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Type 2 (which accounts for 10 to 30 percent of cases)
is characterized by qualitative abnormalities of von
Willebrand factor and is further divided into sub-
types 2A, 2B, 2M, and 2N. Inheritance is generally
autosomal dominant (Table 1). Type 3 (which ac-
counts for 1 to 5 percent of cases) is transmitted as
an autosomal recessive trait in homozygous or com-
pound heterozygous persons and is characterized
by very low or undetectable levels of von Willebrand
factor in plasma (less than 1 percent of normal plas-
ma levels), with low but usually detectable levels of
factor VIII (1 to 10 percent of normal plasma lev-
els).
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 It is in these rare cases of type 3 disease (1 in
1 million people) that symptoms are more frequent
and severe, similar to those in cases of moderately
severe hemophilia A.

 

13

 

At the moment, no genotypic classification of
von Willebrand’s disease is available. More than 250
mutations of all types (including large and small de-
letions, out-of-frame insertions, splicing abnormal-
ities, and nonsense and missense mutations) have
been identified. More information on the genetic
aspects of von Willebrand’s disease can be found at
www.sheffield.ac.uk/vwf and in a recent review ar-
ticle.
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Normal screening tests of coagulation, such as mea-
suring the activated partial-thromboplastin time
and prothrombin time, do not rule out von Wille-
brand’s disease. Before the 1970s, the disease could
be diagnosed only on the basis of low plasma levels
of factor VIII and a prolonged bleeding time (the
bleeding time is normal in hemophilia A).
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Figure 1. Simplified Model of von Willebrand Factor 
Functions in Platelet-Plug Formation.
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tional change of 
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low crosses). This event, together with the rolling of 
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3 to bind platelets to the vessel wall 
(Panel C); 

 

a

 

IIb

 

b

 

3 is also responsible for platelet-to-plate-
let interactions that eventually lead to platelet-plug for-
mation mediated by von Willebrand factor and, at slow 
flow conditions, by fibrinogen (not shown).
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on willebrand’s disease is an inherited bleeding disorder

 

with a prevalence as high as 1 to 2 percent in the general population, according
to screening studies.

 

1,2

 

 In contrast, estimates based on referral for symptoms
of bleeding suggest a prevalence of 30 to 100 cases per million, which is similar to the
prevalence of hemophilia A.

 

1,2

 

 The disease was first described in 1926 by the Finnish
pediatrician Erik von Willebrand, who used a rowboat to make house calls to patients
with the disease in the Åland archipelago. The disease is caused by the quantitative de-
ficiency or dysfunction of von Willebrand factor, a large multimeric glycoprotein

 

3,4

 

that is encoded by a gene spanning 178 kb of genomic DNA on chromosome 12.

 

5,6

 

 The
gene product is a 2813-amino-acid polypeptide, consisting of a 22-amino-acid signal
peptide and a 741-amino-acid propeptide that is cleaved during intracellular process-
ing, resulting in a mature subunit of 2050 amino acids.

 

7

 

 Synthesized in vascular endo-
thelial cells and megakaryocytes, stored in Weibel–Palade bodies, and secreted into
plasma and the subendothelial extracellular matrix,

 

7-9

 

 von Willebrand factor has two
main functions in hemostasis. It is essential for platelet-plug formation as an adhesion
protein that diverts circulating platelets to the sites of vascular injury (Fig. 1), particu-
larly through larger multimers,

 

7

 

 and it forms a noncovalent complex with coagulation
factor VIII in plasma, thereby protecting it from inactivation and clearance (Fig. 2).

 

10,11

 

Even though the primary deficiency or defect in von Willebrand’s disease is that of
von Willebrand factor, the secondary deficiency of factor VIII, which is dependent on
von Willebrand factor as its naturally occurring plasma carrier and stabilizer, leads to a
defect both in platelet-plug formation (which occurs in thrombocytopathies such as
Glanzmann’s thrombasthenia) and in fibrin formation (which occurs in coagulopathies
such as the various types of hemophilia). The principal clinical manifestations of von
Willebrand’s disease reflect this dual defect, with excessive and prolonged bleeding af-
ter surgery (which is typical of coagulopathies) and mucosal tract hemorrhages such as
epistaxis and menorrhagia (which are typical of thrombocytopathies).

 

12,13

 

 Only the most
severely affected patients have spontaneous soft-tissue bleeding, such as hematomas
and hemarthroses, so musculoskeletal abnormalities occur rarely, in contradistinction
to hemophilia.

 

12,13

 

 Excessive bleeding at the time of menstruation and during child-
birth is a particular concern for women of childbearing age.

 

12-14

 

Von Willebrand’s disease is classified into three main phenotypes (Table 1).

 

15

 

 Type 1
(which accounts for 60 to 80 percent of cases) is characterized by mild-to-moderate
quantitative deficiencies of von Willebrand factor and factor VIII, which are coordinately
reduced to 5 to 30 percent of normal plasma levels (5 to 30 IU per deciliter). This sub-
type is typically transmitted as an autosomal dominant trait in the heterozygous state.
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Type 2 (which accounts for 10 to 30 percent of cases)
is characterized by qualitative abnormalities of von
Willebrand factor and is further divided into sub-
types 2A, 2B, 2M, and 2N. Inheritance is generally
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pound heterozygous persons and is characterized
by very low or undetectable levels of von Willebrand
factor in plasma (less than 1 percent of normal plas-
ma levels), with low but usually detectable levels of
factor VIII (1 to 10 percent of normal plasma lev-
els).
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and prothrombin time, do not rule out von Wille-
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Figure 1. Simplified Model of von Willebrand Factor 
Functions in Platelet-Plug Formation.

 

In the intact vessel wall (Panel A), endothelial cells ham-
per the interactions of circulating platelets and their 
membrane glycoproteins Ib

 

a

 

 (GpIb

 

a

 

), nonactivated IIb–
IIIa (

 

a

 

IIb

 

b

 

3), and collagen receptors GpVI and 

 

a

 

2

 

b

 

1 
with von Willebrand factor and collagen fibrils localized 
in the subendothelial extracellular matrix. When the ves-
sel wall is intact and blood flow is normal, plasma von 
Willebrand factor that is present in a coiled structure and 
platelets coexist in circulating blood with minimal inter-
actions. In the damaged vessel wall (Panel B), collagen 
and von Willebrand factor of the subendothelial matrix 
become exposed to flowing blood and shear forces. Plas-
ma von Willebrand factor efficiently binds to exposed 
collagen and uncoils its structure, supporting the adhe-
sion of circulating platelets in synergy with collagen. 
Bound von Willebrand factor interacts, at first, only with 
the platelet receptor GpIb

 

a

 

 and platelet tethering occurs. 
This interaction has a fast dissociation rate, and platelets 
tethered to the vessel wall still move in the direction of 
flow (rolling). In this interaction, collagen receptors 
GpVI and 

 

a

 

2

 

b

 

1 bind to collagen and promote platelet 
adhesion and activation in synergy with the von Wille-
brand factor–GpIb

 

a

 

 interactions. Once platelets are acti-
vated (represented by irregular margins), a conforma-
tional change of 

 

a

 

IIb

 

b

 

3 enhances its affinity for the 
ligand von Willebrand factor (receptors are shown as yel-
low crosses). This event, together with the rolling of 
platelets due to the von Willebrand factor–GpIb

 

a

 

 inter-
action, allows 

 

a

 

IIb

 

b

 

3 to bind platelets to the vessel wall 
(Panel C); 

 

a

 

IIb

 

b

 

3 is also responsible for platelet-to-plate-
let interactions that eventually lead to platelet-plug for-
mation mediated by von Willebrand factor and, at slow 
flow conditions, by fibrinogen (not shown).

The New England Journal of Medicine 
Downloaded from nejm.org at MCGILL UNIVERSITY LIBRARY on February 6, 2012. For personal use only. No other uses without permission. 

 Copyright © 2004 Massachusetts Medical Society. All rights reserved. 

 

n engl j med 

 

351;7

 

www.nejm.org august 

 

12, 2004

 

The

 

 new england journal 

 

of

 

 medicine

 

683

 

review article

 

drug therapy

 

Alastair J.J. Wood, M.D.,

 

 Editor

 

Treatment of von Willebrand’s Disease

 

Pier Mannuccio Mannucci, M.D.

 

From the Angelo Bianchi Bonomi Hemo-
philia and Thrombosis Center and the
Department of Internal Medicine and
Dermatology, Istituto di Ricovero e Cura a
Carattere Scientifico Maggiore Hospital
and the University of Milan, Milan.
Address reprint requests to Dr. Mannucci
at Via Pace 9, 20122 Milan, Italy, or at
piermannuccio.mannucci@unimi.it.

N Engl J Med 2004;351:683-94.

 

Copyright © 2004 Massachusetts Medical Society.

 

on willebrand’s disease is an inherited bleeding disorder

 

with a prevalence as high as 1 to 2 percent in the general population, according
to screening studies.

 

1,2

 

 In contrast, estimates based on referral for symptoms
of bleeding suggest a prevalence of 30 to 100 cases per million, which is similar to the
prevalence of hemophilia A.

 

1,2

 

 The disease was first described in 1926 by the Finnish
pediatrician Erik von Willebrand, who used a rowboat to make house calls to patients
with the disease in the Åland archipelago. The disease is caused by the quantitative de-
ficiency or dysfunction of von Willebrand factor, a large multimeric glycoprotein

 

3,4

 

that is encoded by a gene spanning 178 kb of genomic DNA on chromosome 12.

 

5,6

 

 The
gene product is a 2813-amino-acid polypeptide, consisting of a 22-amino-acid signal
peptide and a 741-amino-acid propeptide that is cleaved during intracellular process-
ing, resulting in a mature subunit of 2050 amino acids.

 

7

 

 Synthesized in vascular endo-
thelial cells and megakaryocytes, stored in Weibel–Palade bodies, and secreted into
plasma and the subendothelial extracellular matrix,

 

7-9

 

 von Willebrand factor has two
main functions in hemostasis. It is essential for platelet-plug formation as an adhesion
protein that diverts circulating platelets to the sites of vascular injury (Fig. 1), particu-
larly through larger multimers,

 

7

 

 and it forms a noncovalent complex with coagulation
factor VIII in plasma, thereby protecting it from inactivation and clearance (Fig. 2).

 

10,11

 

Even though the primary deficiency or defect in von Willebrand’s disease is that of
von Willebrand factor, the secondary deficiency of factor VIII, which is dependent on
von Willebrand factor as its naturally occurring plasma carrier and stabilizer, leads to a
defect both in platelet-plug formation (which occurs in thrombocytopathies such as
Glanzmann’s thrombasthenia) and in fibrin formation (which occurs in coagulopathies
such as the various types of hemophilia). The principal clinical manifestations of von
Willebrand’s disease reflect this dual defect, with excessive and prolonged bleeding af-
ter surgery (which is typical of coagulopathies) and mucosal tract hemorrhages such as
epistaxis and menorrhagia (which are typical of thrombocytopathies).

 

12,13

 

 Only the most
severely affected patients have spontaneous soft-tissue bleeding, such as hematomas
and hemarthroses, so musculoskeletal abnormalities occur rarely, in contradistinction
to hemophilia.

 

12,13

 

 Excessive bleeding at the time of menstruation and during child-
birth is a particular concern for women of childbearing age.

 

12-14

 

Von Willebrand’s disease is classified into three main phenotypes (Table 1).

 

15

 

 Type 1
(which accounts for 60 to 80 percent of cases) is characterized by mild-to-moderate
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Life-Threatening Causes of CP
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   TABLE 1-3 

  CHEST PAIN CHARACTERISTIC AND 
LIKELIHOOD RATIO FOR ACUTE 
CORONARY SYNDROME  [  10  ]      

  INCREASE  THE LIKELIHOOD  LR (95 % CI)   DECREASE  THE 
LIKELIHOOD 

 LR (95 % CI) 

 Radiates to the right arm 
or shoulder 

 4.7 (1.9–12)  Pleuritic  0.2 (0.1–0.3) 

 Radiates to both arms 
or shoulders 

 4.1 (2.5–6.5)  Sharp  0.3 (0.2–0.5) 

 Precipitated by exertion  2.4 (1.5–3.8)  Positional  0.3 (0.2–0.5) 

 Radiates to the left arm  2.3 (1.7–3.1)  Reproducible with 
palpation 

 0.3 (0.2–0.4) 

 Associated with 
diaphoresis 

  2.0     (1.9–2.2) 

  ACS  acute coronary syndrome,  CI  con fi dence interval,  CP  chest pain,  LR  likelihood ratio 

   TABLE 1-2 

  LIFE-THREATENING CAUSES OF 
CHEST PAIN     

 CARDIAC  NON-CARDIAC 

  Acute coronary syndrome  substernal, 
radiating to arm, dyspnea on exertion, 
diaphoresis, worse with exertion 

  Acute pulmonary embolism  sudden onset, 
pleuritic, dyspnea, tachycardia, tachypnea, 
hypoxia, evidence of lower extremity deep 
venous thrombosis 

  Aortic dissection  sudden onset, severe, tearing, 
radiating to the back (associated with 
neurologic de fi cits, AR), unequal arm BP 
>20 mmHg, wide mediastinum 

  Tension pneumothorax  sudden onset, sharp, 
pleuritic, decreased breath sounds and chest 
excursion, hyperresonant percussion, hypoxia 

  Acute pericarditis & tamponade  sudden 
onset, pleuritic, better with sitting forward, 
radiating to the back, pericardial rub, ± 
tamponade (distant heart sounds, 
hypotension, JVD) 

  Esophageal rupture/perforation  severe, 
increase with swallowing, fever, abdominal 
pain, history of endoscopy, foreign body 
ingestion, trauma, vomiting 

  AR  aortic regurgitation,  BP  blood pressure,  JVD  jugular venous distension 

   Chest, left arm, jaw, or neck complaint (53 %), SOB (17 %), cardiac arrest (7 %),  ■

dizziness/weakness/syncope (4 %), abdominal complaints (2 %), miscellaneous 
(trauma, gastrointestinal bleeding, altered mental status, nausea/vomiting, palpita-
tions, and other) (17 %)  
  Atypical presentation is associated with an increased risk of adverse outcomes and  ■

common in women, elderly and patients with diabetes mellitus  [  6,   7  ]         

    ■ Pericarditis:  abrupt onset, sharp, pleuritic and positional (better with sitting forward and 
worse with lying down), radiating to the back, recent fever or viral illness

   Look for evidence of associated pericardial effusion (muf fl ed or distant heart sounds)  –

and  tamponade  (distant heart sounds, hypotension, jugular venous distension (JVD), 
dyspnea, tachycardia, pulsus paradoxus)  [  8  ] 

   Think constrictive pericarditis if a history of chest radiation, cardiac or mediastinal  ■

surgery, chronic tuberculosis or malignancy and right-sided heart failure (HF) 
symptoms/signs.        

    ■ Aortic dissection:  Having (1) sudden, severe, tearing CP (or equivalent), maximal at 
onset with radiation to the back, (2) Unequal arm blood pressure (BP) >20 mmHg and (3) 
Wide mediastinum on CXR had a positive likelihood ratio of 66.0 (CI 4.1–1062.0)  [  9  ] 

   Look for neurologic de fi cits, aortic regurgitation (AR), history of HTN, bicuspid aortic  –

valve (AV), coarctation of the aorta, Marfan’s syndrome, Ehlers-Danlos syndrome, 
Turner syndrome, giant cell arteritis, third-trimester pregnancy, cocaine abuse, trauma, 
intra-aortic catheterization, history of cardiac surgery           



When To Call Angina 
Stable Vs. Unstable 

Symptoms?



Unstable Anginal 
Symptoms

• New onset with normal activities


• Crescendo #/severity/NTG/duration


• Rest



What is the Difference 
Between Typical and 

Atypical Angina?



Stable Anginal Symptoms

• Substernal chest pain or discomfort


• Provoked by exertion or emotional stress


• Relieved by rest or nitroglycerine



Bonus Q: What Symptoms Increase 
or Decrease the Likelihood of ACS?



CP & LR of ACS

4 H.K. GAGG I N AN D D.E. DRAC H MAN

   TABLE 1-3 

  CHEST PAIN CHARACTERISTIC AND 
LIKELIHOOD RATIO FOR ACUTE 
CORONARY SYNDROME  [  10  ]      

  INCREASE  THE LIKELIHOOD  LR (95 % CI)   DECREASE  THE 
LIKELIHOOD 

 LR (95 % CI) 

 Radiates to the right arm 
or shoulder 

 4.7 (1.9–12)  Pleuritic  0.2 (0.1–0.3) 

 Radiates to both arms 
or shoulders 

 4.1 (2.5–6.5)  Sharp  0.3 (0.2–0.5) 

 Precipitated by exertion  2.4 (1.5–3.8)  Positional  0.3 (0.2–0.5) 

 Radiates to the left arm  2.3 (1.7–3.1)  Reproducible with 
palpation 

 0.3 (0.2–0.4) 

 Associated with 
diaphoresis 

  2.0     (1.9–2.2) 

  ACS  acute coronary syndrome,  CI  con fi dence interval,  CP  chest pain,  LR  likelihood ratio 

   TABLE 1-2 

  LIFE-THREATENING CAUSES OF 
CHEST PAIN     

 CARDIAC  NON-CARDIAC 

  Acute coronary syndrome  substernal, 
radiating to arm, dyspnea on exertion, 
diaphoresis, worse with exertion 

  Acute pulmonary embolism  sudden onset, 
pleuritic, dyspnea, tachycardia, tachypnea, 
hypoxia, evidence of lower extremity deep 
venous thrombosis 

  Aortic dissection  sudden onset, severe, tearing, 
radiating to the back (associated with 
neurologic de fi cits, AR), unequal arm BP 
>20 mmHg, wide mediastinum 

  Tension pneumothorax  sudden onset, sharp, 
pleuritic, decreased breath sounds and chest 
excursion, hyperresonant percussion, hypoxia 

  Acute pericarditis & tamponade  sudden 
onset, pleuritic, better with sitting forward, 
radiating to the back, pericardial rub, ± 
tamponade (distant heart sounds, 
hypotension, JVD) 

  Esophageal rupture/perforation  severe, 
increase with swallowing, fever, abdominal 
pain, history of endoscopy, foreign body 
ingestion, trauma, vomiting 

  AR  aortic regurgitation,  BP  blood pressure,  JVD  jugular venous distension 

   Chest, left arm, jaw, or neck complaint (53 %), SOB (17 %), cardiac arrest (7 %),  ■

dizziness/weakness/syncope (4 %), abdominal complaints (2 %), miscellaneous 
(trauma, gastrointestinal bleeding, altered mental status, nausea/vomiting, palpita-
tions, and other) (17 %)  
  Atypical presentation is associated with an increased risk of adverse outcomes and  ■

common in women, elderly and patients with diabetes mellitus  [  6,   7  ]         

    ■ Pericarditis:  abrupt onset, sharp, pleuritic and positional (better with sitting forward and 
worse with lying down), radiating to the back, recent fever or viral illness

   Look for evidence of associated pericardial effusion (muf fl ed or distant heart sounds)  –

and  tamponade  (distant heart sounds, hypotension, jugular venous distension (JVD), 
dyspnea, tachycardia, pulsus paradoxus)  [  8  ] 

   Think constrictive pericarditis if a history of chest radiation, cardiac or mediastinal  ■

surgery, chronic tuberculosis or malignancy and right-sided heart failure (HF) 
symptoms/signs.        

    ■ Aortic dissection:  Having (1) sudden, severe, tearing CP (or equivalent), maximal at 
onset with radiation to the back, (2) Unequal arm blood pressure (BP) >20 mmHg and (3) 
Wide mediastinum on CXR had a positive likelihood ratio of 66.0 (CI 4.1–1062.0)  [  9  ] 

   Look for neurologic de fi cits, aortic regurgitation (AR), history of HTN, bicuspid aortic  –

valve (AV), coarctation of the aorta, Marfan’s syndrome, Ehlers-Danlos syndrome, 
Turner syndrome, giant cell arteritis, third-trimester pregnancy, cocaine abuse, trauma, 
intra-aortic catheterization, history of cardiac surgery           







Statistical Analysis
Baseline characteristics of study subjects are expressed as
means ! standard deviation (SD) or medians. Interobserver
agreement between interviewers was determined by calcu-
lation of a kappa statistic, with kappa "0.7 identified as
representative of good agreement. Test characteristics of
each sign were examined using the following as criterion
standards either alone or in combination: a normal (nega-
tive) troponin, an abnormal troponin (troponin I in the
elevated risk or myocardial infarction range), and a positive
or negative diagnostic test. Differences were assessed by the
chi-squared test as well as by logistic regression analysis.
Differences in test characteristics by various subgroups
were assessed by calculating and comparing test character-
istics for each sign within each stratum. In addition to visual
inspection of the estimates, testing for differences by sub-
group was performed by constructing logistic models with
the criterion standard as the outcome variable, and with the
result of the sign, the stratification variable, and their 2-way

multiplicative interaction term included as predictors in the
models. The diameter of the chest pain was examined and
compared with the criterion standards as both a continuous
variable and as categorical variables determined by visual
inspection of the data. All analyses were performed using
Stata SE 7.0 (College Station, Tex). Two-sided P values
#.05 were considered statistically significant.

RESULTS
There were 202 patients enrolled; mean age was 59 ! 13
years; 48 were (24%) women, 107 (53%) white, 49 (24%)
black, 29 (14%) Asian, and 14 (7%) Latino. Sixty-two
(31%) were admitted to the University Hospital, 52 (26%)
to the County Hospital, and 88 (44%) to the Veterans
Administration Hospital. The interviewer was blinded to the
ultimate diagnosis in 169 (84%) cases, and the interview
was performed a mean 1 day after the most recent episode
of chest discomfort. Forty-seven (23%) patients were not

Figure 1 (A) The Levine Sign. (B) The Palm Sign. (C) The Arm Sign. (D) The Pointing Sign.
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ABSTRACT

PURPOSE: Patient gestures are thought to be useful in determining the etiology of chest discomfort. We
sought to determine the utility of certain patient gestures in the diagnosis of ischemic chest discomfort or
myocardial infarction.
METHODS: We performed a prospective observational study of 202 patients admitted with chest
discomfort. Patients were observed for the Levine Sign (clenched fist to the chest), the Palm Sign (palm
of the hand to the chest), the Arm Sign (touching the left arm), and, as an indicator of nonischemic chest
discomfort, the Pointing Sign (pointing with 1 finger).
RESULTS: Prevalences of the Levine, Palm, Arm, and Pointing Signs were 11%, 35%, 16%, and 4%,
respectively. Using troponin levels and results of functional studies and coronary angiograms as reference
standards, none of the sensitivities of the signs exceeded 38%. Specificities of the Levine and Arm Signs
ranged between 78% and 86%, but the positive predictive values did not exceed 55%. The Pointing Sign
had a specificity of 98% for evidence of nonischemic chest discomfort, and the positive predictive value
of a negative troponin was 88%. The diameter of discomfort significantly correlated with certain gestures.
Larger chest pain diameters were associated with evidence of myocardial ischemia.
CONCLUSIONS: Although certain gestures are exhibited by patients presenting with chest discomfort,
they generally have poor test characteristics. The Pointing Sign has a high specificity for nonischemic chest
discomfort, but a low prevalence. The gestures may communicate the size of the chest discomfort, with
larger areas suggestive of ischemia. © 2007 Elsevier Inc. All rights reserved.

KEYWORDS: Chest discomfort; Levine sign; Myocardial infarction; Cardiac ischemia; Patient gestures

Although chest pain accounts for a substantial proportion of
all emergency medical admissions, the pain is frequently
not due to ischemic heart disease.1 At the same time, ap-
proximately 2% of patients having a myocardial infarction
and approximately 2% of patients with unstable angina are
mistakenly discharged from the hospital.2 To improve the
efficiency and safety of the selection of chest pain patients
for admission, new biomarkers and clinical protocols are
continually being investigated.3 In addition, a thorough ex-

amination of our current practices and traditional teachings
is warranted.

The cornerstone of the evaluation of the patient with chest
pain is the history and physical examination. Traditional med-
ical education teaches that patient gestures are useful in deter-
mining the etiology of chest pain: specific references to the
utility of the Levine Sign in making the diagnosis of ischemic
chest pain are found in several prominent cardiology text-
books,4-6 and both textbooks and American College of Cardi-
ology/American Heart Association guidelines suggest that
nonischemic pain should be considered when a patient points
to a specific area on the chest with one finger.4-7 However, to
our knowledge, the accuracy of the Levine Sign and other
patient gestures in the diagnosis of ischemic heart disease has
not been formally studied.

Requests for reprints should be addressed to Gregory M. Marcus, MD,
Division of Cardiology, University of California, San Francisco, 500 Par-
nassus, Box 1354, San Francisco, CA, 94143.

E-mail address: marcusg@medicine.ucsf.edu
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Levine Sign
We sought to determine the prevalence and test char-

acteristics of 4 prospectively defined gestures for the
diagnosis of ischemic chest discomfort or myocardial
infarction using diagnostic tests germane to clinical prac-
tice as criterion (or “gold”) standards. To determine if the
gestures were displayed as a way
to communicate the size of the
chest discomfort, the relation-
ship between the exhibited signs,
the reported diameter of the
chest discomfort, and evidence
of myocardial ischemia or in-
farction was also examined.

METHODS
The study was approved by the
University of California, San
Francisco Committee on Human
Research. Written informed con-
sent was obtained from all
subjects.

Study Design and
Population
This prospective observational study enrolled a convenience
sample of English-speaking patients admitted to 3 teaching
hospitals in San Francisco (a University Hospital, a County
Hospital, and a Veterans Affairs Medical Center) over a
1-year period. Inclusion criteria included age !18 years and
a chief complaint of chest pain or chest discomfort. Patients
were excluded if they had end-stage renal disease requiring
chronic dialysis therapy or any of the following diseases
that had been previously diagnosed or were diagnosed
within the first 24 hours of admission: severe aortic stenosis
or regurgitation, pulmonary embolism, aortic dissection,
severe pulmonary hypertension (mean pulmonary artery
pressure !50 mm Hg), pneumonia, pericarditis, or chest
trauma.

Definitions and Details of the Interview
The “Levine Sign” was defined as a clenched fist of either
hand brought to the chest wall with the thumb aspect of the
fist positioned towards the chest or superiorly (Figure 1).
The “Palm Sign” was defined as an extended palm of either
hand touching the chest. The “Arm Sign” was defined as
deliberately touching the left arm with the right hand, and
the “Pointing Sign” was defined as pointing to a single
specific point with 1 or 2 fingers. The Levine, Palm, and
Arm Signs were each prospectively specified as indicative
of chest pain or discomfort due to cardiac ischemia. The
Pointing Sign was prospectively specified as indicative of
nonischemic chest pain.

Interviews were conducted by at least 1 of 3 observers
(G.M.M., J.C., and J.V.). All interviewers were blinded to
the patients’ ultimate diagnosis whenever possible, and in-
terobserver agreement was examined from the simultaneous

observation of patients. A uniform interview was per-
formed, introduced with, “I’m going to ask you a few
questions about your chest discomfort.” Subsequently, pa-
tients were asked Question 1: “How does it feel?” Question
2: “Can you show me where it is?” and Question 3: “Can

you show me what it feels like?”
The interviewer observed each pa-
tient for any of the prespecified
Signs in response to each ques-
tion. The patient was then asked to
provide a diameter of the area of
the chest discomfort in inches: ei-
ther a verbal answer or measure-
ment from any clear delineation of
the diameter was recorded.

Outcome Measurements
Peak troponin I levels obtained
during the first 24 hours of admis-
sion were recorded and catego-
rized as definitively negative (nor-
mal), indicative of increased risk,
or indicative of myocardial infarc-
tion. The University Hospital used

a microparticle enzyme immunoassay (Abbott, Abbott Park,
Ill), with negative "0.5 !g/L, increased risk # 0.5-2.0
!g/L, and myocardial infarction !2.0 !g/L; the County
Hospital used a chemiluminescent assay (Beckman Coulter,
Fullerton, Calif), with negative "0.06 ng/L, increased
risk # 0.06-0.40 ng/L, and myocardial infarction !0.40
ng/L; the Veterans Affairs Medical Center used a chemilu-
minescent assay (Bayer, Tarrytown, NY), with negative
"0.5 ng/L, increased risk # 0.5-1.5 ng/L, and myocardial
infarction !1.5 ng/L.

Results of coronary angiography performed after admis-
sion and within 4 months were recorded as positive or
negative. A positive designation required the presence of at
least one major coronary artery with a "70% stenosis. If the
patient had a history of coronary artery bypass grafting, a
positive designation required a "70% stenosis in at least 1
major vessel (either native or graft) that was the sole sup-
plier of an area of myocardium. If coronary angiography
was not performed, the results of a functional study per-
formed after and within 4 months of admission were used.
A positive designation required a definitive interpretation by
either a board-certified cardiologist or board-certified nu-
clear medicine physician. Functional studies included re-
sults from exercise treadmill testing (ETT) with or without
Single Positron Emission Tomography (SPECT) or echo-
cardiography and pharmacologic stress testing with SPECT
or echocardiography. A positive or negative “diagnostic
test” was defined by the results of coronary angiography, or,
if coronary angiography was not performed, the results of a
functional study.

Other past medical history was obtained by chart review
and patient interview.

CLINICAL SIGNIFICANCE

● The Levine Sign has a poor sensitivity for
chest pain related to myocardial isch-
emia or infarction.

● A patient pointing to a specific point on
the chest likely does not have discomfort
due to cardiac ischemia or myocardial
infarction.

● Larger areas of chest discomfort corre-
late with a greater likelihood of cardiac
ischemia or myocardial infarction.
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Can ACS Present 
without CP?



ACS without CP

• 33% of all ACS


• Women, DM, >70yo, prior HF


• Worse prognosis



EKG













Cardiac Biomarkers



MI Type 1



MI Type 2







ACS Facts

• ⅓ HF presentation to ER due to ACS


• ½ of all NSTE-ACS have no ischemic EKG changes


• Use TIMI score for NSTE-ACS with app



TIMI Score
• TIMI score (Predict 30d and 1yr 

mortality in UA/NSTEMI) 

1. Age >= 65yo

2. >=  3 CAD RF HDL!!

3. Prior coronary stenosis >= 
50%

4. Use of ASA in last 7d

5. >=2 Angina events in<24h

6. ST segment deviation ( >= 
0,5 mm)

7. Elevated cardiac biomarkers

• 0-1: low risk - 2-3: mod risk - 
>=4:high risk

• TIMI 0-1: 5% all cause mortality, 
recurrent MI/ischemia requiring 
revascularization at 14d 

•         2:    8% 

•         3:   13% 

•         4:   20% 

•         5:   26% 

•         6-7: 41%
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pathway by binding protein C and presenting it to the thrombin–
thrombomodulin complex for activation.9

FIBRINOLYTIC ACTIVITY. The vascular endothelium promotes 
fibrinolysis by synthesizing and releasing tissue and urokinase plas-
minogen activator (t-PA and u-PA, respectively), which initiate fibrino-
lysis by converting plasminogen to plasmin.10 Endothelial cells in most 
vascular beds synthesize t-PA constitutively. In contrast, perturbed 
endothelial cells produce u-PA in the settings of inflammation and 
wound repair.

Endothelial cells also produce type 1 plasminogen activator inhibi-
tor (PAI-1), the major regulator of t-PA and u-PA. Therefore, net fibrino-
lytic activity depends on the dynamic balance between the release of 
plasminogen activators and PAI-1. Fibrinolysis localizes to the endothe-
lial cell surface because these cells express annexin II, a coreceptor 
for plasminogen and t-PA that promotes their interaction. Therefore, 
healthy vessels actively resist thrombosis and help maintain platelets 
in a quiescent state.10

Platelets
Platelets are anucleate particles released into the circulation after 
fragmentation of bone marrow megakaryocytes. Because they are 
anucleate, platelets have limited capacity to synthesize proteins. 
Thrombopoietin, a glycoprotein synthesized in the liver and kidneys, 
regulates megakaryocytic proliferation and maturation as well as plate-
let production.11 Once they enter the circulation, platelets have a life 
span of 7 to 10 days.

Damage to the intimal lining of the vessel exposes the underlying 
subendothelial matrix. Platelets home to sites of vascular disruption 
and adhere to the exposed matrix proteins. Adherent platelets undergo 
activation and not only release substances that recruit additional plate-
lets to the site of injury, but also promote thrombin generation and 
subsequent fibrin formation (Fig. 87-3). A potent platelet agonist, 
thrombin amplifies platelet recruitment and activation. Activated plate-
lets then aggregate to form a plug that seals the leak in the vasculature. 
Understanding the steps in these highly integrated processes helps 
pinpoint the sites of action of the antiplatelet drugs and rationalizes 
the usefulness of anticoagulants for the treatment of arterial thrombo-
sis and venous thrombosis.

ADHESION. Platelets adhere to exposed collagen and von Wille-
brand factor (vWF) and form a monolayer that supports and promotes 

only serve as potent vasodilators, but also inhibit platelet activation 
and subsequent aggregation by stimulating adenylate cyclase and 
increasing intracellular levels of cyclic adenosine monophosphate 
(cAMP). In addition, endothelial cells express CD39 on their surface,  
a membrane-associated ecto adenosine diphosphatase (ADPase).  
By degrading ADP, a platelet agonist, CD39 attenuates platelet 
activation.4

ANTICOAGULANT ACTIVITY. Intact endothelial cells play an 
essential part in the regulation of thrombin generation through various 
mechanisms. Endothelial cells produce heparan sulfate proteoglycans, 
which bind circulating antithrombin and accelerate the rate at which 
it inhibits thrombin and other coagulation enzymes.5 Tissue factor 
pathway inhibitor (TFPI), a naturally occurring inhibitor of coagula-
tion, binds heparan sulfate on the endothelial cell surface.6 Administra-
tion of heparin or low-molecular-weight heparin (LMWH) displaces 
glycosaminoglycan-bound TFPI from the vascular endothelium, and 
released TFPI may contribute to the antithrombotic activity of these 
drugs.7 Endothelial cells express thrombomodulin and endothelial 
cell protein C receptor (EPCR) on their surface.8

Thrombomodulin binds thrombin and alters this enzyme’s substrate 
specificity so that it no longer acts as a procoagulant, but becomes a 
potent activator of protein C (Fig. 87-2). Activated protein C serves as 
an anticoagulant by degrading and inactivating activated factors V and 
VIII (factor Va and VIIIa, respectively), key cofactors involved in throm-
bin generation. EPCR on the endothelial cell surface enhances this 

FIGURE 87-1 Classification of antithrombotic drugs.

Antithrombotic
drugs

AnticoagulantsAntiplatelet
drugs

Fibrinolytic
agents

FIGURE 87-2 Protein C pathway. Activation of coagulation triggers thrombin 
(IIa) generation. Excess thrombin binds to thrombomodulin (TM) on the endo-
thelial cell surface. Once bound, the substrate specificity of thrombin alters such 
that it no longer acts as a procoagulant, but becomes a potent activator of 
protein C (PC). EPCR binds protein C and presents it to thrombomodulin-bound 
thrombin for activation. Activated protein C (APC), together with its cofactor, 
protein S (PS), binds to the activated platelet surface and proteolytically 
degrades factors Va and VIIIa into inactive fragments (Vi and VIIIi). Degradation 
of these activated cofactors inhibits thrombin generation (double bar).

IIa

COAGULATION

Thrombin
generation

Thrombin
inactivation

IIa
PC
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APC

TM EPCR

Endothelium

Va → Vi

VIIIa → VIIIi

FIGURE 87-3 Central role of thrombin in thrombogenesis. Vascular injury 
simultaneously triggers platelet adhesion and activation, as well as activation of 
the coagulation system. Platelet activation is initiated by exposure of subendo-
thelial collagen and vWF, onto which platelets adhere. Adherent platelets 
become activated and release ADP and thromboxane A2 , platelet agonists that 
activate ambient platelets and recruit them to the site of injury. Coagulation, 
which is triggered by tissue factor exposed at the site of injury, results in throm-
bin generation. Thrombin not only converts fibrinogen to fibrin, but also serves 
as a potent platelet agonist. When platelets are activated, glycoprotein IIb/IIIa 
on their surface undergoes a conformational change that endows it with the 
capacity to ligate fibrinogen and mediate platelet aggregation. Fibrin strands 
then weave the platelet aggregates together to form a platelet-fibrin thrombus 
(see Fig. 56-3).

Platelet activation

Thrombin

Fibrinogen

Platelet
aggregation

Fibrin

Prothrombin

Clotting factors

Tissue factor

Vessel injuryCollagen/VWF



Platelet Activation
• Activators:

• Collagen 

• vWF 

• Thrombin 

• Consequences of activation:

• AA ---COX1---> TXA2 ---> release of granule contents: 

• ADP 

• Serotonin 

• Fibrinogen



4 |  OCTOBER 2003 | VOLUME 2 www.nature.com/reviews/drugdisc

R E V I EW S

aggregation has changed dramatically during the past
few years. Platelet aggregation is now considered a com-
plex, dynamic process involving the cooperative adhe-
sive function of multiple adhesive ligands, including
vWf, fibrinogen and possibly fibronectin and soluble
CD40 ligand, as well as two adhesive receptors, GPIb
and GPIIb–IIIa36,38–40,102–114 (FIG. 4). The specific contribu-
tion of individual adhesive events to the aggregation
process is crucially dependent on the rheological con-
ditions, with the contribution of the vWf–GPIb inter-
action becoming progressively more important with
increasing shear stress (see below). In fact, under high-
shear conditions, such as those typically found in small
arterioles or stenosed arteries, thrombus growth is
primarily mediated by vWf, with fibrinogen playing a
secondary role in stabilizing formed aggregates39,113,114.

Importance of fibrillar collagens in promoting thrombus
growth. Considerable progress has been made during
the past five years in unravelling the key molecular
events regulating platelet adhesion and thrombus
growth on collagen115. These insights are potentially
important, as fibrillar collagens type I and III are among
the most potent activators of platelets, and their high
local concentration in advanced atherosclerotic lesions
contributes to the heightened thrombogenic potential of
these plaques116. A considerable number of putative col-
lagen receptors have been described on the surface of
platelets, although recent evidence indicates that the
GPVI receptor is the dominant receptor supporting
platelet adhesion and thrombus growth55. GPVI, a
member of the immunoglobulin superfamily, is non-
covalently associated with the immunoreceptor tyro-
sine-based activating motif (ITAM)-bearing receptor,
the FcR γ-chain117,118. This latter receptor plays a funda-
mental role in transducing signals downstream of GPVI
via signalling pathways similar to those used by other
immunoreceptors117,119,120. A deficiency of GPVI leads to
a mild bleeding DIATHESIS in humans121, a finding that has
been reproduced in experimental mouse models51,52.
Immunodepletion of GPVI from the surface of mouse
platelets has recently been reported to lead to a pro-
found defect in occlusive thrombus formation in vivo122,
although other studies on GPVI123 and FcR γ-chain-
deficient mice124 have not demonstrated such a crucial
role for this receptor in promoting thrombus formation.

A second well-defined collagen receptor is GPIa–IIa
(also known as integrin α2β1). A deficiency of this
receptor has been reported to cause a mild bleeding
diathesis in humans56,57 and analysis of platelets derived
from these individuals in ex vivo perfusion chambers
have demonstrated a defect in adhesion and spreading
on the subendothelium21,125. Strikingly, in genetically
engineered β1-deficient mice lacking α2β1,α5β1 and
α6β1, bleeding time is unaffected, and adhesion of
these platelets to collagen is normal in extent, albeit
delayed relative to normal platelets55. Although the
significance of these findings for humans remains to be
established, they challenge the long-held belief that
GPIa–IIa is the primary collagen receptor mediating
platelet adhesion.

pairs101. The initial adhesion to the damaged arterial ves-
sel wall involves a diverse array of adhesive ligands (for
example, vWf, collagen, fibronectin, vitronectin and
laminin) and receptors (for example, GPIb, GPVI, and
integrins α2β1(also known as GPIa–IIa),αIIbβ3(also
known as GPIIb–IIIa),α5β1,α6β1 and possibly αvβ3).
By contrast, subsequent platelet aggregation has tradi-
tionally been thought to involve a single adhesive inter-
action between soluble fibrinogen and GPIIb–IIIa (FIG. 4).
However, the conceptual understanding of platelet

DIATHESIS

A permanent (hereditary or
acquired) condition that
predisposes the affected
individual to certain diseases.
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Figure 2 | Molecular targets of current antithrombotic drugs. The principal factor regulating
the adhesiveness of platelets is the activation state of GPIIb–IIIa. The affinity status of this receptor
is strictly regulated by a balance of activating (+ve; ADP, thrombin, TXA2) and inhibitory signals (-ve;
prostacyclin, NO). A number of these regulatory pathways have been successfully targeted
therapeutically, leading to the development of a diverse range of antithrombotic approaches.
These include various surface-receptor antagonists (ADP P2Y12 receptor: ticlopidine and
clopidogrel; GPIIb–IIIa: abciximab, tirofiban and eptifibatide), inhibitors of platelet signalling
enzymes (COX: aspirin; cAMP PDE: cilostazol; cGMP PDE: dipyridamole), receptor agonists
(prostacyclin: iloprost) and soluble agonist inhibitors (thrombin: heparins, direct thrombin inhibitors
or vitamin K antagonists). *Note: the antithrombotic effects of thrombin antagonists are primarily
due to the inhibition of fibrin generation, although they can also indirectly dampen platelet
activation. Also, it should be noted that although dipyridamole is primarily a cGMP PDE inhibitor, it
also indirectly affects cAMP levels and inhibits cellular uptake and metabolism of adenosine,
leading to further inhibition of platelet function. The efficacy of individual drug therapies (see BOX 1)
is influenced by a number of factors, including the clinical indication for antithrombotic therapy,
patient responsiveness to the therapeutic agent as well as drug pharmacokinetics and
pharmacodynamics. For example, although aspirin and ADP-receptor antagonists inhibit two
important pathways for platelet activation, other alternative pathways — that is, downstream of
thrombin receptors — can bypass the effects of these drugs and induce GPIIb–IIIa activation and
thrombosis. Direct GPIIb–IIIa antagonists overcome this limitation, producing potent
antithrombotic effects. AA, arachidonic acid; COX, cyclooxygenase; NO, nitric oxide; PDE,
phosphodiesterase; TXA2, thromboxane A2.
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RANDOMISED TRIAL OF INTRAVENOUS
STREPTOKINASE, ORAL ASPIRIN, BOTH, OR

NEITHER AMONG 17 187 CASES OF
SUSPECTED ACUTE MYOCARDIAL

INFARCTION: ISIS-2

ISIS-2 (SECOND INTERNATIONAL STUDY OF
INFARCT SURVIVAL) COLLABORATIVE GROUP*

Summary 17 187 patients entering 417 hospitals up to
24 hours (median 5 hours) after the onset of

suspected acute myocardial infarction were randomised,
with placebo control, between: (i) a 1-hour intravenous
infusion of 1&middot;5 MU of streptokinase; (ii) one month of 160
mg/day enteric-coated aspirin; (iii) both active treatments;
or (iv) neither. Streptokinase alone and aspirin alone each
produced a highly significant reduction in 5-week vascular
mortality: 791/8592 (9&middot;2%) among patients allocated
streptokinase infusion vs 1029/8595 (12&middot;0%) among those
allocated placebo infusion (odds reduction: 25% SD 4;
2p<0&middot;00001); 804/8587 (9&middot;4%) vascular deaths among
patients allocated aspirin tablets vs 1016/8600 (11&middot;8%)
among those allocated placebo tablets (odds reduction: 23%
SD 4; 2p <0&middot;00001). The combination of streptokinase and
aspirin was significantly (2p<0&middot;0001) better than either
agent alone. Their separate effects on vascular deaths
appeared to be additive: 343/4292 (8&middot;0%) among patients
allocated both active agents vs 568/4300 (13&middot;2%) among
those allocated neither (odds reduction: 42% SD 5; 95%
confidence limits 34-50%). There was evidence of benefit
from each agent even for patients treated late after pain onset
(odds reductions at 0-4, 5-12, and 13-24 hours: 35% SD 6,
16% SD 7, and 21% SD 12 for streptokinase alone; 25%
SD 7, 21% SD 7, and 21% SD 12 for aspirin alone; and
53% SD 8, 32% SD 9, and 38% SD 15 for the combination
of streptokinase and aspirin). Streptokinase was associated
with an excess of bleeds requiring transfusion (0&middot;5% vs

*Collaborators and participating centres are listed at the end of the report.
Address for correspondence: ISIS, Clinical Trial Service Unit and
Department of Cardiovascular Medicine, Radcliffe Infirmary, Oxford OX2
6HE, UK.

0&middot;2%) and of confirmed cerebral haemorrhage (0&middot;1% vs
0&middot;0%), but with fewer other strokes (0&middot;6% vs 0&middot;8%). These
"other" strokes may have included a few undiagnosed
cerebral haemorrhages, but still there was no increase in
total strokes (0&middot;7% streptokinase vs 0&middot;8% placebo infusion).
Aspirin significantly reduced non-fatal reinfarction (1&middot;0%
vs 2&middot;0%) and non-fatal stroke (0&middot;3% vs 0&middot;6%), and was not
associated with any significant increase in cerebral
haemorrhage or in bleeds requiring transfusion. An excess
of non-fatal reinfarction was reported when streptokinase
was used alone, but this appeared to be entirely avoided by
the addition of aspirin. Those allocated the combination of
streptokinase and aspirin had significantly fewer
reinfarctions (1&middot;8% vs 2&middot;9%), strokes (0&middot;6% vs 1&middot;1%), and
deaths (8&middot;0% vs 13&middot;2%) than those allocated neither. The
differences in vascular and in all-cause mortality produced
by streptokinase and by aspirin remain highly significant
(2p<0&middot;001 for each) after the median of 15 months of
follow-up thus far available.

Introduction

REDUCTIONS in mortality that are realistically moderate
(eg, "only" 20-25%) are important, especially if produced
by widely practicable treatments for common causes of
death, but reliable assessment of them may require strict
randomisation of several thousand patients. The Second
International Study of Infarct Survival (ISIS-2) has
randomly assessed, with placebo control, the separate and
combined effects of intravenous streptokinase (a single
infusion of 1 5 MU over about one hour) and of oral aspirin
(160 mg/day for a month) in 17 187 patients with suspected
acute myocardial infarction (MI).

Streptokinase
During the 1960s and 1970s several trials of fibrinolytic

therapy (chiefly involving intravenous streptokinase) were
conducted. These studies were so small-none involved
more than 750 patients-that they yielded apparently
conflicting results, but an overview of their findings
indicated that fibrinolytic therapy could reduce mortality by
about a quarter.1 The prolonged regimens previously tested
were not particularly convenient, and so a rapid high-dose
intravenous regimen known to dissolve coronary artery
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• Within 24hr of STEMI reduced CV mortality by 23% 
at 5weeks f/u 

• Benefit of SK & aspirin were additive with 42% 
decrease mortality
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BSTRACT

 

Background

 

Despite current treatments, patients
who have acute coronary syndromes without ST-seg-
ment elevation have high rates of major vascular
events. We evaluated the efficacy and safety of the
antiplatelet agent clopidogrel when given with aspi-
rin in such patients.

 

Methods

 

We randomly assigned 12,562 patients
who had presented within 24 hours after the onset of
symptoms to receive clopidogrel (300 mg immediately,
followed by 75 mg once daily) (6259 patients) or pla-
cebo (6303 patients) in addition to aspirin for 3 to 12
months.

 

Results

 

The first primary outcome — a composite
of death from cardiovascular causes, nonfatal myocar-
dial infarction, or stroke — occurred in 9.3 percent of
the patients in the clopidogrel group and 11.4 percent
of the patients in the placebo group (relative risk with
clopidogrel as compared with placebo, 0.80; 95 per-
cent confidence interval, 0.72 to 0.90; P<0.001). The
second primary outcome — the first primary outcome
or refractory ischemia — occurred in 16.5 percent of
the patients in the clopidogrel group and 18.8 percent
of the patients in the placebo group (relative risk, 0.86,
P<0.001). The percentages of patients with in-hospital
refractory or severe ischemia, heart failure, and revas-
cularization procedures were also significantly lower
with clopidogrel. There were significantly more pa-
tients with major bleeding in the clopidogrel group
than in the placebo group (3.7 percent vs. 2.7 percent;
relative risk, 1.38; P=0.001), but there were not signif-
icantly more patients with episodes of life-threatening
bleeding (2.1 percent vs. 1.8 percent, P=0.13) or hem-
orrhagic strokes.

 

Conclusions

 

The antiplatelet agent clopidogrel has
beneficial effects in patients with acute coronary syn-
dromes without ST-segment elevation. However, the
risk of major bleeding is increased among patients
treated with clopidogrel. (N Engl J Med 2001;345:
494-502.)
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HROMBOSIS caused by a ruptured or
eroded atherosclerotic plaque is the usual
underlying mechanism of acute coronary
syndromes.

 

1

 

 Aspirin and heparin reduce the
risk of death from cardiovascular causes, new myocar-
dial infarction, and recurrent ischemia,

 

2,3

 

 but there is
still a substantial risk of such events in both the short
term and the long term. Intravenous glycoprotein
IIb/IIIa receptor blockers have been shown to reduce
the incidence of early events, mainly among patients

T

 

who are treated according to an invasive strategy,

 

4,5

 

 but
long-term oral therapy with glycoprotein IIb/IIIa
receptor blockers is not beneficial and may even in-
crease mortality.

 

6

 

 Similarly, continuing treatment with
low-molecular-weight heparin beyond one week has
not been shown to be effective.

 

7

 

 Although the long-
term use of oral anticoagulants may be useful, no
convincing evidence of their benefit is yet available.

 

8

 

Therefore, there is a need to reduce further the risk
of ischemic events in a broad spectrum of patients both
when they first present with acute coronary syndromes
and in the long term.

The thienopyridine derivatives, ticlopidine and clo-
pidogrel, are antiplatelet agents that inhibit the plate-
let aggregation induced by adenosine diphosphate,
thereby reducing ischemic events.

 

9

 

 Combining one of
these drugs with aspirin, which blocks the thrombox-
ane-mediated pathway, may have an additive effect. In
patients who are undergoing percutaneous translumi-
nal coronary angioplasty (PTCA) with stenting, short-
term aspirin treatment plus a thienopyridine derivative
results in a substantially lower rate of myocardial in-
farction than does either aspirin alone or warfarin.

 

10

 

However, the role of long-term combined therapy with
aspirin and an antiplatelet agent in a broader group of
patients at high risk for cardiovascular events is un-
known. We therefore designed the Clopidogrel in Un-
stable Angina to Prevent Recurrent Events (CURE)
trial to compare the efficacy and safety of the early and
long-term use of clopidogrel plus aspirin with those
of aspirin alone in patients with acute coronary syn-
dromes and no ST-segment elevation.

 

METHODS

 

Study Design

 

We undertook a randomized, double-blind, placebo-controlled
trial comparing clopidogrel with placebo in patients who presented
with acute coronary syndromes without ST-segment elevation. The
design and rationale of the study have been reported previously.

 

9

 

Study Patients

 

Patients were eligible for the study if they had been hospital-
ized within 24 hours after the onset of symptoms and did not
have ST-segment elevation. Initially, patients older than 60 years
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Anticoagulants

• Anticoagulants are typically stopped after the PCI 

• If PCI is not performed, anticoagulants are typically 
administered for at least 48 hours, and preferably 
longer, for the duration of hospitalization (up to 8 
days)
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pathway by binding protein C and presenting it to the thrombin–
thrombomodulin complex for activation.9

FIBRINOLYTIC ACTIVITY. The vascular endothelium promotes 
fibrinolysis by synthesizing and releasing tissue and urokinase plas-
minogen activator (t-PA and u-PA, respectively), which initiate fibrino-
lysis by converting plasminogen to plasmin.10 Endothelial cells in most 
vascular beds synthesize t-PA constitutively. In contrast, perturbed 
endothelial cells produce u-PA in the settings of inflammation and 
wound repair.

Endothelial cells also produce type 1 plasminogen activator inhibi-
tor (PAI-1), the major regulator of t-PA and u-PA. Therefore, net fibrino-
lytic activity depends on the dynamic balance between the release of 
plasminogen activators and PAI-1. Fibrinolysis localizes to the endothe-
lial cell surface because these cells express annexin II, a coreceptor 
for plasminogen and t-PA that promotes their interaction. Therefore, 
healthy vessels actively resist thrombosis and help maintain platelets 
in a quiescent state.10

Platelets
Platelets are anucleate particles released into the circulation after 
fragmentation of bone marrow megakaryocytes. Because they are 
anucleate, platelets have limited capacity to synthesize proteins. 
Thrombopoietin, a glycoprotein synthesized in the liver and kidneys, 
regulates megakaryocytic proliferation and maturation as well as plate-
let production.11 Once they enter the circulation, platelets have a life 
span of 7 to 10 days.

Damage to the intimal lining of the vessel exposes the underlying 
subendothelial matrix. Platelets home to sites of vascular disruption 
and adhere to the exposed matrix proteins. Adherent platelets undergo 
activation and not only release substances that recruit additional plate-
lets to the site of injury, but also promote thrombin generation and 
subsequent fibrin formation (Fig. 87-3). A potent platelet agonist, 
thrombin amplifies platelet recruitment and activation. Activated plate-
lets then aggregate to form a plug that seals the leak in the vasculature. 
Understanding the steps in these highly integrated processes helps 
pinpoint the sites of action of the antiplatelet drugs and rationalizes 
the usefulness of anticoagulants for the treatment of arterial thrombo-
sis and venous thrombosis.

ADHESION. Platelets adhere to exposed collagen and von Wille-
brand factor (vWF) and form a monolayer that supports and promotes 

only serve as potent vasodilators, but also inhibit platelet activation 
and subsequent aggregation by stimulating adenylate cyclase and 
increasing intracellular levels of cyclic adenosine monophosphate 
(cAMP). In addition, endothelial cells express CD39 on their surface,  
a membrane-associated ecto adenosine diphosphatase (ADPase).  
By degrading ADP, a platelet agonist, CD39 attenuates platelet 
activation.4

ANTICOAGULANT ACTIVITY. Intact endothelial cells play an 
essential part in the regulation of thrombin generation through various 
mechanisms. Endothelial cells produce heparan sulfate proteoglycans, 
which bind circulating antithrombin and accelerate the rate at which 
it inhibits thrombin and other coagulation enzymes.5 Tissue factor 
pathway inhibitor (TFPI), a naturally occurring inhibitor of coagula-
tion, binds heparan sulfate on the endothelial cell surface.6 Administra-
tion of heparin or low-molecular-weight heparin (LMWH) displaces 
glycosaminoglycan-bound TFPI from the vascular endothelium, and 
released TFPI may contribute to the antithrombotic activity of these 
drugs.7 Endothelial cells express thrombomodulin and endothelial 
cell protein C receptor (EPCR) on their surface.8

Thrombomodulin binds thrombin and alters this enzyme’s substrate 
specificity so that it no longer acts as a procoagulant, but becomes a 
potent activator of protein C (Fig. 87-2). Activated protein C serves as 
an anticoagulant by degrading and inactivating activated factors V and 
VIII (factor Va and VIIIa, respectively), key cofactors involved in throm-
bin generation. EPCR on the endothelial cell surface enhances this 

FIGURE 87-1 Classification of antithrombotic drugs.

Antithrombotic
drugs

AnticoagulantsAntiplatelet
drugs

Fibrinolytic
agents

FIGURE 87-2 Protein C pathway. Activation of coagulation triggers thrombin 
(IIa) generation. Excess thrombin binds to thrombomodulin (TM) on the endo-
thelial cell surface. Once bound, the substrate specificity of thrombin alters such 
that it no longer acts as a procoagulant, but becomes a potent activator of 
protein C (PC). EPCR binds protein C and presents it to thrombomodulin-bound 
thrombin for activation. Activated protein C (APC), together with its cofactor, 
protein S (PS), binds to the activated platelet surface and proteolytically 
degrades factors Va and VIIIa into inactive fragments (Vi and VIIIi). Degradation 
of these activated cofactors inhibits thrombin generation (double bar).

IIa

COAGULATION

Thrombin
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FIGURE 87-3 Central role of thrombin in thrombogenesis. Vascular injury 
simultaneously triggers platelet adhesion and activation, as well as activation of 
the coagulation system. Platelet activation is initiated by exposure of subendo-
thelial collagen and vWF, onto which platelets adhere. Adherent platelets 
become activated and release ADP and thromboxane A2 , platelet agonists that 
activate ambient platelets and recruit them to the site of injury. Coagulation, 
which is triggered by tissue factor exposed at the site of injury, results in throm-
bin generation. Thrombin not only converts fibrinogen to fibrin, but also serves 
as a potent platelet agonist. When platelets are activated, glycoprotein IIb/IIIa 
on their surface undergoes a conformational change that endows it with the 
capacity to ligate fibrinogen and mediate platelet aggregation. Fibrin strands 
then weave the platelet aggregates together to form a platelet-fibrin thrombus 
(see Fig. 56-3).
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LMWH > UFH
• Greater anti-Xa activity (so greater thrombin 

inhibition) 

• Greater release of tissue factor pathway inhibitor 

• Less thrombocytopenia

• Higher bioavailability so s/c administration 

• Less binding to plasma protein so more 
consistent effect and no  monitoring required
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In the circulation, heparin binds to the endothelium and to plasma 
proteins other than antithrombin. Heparin binding to endothelial cells 
explains its dose-dependent clearance. At low doses, the half-life of 
heparin is short because it rapidly binds to the endothelium. With 
higher doses of heparin, the half-life is longer, because heparin clear-
ance is slower once the endothelium is saturated. Clearance is mainly 
extrarenal; heparin binds to macrophages, which internalize and 
depolymerize the long heparin chains and secrete shorter chains back 
into the circulation. Because of its dose-dependent clearance mecha-
nism, the plasma half-life of heparin ranges from 30 to 60 minutes with 
bolus intravenous doses of 25 and 100 U/kg, respectively.72

Once heparin enters the circulation, it binds to plasma proteins 
other than antithrombin—a phenomenon that reduces the anticoagu-
lant activity of heparin. Some of the heparin-binding proteins found in 
plasma are acute-phase reactants whose levels are elevated in ill 
patients. Activated platelets or endothelial cells release other proteins 
that can bind heparin, such as large multimers of vWF. Activated 
platelets also release platelet factor 4 (PF4), a highly cationic protein 
that binds heparin with high affinity. The large amounts of PF4 associ-
ated with platelet-rich arterial thrombi can neutralize the anticoagu-
lant activity of heparin. This phenomenon may attenuate heparin’s 
capacity to suppress thrombus growth.

Because the levels of heparin-binding proteins in plasma vary from 
person to person, the anticoagulant response to fixed or weight-
adjusted doses of heparin is unpredictable. Consequently, coagulation 

PARENTERAL ANTICOAGULANTS
HEPARIN. A sulfated polysaccharide, heparin is isolated from mam-
malian tissues rich in mast cells (Table 87-3). Most commercial 
heparin is derived from porcine intestinal mucosa and is a polymer 
of alternating D-glucuronic acid and N-acetyl-D-glucosamine 
residues.72

Mechanism of Action
Heparin acts as an anticoagulant by activating antithrombin (previ-
ously known as antithrombin III) and accelerating the rate at which it 
inhibits clotting enzymes, particularly thrombin and factor Xa.72 Anti-
thrombin, the obligatory plasma cofactor for heparin, is a member of 
the serine protease inhibitor (serpin) superfamily. Synthesized in the 
liver and circulating in plasma at a concentration of 2.6 ± 0.4 µM, 
antithrombin acts as a suicide substrate for its target enzymes.

To activate antithrombin, heparin binds to the serpin via a unique 
pentasaccharide sequence found on one third of the chains of com-
mercial heparin (Fig. 87-12). Heparin chains lacking this pentasac-
charide sequence have little or no anticoagulant activity.72 Once 
bound to antithrombin, heparin induces a conformational change in 
the reactive center loop of antithrombin that renders it more readily 
accessible to its target proteases. This conformational change 
enhances the rate at which antithrombin inhibits factor Xa by at least 
two orders of magnitude, but has little effect on the rate of thrombin 
inhibition by antithrombin. To catalyze thrombin inhibition, heparin 
serves as a template that binds antithrombin and thrombin simultane-
ously. Formation of this ternary complex brings the enzyme in close 
apposition to the inhibitor, thereby promoting the formation of a 
stable covalent thrombin-antithrombin complex.

Only pentasaccharide-containing heparin chains composed of at 
least 18 saccharide units, which correspond to a molecular weight of 
5400, are long enough to bridge thrombin and antithrombin together.72 
With a mean molecular weight of 15,000 (range, 5000 to 30,000),  
almost all the chains of unfractionated heparin are long enough to 
provide this bridging function. Consequently, by definition, heparin has 
equal capacity to promote the inhibition of thrombin and factor Xa 
by antithrombin, and has an anti-factor Xa–to–anti–factor IIa (throm-
bin) ratio of 1 : 1. Heparin causes the release of TFPI from the endothe-
lium. A factor Xa–dependent inhibitor of tissue factor–bound factor 
VIIa,6 TFPI may contribute to the antithrombotic activity of heparin. 
Longer heparin chains induce the release of more TFPI than shorter 
chains.

Pharmacology of Heparin
Heparin requires parenteral administration; it usually is administered 
subcutaneously or by continuous intravenous infusion. The intrave-
nous route is most often used for therapeutic purposes. If given subcu-
taneously for the treatment of thrombosis, the dose must be high 
enough to overcome the limited bioavailability associated with this 
method of delivery.72

TABLE 87-3
 Comparison of the Features of Heparin, 

Low-Molecular-Weight Heparin, and 
Fondaparinux

FEATURE HEPARIN LMWH FONDAPARINUX

Source Biologic Biologic Synthetic

Molecular weight 15,000 5000 1728

Target Xa and IIa Xa and IIa Xa

Bioavailability (%) 30 90 100

Half-life (hr) 1 4 17

Renal excretion No Yes Yes

Antidote Complete Partial No

HIT <5% <1% Never

FIGURE 87-12 Mechanism of action of heparin, LMWH, and fondaparinux, a 
synthetic pentasaccharide. A, Heparin binds to antithrombin via its pentasac-
charide sequence. This induces a conformational change in the reactive center 
loop of antithrombin that accelerates its interaction with factor Xa. To potentiate 
thrombin inhibition, heparin must simultaneously bind to antithrombin and 
thrombin. Only heparin chains composed of at least 18  saccharide units, which 
corresponds to a molecular weight of 5400, are of sufficient length to perform 
this bridging function. With a mean molecular weight of 15,000, all the heparin 
chains are long enough to do this. B, LMWH has greater capacity to potentiate 
factor Xa inhibition by antithrombin than thrombin because, with a mean 
molecular weight of 4500 to 5000, at least half of the LMWH chains are too short 
to bridge antithrombin to thrombin. C, The pentasaccharide only accelerates 
factor Xa inhibition by antithrombin because the pentasaccharide is too short 
to bridge antithrombin to thrombin.

Factor Xa
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plasmin binds to fibrin via its kringle domains, plasmin generated on 
the fibrin surface resists inhibition by alpha2-antiplasmin. This phe-
nomenon endows fibrin-bound plasmin with the capacity to degrade 
fibrin. Factor XIIIa cross-links small amounts of alpha2-antiplasmin 
onto fibrin, which prevents premature fibrinolysis.

Like fibrin, annexin II on endothelial cells binds t-PA and plasmino-
gen and promotes their interaction. Cell-surface gangliosides and 
alpha-enolase also may bind plasminogen and promote its activation 
by altering its conformation into the more readily activated open form. 
Plasminogen binds to endothelial cells via its kringle domains. 
Lipoprotein(a), which also possesses kringle domains, impairs cell-
based fibrinolysis by competing with plasminogen for cell-surface 
binding. This phenomenon may explain the association between ele-
vated levels of lipoprotein(a) and atherothrombosis.27

MECHANISM OF ACTION OF UROKINASE PLASMINOGEN 
ACTIVATOR. Synthesized as a single-chain polypeptide, single-chain 
u-PA (scu-PA) has minimal enzymatic activity. Plasmin readily converts 
scu-PA into a two-chain form that is enzymatically active and capable 
of binding u-PAR on cell surfaces. Further cleavage at the amino ter-
minus of two-chain u-PA yields a truncated, lower molecular weight 
form that lacks the u-PAR binding domain.10

Two-chain forms of u-PA readily convert plasminogen to plasmin in 
the absence or presence of fibrin. In contrast, scu-PA does not activate 
plasminogen in the absence of fibrin, but it can activate fibrin-bound 
plasminogen, because plasminogen adopts a more open and readily 
activatable conformation when immobilized on fibrin. Like the higher 
molecular weight form of two-chain u-PA, scu-PA binds to cell surface 
u-PAR, where plasmin can activate it. Many tumor cells elaborate u-PA 
and express u-PAR on their surface. Plasmin generated on these cells 
endows them with the capacity for metastasis.28

MECHANISM OF ACTION OF THROMBIN-ACTIVATED FIBRI-
NOLYSIS INHIBITOR. TAFI, a procarboxypeptidase B–like mole-
cule synthesized in the liver, circulates in blood in a latent form where 
thrombin bound to thrombomodulin can activate it. Unless bound to 
thrombomodulin, thrombin activates TAFI inefficiently.26 TAFI attenu-
ates fibrinolysis by cleaving Lys residues from the carboxy termini of 
chains of degrading fibrin, thereby removing binding sites for plas-
minogen, plasmin, and t-PA. TAFI links fibrinolysis to coagulation 
because the thrombin-thrombomodulin complex not only activates 
TAFI, which attenuates fibrinolysis, but also activates protein C, which 
mutes thrombin generation.

TAFI has a short half-life in plasma because the enzyme is unsta-
ble.26 Genetic polymorphisms can result in synthesis of more stable 
forms of TAFI. Persistent attenuation of fibrinolysis by these variant 
forms of TAFI may render patients susceptible to thrombosis.

Thrombosis
A physiologic host defense mechanism, hemostasis focuses on arrest 
of bleeding by forming hemostatic plugs composed of platelets and 
fibrin at sites of vessel injury. In contrast, thrombosis reflects a patho-
logic process associated with intravascular thrombi that fill the lumens 
of arteries or veins.

Arterial Thrombosis
Most arterial thrombi occur on top of disrupted atherosclerotic 
plaques (see Chap. 43). Coronary plaques with a thin fibrous cap and 
a lipid-rich core are most prone to disruption.1,2 Rupture of the fibrous 
cap exposes thrombogenic material in the lipid-rich core to the blood 
and triggers platelet activation and thrombin generation. The extent of 
plaque disruption and the content of thrombogenic material in the 
plaque determine the consequences of the event, but host factors also 
contribute. Breakdown of regulatory mechanisms that limit platelet 
activation and inhibit coagulation can augment thrombosis at sites of 
plaque disruption.

Decreased production of nitric oxide and prostacyclin by diseased 
endothelial cells can trigger vasoconstriction and platelet activation.29 

a Glu residue at its amino-terminus. Plasmin cleavage at the amino 
terminus generates Lys-plasminogen, a truncated form with a Lys 
residue at its new amino terminus. t-PA cleaves a single peptide bond 
to convert single-chain Glu- or Lys-plasminogen into two-chain plasmin, 
composed of a heavy chain containing five kringle domains and a 
light chain containing the catalytic domain. Because its open confor-
mation exposes the t-PA cleavage site, Lys-plasminogen is a better 
substrate than Glu-plasminogen, which assumes a circular conforma-
tion that renders this bond less accessible.

t-PA has little enzymatic activity in the absence of fibrin, but its activ-
ity increases by at least three orders of magnitude when fibrin is 
present.10 This increase in activity reflects the capacity of fibrin to serve 
as a template that binds t-PA and plasminogen and promotes their 
interaction. t-PA binds to fibrin via its finger and second kringle 
domains, whereas plasminogen binds fibrin via its kringle domains. 
Kringle domains are looplike structures that bind Lys residues on 
fibrin. As fibrin undergoes degradation, more Lys residues are exposed, 
which provide additional binding sites for t-PA and plasminogen. Con-
sequently, degraded fibrin stimulates t-PA activation of plasminogen 
more than intact fibrin.

Alpha2-antiplasmin rapidly inhibits circulating plasmin by docking 
to its first kringle domain and then inhibiting the active site.10 Because 

FIGURE 87-7 Contact system. Factor XII (fXII) is activated by contact with 
negatively charged surfaces. XIIa converts prekallikrein (PK) to kallikrein (K) and 
can feed back to activate more XII. Similarly, XIIa also can feed back to amplify 
its own generation. About 75% of circulating PK is bound to high-molecular-
weight kininogen (HK), which localizes it to anionic surfaces and promotes PK 
activation. XIIa propagates clotting by activating XI, which then activates IX. The 
resultant IXa assembles into the intrinsic tenase complex, which activates X to 
initiate the common pathway of coagulation.

K PK

HK HK

XII XIIa

XI XIa

IX IXa

Common
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FIGURE 87-8 Fibrinolytic system and its regulation. Plasminogen activators 
convert plasminogen to plasmin. Plasmin then degrades fibrin into soluble 
fibrin degradation products. The system is regulated at two levels. Type 1 plas-
minogen activator inhibitor (PAI-1) regulates the plasminogen activators, 
whereas alpha2 -antiplasmin serves as the major inhibitor of plasmin.
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Drug Dosage Add On

tPA
Accelerated regimen

3 Doses

15mg IV bolus —
>0.75mg/kg (max 50) 

over 30min —>0.5mg/kg 
(max35) over 1hr

Better than SK 
(GUSTO-1) 

100mg over 90min

rPA
2 Doses

10U over 2min then 10U 
at 30min  =tPA

TNK
1 Dose

Single bolus over 10sec 
<60kg=30mg

90≥50mg
5mg increment/10kg

 =tPA (ASSENT-2) but 
less non-cerebral 

bleeding & Tx

All pts get ASA load/UFH 60U/Kg max 4000 then infusion 12U/Kg max 1000U/hr 
PTT target 50-70 (UFH not beneficial with SK)
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Anti-ischemic Therapy
• BB - COMMIT-CCS trial Day 2-15 

• Reduced the endpoint of death/ MI/ cardiac arrest 

• 1 month up to 3 year for normal LVEF 

• ACEI - ISIS-4 6 weeks, PEACE no benefit 

• Statin - PROVE-IT trial 

• LDL? Superior stabilization of vulnerable plaque  

• NTG

• PPI

• Regular activities - 1 week if revascularized/ 1 month for sports
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Outline

• What Are the ACS Types? 

• How ACS Occurs? 

• How Do You Approach to CP? 

• How Do You Diagnose ACS? 

• What is the Management of ACS?
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