hypothesized that 
concomitant use of both of these agents results in increased 
adverse cardiac events as a result of competition for CYP2C19. 
Despite this concern, one study evaluation the composite 
endpoint of gastrointestinal events, including bleeding, in 
patients receiving clopidogrel and randomized to receive 
omeprazole or placebo showed a decrease in gastrointestinal 
bleeding in patients treated with a PPI (hazards ratio 0.55; 95 
CI% 0.35-0.85).13
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Studies reporting the association between alterations in 
outcome and phenotypic activity as a result of PPI and 
clopidogrel therapy vary in their results. An observational 
study has reported no significant difference in platelet 
inhibition when comparing patients taking clopidogrel 
while taking lansoprazole compared 
to placebo.10  In addition, similar 
results were found when looking at 
esomeprazole or pantoprazole, two 
other PPI.  In a subgroup analysis of 
a randomized clinical trial, PPI users 
were noted to have significantly less 
inhibition of ADP induced platelet 
aggregation than non-users who were 
on clopidogrel.14  Similar variation 
in results has been obtained when 
looking at the association of clinical 
outcomes and concomitant PPI use. A 
small randomized trial of patients on 
clopidogrel randomized to omeprazole 
or placebo showed no difference in 
cardiac events.13  Observational studies, 
however, have reported an increase 
in cardiac adverse events in patients 
taking clopidogrel. A recent meta-
analysis reported that the higher risk 
of adverse cardiac events in patients 
on PPI and clopidogrel appears to occur in those patients at 
high risk for adverse events  (OR 1.49, 95% CI 1.41-1.47) 
and not in lower risk patients (OR 1.01, 95% CI 0.88-1.16).10  
Despite the lack of consistent data regarding the clinical 
implications of the potential interaction between PPI and 
clopidogrel, the U.S. Food and Drug Administration has 
suggested that healthcare providers should re-evaluate the 
need for starting and continuing treatment with a PPI in 
patients taking clopidogrel.  The FDA has revised the label to 
state “concomitant use of drugs that inhibit CYP2C19 should 
be discouraged.”  As there are no data to support variation in 
interaction with clopidogrel by PPIs, utilizing different PPIs in 
patients who need to take these medications does not appear 
to impact outcome. 

The implications of genomic data and phenotypic activity 
surrounding drug interaction and drug effectiveness of 
clopidogrel requires further investigation. However it clearly 
represents a trend into a new era of personalized medicine 
where patient characteristics, not just risk for adverse events, 
may guide treatment selections.

Glycoprotein IIb/IIIa Inhibitors

In the ACC/AHA 2007 guidelines, there is a new I-A 
recommendation that patients undergoing an early invasive 
strategy receive a loading dose of clopidogrel or a small-
molecule glycoprotein IIb/IIIa inhibitor (GP IIb-IIIa) and a 

new II-B recommendation that patients 
treated with an early invasive strategy 
receive both clopidogrel and a GP IIb-
IIIa receptor inhibitor.2 

Early trials of patients receiving a GP 
IIb-IIIa receptor inhibitor suggested that 
rapid initiation with treatment improved 
outcomes. The Platelet Glycoprotein 
IIb/IIIa in Unstable Angina Receptor 
Suppression Using Integrilin Therapy 
(PURSUIT) trial was a multinational, 
randomized, placebo-controlled trial 
which demonstrated that eptifibatide 
reduced the incidence of death or 
acute myocardial infarction among 
NSTE ACS patients and found that 
the absolute reduction in death or AMI 
was greatest in those who received the 
drug within 6 hours of symptom onset 
(2.8%) compared with 6 to 12 hours 
(2.3%), and 12 to 24 hours (1.7%).15-16  

Recent trials have evaluated the effi cacy of treatment with a 
GP IIb-IIIa receptor inhibitor prior to cardiac catheterization, 
challenging the concept that treatment should be initiated 
“upstream” or prior to coronary intervention.3,17  The ACUITY 
Timing trial evaluated deferred administration until the time 
of the coronary intervention (downstream) GP IIb/IIIa agent 
administration as compared with routine administration of  GP 
IIb/IIIa inhibitors  prior to intervention (upstream). Patients 
in the routine upstream group received either eptifi batide or 
tirofi ban for a median of 4 hours prior to percutaneous coronary 
intervention (PCI), while deferred selective treatment with 
either eptifi batide or abciximab was given just prior to PCI. 
There was no difference in the rate of ischemic events between 
the groups (7.9% vs 7.1%; p = 0.044).17 Fewer bleeding 

complications occurred in the downstream group compared 
to pateints treated 4 hours prior to intervention (4.9% vs 
6.1%; p < 0.001).    The Early versus Delayed, Provisional 
Eptifibatide in Acute Coronary Syndromes study enrolled 
patients with NSTE ACS as soon as possible after presentation 
to eptifibatide using the double-bolus regimen currently 
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administered in the PCI setting upstream, or at the time of 
cardiac catheterization intervention. There was no difference 
in the composite outcome of death, myocardial infarction, 
recurrent ischemia requiring urgent revascularization, or 
the occurrence of a thrombotic complication during PCI 
between either groups (OR 0.92, 95 % CI 0.80-1.06).18  In the 
upstream treatment group, there was an increase in bleeding 
and the need for blood transfusions.  This large trial may result 
in modifi cations to the current recommendations regarding 
use of these agents in future revisions. Based on these data, it 
is possible that routine upstream use of GP IIb-IIIa receptor 
inhibitors may not be recommended. The use of these agents, 
however, may still be indicated in a subgroup of patients who 
are clinically determined to be at high risk for coronary artery 
bypass grafting as the use of longer acting antiplatelet agents 
such as clopidogrel may result in a delayed operation. 

Conclusion

Recent studies evaluating the use of antiplatelet agents have led 
to increased controversy surrounding specifi c issues of timing, 
concomitant antiplatelet agent treatment, and metabolism.  
Antiplatelet agents will remain an integral component in the 
care of patients with an NSTE ACS.  Although guidelines 
exist regarding algorithms for antiplatelet therapy, it is 
anticipated that as more information regarding the impact of 
patient factors on outcomes, guidelines for patient care will 
become more individualized and complex. 
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Objectives:

1. Describe severe blood pressure elevation in the emergency 
department, highlighting features which distinguish true 
hypertensive emergencies from other conditions 

2. Describe the basic pathophysiology which contributes to 
and results from a hypertensive emergency 

3. Describe hypertensive emergency management guided by 
target-organ specifi c therapeutic intervention and blood 
pressure reduction goals  

Introduction

Hypertension (HTN) is one of the most important chronic 
medical conditions, affecting close to 75 million Americans1 and 
approximately 1 billion people worldwide.2 The current burden 
of HTN refl ects a steady rise in disease prevalence over the past 
two decades, which, at least in the United 
States, has been accompanied by greater 
levels of awareness, treatment and blood 
pressure (BP) control.  Hypertension 
is defined by the 7th Joint National 
Committee on Prevention, Detection, 
Evaluation, and Treatment of High 
Blood Pressure3 [JNC 7] as a BP > 140/90 
mm Hg for most and > 130/80 mm Hg 
for individuals with diabetes mellitus 
or chronic kidney disease.4 Despite the 
trend towards an increase in BP control, 
overall rates of HTN remain suboptimal 
with persistent elevation in nearly 50%.4 
Among those with poorly controlled 
HTN, almost 1 in 5 (11.5% overall) 
have exceedingly high BPs, defi ned as > 
160/100 mm Hg, the JNC 7 cut-off for 
Stage II HTN, a circumstance which is 
particularly concerning considering that 
the independent risk of pressure-related cardiovascular mortality 
is known to double with each 20/10 mm Hg rise in BP above the 
‘‘ideal’’ level of 115 ⁄ 75 mm Hg.3

These data have important implications for clinicians in 
the emergency department (ED) where elevated BP and 
its associated consequences are commonly encountered.5 
According to the National Hospital Ambulatory Medical 
Care Survey, 2.9% of the 115 million ED visits in 2005 were 
related to chronic HTN, up from 2.1% in 1995.   In 2006, 
16.2% of those treated in EDs across the US, approximately 
15 million patients, had an initial BP that was “severely high”, 
for example ≥ 160/100 mm Hg.6,7 The vast majority of patients 
with substantially elevated BP in the ED are asymptomatic 
and, untreated, their BP will often diminish within a few 
hours of ED arrival.8,9 Yet ED management is frequently 
directed towards pharmacological reduction of the numerical 
BP value.10-12 This may be attributable to confusion regarding 
the risk profi le of patients with HTN and a consequent failure 
to differentiate true hypertensive emergencies which warrant 
immediate intervention to arrest potentially fatal acute end-
organ damage13 from simple BP elevations that portend long-
term risk but carry a low likelihood of near-term adverse 
events.14,15  

What Is a Hypertensive Emergency?

While the term “hypertensive crisis” has been used to 
categorize any patient whose BP exceeds a certain threshold, 
often systolic BP ≥ 180 or diastolic BP ≥ 110-120 mm 
Hg, 16-18 there is limited evidence to suggest that BP alone 

provides suffi cient granularity to direct 
emergent decision making. Moreover, 
as noted by Shayne and Pitts in their 
comprehensive review, use of this term 
is misleading as most with a severely 
elevated BP in the ED are not at risk for 
acute, or even subacute, development 
of pressure-mediated consequences.19 
Alternative terminology (Table 1) 
focused on the presence or absence 
of signs or symptoms attributable to 
acute target-organ damage within the 
context of severe HTN has been widely 
promulgated and serves to distinguish 
those with active vasculopathy from 
those without.10,19-22 As so defined, 
hypertensive emergencies constitute 
the subset of patients who present 
with acute end-organ damage and 
evidence of organ system dysfunction 

(Table 2). Though still used by some, often inappropriately, 
the terms “accelerated” and “malignant” HTN are applicable 
only to those patients with acute BP elevations which are 

 

According to the National Hospital 

Ambulatory Medical Care Survey, 

2.9% of the 115 million ED visits 

in 2005 were related to chronic 

HTN, up from 2.1% in 1995.   In 

2006, 16.2% of those treated in 

EDs across the US, approximately 

15 million patients, had an initial 

BP that was “severely high”, for 

example ≥ 160/100 mm Hg.
 



Advancing the Standard of Care: Cardiovascular and 
Neurovascular Emergencies 

20 Hypertensive Emergencies – On The Cutting Edge

 

Although some hypertensive 

emergency patients will 

present de novo with 

elevated blood pressure, 

most episodes are triggered 

by an acute rise in systemic 

v a s c u l a r  r e s i s t a n c e 

superimposed on underlying 

chronic HTN. 
 

Table 1.  Terminology for patients with severely elevated blood pressure   

Term Description Implications * 

Hypertensive emergency 
 

 

Presence of acute target-
organ damage manifest 
by clinical sequelae or 
diagnostic test 
abnormalities 

Requires immediate intervention with 
parenteral therapy and admission to a 
monitored setting 

Hypertensive urgency 

 

Presence of chronic       
target-organ damage 
without evidence of acute 
deterioration 

Requires re-initiation or up-titration of oral 
antihypertensive therapy; acute blood 
pressure reduction with parenteral or rapid 
acting oral agents should be avoided; may 
necessitate serial testing in an observation 
setting  

Uncomplicated hypertension 
with poor control 
 
 
 
 
 
 
 

Asymptomatic without 
evidence of acute or 
chronic end-organ 
damage 
 
 
 
 
 
 

Requires arrangement of timely follow-up 
with reinforcement of the need for life-long 
dietary and medication compliance; initiation 
(for new onset), re-initiation or up-titration 
(for chronic hypertensives) of oral 
antihypertensive therapy may be needed if 
follow-up is uncertain; acute blood pressure 
reduction is unnecessary and may be 
detrimental 

 * Should also prompt a search for potential medications which may increase blood pressure including 
non-steroidal anti-inflammatory drugs, steroids, decongestants, appetite suppressants, over-the-counter 
stimulants, oral contraceptives, and tricyclic antidepressants.

Table 2.  Target-organ involvement in hypertensive emergencies 

Injury Pattern by Target-Organ        Estimated Incidence* (%)  

Brain 
    Acute ischemic stroke 
    Hypertensive encephalopathy 
    Intracerebral or subarachnoid bleed 
 

37-45  
6-25  
8-16  
5-23  

 
Heart  
     Acute heart failure syndromes 
     Acute coronary syndrome 

27-49  
14-37  
11-12  

 
Blood vessels 
      Aortic dissection 
 

 
1-2  

 
Kidney 
     Acute renal insufficiency 
     Acute glomerulonephritis 

? 
22 
? 

Other 
     Eclampsia 
     Retinal hemorrhage or papilledema 
     Microangiopathic hemolytic anemia  

1.5-2  
2  

0.9 
0.6     * Incidence estimates represent a range based on percentages compiled from Zampaglione (60)

     and Katz (21)

accompanied by retinal hemorrhage or 
papilledema, respectively. Regardless, such 
ocular findings are still considered target-
organ damage and can be aptly described 
using more generalizable terminology like 
hypertensive emergency.

Pathophysiology

Although some hypertensive emergency 
patients will present de novo with elevated 
blood pressure, most episodes are triggered by 
an acute rise in systemic vascular resistance 
superimposed on underlying chronic HTN.23 In 
either case, the etiology is usually idiopathic, 
such as “primary” or “essential” HTN, with an 
identifi able cause, such as “secondary” HTN, 
in fewer than 10% (Table 3). 

From a macrocirculatory standpoint, 
hypertensive emergencies  resemble 
uncomplicated instances of uncontrolled 
chronic HTN but on a microcirculatory 
level, they differ greatly. This is due in 
large part to the rate of BP rise, which is 
more abrupt in those with a hypertensive 
emergency and neurohormonal activation, 
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specifi cally, the sympathetic nervous and renin-angiotensin-
aldosterone systems, which often precipitates the acute event. 
The net result is an overwhelming of vascular autoregulation, 
which serves to maintain a relatively constant blood flow 
when confronted by changing pressure dynamics, with local 
mechanical stress and endothelial injury. The latter leads to 
reduced endothelial nitric-oxide synthase (eNOS) function 
and a drop in nitric-oxide mediated vascular smooth muscle 
relaxation. 24 This, coupled with excess release of endothelin, 
causes a profound increase in systemic vascular resistance 
through arteriolar constriction. The cycle is thus self-
perpetuating with an initial inciting factor setting off a cascade 
of effects that functionally maintains BP at severely elevated 
levels. Without interruption of microcirculatory dysfunction, 
perfusion distal to the arterioles begins to decrease and a 
proinfl ammatory, hypercoagulable state with fi brinoid necrosis 
and regional ischemia develops.23 

At the macrocirculatory level, sustained elevations in systemic 
vascular resistance cause the central aortic pressure and left 
ventricular (LV) load to rise, which, in turn, requires greater 
contractile force to maintain cardiac output and forward 
fl ow.25,26 This manifests as an increase in both the rate and 
magnitude of LV pressure (dp/dt) which, in the absence of 
cardiac dysfunction, imparts greater mechanical stress and 
shear force on the aorta. However, when underlying LV 
remodeling or overt cardiac dysfunction are present, the 
ventricle may be too weak to generate sufficient pumping 
force (systolic dysfunction) or too stiff to accommodate the 
necessary increase in LV pressure (diastolic dysfunction). 
Either may produce a relative decrease in preload recruitable 
stroke work, and thus stroke volume, precipitating back-fl ow 
of fl uid into the lungs and rapid onset of acute heart failure.  
This has often been termed “fl ash pulmonary edema”.27, 28   

PATIENT EVALUATION:

General Approach

Hypertensive emergencies are generally accompanied by 
symptoms related to the target-organ that is acutely involved. 
Focal neurological defi cit or altered mentation point to brain 
injury while chest pain or shortness of breath are indicative 
of cardiac or vascular involvement. Though frequently 
encountered, and potentially worrisome depending on the 
scenario, symptoms such as headache or dizziness do not, in 
and of themselves, serve as criterion from which a diagnosis of 
hypertensive emergency can be established. Retinal or kidney 
involvement tends to be more cryptic but can, depending 
on the degree of associated papilledema, uremia, acidosis 
or hyperkalemia, present with defining clinical features 
such as blurred vision, obtundation, Kussmaul respirations, 
palpitations or ventricular dysrhythmias. 

The work-up of a hypertensive emergency should be guided 
by symptoms and signs identifi able on clinical examination 
which should include funduscopy.  Depending on the case, 
the evaluation of HTN can involve the use of one or more 
of the following modalities: plain film radiography (chest 
x-ray), computed tomography, magnetic resonance imaging, 
electrocardiography, or echocardiography. Laboratory testing 
for renal dysfunction including a urinalysis and a basic 
metabolic panel is recommended for most patients regardless 
of their presentation. More sensitive novel biomarkers of 
acute renal injury such as cystatin-c, neutrophil-gelatinase 
associated lipocalin (NGAL), and kidney injury molecule-1 
(KIM-1)29 may be incorporated in the future. 

Asymptomatic Hypertension

The necessity for testing is to identify occult target-organ 
damage in patients who have profound yet asymptomatic HTN 
is not clear. In a recent multicenter study of 109 such patients, 
clinically meaningful unanticipated test abnormalities were 
detected in only 6%.  None of these tests were felt by the 
treating physician to be defi nitively attributable to HTN.30

Chest x-ray and electrocardiography in particular have 
poor sensitivity for detection of subclinical cardiac disease, 
especially LV hypertrophy, and a low likelihood of altering 
clinical management.31 Investigation of other approaches to 
detect clinically silent target-organ cardiac damage such as 
measurement of serum natriuretic peptide (NP) biomarkers 
such b-type NP (BNP) and n-terminal pro-BNP (NT-proBNP) 
concentration have yielded confl icting results.32,33 Based on 
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the findings of a recent study using echocardiography, the 
prevalence of subclinical target-organ cardiac damage among 
those with asymptomatic, severely elevated BP in the ED may 
be far greater (approximately ~75%) than previously thought.34 
Such data highlight the underlying risk for pressure-mediated 
consequences of poor BP control among these patients and 
suggest a potential benefit from more extensive screening 
particularly in the outpatient setting. 

While the current approach to routine testing may not impact 
acute care in asymptomatic hypertensives, there is value in 
knowing information such as baseline renal function and 
electrolyte levels prior to initiation of antihypertensive therapy. 
Accordingly, the JNC 7 recommends 
that a basic metabolic panel be obtained 
before prescribing oral BP lowering 
medications.3 It is most appropriate 
to have such medications initiated or 
restarted by the patient’s primary care 
physician.  When follow-up cannot be 
ensured, this responsibility may fall on 
the ED provider.35 Based on existing 
evidence, first-line therapy for nearly 
all hypertensive individuals should 
involve the use of thiazide or thiazide-
like diuretics like chlorthalidone with 
the addition of a second agent, usually 
an angiotensin converting enzyme 
inhibitor (ACE-I) or a calcium channel 
blocker, if the patient has chronic HTN 
which is poorly controlled on monotherapy.36,37

MANAGEMENT:

Antihypertensive Therapy

While some oral or sublingual medications have a relatively 
quick onset of action, a more predictable, controlled 
antihypertensive effect can be achieved with parenteral agents 
making them preferable in the setting of a true hypertensive 
emergency. According to data from the Studying the 
Treatment of Acute hyperTension (STAT) registry, labetalol 
is the most common IV antihypertensive medication used for 
management of severely elevated BP, defi ned in the registry 
as BP > 180/110 mm Hg, and nitroglycerin is the infusion 
used most frequently.38 Direct comparison data are scant with 
regard to the relative effi cacy of differing agents. A Cochrane 
Review of 15 randomized controlled trials (n = 869) involving 
7 different drug classes including nitrates, ACE-I, diuretics, 
calcium channel blockers, α1-adrenergic antagonists, direct 
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vasodilators and dopamine agonists, concluded that despite 
minor differences in the degree of BP lowering with one 
antihypertensive class versus another, there was insuffi cient 
evidence to determine which agent is most effective at reducing 
morbidity or mortality.39  More recent data from The ECLIPSE 
(Evaluation of CLevidipine In the Perioperative Treatment 
of Hypertension Assessing Safety Events) trial,40 which 
compared clevidipine to nitroglycerin, sodium nitroprusside, 
and nicardipine in 1512 cardiac surgery patients with acute 
HTN and the CLUE (Evaluation of Intravenous niCardipine 
and Labetalol Use in the Emergency Department)41 study, 
which included 226 ED patients with severely elevated 
BP, suggest superiority but within class equivalence of IV 

dihydropyridine calcium channel 
blockers for BP reduction, such as more 
rapid lowering and greater time spent 
within prespecifi ed target range, versus 
alternative therapy. Although mortality 
was also slightly lower in ECLIPSE with 
use of clevidipine compared to sodium 
nitroprusside only, generalizability of 
this fi nding is limited by virtue of the 
select patient population enrolled. 
Because the focus of the CLUE study 
was immediate BP lowering effects, 
outcomes beyond 30 minutes were 
not assessed. Consequently, the “hard” 
clinical meaning of observed group-wise 
differences in BP reduction is unclear.  

Given existing data limitations, deciding which parenteral 
medication is best for an individual patient can be challenging. 
Understanding the pharmacology of differing therapeutic 
options can facilitate utilization, enhance the ability to 
direct intervention towards the appropriate precipitant, and 
help avoid potentially harmful application. As shown in the 
following equation, mean arterial pressure (MAP) can be 
reduced by lowering any of the following parameters: systemic 
vascular resistance (SVR) which stems largely from regulation 
of vasogenic tone in the arterioles, cardiac output (CO) which 
is the pumping force of the heart, or central venous pressure 
(CVP) which represents intravascular volume and, more 
roughly, hydrostatic force in the circulatory system. As with 
most physiology, these parameters do not work in isolation 
and perturbations in one may affect the other.  For example 
reducing CVP causes, by the Frank-Starling principle, a 
decrease in CO:  

 MAP = (CO x SVR) + CVP
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Most intravenous (IV) antihypertensive agents exert their 
effect directly either through receptor-mediated activation 
or inhibition or indirectly through a decrease in production 
or release of endogenous vasoconstrictors. As shown in Table 
4, the specific hemodynamic response is a function of the 
pathway being interrupted.  For the 
most part, all IV antihypertensives 
produce some decrease in SVR. The 
magnitude of BP reduction is largely a 
refl ection of the mechanism of action.  
Intrinsic dose response relationships, 
which often change with aging, are 
important to consider when using any 
agent clinically.42 

Specifi c Indications

In clinical practice, antihypertensive 
therapy is often administered simply 
to control elevated BP with clinicians 
using medications with which they 
are most familiar.  For treatment of a true hypertensive 
emergency however, therapeutic intervention is best directed 
towards the precipitant of specifi c target-organ dysfunction 

and the acute consequences of elevated BP rather than 
the BP itself. As indicated in Table 2, the vast majority of 
hypertensive emergencies involve the brain or heart and 
treatment goals should refl ect the specifi c problems caused 
by high pressures. For instance, in acute coronary syndromes 

complicated by HTN, the primary 
goal beyond reperfusion is a reduction 
in cardiac work-load and an increase 
in coronary artery perfusion. Based on 
respective pharmacodynamic profiles 
and existing evidence,42,43 specific 
agents can be aligned with indication 
driven goals to develop an approach 
to management which is likely to yield 
optimal outcomes (Table 5). While few 
absolute contraindications exist, nitric 
oxide donors do cause greater reduction 
in systemic (vs. cerebral) vascular 
resistance resulting in relatively greater 
intracranial pressure and the potential 

for shunting of blood flow to the peripheral circulation.44

Similar effects may also occur with hydralazine and both 
classes should be used with caution or avoided in neurologic 
hypertensive emergencies.45,46

Blood Pressure Goals

T h e  l o n g - s t a n d i n g  a p p r o a c h  t o 
antihypertensive medication use is to target 
a maximal reduction in MAP of 25% within 
the fi rst hour and a goal BP of 160/100 mm 
Hg by 2-6 hours.3,16 This treatment is based 
on existing understanding of the cerebral 
pressure-flow autoregulation curve, which 
shifts to the right in chronic HTN.  An 
excessive decrease in BP may lead to a 
precipitous decline in cerebral blood fl ow.19

Given the heterogeneity of acute target-
organ dysfunction, the use of as a singular 
goal for BP control in all hypertensive 
emergencies makes little physiologic sense. 
This is particularly true for conditions such 
as aortic dissection, where more aggressive 
targets such as a systolic BP < 110 mm Hg 
have been recommended to decrease on-
going injury and reduce the likelihood of 
perioperative adverse events.47 Similarly, 
reductions in MAP which exceed 30% have 
been associated with more rapid symptom 
resolution and improved outcomes in acute 

 

M o s t  i n t r a v e n o u s  ( I V ) 

antihypertensive agents exert 

their effect directly either through 

receptor-mediated activation or 

inhibition or indirectly through a 

decrease in production or release 

of endogenous vasoconstrictors. 
 



Advancing the Standard of Care: Cardiovascular and 
Neurovascular Emergencies 

24 Hypertensive Emergencies – On The Cutting Edge

heart failure patients with a hypertensive phenotype.48,49 A 
recent subanalysis of 302 patients with acute heart failure in 
the STAT registry found that adverse events were increased 
when systolic BP was lowered beyond 120 mm Hg within 12 
hours.  This underscores the need for continued vigilance 
when managing this condition.50

Understanding the importance of BP goals may be most 
critical when treating neurologic hypertensive emergencies. 
This is evident on review of the current American Heart 
Association/American Stroke Association (AHA/ASA) 
guidelines for acute ischemic stroke, which call for a BP 
reduction to < 185/110 mm Hg when thrombolysis is planned.  
Otherwise, antihypertensive therapy is only indicated when 
BP is markedly elevated (> 220/120 mm Hg) with a goal to 
decrease by approximately 15% at 24 hours post-onset.51 This 
is supported by a meta-regression of BP control in stroke 
which suggests an association between large falls or increases 
in BP and worse outcome and modest reductions with a 
decrease in death and/or dependency.52 Updated in 2010, the 
AHA/ASA guidelines for acute intracerebral hemorrhage 

state that “aggressive” reduction is warranted 
when systolic BP is > 200 mm Hg or MAP 
is > 150 mm Hg and more modest decreases 
are indicated with target BP 160/90 mm Hg 
or MAP 110 mm Hg when lesser elevations, 
defined as systolic BP > 180 mm Hg or 
MAP > 130 mm Hg,  are present.53  The 
persistent BP elevation in the setting of acute 
intracerebral hemorrhage is associated with 
hematoma expansion and worse outcomes 
prompted the recent study of the target and 
timing of antihypertensive therapy. The 
Intensive Blood Pressure Reduction in Acute 
Cerebral Hemorrhage Trial (INTERACT; n 
= 404) and the Antihypertensive Treatment 
of Acute Cerebral Hemorrhage study 
(ATACH; n = 60) compared differing BP 
goals, finding a strong signal that earlier 
intervention with lower BP targets (systolic 
BP approximately 140 mm Hg) may attenuate 
hematoma expansion without an excess of 
adverse events.54-57 To achieve such targets, 
nicardipine may be more effective than other 
agents including labetalol.58

Disposition

With little exception, patients with 
hypertensive emergency should be admitted to a monitored 
setting. By virtue of the presenting clinical picture and the 
corresponding use of IV antihypertensive medications, some 
of which can produce precipitous drops in blood pressure, 
many will require on-going treatment in a step-down or 
intensive care unit. In certain circumstances, such as chest 
pain with elevated BP or acute deterioration of chronic kidney 
disease, short-term management in an observation unit may 
be appropriate.  This presumes that timely reassessment and 
expeditious completion of the diagnostic work-up can be 
assured in this setting.59 

Prognosis

Outcomes associated with a given hypertensive emergency 
are largely a function of underlying target-organ damage. Data 
from STAT suggest that severe HTN is a high-risk condition 
with in-hospital and 30-day mortality rates of 6.9% and 11%, 
respectively, and a 90-day readmission rate of nearly 40%.21

When associated with moderate to severe acute kidney injury, 
mortality is even greater (odds ratio = 1.05; p=0.03 per 10-
mL/min decline).60
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Conclusion

Severe BP elevations in the ED are common. Differentiating 
a true hypertensive emergency from poorly controlled chronic 
HTN is critical to enable appropriate application of resources. 
When indicated, therapeutic intervention should be driven 
by condition-specifi c goals using agents appropriate for the 
disease manifestations. Understanding the pharmacology of 
antihypertensive medications can facilitate management and 
better prepare the emergency physician to provide care for this 
important group of patients. 
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Objectives:

1. Understand the procedural limitations in the obese 
patient

2. Recognize pharmacologic adjustments that obese patients 
require

3. Provide appropriate risk assessment for obese patients with 
critical illness

In the United States, obesity has reached epidemic proportions 
and is increasingly prevalent in the emergency medicine patient 
population. Obesity is a complex clinical condition, affecting 
all organ systems, patient ages and socioeconomic groups. 
Obese patients manifest a unique physiology which emergency 
physicians must recognize and, as a result, appropriately 
modify their diagnostic and treatment decisions. As examples, 
following trauma, obese patients sustain different injuries 
and have worse outcomes related to co-morbidities. Obese 
patients with sepsis may require altered doses of antibiotics 
and special ventilator management. Procedures such as 
endotracheal intubation, venous access, lumbar puncture and 
needle thoracostomy require modifi cations of technique and 
equipment. This monograph section summarizes the unique 
pathophysiology of obesity and provides practical suggestions 
for the diagnosis and treatment of obese 
patients presenting to the emergency 
department (ED).

Introduction 

Nationally, EDs are frequently the 
site for acute care of obese patients.1 
Presently, over 60% of the United States 
population is overweight, and 30% are 
obese.2 In addition, health care costs for obese patients are 
higher than for non-obese patients.3 It is predicted that by the 
year 2030, the vast majority—roughly 86%—of Americans 
age 18 and older could be overweight or obese, and as a result 
obesity-related costs may increase to over $950 billion per 
year, or 16% to 18% of total US health care costs.4

Previously, obesity was regarded in a more subjective fashion 
with varied definitions.  Research studies on the diagnosis 

and treatment of acute illnesses have often excluded obese 
patients.  Over time, there has been an agreement on the 
defi nitions of the spectrum of obesity: overweight as a body 
mass index (BMI) of 25-29 kg/m2, obesity as a BMI ≥30 kg/m2, 
morbid obesity as a BMI ≥40 kg/m2 and super obesity as a BMI 
≥50 kg/m2.  Obesity is thus a clinical diagnosis with specifi c 
criteria, not a subjective determination or insult.  Obesity is 
a risk factor for a number of conditions, such as heart disease, 
diabetes, hypertension and stroke.5,6  Just as hospitals will 
be required to provide care for a growing number of obese 
patients, EDs will need to adapt to this growing population. 
Understanding obesity’s unique biology, physiology, acute 
pathological manifestations and medico-sociological issues are 
critical for the emergency physician.

Clinical Conditions Affected by Obesity

Acute Coronary Syndromes

Obesity is a traditional and well known risk factor for the 
development of acute coronary syndrome (ACS).  This 
condition is often associated with other acute coronary 
syndrome risk factors, such as metabolic syndrome, diabetes, 
sedentary lifestyle and dyslipidemia.  Patients with insulin 
resistance and associated diabetes, in particular, may present 
with atypical symptoms.7,8  Some studies have identified 
obesity to be a disproportionately more signifi cant risk factor 
for acute coronary syndromes in the young (<40yrs).9,10  Only 
recently has the attention to obesity brought measures of 
BMI as part of the demographic parameters collected during 
clinical trials; therefore, the degree to which classifi cations 
of overweight, obese, and morbid obesity should factor into 

the ED risk assessment of patients 
presenting with chest discomfort is not 
yet clear.  The obese patient should be 
viewed by emergency physicians as one 
at heightened risk of developing ACS 
deserving careful risk stratifi cation and 
a lower-threshold for further testing and 
observation unit or hospital admission.

The process of evaluating and risk stratifying obese patients 
at risk for ACS is problematic in the ED.  Obesity and its 
associated physiologic limitations decrease the utility of 
exercise treadmill testing.11 The prognostic value of a normal 
myocardial perfusion imaging study in this population appears 
to be less signifi cant than in non–morbidly obese patients as 
the diagnostic quality of nuclear imaging may be compromised.  
Duvall et al. determined that single photon emission 
computed tomography (SPECT) imaging can be optimized 
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in the obese with the use of a dual-head camera, attenuation 
correction and high stress Tc-99m tracer doses; however, this 
is currently not available in most institutions.12 Despite the 
inherent limitations listed above, perfusion imaging studies 
continue to be one of the most valuable tools in predicting 
cardiovascular mortality in the obese and should be utilized in 
the ED assessment of low to moderate risk patients.13 Patients 
with non-diagnostic studies should be considered for referral 
or admission for conventional coronary angiography. The use 
of dual-source computerized tomography coronary angiography 
(CTCA) possesses similar limitations as myocardial perfusion 
imaging in the obese patient.14 Impaired diagnostic accuracy 
can be explained by scattering and absorption of radiation 
resulting in poorer image quality due to increase in image noise 
and decrease in signal-to-noise ratio in 
obese patients.  Moreover, insuffi cient 
opacification of the coronary vessels 
may occur in obese patients due to 
differences in distribution of blood 
volume in peripheral venous and central 
pulmonary circulation when injecting 
contrast agents.14,15

Medications for the initial treatment in 
acute coronary syndrome may include 
aspirin, nitroglycerin, anticoagulants, 
antithrombotics, anti-platelet agents and fibrinolytics.  
Aspirin, clopidogrel and nitroglycerin require no adjustment 
in dosing for obesity, yet accepted standards for weight-based 
doing with other commonly used medications, such as heparin, 
fondaparinux, bivalrudin, glycoprotein IIb/IIIa inhibitors and 
fibrinolytics, are not clear.  The effects of obesity on drug 
behavior and clinical efficacy and safety are unknown for 
many drugs. Guidelines for the concomitant dosing of these 
medications is often institutionally based, tends to be more 
conservative than what the package inserts might recommend 
and to a large degree depend on the specifi c combination of 
medications and regional practice differences.  The table in 
this section outlines dosing modifi cations for commonly used 
medications in ED, including those in ACS.

Congestive Heart Failure

Obesity is an important risk factor for acute decompensated 
heart failure in both women and men, and approximately 11% 
of cases of congestive heart failure are attributable to obesity 
alone.16 For the evaluation and treatment of congestive heart 
failure, obesity can be particularly problematic.  Symptoms of 
heart failure, including dyspnea, orthopnea, lower extremity 

swelling, can be difficult to interpret in these patients as 
venous stasis and physical deconditioning are associated with 
very similar symptoms and presentations. The diagnosis of 
acute decompensated heart failure is further complicated by 
laboratory and imaging diffi culties.  Plain chest radiography in 
the obese patients is often obscured by the increased amount of 
soft tissue and can be falsely positive or negative necessitating 
the risk and expense of further studies.17 Natriuretic peptide 
levels tend to be signifi cantly lower in obese patients.18,19 For 
instance, B-natriuretic peptide thresholds to maintain 90% 
sensitivity for acute heart failure are 170 pg/mL for non-obese 
patients in contrast to 110 pg/mL for obese patients.20  Trans-
thoracic echocardiography may be of limited utility due to an 
inability to obtain an adequate acoustic window necessitating 

a trans-esophageal approach. Treatment 
considerations for obese patients 
with congestive heart failure are less 
medication dependent and largely 
focus upon airway management.  Non-
invasive positive pressure ventilation 
(NPPV) should be considered earlier 
in the course of patient management in 
obese patients with acute decompensated 
heart failure due to the potential 
difficulties associated with emergent 
endotracheal intubation. Obese 

patients may also need to be maintained on higher expiratory 
positive airway pressures. As obesity can be an independent 
risk factor for acute coronary syndrome and can complicate 
the management of congestive heart failure, it is prudent for 
emergency physicians to have a low threshold for admission of 
these patients for aggressive inpatient management.

Venous Thromboembolism

Obesity is also an independent risk factor for venous 
thromboembolism, and overall risk appears to be proportional 
with the degree of obesity.21-23 Conventional sonography 
may be limited in obese patients and is largely operator 
dependent.24,25 A lower frequency probe may be required for 
adequate tissue penetration. No defi nitive evidence suggests 
that d-dimer levels might be falsely elevated in obese 
patients, and, therefore, this test can be used in screening for 
appropriate patients. The choice between ventilation perfusion 
scanning and CT pulmonary angiography may depend on the 
instrument capacities and the practice and experience of the 
radiologist within the institution. For obese patients, CT 
pulmonary angiography tends to be favored for the most high 
quality images.26 
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Trauma 

Trauma in the obese population presents a number of distinct 
challenges to the emergency physician.  Obese patients tend 
to have higher morbidity than their lean counterparts who 
experience trauma and have ICU and hospital stays which 
are double those of the non-obese population.27 Obese 
patients also have a signifi cantly higher incidence of multi-
system organ failure following trauma.28 Poor healing, higher 
incidences of venous thromboembolism, acute renal failure, 
urinary tract infections and pulmonary morbidities complicate 
their hospital course.27,29,30 Pulmonary complications are 
frequent and include pneumonia, pulmonary embolus, acute 
respiratory distress syndrome (ARDS), and respiratory failure. 
Obese patients manifest different injury patterns and present 
inherent obstacles for clinicians performing the physical 
examination, obtaining appropriate radiographic images, 
and performing necessary procedures. Much like identifying 
the unique features of trauma resuscitation in pediatric or 
pregnant trauma patients, emergency physicians’ strategies 
for obese patients should be tailored in the context of these 
unique characteristics. 

Obesity appears to be somewhat protective in some trauma 
situations and in particular from intra-abdominal injuries. One 
explanation is the “cushion effect”.31,32  Other studies, such as 
that by Wang et al., have demonstrated a protective effect of 
subcutaneous fat.33  Biomechanical studies have shown that 
obese patients have greater forward excursion, but that their 
increased abdominal fat content serves to lessen the forces 
to the internal organs.32 Obese patients are also less likely to 
sustain skull fractures as well as traumatic brain injuries, yet, 
when they do occur, tend to be more severe than in the non-
obese patient.30,34,35 Most studies support that obese patients 
experience more lower extremity and pelvis injuries due to 
the excursions of the body which result from increased weight, 
forward momentum and ineffi ciencies in lap belt protection in 
a collision.34,36-39 

With these fi ndings the emergency physician should have a 
lower threshold for ordering CT imaging of the chest in an 
obese patient involved in a motor vehicle collision with 
thoracic complaints or for a high energy mechanism of injury.   

Infection and Sepsis

Obese critically-ill patients represent a challenge in the 
ED setting. In particular, sepsis is a leading cause of death 
worldwide, and a growing body of literature is devoted to the 
increases of morbidity and mortality associated with critically-
ill obese patients with sepsis. Obese patients also present 

additional metabolic challenges in resuscitation as they have 
signifi cantly slower rates of resolving their metabolic acidosis 
and base defi cits.40,41 These factors contribute to progression 
of the patient into multi-organ failure, and continued and 
recurrent reassessment of these parameters is encouraged.  
There are studies on the association of increased BMI and 
intensive care unit mortality which yield confl icting results.42-44  
Obesity manifests in a constellation of metabolic disturbances 
and infl ammatory stress.  It is diffi cult to attribute size alone 
to morbidity and mortality risk, and further assessments and 
defi nitions are needed to adequately assess and risk stratify 
obese patients. As with other medical conditions where obesity 
by itself does not cause increased mortality, the emergency 
physician must focus on the acute presentation of the obese 
septic patient and potential co-morbidities which affect their 
immediate treatment.

Why obesity may predispose septic patients to increase 
morbidity is unclear, however obese patients are at risk for 
a number of pre-existing co-morbidities and procedural 
complications. One possibility is that obesity in itself is not an 
independent risk factor for infection, but rather associated co-
morbidities predispose obese patients to an increase community 
acquired and nosocomial infections.  Extremely obese patients 
have a higher prevalence of co-morbid conditions which confer 
higher risk complications with sepsis, including chronic heart, 
lung, liver and metabolic diseases.45 Obesity is a risk factor for 
ICU-acquired line and blood infections, possibly due to the 
inherent diffi culty of obtaining venous access in this patient 
population and the reluctance of removing lines once they are 
established.46 Obese patients are also pre-disposed to nosocomial 
infections after elective surgeries, such as arthroplasty, in 
comparison to the non-obese.47,48  Ironically, many of these 
patients may require surgery because of complications from or 
treatment of conditions related to obesity, such as multi-vessel 
coronary artery disease and joint degeneration.

Potential Difficulties in the Emergency Department 
Management Of the Obese Patient

Airway Management

Managing the airway is always of concern in obese patients, 
especially considering the anatomical challenges presented 
in this patient population.  The challenge for the emergency 
physician is the alignment of the oral, pharyngeal and laryngeal 
axes in respect to the anatomical features of obese patients.  
Obese and lean individuals have the same number and size 
of cervical vertebrae, but obese patients have increased neck 
mass, volume and percent adipose tissue.  This results in the 
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appearance and functionality of having a short neck.49 Excess 
breast or chest wall tissue may fall towards the head and neck 
when the patient is placed in a recumbent position, acting as 
a barrier to the laryngoscope handle.  Specifi c short handled 
laryngoscope blades may be of little use in this circumstance. Gas 
exchange and lung function may be improved through the use of 
a pre-intubation period of NPPV and may assist in the treatment 
of acute respiratory failure from a variety of causes.50,51 

Advanced preparation is critical when planning to intubate 
the obese patient.  There is conflicting evidence whether 
increased BMI can predict a diffi cult airway.52 If the airway 
is not successfully intubated in the obese patient, alternative 
measures such as bag valve mask ventilation or cricothyrotomy 
are exponentially more diffi cult. Perhaps 
the easiest maneuver for the anticipated 
intubation of the obese patients includes 
placing them in a “ramp” position.  This 
can be achieved by stacking blankets 
behind the patient’s back, resulting 
in elevation of the head, upper body 
and shoulders significantly above the 
chest.  As a result, the external auditory 
meatus aligns horizontally with the sternal notch. Similar 
positioning can be achieved using a commercially available 
elevation pillow.53-55 There are several steps that the emergency 
physician should consider when planning to intubate obese 
patients:  1) Recruit enough assistance to perform extra 
maneuvers such as displacing chest tissue caudad, positioning 
the patient and acquiring necessary or additional supplies, 
2) Advance preparation and acquisition of additional airway 
adjuncts such as video laryngoscopy and extraglottic devices.  
A formula suggested by the author for the optimal number of 
people needed to perform a successful intubation is:  ((actual 
body weight in kg)/70kg) + 2 rounded to the highest whole 
number. Consider a prolonged pre-oxygenation period if time 
permits and the use of adjustable angle laryngoscopes or other 
advanced airway adjuncts.

Once intubation has taken place, the emergency physician 
must be aware that ventilator strategies and settings need 
to be carefully tailored.  Increased BMI has been associated 
with a higher rate of developing ARDS.56 Ventilation may be 
improved through slight reverse Trendelenburg angulation of 
the patient’s bed.

Vascular Access

Vascular access in obese patients is problematic and often takes 
additional preparation and time and, despite these efforts, may 

be unsuccessful.  The advent of bedside ultrasonography has 
signifi cantly improved the ability to achieve intravenous access 
in obese patients.  Ultrasound-guided peripheral intravenous 
access has been shown to be more successful than traditional 
“blind” techniques, requires less time and decreases the number 
of percutaneous punctures in patients who were defined to 
have diffi cult intravenous access, including obese patients.57 
An alternative to central venous access in the obese patient 
may be ultrasound guided brachial vein cannulation. Mills et 
al. demonstrated the feasibility of using an ultrasound guided 
15 centimeter catheter to cannulate the brachial or basilic vein 
in patients with varied reasons for diffi cult venous access.58 

Central venous access can also be problematic in the obese 
patient, and there is no clear consensus 
about which site and approach is most 
preferable.  Femoral access has largely 
fallen out of favor due to the increased 
incidence of infection and deep venous 
thrombosis.59 Remaining options include 
standard approaches for the subclavian 
and internal jugular veins, and both of 
these approaches can be more diffi cult 

in the obese patient due to obscured landmarks.  One recent 
study found that the internal jugular could be accessed with 
equal success to the subclavian approach in obese patients.60  
These authors recommended that procedural success might be 
increased by maintaining the head in neutral position where 
the internal jugular vein would have the least overlap over the 
carotid artery. Overall it appears that in any approach and in 
many special patient populations, including obesity, ultrasound 
guidance may be the best adjunct in successfully and safely 
accomplishing central venous access.61-64 

Lumbar Puncture 

Obese patients have an increased distance from the skin 
surface to the subarachnoid space (Figure 1).  This distance 
often exceeds that of a routine nine centimeter spinal needle.  
Abe et al. devised a formula for predicting the required 
lumbar puncture depth, which can aid in the selection of an 
appropriate sized spinal needle.65  

Lumbar puncture depth (cm) = 1 + 17 (weight (kg)/ height (cm)

Awareness of the predicted depth of needle insertion can 
increase the success rate.66 Ultrasound may improve the 
identifi cation of landmarks for lumbar puncture as well.67,68 
Fluoroscopy may be considered in the extreme, technically 
diffi cult, or unsuccessful cases.
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Needle and Tube Thoracostomy

Obese patients can have signifi cant adipose tissue on their chest 
and thorax (Figure 2). This may preclude urgent and emergency 
procedures such as needle and tube thoracostomy from being 
rapidly and effectively accomplished.69,70  In a study of the 
effectiveness of needle thoracostomy for tension pneumothorax 
in the pre-hospital environment, the authors found that 
nearly 25% of included patients had 
retained some amount of pneumothorax, 
with most having subclinical tension, 
indicating incomplete or total failure 
of penetration into the pleural space.71  
Procedure failure in this study was 
attributed to the use of routine 5 
centimeter catheters which were simply 
too short to adequately decompress the 
chest. Some authors have found needle 
decompression may be more successful when the catheter 
is placed in the anterior or mid-axillary line.72,73  In tube 
thoracostomy, tube length is not the limiting difficulty for 
morbidly obese patients, but the space between the scapula and 
the underlying ribs can create confusion.  This can be avoided 
by blunt dissection and fi nger decompression of the pleural 
space prior to chest tube insertion.74

Drug Dosing

The physiologic changes of obesity also alter both the hepatic 
and renal clearance as well as the volume of distribution of 
many drugs.  Fixed amount dosing regimens may result in 
underdosing, and, likewise, total body weight (TBW) dosing 
may result in overdosing.  Several body weight defi nitions, such 
as TBW, actual body weight, ideal body weight and lean body 

weight, have variable use and sometimes 
unclear definitions. Glomerular 
fi ltration rate and creatinine clearance 
are affected by obesity, and standard 
calculations for these values are less 
accurate in the obese population.75

While there are few clear and 
consistent doing guidelines for obese 
patients, there seems to be a trend in 
the recommendations for weight based 

dosing to be based on the lean body weight. Lean body weight 
calculators, based on the derivation of Janmahasatian et al., 
are available online (http://www.medcalc.com/body.html) and 
using ePocrates® medical calculation applications (MedMath 
and CardioMath). Considerations for dosing adjustments for 
obese patients appear in Table 1. 
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Medication Class Recommendation for Dose Adjustment for Obese Patients 

Aminoglycosides
Dose by actual body weight; Dosing interval dependent on estimated renal function; Use therapeutic drug 
monitoring for peak and trough levels due to the narrow therapeutic window.

Beta lactams Consider doubling dose 

Fluoroquinolones No consistent data; consider using approved dosing range

Linezolid No empiric change recommended

Carbapenems No empiric change recommended

Antifungals No empiric change recommended; Use lean body weight as guide for dosing weight based agents

Enoxaparin
Actual body weight for acute thrombosis at dose of 1mg/kg; Venous thromboembolism prophylaxis at dose 
of 0.5mg/kg subcut once daily; Venous thromboembolism prophylaxis in morbidly obese trauma patients at 
dose of 60mg subcut BID;  use antiXa level monitoring

Succinylcholine Recommended dose is 1 mg/kg of actual body weight

Opioids Recommended dosing is by lean body weight; Increased time for clearance 

Muscles relaxants Dose by lean body weight 

Vecuronium Dose by ideal body weight

Propofol Dose by lean body weight 

Table 1:  Medication Adjustments in the Obese Patient Population75-81
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Conclusion

Obesity is a clinical condition which affects nearly every 
disease process and population emergency physicians 
serve. Obesity in isolation is often not solely responsible 
for a poor prognosis, but is likely the contributing factor of 
diffi culty in performing procedures, physical examination 
and obtaining adequate imaging. Insulin resistance, 
increase in infection rate and other co-morbidities also 
account for morbidity associated with the obese condition. 
For now, in the absence of defi nitive evidence, emergency 
physicians must continue to extrapolate from available 
literature and clinical experiences when managing the 
obese patient. There is currently a charge in the medical 
and surgical literature to identify diagnostic and treatment 
strategies for the obese.  Emergency physicians need to 
identify and consider obesity as a clinical condition, 
rather than a social stigma, and combine this with the 
knowledge of associated co-morbidities to appropriate 
manage this challenging patient population. 
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Objectives:

1) Describe the common clinical characteristics of patients 
with acute heart failure syndromes (AHFS) in the ED

2) Describe some new recommendations for AHFS therapy

3) Describe the proposed initial AHFS treatment 
recommendations based on phenotypic presentation

Heart failure is a disease of epidemic proportions whose 
prevalence will increase due to an aging population, improve-
ments in chronic heart failure care, and increased survival from 
complications of coronary artery disease.1-4  The majority of 
heart failure hospitalizations in the United States originate in 
the emergency department (ED), although current strategies for 
acute heart failure syndrome (AHFS) treatment have largely 
been tailored after chronic heart failure guidelines. Prospective 
ED-based AHFS trials are lacking and current guidelines for 
disposition are based on either little or 
no evidence.5-8 As a result, the majority 
of ED AHFS presentations are admitted 
to the hospital. Recent registry data 
suggest there is a signifi cant amount of 
heterogeneity in AHFS ED presentations 
and suggests that therapeutics should 
be individualized to the urgency of the 
presentation, underlying pathophysiology, 
and acute hemodynamic parameters such 
as blood pressure. 

Emergency physicians have traditionally 
assumed a role of performing initial 
diagnostic and therapeutic interventions 
in AHFS. However, ED and hospital 
overcrowding, as well as the evolution of ED-based heart 
failure observation units have resulted in emergency 
physicians commonly providing both initial stabilization 
and more defi nitive care. This review specifi cally discusses 
new treatment recommendations for AHFS and proposes an 
innovative approach to care which focuses on hemodynamics.

Introduction

Illustrative Case #1: A 60-year old male with a history of non-
ischemic cardiomyopathy presents to the ED with weight 
gain and increasing dyspnea on exertion over the last week. 
His vital signs are: blood pressure 140/80, pulse rate 90, 
respiratory rate 16, oxygen saturation 96% on room air and 
his temperature is 98.9. On exam he is well appearing, has 
jugular venous distension, an S3 gallop, clear lungs and lower 
extremity edema. His chest radiograph reveals cardiomegaly 
and early interstitial edema and he has a b-type natriuretic 
peptide (BNP) value of 600 pg/ml. The remainder of his blood 
work is normal with the exception of a creatinine of 1.4 and 
blood urea nitrogen of 19. The patient’s electrocardiogram 
reveals sinus rhythm without ischemic changes. He receives a 
dose of intravenous diuretic, has one liter of urine output over 
his fi rst 3 hours in the ED, and feels signifi cantly better.

Illustrative Case #2: A 70-year old female with a previous heart 
failure history presents to the ED in acute respiratory distress. 
Her vital signs are:  blood pressure 180/105, pulse rate 110, 
respiratory rate 40, oxygen saturation 84% on room air, and 
her temperature is 98.5. On exam she is diaphoretic and in 
obvious distress, has jugular venous distension and diffuse 
pulmonary crackles, but no leg edema. Her chest radiograph 
reveals diffuse pulmonary edema and her BNP is 1153 pg/ml. 
She is placed on non-invasive ventilation, a nitroglycerin drip 
and given a dose of intravenous diuretic. The remainder of 

her laboratory work-up is normal and 
her electrocardiogram has no ischemic 
changes. Her blood pressure and 
respiratory rate improve dramatically 
and she is eventually transitioned from 
non-invasive ventilation to oxygen by 
nasal cannula.

While both of these cases represent 
common ED presentat ions  for 
suspected AHFS, their underlying 
pathophysiology, acute treatment, 
short and long-term risk, and ultimate 
dispos i t ion are  very  di f ferent . 
Historically, AHFS was thought to be 
more representative of case Illustrative 

Case #2; a severely ill patient who requires acute intervention 
to prevent further deterioration.  Recent registry data now 
confi rm what has been apparent to the emergency physician 
for a long time, AHFS has a variety of acute presentations 
and management must be individualized.9-11 Furthermore, the 
clinical characteristics of AHFS in the ED are most commonly 
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systemic hypertension, preserved left ventricular ejection 
fraction (LVEF), and predominant congestion. Severe LVEF 
impairment, hypotension, and symptoms reflective of poor 
end-organ perfusion are relatively unusual.

A typical patient with preserved systolic 
function presents with elevated blood 
pressure and volume redistribution as 
opposed to total body overload. Further, 
there are a subset of patients who 
present with predominant right-sided 
heart failure as a result of underlying 
lung and valvular disease. Underlying 
pathophysiology should influence the 
acute management of patients with 
AHFS. For example, the treatment of a 
patient with preserved systolic function 
should likely focus on blood pressure control rather than 
aggressive diuresis. 

While these recent data have provided insight into AHFS 
patients, mortality and post-discharge recidivism have 
remained largely unchanged over the last decade.9-13

Recognizing that diagnosis and risk stratification has been 
addressed elsewhere, this review addresses both common and 
new treatment recommendations and proposes a phenotypic 
approach to initial management.14-24

Acute Heart Failure Therapy

There is a paucity of controlled clinical data to guide AHFS 
treatment. Most of the evidence is weak and focused on 
symptom relief in normotensive patients with reduced LVEF. 
However, a recent heart failure practice guideline25 has been 
among the fi rst to provide specifi c recommendations for AHFS 
treatment.

Initial triage based on high-risk features which require immediate 
stabilization

Potential AHFS patients must undergo two levels of triage and 
concurrent treatment as diagnostic testing occurs. The fi rst 
level should focus on initial stabilization in the small subset of 
patients who present critically-ill and must have abnormal vital 
signs addressed immediately to prevent further deterioration.  
Those patients with significant tachypnea, hypoxia, and 
mental status changes require aggressive intervention with 
non-invasive ventilation or possible endotracheal intubation 
to prevent respiratory failure while defi nitive care is being 
established. Non-invasive positive pressure ventilation not 
only reverses underlying pathophysiologic derangements, it 

reduces mortality and the need for endotracheal intubation. 
This modality does require patient cooperation; patients 
with signifi cant mental status changes are poor candidates.26, 

27 Conversely, patients who present with hypotension and 
evidence of end organ hypoperfusion, 
including altered mental status, reduced 
urine output, and poorly perfused 
extremities with concurrent pulmonary 
edema, may require aggressive fluid 
resuscitation and possibly inotropic 
therapy. This rare subset of critically-
ill patients whose hemodynamic status 
is unclear may benefi t from right heart 
catheterization and most often need 
intensive care unit admission for close 
monitoring and continued treatment.28

Secondary triage and categorization after initial stabilization

Patients who proceed to the next level of triage either do not 
have initial high-risk features or have high-risk features that 
have been stabilized. Secondary triage focuses on categorizing 
patients into one of two general categories so that initial therapy 
can be tailored to the underlying pathophysiology (Table 1). 
While there is some overlap in these diagnostic categories, 
they are a useful starting point to drive therapeutics.

Normotensive Heart Failure 

Approximately one-third of patients will present with mild, 
subacute worsening of symptoms over several days to weeks. 
These patients tend to be younger, have systolic dysfunction 
and a history of coronary artery disease. Symptoms are primarily 
a result of gradual total body fl uid overload, as opposed to 
respiratory distress from acute hypertension and pulmonary 
edema. Such patients benefi t from aggressive diuresis with a 
therapeutic goal of relieving congestion, reducing total body 
fl uid, and peripheral edema. Blood pressure control is often 
not as problematic as it is in the hypertensive AHFS patient, 
and generally can be controlled with topical nitroglycerin 
along with resuming the patient’s antihypertensive regimen. 
This group of patients also needs to be re-triaged after initial 
therapy. Those patients with an initial blood pressure in the 
low-normal range (90-120 mmHg) may “run out” of blood 
pressure after initial diuresis, and care must be taken to 
maintain a pressure associated with adequate perfusion.  

Hypertensive Heart Failure

Approximately half of AHFS patients will present with a 
systolic BP over 140 mmHg.9-12 These patients tend to be 

 

A typical patient with preserved 

systolic function presents with 

elevated blood pressure and 

volume redistribution as opposed 

to total body overload.
 



New Recommendations for Acute Heart Failure Treatment in the Emergency Department 37

New Recommendations for  Acute Hear t  Fai lure Treatment 
in  the Emergenc y Depar tment

older, female, have a history of preserved LVEF, and often 
have acute symptoms which have been present for only 24-48 
hours. Because of the shorter symptom duration they are more 
likely to have acute pulmonary edema, both on examination 
and chest radiography, rather than systemic edema.  Symptoms 
are often the result of a signifi cant increase in afterload and 
fl uid maldistribution rather than total body fl uid overload. 
Initial treatment should focus on blood pressure control and 
minimal diuretic use. Initial over-aggressive use of diuretics in 
this patient subset can lead to signifi cant deleterious effects 
24-48 hours later with decreases in blood pressure and renal 
dysfunction.12  

Options for initial blood pressure control include sublingual or 
topical nitroglycerin, angiotensin converting enzyme inhibitors 
(sublingual and intravenous) or intravenous hydralazine. 
Concurrent administration of a small dose of furosemide, 
less than 80 mg in a patient with normal renal function, may 
also occur at this time. Response to initial therapy will then 
determine the next course of action. 
An intravenous vasodilator such as 
nitroglycerin, nesiritide, or nitroprusside 
can be utilized in those patients who 
remain hypertensive (BP>160/100) and 
symptomatic, with a goal of continued, 
sustained blood pressure reduction. 
Patients with an adequate response 
to initial antihypertensive therapy 
(BP<160/100) can be transitioned 
off intravenous therapy to topical 

nitroglycerin with simultaneous oral administration of the 
patient’s previous antihypertensive regimen.

Compared to the normotensive, volume overloaded AHFS 
patient, where an exacerbation may be more occult, the 
hypertensive AHFS patient may look much more acutely ill 
upon initial ED presentation. However, they also have the 
most to gain from appropriate early management. After initial 
blood pressure control and mild diuresis this group of patients 
often has dramatic improvement in their symptoms and, after 
initial diagnostics return, may be re-triaged to a lower level 
of care. The downstream effects of all therapeutic options 
must be considered. Care must be taken not to provide over-
aggressive diuresis in this group of patients who tend to not 
be significantly fluid overloaded. Although patients who 
are aggressively diuresed may appear to initially improve, 
this may be at the expense of subsequent dehydration, renal 
insufficiency, increased hospital length of stay and higher 
event rates.29, 30  

Adverse effects of diuretics

While relief of congestion with diuretics is 
self-evident, this must be balanced against 
avoiding hypotension and worsening renal 
function. Overdiuresis may lead to both, 
even while some evidence of congestion 
persists. When congestion fails to improve 
in response to therapy, options are limited 
but include:25

 

While relief of congestion with 

diuretics is self-evident, this must 

be balanced against avoiding 

hypotension and worsening renal 

function. 
 



Advancing the Standard of Care: Cardiovascular and 
Neurovascular Emergencies 

38 New Recommendations for Acute Heart Failure Treatment in the Emergency Department

– reevaluating the presence or absence of congestion

– restricting sodium and fl uid

– increasing doses of loop diuretics

– continuous infusion of loop diuretics

– addition of a second type of diuretic orally such 
as metolazone or spironolactone, or giving IV 
chlorothiazide

–  consideration of ultrafi ltration

Anticoagulation

New to practice guidelines for AHFS is the need for venous 
thromboembolism prophylaxis for admitted patients not 
already anticoagulated, either through pharmacotherapy, or 
mechanically if there is a contraindication.25

Self-Care

New recommendations place increased focus on maximizing 
self-care strategies for AHFS patients and addressing the 
vulnerable period beginning at time of ED dispositon and 
extending for a few weeks post discharge (Figure 1). 
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Poor health care education, behavior, or access to routine 
health care can result in hospitalization and significant 
morbidity, further contributing to suboptimal disposition 
decision making.9-11 In addition, while physiologic markers 
predict short-term event rates, health care behavior likely has 
a much higher impact on more distant event rates.32-40 Several 
studies have identifi ed markers of poor health care behavior 
which predict late events in AHFS patients. Non-compliance 
(medication and diet), inadequate discharge planning and 
follow-up, and previous heart failure admissions are associated 
with 90-day readmission.40 Inadequate patient knowledge 
and understanding of illness as well as poor social support has 
been associated with more heart failure-related readmissions.37 
Implementation of a nurse-directed disease intervention 
program aimed at education, dietary and medication 
assessment, discharge planning, and close outpatient follow-
up reduced 90-day heart failure hospital readmissions.38 While 
these inpatient studies have identifi ed health care behavior as 
a risk factor for late events, prospective ED quantifi cation of 
this relationship has not been performed. Further, discharge 
planning resources in the ED may be limited compared 
to inpatient units, making it difficult to provide adequate 
transition of care to the outpatient setting. Thus, even patients 
without high-risk features, and an initial adequate response to 
therapy, may still be diffi cult to discharge directly home from 
the ED because of anticipated poor health care behavior. An 
ED-based observation unit may serve as an alternative to 
admission in non-high risk patients who would benefi t from 
further treatment and risk-stratification while outpatient 
follow-up is arranged.

Conclusion

Several areas of research are still necessary to advance the 
treatment of AHFS, with an overall goal of decreasing the 
hospital admission rate while simultaneously improving short 
and long-term event rates. Unfortunately, nearly all new 
therapies studied for AHFS in the past decade have failed 
to show signifi cant improvement over our current standard 
of care, dramatically unlike advances in care of patients 
with acute coronary syndrome. This may be partly due to 
late enrollment in trials, sometimes many hours to days after 
inpatient admission, after initial symptoms have improved 
or abated. This will require substantial ED involvement 
and enrollment. Such an approach has been suggested and 
encouraged by the NIH through their fi rst ever working group 
on acute heart failure.41 This group established a priority on 
ED-based clinical trials, risk assessment and stratifi cation, as 

well as an improved understanding of heterogeneity and its 
effect on a more phenotypic approach to treatment. Such 
an approach has been presented in this review along with 
new recommendations from the first clinical guidelines to 
signifi cantly address AHFS treatment.
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Objectives:

1) Describe the literature behind clinical decision making in 
acute ischemic stroke

2) Identify the potential uses of new imaging technologies in 
acute stroke management

3) Defi ne the critical decision making behind treatment of 
intracerebral hemorrhage

Introduction

Acute stroke care is a multidisciplinary effort that has 
seen tremendous change in the past decade. The overall 
effort of treating stroke patients to optimize their outcome 
has experienced a few medical advances and a number of 
political/organizational advances. The most notable medical 
advances are reperfusion efforts for acute ischemic stroke as 
well as significant advances in imaging stroke of all types. 
The political/organizational advances include formalization of 
“Stroke Center” recognition as well as many efforts to mandate 
regionalization of stroke care. The sum of these medical and 
organizational advances, if implemented well, can signifi cantly 
improve outcomes from stroke and 
represent the current state of the art.

Acute Stroke Care Treatment 
Advances

The era of reperfusion for acute 
ischemic stroke became a reality after 
the publication of the NINDS rt-PA 
study in the New England Journal 
of Medicine in December, 1995.1 
While the adoption of this therapy 
remains “in process” there clearly is 
an entirely different approach to acute 
ischemic stroke driven by the potential of reperfusion. Since 
that time there has been considerable controversy over the 
use of thrombolysis for acute stroke as well as incremental 
improvements based on newer trials. 

Early in this process there were clearly multiple factors which 
led to controversy.  The most focal criticisms of this proposed 
therapy were the “amount of data” upon which the FDA 
approval and subsequent advocacy for this treatment were 
based. In addition, multiple negative trials of thrombolysis 
for stroke called into question the wisdom of accepting a 
new therapy based on two combined trials with only 624 
patients. In addition, a subsequent Cochrane Review similarly 
questioned the validity of thrombolysis in general for acute 
ischemic stroke.2 

Research done early in the evolution of acute reperfusion 
therapy for stroke demonstrated that patient selection and 
adherence to guidelines for this therapy are critical. This 
work, followed by a broad-based educational effort to reduce 
errors in patient treatment ultimately demonstrated that error 
reduction was possible and that the very concerning risk of 
hemorrhage in acute stroke therapy can be limited. It is clear 
that education, team communication and multidisciplinary 
input is required to optimize thrombolysis for acute stroke.3 

One study that was done during the height of this controversy 
is a well performed pooled analysis of all patients treated with 
t-PA for acute ischemic stroke.4  In this Lancet publication in 
2004, all patients treated with t-PA for acute ischemic stroke 
within six hours from five large clinical trials were pooled 
and subsequently analyzed.4  Notably, this methodology is 
different than a meta-analysis in which papers are reviewed 
and data compared.  In the methodology of a pooled analysis, 
individualized patient data from multiple trials is pooled 
together and subsequently analyzed.  In this analysis, 2775 

patients from over 300 hospitals and 
18 countries randomized to t-PA or 
placebo for acute ischemic stroke within 
six hours were analyzed.  Ultimately, 
this pooled analysis demonstrated 
that patients treated within 4.5 hours 
of acute ischemic stroke onset with 
t-PA have an improved outcome over 
patients not treated.  This is true for 
each individual 90 minute increment 
from 0-90 minutes, 91–180 minutes, 
and in fact 181–270 minutes.  It must 
be noted that beyond 4.5 hours patients 
treated with t-PA for acute ischemic 

stroke were found to actually do worse than placebo patients.  
Thus, there is clearly an inflection point based on time 
somewhere in the vicinity of the 4.5 hour region.
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A signifi cant change in the overall acceptance of thrombolysis 
for acute stroke came with the publication of “A Placebo 
Controlled Trial of Alteplase in Acute Ischemic Hemispheric 
Stroke Where Thrombolysis is Initiated Between 3 and 4.5 
Hours After Stroke Onset.”5 This trial, also known as ECASS 
3, was the fi rst large thrombolytic trial in ischemic stroke in 
many years. The inclusion and exclusion criteria are similar 
to the NINDS rt-PA stroke trials with a few additional 
exclusions. The trial enrolled approximately 800 patients and 
was conducted in 15 countries. The fi nal patient was enrolled 
in February, 2008.  In the fi nal results of this trial, patients 
treated with rt-PA were more likely to have a favorable 
clinical outcome than patients treated with placebo (52.4% 
vs. 45.2%; odds ratio, 1.34; 95% confi dence interval [CI], 1.02 
to 1.76; P=0.04). With the ECASS 3 trial’s positive result 
there was further weight to the argument that thrombolysis 
of acute ischemic stroke in the fi rst few hours is benefi cial. 
It also validated the findings of the 
pooled analysis of all previous rt-PA 
patients treated in acute stroke trials. 
This study has led many clinicians and 
stroke teams to expand their window 
for appropriately selected patients with 
acute stroke.

The sum of the literature to date has 
led to greater acceptance of the use of 
rt-PA in appropriately selected patients. 
It is clear that proper patient selection 
is necessary as the risk benefit ratio 
for thrombolytic therapy is predicated 
on choosing patients who clearly 
meet criteria for such treatment. It 
has also become evident that the time 
window may be as long as 4.5 hours for 
appropriately selected patients. As more 
clinicians become comfortable with this approach, a greater 
number of patients are offered the chance for reperfusion. 
Clearly, effi cient delivery of intravenous thrombolysis by an 
organized and ready hospital team is one required element for 
state of the art for acute stroke care.

Parallel to the implementation and advances in intravenous 
thrombolytic therapy has been a sharp rise in the use of intra-
arterial reperfusion therapies. This type of treatment was 
initiated in the mid 1990s with multiple signifi cant infl ection 
points. The fi rst major evidence of increased use came with the 
FDA approval of the MERCI Retriever. The Merci Retrieval 
System is described by the maker as a “minimally invasive 
catheter-based system designed to retrieve and remove clots 

in patients experiencing acute ischemic stroke.”  The Merci 
Retrievers are corkscrew-shaped products designed to remove 
blood clots from large vessels within the neurovasculature. 
The Merci Retriever was fi rst cleared for human use in 2004 by 
the FDA. Since that time, the MERCI device has undergone a 
number of signifi cant engineering changes making the device 
easier to direct and deploy. There now are a greater cadre of 
individuals and centers performing such treatments.  This 
use has led to more opportunities to gain experience for new 
operators. Intra-arterial invasive treatments are now relatively 
common in large stroke centers.  In addition, there has now 
been the approval of another instrument, the Penumbra 
device. This system uses a unique microcatheter and separator. 
Essentially this is a two pronged approach to break up and 
aspirate the clot and clear the vessel. This device received 
FDA clearance in 2008 and becoming more popular.

One recent and significant change 
which has increased the use of intra-
arterial therapies came with the recent 
addition of a funding code which makes 
the practice more fi nancially feasible.  
In 2006, the ICD-9 code 39.74 created 
a billing mechanism for “Endovascular 
removal of obstruction from head and 
neck vessel(s).” This dramatically 
increased the reimbursement potential 
for endovascular approaches to acute 
ischemic stroke.  

Despite the enormous progress relative 
to the treatment of acute ischemic 
stroke, the therapeutic advances for 
intracerebral hemorrhage (ICH) have 
been relatively rare. Trials of surgical and 
medical interventions have as yet failed 

to substantially alter outcome. Blood pressure management 
parameters, based on expert consensus, have provided 
improved guidelines for emergency care. One important 
change in perception of ICH in the emergency setting is the 
realization that unlike supratentorial hemorrhage, cerebellar 
hemorrhages are necessarily surgical emergencies and must be 
treated by rapid evacuation of the clot by the neurosurgeon.6

Management of aneurysm-based subarachnoid hemorrhage 
has improved in two aspects. First, the timing of interventions 
has clearly moved from delayed to acute. This does call upon 
the emergency department (ED) team to coordinate both 
diagnosis as well as very early referral to a high volume center 
for defi nitive securing of the ruptured aneurysm. Second, along 
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with earlier therapy has come the rapid uptake of endovascular 
procedures to ameliorate many of the aneurysms which are 
responsible for bleeding. Clearly this area of stroke therapy has 
been substantially improved over the last decade.7 

Finally, in order to try to sharpen the decision-making of 
the clinician, imaging researchers have made considerable 
improvements in the diagnostic armamentarium for acute 
stroke. Currently in the United States, non-contrasted head 
computer tomographic (CT) imaging remains the primary 
imaging modality for the initial evaluation of patients with 
suspected stroke.8 Lesions which might mimic acute ischemic 
stroke such as tumor, trauma, and of course intracerebral 
hemorrhage, can be often excluded by the non-contrasted 
head CT.  The availability and rapidity with which a head CT 
can be obtained make this a very useful tool for differentiating 
a possible acute ischemic stroke from other lesions. This 
modality, however, does not begin to optimize the imaging 
evaluation of an acute ischemic stroke patient.  Two diagnostic 
approaches which are rapidly becoming more available to the 
emergency physician are computer tomographic angiography 
(CTA) and advanced techniques in magnetic resonance (MR) 
imaging such as MR diffusion imaging.

The modality CTA is becoming rapidly available based on 
the increased availability of late generation multi-slice CT 
scanners.  With this technique, imaging of the entire intra and 
extra cranial circulation beginning at the aortic arch through 
the Circle of Willis can be performed in less than 20 seconds.  
Individuals trained in reading these scans can fi nd stenoses 
or occlusion of vessels immediately based on source imaging, 
and within just minute’s reconstruction of such imaging, can 
provide spectacular views of the arteries in question.  Many 
advanced centers are beginning to use this technique in all 
acute stroke patients as many stroke experts believe this adds 
enough clinical information to merit initial acquisition of 
CTA at the time of presentation.9 It is quite easy to imagine 
how the patient with questionable symptoms causing angst 
for the provider could be differentiated based on the fi nding 
or absence of a significant intracerebral occlusion.  One 
obvious downside to this technique is the requirement of the 
administration of contrast.  The availability of point-of-care 
creatinine testing could diminish the patients receiving such 
a test who are at risk for contrast induced nephropathy.  In 
series to date, the incidences of such nephropathy have been 
quite low.10 

Similar in value to the emergency physician to CTA are 
advanced MR images.  While most centers cannot obtain MR 
imaging as rapidly as they do CT, there are a number of clinical 

scenarios in which the extra time required to obtain an MR 
image would have clinical merit.  Specifi cally, the availability 
of MR diffusion imaging can dramatically alter care.  Diffusion 
weighted MRI is based on the principle that random motion 
of water molecules in tissue can be measured and quantifi ed.  
In the setting of acute ischemic stroke, ion pumps in the 
membranes of injured cells begin to fail.  This leads to an 
acute increase in intracellular water in those affected cells.  
This difference in water content and water diffusion between 
affected cells and unaffected cells can be measured.  Due to 
sophisticated programming, the affected tissue “lights up” on 
the diffusion images.  These MR scans can be some of the 
most dramatic images in the management of acute ischemic 
stroke patients.  Clinicians evaluating challenging patients 
can now differentiate between those who actually have an 
acute ischemic event versus those who do not.  Such tests are 
particularly valuable in patients in whom complex migraine 
versus acute ischemic stroke must be differentiated.  It should 
be noted that all MR imaging is alike.  A full brain MRI can 
take up to an hour.  The acquisition of MR diffusion takes less 
than 10 minutes.  Therefore, the actual clinical determination 
of ischemic stroke can be performed in the fi rst 10 minutes of 
MR imaging.11

It is clear, therefore, that rapidly available imaging in 
the hands of skilled readers can significantly improve the 
diagnostic ability of the acute stroke team. Such advances 
have become standard practice in the most advanced stroke 
centers and represent the state of the art in current acute 
stroke management.

Organizational and Political Advances

One of the most important organizational changes in 
stroke care is based on the publication of the Brain Attack 
Coalition’s Recommendations for the Establishment of 
Primary Stroke Centers. This was an effort to respond to the 
marked variability and at times unavailability of coordinated 
stroke care. In describing the situation which exists for stroke 
care the authors quoted research that documents 66% of 
hospitals do not have defi ned stroke protocols, and 82% lack 
a rapid identifi cation system for patients experiencing acute 
stroke. Citing the experience, and documented success, of 
trauma centers in organizing and providing care for a disease 
with signifi cant time-dependence, the authors proposed it is 
reasonable to explore the “center” concept for acute stroke. 
They also proposed, like the trauma system, there should 
be more than one “level” of stroke care center, proposing a 
two tier system with the elements being the “primary stroke 
center” and the “comprehensive stroke center.”12
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In the primary stroke center paper, the authors outline and 
detail the essential elements of a “Primary Stroke Center.” 
The Key elements of primary stroke centers include acute 
stroke teams, an integrated emergency response system, 
written care protocols and a “stroke unit”. Important support 
services include availability and interpretation of computed 
tomography scans 24 hours per day and rapid laboratory testing. 
Administrative support, strong leadership, and continuing 
education are also important elements for stroke centers. The 
authors believe that the adoption of these recommendations 
may increase the use of appropriate diagnostic and therapeutic 
modalities and reduce post-stroke complications. 

Along with the stroke center efforts have been a number of 
political correlates, most commonly at the state level, which 
have mandated efforts to improve stroke care. Additional 
efforts have included an Institute of Medicine conference 
designed to improve regionalization of care including acute 
stroke care. Such efforts have concentrated on getting the 
right patient to the right level of care at the right time. This 
has signifi cant implications for hospitals along the continuum 
of stroke capabilities as these institutions will be tasked with 
keeping the patients which are appropriate for their level of 
care and transferring those patients who are not to a more 
sophisticated stroke center. 

Conclusion

In summary, the current state of the art for acute stroke care 
requires a multi-disciplinary team ready to make appropriate 
diagnostic and treatment decisions. These decisions require 
team communication and experienced clinicians who can 
accurately and rapidly determine when to employ thrombolytic 
therapy and which route to use. It requires advanced imaging 
to be both available quickly and read by skilled diagnostic 
imaging experts and stroke clinicians. It also requires 
involvement of the greater health care community to ensure 
that the right patients are getting to the right level of care at 
the right time.
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Risk Stratifi cation of Acute Coronary Syndrome in 
the ED – W. Brian Gibler, MD

1) The diagnosis of ACS in the ED requires the 
emergency physician to assess for all of the 
following EXCEPT:

a. rest ischemia

b. exercise-induced ischemia

c. magnesium score

d. myocardial necrosis

2) Which two tests should be performed in a serial 
fashion in the ED?

a. CT coronary angiography and troponin levels

b. troponin levels and 12-lead ECGs 

c. graded exercise testing and 12-lead ECGs

d. radionuclide imaging and graded exercise 
testing

3) Clinical Risk Scores have been found to be 
extremely useful in low risk ED patients.

a. True

b. False

4) Potential impediments to widespread use of CT 
coronary angiography include radiation risk and 
lack of ready availability of expert interpretation of 
results.

a. True

b. False

Continuing Medical Education Post-Test
Based on the information presented in this monograph, please choose one correct response for each of the following 
questions or statements. Record your answers on the answer sheet on page 49. To receive Category I credit, 
complete the post-test and record your responses on the answer sheet. Mail in the return envelope no later than 
April 1, 2012. A passing grade of 80% is needed to receive credit. A certifi cate will be sent to you upon your 
successful completion of this post-test.

Anticoagulation in Acute Coronary Syndrome and 
Beyond – Charles V. Pollack, Jr, MD

5) All of the following are indirect antithrombins 
EXCEPT:

 a. unfractionated heparin

b. enoxaparin

c. bivalirudin

d. dalteparin

6) Which of the following statements regarding 
anticoagulant therapy is true?

 a. Fondaparinux has strong anti-IIa activity.

b. Bivalirudin has strong anti-Xa activity.

c. Warfarin is consistently benefi cial as secondary 
prevention after ACS.

d. Enoxaparin is more eff ective than 
unfractionated heparin in the fi brinolytic 
management of STEMI.

7) Which of the following is NOT an FDA-labeled use 
of an anticoagulant?

a. enoxaparin in medical management of 
NSTE-ACS

b. bivalirudin in medical management of 
NSTE-ACS

c. dalteparin in medical management of 
NSTE-ACS

d. enoxaparin in fi brinolytic management 
of STEMI
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Managing Thienopyridine Therapy in Acute 
Coronary Syndromes: Novel Antiplatelets Prasugrel 
and Ticagrelor – James W. Hoekstra, MD

8) Which of the following antiplatelet agents blocks 
is metabolized to an active form by the liver after 
ingestion?

a. Prasugrel

b. Clopigogrel

c. Ticagrelor

d. All of the above

9) Which of the following antiplatelet agents is 
contraindicated in patients with a prior history of 
TIA or stroke?

a. Prasugrel

b. Clopigogrel

c. Ticagrelor

d. All of the above

10)  Which of the following antiplatelet agents has the 
shortest half life?

a. Prasugrel

b. Clopigogrel

c. Ticagrelor

d. All of the above

11)  Which of the following antiplatelet agents resulted 
in a reduction of cardiac death at one year in 
patients treated for STEMI and NSTEMI?

a. Prasugrel

b. Clopigogrel

c. Ticagrelor

d. All of the above

Evolving Therapies for ACS: Moving Forward with 
Novel Antiplatelet Treatment – Deborah B. Diercks, MD

12) United States Food and Drug Administration issued 
a boxed warning regarding the need for testing of 
patients on clopidogrel to:

a. Determine if they are allergic to clopidogrel

b. Determine if they are poor metabolizers of 
clopidogrel

c. Determine the dose needed of clopidogrel

d. Determine if they only should use clopidogrel 
as the sole antiplatelet agent

13) Clopidogrel and Proton Pump Inhibitors have:

a. No interactions

b. May always be given together without any risk 
of adverse events

c. Share a similar enzyme for metabolism

d. None of the above

14) The Early versus Delayed, Provisional Eptifi batide in 
Acute Coronary Syndromes (EARLY) trial:

a. Showed fewer bleeding complications in 
patients receiving eptifi batide downstream.

b. Enrolled only patients who had left the 
emergency department

c. Showed a signifi cant reduction in the 
composite outcome the patients receiving 
early eptifi batide

d. The results are not relevant to future versions 
of the American Heart Association/American 
College of Cardiology guidelines.
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Hypertensive Emergencies – On The Cutting Edge – 
Phillip D. Levy, MD

15) A hypertensive emergency is defi ned by:

a. the presence of acute target-organ damage 
manifest by clinical sequelae or diagnostic test 
abnormalities.

b. the presence of chronic target-organ damage 
without evidence of acute deterioration.

c. a systolic blood pressure > 200 mm Hg with or 
without associated symptoms.

d. the universal presence of papilledema and 
retinal hemorrhages.

16) The most common target-organs to be injured 
with a hypertensive emergency are:

a. the aorta.

b. the kidneys.

c. the brain and heart. 

d. the gastrointestinal system. 

17) Pure beta-blocker medications work to decrease 
blood pressure by:

a. causing a dramatic reduction in systemic 
vascular resistance.

b. decreasing cardiac output.

c. increasing natriuresis and fi ltered fraction of 
circulating blood volume.

d. removing central sympathetic drive. 

18) In a patient whose systolic blood pressure exceeds 
240 mm Hg, mean arterial pressure should be 
reduced:

a. by approximately 25% in the fi rst hour in all 
circumstances.

b.  “aggressively” when aortic dissection and 
ischemic stroke are present. 

c. by administration of oral clonidine when 
mental status changes exist. 

d. using nicardipine, labetalol or esmolol in the 
setting of acute intracerebral hemorrhage.

Fat – The Highly Visible Killer – Andra L. Blomkalns, MD

19) Intubating an obese patient in the ______ position 
will assist in achieving a favorable view during 
direct laryngoscopy. 

a.  RIGOR

b.  RAMP

c.  7-UP

d.  7-DOWN

e.  RAPTOR

20) Obese patients have larger airways and require increases 
in instrument and device size during intubation.

a. True 

b. False 

21) Alterations in dosing of which of the following 
agents may be required in patients with obesity:

a. Beta-lactams 

b.  Cephalosporins

c.  Benzodiazepines 

d.  Induction agents

e.  All of the above 

New Recommendations for Acute Heart Failure 
Treatment in the Emergency Department – Alan B. 
Storrow, MD

22) The following are all false statements regarding 
AHFS in the ED except:

a. Presentation with preserved LVEF is 
uncommon

b. Hypotension is an uncommon presenting 
clinical characteristic

c. A minority of patients are admitted for 
inpatient treatment

d. Thirty-day readmission is uncommon.



48 Advancing the Standard of Care: Cardiovascular and Neurovascular Emergencies

23) The following are all true statements regarding 
AHFS in the ED except:

a. According to registry data, approximately 
half of patients present with a systolic BP over 
140mmHg

b. Hypertensive heart failure tends to be 
associated with female sex and preserved LVEF

c. Normotensive heart failure typically presents 
with rapid symptoms over hours and 
pulmonary edema

d. Options for initial BP control include 
nitroglycerin or hydralazine.

24) According to the HFSA guidelines, when 
congestion fails to improve in response to therapy, 
the following may be helpful except:

a. Continuous infusion of loop diuretics

b. Addition of a second type of loop diuretic

c. Fluid boluses

d. Ultrafi ltration

25) New to practice guidelines is the need for venous 
thromboembolism prophylaxis for admitted 
patients not already anticoagulated and without 
contraindications.

a. True

b. False

Treating Acute and Hemorrhagic Stroke – What is 
the “State of the Art”?” – Arthur M. Pancioli, MD

26) Which of the following imaging modalities can 
reliably diff erentiate between ischemic brain tissue 
and normal brain tissue?

a. Non contrast CT

b. Helical CT

c. Diff usion MRI

d. Coeffi  cient of Flow MRI

27) ECASS III was a clinical trial of rt-PA in acute 
ischemic stroke that demonstrated:

a. There is potential benefi t for selected patients 
treated between 3 and 4.5 after symptom onset

b. There is potential for selected patients treated 
between 3 and 6 after symptom onset

c. The rate of bleeding after rt-PA in acute 
ischemic stroke is much higher in patients 
treated 6 hours after onset

d. Intracranial Hemorrhage after rt-PA is more 
common in patient with lower stroke scale scores

28) Which of the following is true regarding 
intracerebral hemorrhage?

a. Intracerebral hemorrhages do not benefi t from 
surgery

b. Cerebellar hemorrhage is a surgical emergency

c. Hypertension does not convey increased risk of ICH

d. Diabetes is considered “protective” in ICH 
patients
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