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Preface

This book is intended to be a ready resource and guide for the evaluation of com-
mon symptoms and syndromes that originate in the primary cardiopulmonary sys-
tem. It should prove particularly useful in the generation of a working differential
diagnosis, consideration of diagnostic approach, and initial management decisions.
It is not intended to be a comprehensive resource; rather, it follows the classic
“emergency medicine approach” of considering first the worst-case scenario, and
then exploring other possibilities quickly and efficiently. The image, video, and
audio links embedded in the text should help the learner correlate bedside findings
with reference material.

It is our hope that this guide will streamline the diagnostic approach to patients
with “thoracic” complaints and make the learner more confident in his or her skills.
The focus of this book is on differential diagnosis, confirmation of diagnosis, and
essential steps towards initiating treatment. Therapeutic modalities change more
rapidly that diagnostic approach and may have evolved since a specific chapter was
completed. Treatment should always be guided by the latest literature, but is founded
upon solid diagnostic acumen.

Philadelphia, PA, USA Charles V. Pollack, Jr.



Contents

1 Achalasia .......... ... .. . . . . . . 1
Christopher J. Rees, Victoria G. Riese, and Charles V. Pollack, Jr.

2 Acute Coronary Syndrome: Non—-ST-Segment Elevation
Myocardial Infarction. .. .................... ... ... .. ...... 11
Charles V. Pollack, Jr. and Victoria G. Riese

3 Acute Coronary Syndrome: ST-Segment Elevation Myocardial
Infarction. .. ........ ... . .. . .. . 43
Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

4 Acute Coronary Syndrome: Unstable Angina . ................. 73
Charles V. Pollack, Jr. and Victoria G. Riese

5 AcutePericarditis . ... ....... ... ... . ... ... ... ... 97
Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

6 Anomalous Coronary Arteries. . ............................. 113
Richard M. Cantor, Charles V. Pollack, Jr., and Victoria G. Riese

T OADXIetY . ... 125
Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

8 Aortic Regurgitation. ................. ... ... .. ... .. ... .... 133
Christopher J. Rees, Charles V. Pollack, Jr., and Victoria G. Riese

9 AorticStenosis. .. ... .. 149

Charles V. Pollack, Jr., Melissa Platt, Richard M. Cantor, and
Victoria G. Riese

10 Aspiration ............... ... . 169
Christopher J. Rees, Richard M. Cantor, Charles V. Pollack, Jr., and
Victoria G. Riese

vii



viii

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Contents

Charles V. Pollack, Jr., Melissa Platt, Richard M. Cantor, and
Victoria G. Riese

Atrial Fibrillation . . . ...... ... ... ... ... ... . ... .. . .. ...
Charles V. Pollack, Jr., Melissa Platt, and Victoria G. Riese

Bradyarrhythmias. . . ......... . ... ... ... ... ... ... .
Christopher J. Rees, Richard M. Cantor, Charles V. Pollack, Jr., and
Victoria G. Riese

Bronchiectasis . .......... ... .. . ... ...
Christopher J. Rees, Charles V. Pollack, Jr., and Victoria G. Riese

Bronchiolitis. . . ......... .. ... . ...
Richard M. Cantor, Charles V. Pollack, Jr., and Victoria G. Riese

Carbon Monoxide Poisoning . . ..............................
Charles V. Pollack, Jr., Melissa Platt, Richard M. Cantor, Victoria G.
Riese, and Jaime Friel Blanck

Chest Neoplasms . ......... .. ... ... . ...
Christopher J. Rees, Charles V. Pollack, Jr., and Victoria G. Riese

Chronic Obstructive Pulmonary Disease . .. ...................
Christopher J. Rees, Charles V. Pollack, Jr., and Victoria G. Riese

CorPulmonale. . ........ ... . ... . ... .. . .
Christopher J. Rees, Richard M. Cantor, Charles V. Pollack, Jr., and
Jaime Friel Blanck

Costochondritis . .. .......... .. ... ... .. . . . .
Christopher J. Rees, Richard M. Cantor, Charles V. Pollack, Jr., and
Victoria G. Riese

Cyanide Poisoning. . .. ....... ... ... ... .. ... . . i
Charles V. Pollack, Jr., Melissa Platt, Richard M. Cantor, and
Victoria G. Riese

Cyanotic Congenital Heart Disease. . .........................
Richard M. Cantor, Charles V. Pollack, Jr., and Jaime Friel Blanck

CysticFibrosis. . ........ ... ... . . .
Richard M. Cantor, Charles V. Pollack, Jr., and Jaime Friel Blanck

Diabetic Ketoacidosis . ................ . ... ... ... ... ... . ...
Christopher J. Rees, Richard M. Cantor, Charles V. Pollack, Jr., and
Jaime Friel Blanck

Duchenne Muscular Dystrophy..............................
Richard M. Cantor, Charles V. Pollack, Jr., and Victoria G. Riese



Contents

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Epiglottitis . . .. ... . .
Richard M. Cantor, Charles V. Pollack, Jr., and Victoria G. Riese

Esophageal Rupture . .. ....... ... ... .. ... ... .. ... ... . ...
Christopher J. Rees, Charles V. Pollack, Jr., and Victoria G. Riese

Esophagitis. . . ........ ... .. ..
Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

Foreign Body Aspiration .................... ... ... ........
Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

Gastroesophageal Reflux Disease . ...........................
Christopher J. Rees, Richard M. Cantor, Charles V. Pollack, Jr., and
Victoria G. Riese

Christopher J. Rees, Charles V. Pollack, Jr., and Jaime Friel Blanck

HeartFailure........... .. ... . . ... . . . . . .
Charles V. Pollack, Jr. and Victoria G. Riese

Hemoptysis. . .. ...
Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

Herpes Zoster .. ........... . it
Christopher J. Rees, Charles V. Pollack, Jr., and Victoria G. Riese

Hiatal Hernia. ... ....... ... .. ... .. . . . . . . . ..
Christopher J. Rees, Charles V. Pollack, Jr., and Victoria G. Riese

Hypertension . ... ... ... ... . . .
Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

Hypertrophic Cardiomyopathy . ........ ... .. ... ... ... ...
Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

Idiopathic Pulmonary Fibrosis ............... .. . ... ... ...
Christopher J. Rees, Charles V. Pollack, Jr., and Victoria G. Riese

Infective Endocarditis. . . ............. ... .. ... ... ... .. ....
Christopher J. Rees, Charles V. Pollack, Jr., and Jaime Friel Blanck

Interstitial Lung Disease. . . ........... .. ... ... ... .. .. .. ...
Christopher J. Rees, Charles V. Pollack, Jr., and Victoria G. Riese

Ischemic Cardiomyopathy .. ............ ... ... ... ..........
Charles V. Pollack, Jr., Melissa Platt, Richard M. Cantor, and Jaime
Friel Blanck

Kawasaki Disease . . ........... . ... . ... .. . . . . ...
Richard M. Cantor, Charles V. Pollack, Jr., and Jaime Friel Blanck

ix



43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

Contents

Laryngospasm. . .. ...
Charles V. Pollack, Jr., Melissa Platt, Richard M. Cantor, and
Victoria G. Riese

Mallory-Weiss Syndrome . . . ............ ... ... .. ...
Christopher J. Rees, Richard M. Cantor, Charles V. Pollack, Jr., and
Victoria G. Riese

Mediastinal Masses. . ................ i
Christopher J. Rees, Richard M. Cantor, Charles V. Pollack, Jr., and
Victoria G. Riese

Mediastinitis . .......... .. ... . . ..
Christopher J. Rees, Richard M. Cantor, Charles V. Pollack, Jr., and
Victoria G. Riese

Mitral Valve Prolapse . . ............ ... ... .. .. ... .. . ..
Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

Mitral Valve Regurgitation. . . ...............................
Charles V. Pollack, Jr. and Jaime Friel Blanck

Mitral Valve Stenosis . .............. .. ... ... .. . . . . ...
Charles V. Pollack, Jr. and Jaime Friel Blanck

Myocarditis .. ....... ...
Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

Neuromuscular Disease: Myasthenia Gravis, Guillain-Barré,
Amyotrophic Lateral Sclerosis. . . ............................
Charles V. Pollack, Jr. and Jaime Friel Blanck

Noncardiogenic Pulmonary Edema. . . ..................... ...
Charles V. Pollack, Jr., Melissa Platt, Richard M. Cantor, and
Victoria G. Riese

Peptic Ulcer Disease . .. ............ ... ...
Christopher J. Rees, Charles V. Pollack, Jr., and Victoria G. Riese

Pericardial Effusion ........... ... ... ... ... ... ... ... .. ...,
Charles V. Pollack, Jr., Melissa Platt, Richard M. Cantor, and Jaime
Friel

Pleural Effusion. . . ......... ... . ... ... ... . .
Charles V. Pollack, Jr., Melissa Platt, Richard M. Cantor, and
Victoria G. Riese

Pleurisy. . . ...
Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

Pneumoconiosis. .. ......... ... ... .. ..
Christopher J. Rees, Charles V. Pollack, Jr., and Victoria G. Riese



Contents

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

Pneumonia......... ... ... ... . .. ...
Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

Pneumothorax (Simple) .. ......... ... . ... ... ... ..
Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

Pneumothorax (Tension) . ............ ... .. ... ............
Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

Pulmonary Embolism. ... ............ ... ... ... ... .. ......
Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

Pulmonary Fibrosis. . . ........ . ... ... ... ... . .
Charles V. Pollack, Jr., Melissa Platt, Richard M. Cantor, Victoria G.
Riese, and Jaime Friel Blanck

Pulmonary Hypertension . .. ............ ... ... .. ... ........
Christopher J. Rees, Charles V. Pollack, Jr., and Jaime Friel Blanck

Radiation Pneumonitis. ... .................................
Christopher J. Rees, Charles V. Pollack, Jr., and Jaime Friel Blanck

Retropharyngeal Abscess . .. .......... .. ... ... ... . ..
Christopher J. Rees, Richard M. Cantor, Charles V. Pollack, Jr., and
Victoria G. Riese

Sarcoidosis. . . ........ ... . ... e
Christopher J. Rees, Richard M. Cantor, Charles V. Pollack, Jr., and
Victoria G. Riese

SEPSIS . .
Charles V. Pollack, Jr., Melissa Platt, Richard M. Cantor, and Jaime
Friel Blanck

Tachyarrhythmias. . .......... . ... ... ... ... ... ..........
Charles V. Pollack, Jr., Richard M. Cantor, and Jaime Friel Blanck

Tetralogy of Fallot. . . ......... .. ... ... ... ... . ... ........
Richard M. Cantor, Charles V. Pollack, Jr., and Jaime Friel Blanck

Thoracic Aortic Dissection. . ................................
Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

Total Anomalous Pulmonary Venous Connection . ..............
Richard M. Cantor, Charles V. Pollack, Jr., and Jaime Friel Blanck

Tracheal Tumors. .. ........ ... . ... . .. . . . i ..
Christopher J. Rees, Charles V. Pollack, Jr., and Jaime Friel Blanck

Tracheomalacia............... . ... .. ... ... .. . .. ... ... ...
Christopher J. Rees, Charles V. Pollack, Jr., and Jaime Friel Blanck

Tuberculosis. . ......... ... ... . . e
Charles V. Pollack, Jr. and Victoria G. Riese

Xi



Contributors

Jaime Friel Blanck, MLIS, MPA Welch Medical Library, Johns Hopkins
University, Baltimore, MD, USA

Richard M. Cantor, MD, FAAP, FACEP Department of Emergency Medicine
and Pediatrics, State University of New York Upstate Medical University, Syracuse,
NY, USA

Melissa Platt, MD, FACEP Department of Emergency Medicine, University of
Louisville, Louisville, KY, USA

Charles V. Pollack, Jr. MA, MD, FACEP, FAAEM, FAHA, FESC, FCPP
Department of Emergency Medicine, Thomas Jefferson University, Philadelphia, PA,
USA

Christopher J. Rees, MD Emergency Department, Pennsylvania Hospital,
Philadelphia, PA, USA

Victoria G. Riese, MLIS, AHIP Librarian Consultant, Eldersburg, MD, USA

Xiii



®

Check for
updates

Chapter 1
Achalasia

Christopher J. Rees, Victoria G. Riese, and Charles V. Pollack, Jr.

Name and Synonyms

Achalasia

Incidence/Epidemiology

e Achalasia is a rare disease with an annual incidence of 1-2/100,000 persons.
o It affects men and women with equal frequency.

 Itusually presents between the ages of 20 and 40, but may occur at any adult age.
¢ Onset before adolescence is rare.

Differential Diagnosis

e Achalasia is the most common motility disorder of the esophagus.

¢ It most often causes dysphagia (difficulty swallowing, as opposed to odyno-
phagia—painful swallowing), so the differential is the differential for
dysphagia.

C.J. Rees
Emergency Department, Pennsylvania Hospital, Philadelphia, PA, USA

V. G. Riese
Librarian Consultant, Eldersburg, MD, USA

C. V. Pollack, Jr. (<)
Department of Emergency Medicine, Thomas Jefferson University,
Philadelphia, PA, USA
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e Other diseases that may present with dysphagia and associated esophageal
dilatation (secondary achalasia) include gastric cancer; infiltrative diseases
such as amyloidosis, sarcoidosis, eosinophilic gastritis, and neurofibromato-
sis; and infections such as Chagas disease in South America.

Pathophysiology and Etiology

* Achalasia is a motility disorder of the esophagus; the cause is unknown.

» Histopathologically, achalasia is associated with degeneration of neurons in
the myenteric plexus of the esophageal wall near the lower esophageal sphinc-
ter (LES). There is also an associated inflammatory response with an influx of
inflammatory cells.

* The degeneration is most marked within the inhibitory neurons that allow for
relaxation of the LES. This leads to a sustained contraction/increase in tone of
the LES, resulting in an increase in LES pressure.

* Degeneration of the inhibitory neurons within the myenteric plexus in the
lower two thirds of the esophagus affects the smooth muscle and causes
aperistalsis.

* The cause of the degeneration is unknown. It has been ascribed to autoim-
mune phenomenon and sometimes to chronic viral infections from herpes
simplex virus, measles virus, and HSV-1, but there is no conclusive evidence
for any of these putative mechanisms.

Presentation

Typical/“Classic”

* Dysphagia (difficulty with swallowing) is the most common presenting symp-
tom of achalasia, occurring in about 90 % of patients. Typically, the dysphagia
is to solids and liquids equally.

e Most patients (about 75 %) also report regurgitation of undigested food. The
regurgitated food remains in the esophagus, so usually there is no “acid taste”
as in reflux. This has been described as a “bland reflux.”

e Many patients describe an epigastric or retrosternal fullness after eating that
may be severe enough to provoke attempts to induce vomiting, leading to
confusion with eating disorders.

e Other commonly reported symptoms include difficulty belching, substernal
chest pain associated with reflux, and frequent hiccups.

e Symptoms usually progress gradually. The mean time from symptom onset
until diagnosis is about 5 years. This reflects the insidious nature of the symp-
toms, more than any particular difficulty in diagnosis.
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* Some patients are noted to perform mechanical maneuvers (raising the arms
above the head, standing erect and hyperextending the back) to help clear the
esophagus. These actions may be noticed more by family members.

Atypical

* In retrospect, most patients will have years of somewhat typical symptoms
before presentation.

e Most patients will have been treated for gastroesophageal reflux (GERD)
before consideration of the diagnosis.

» Patients may present with chest pain, especially with eating. This may have
been considered esophageal spasm and not responded to treatment.

Primary Differential Considerations

e Other causes of dysphagia should be considered, including

* Esophageal tumors

¢ Reflux /GERD

* Connective tissue disorders, such as systemic sclerosis
* Esophageal perforation

* Esophageal spasm or stricture

* Qastric cancer that involves the lower esophagus

e  Much rarer considerations:

e Chagas disease
e Plummer—Vinson syndrome
History and Physical Exam

Findings That Confirm Diagnosis

* The history usually is very suggestive of the diagnosis, although there are no
absolutely confirmatory findings on history and physical exam. Physical exam
usually is normal, although patients may have unintended weight loss.

e Confirmation is with esophageal manometry.

Factors That Suggest Diagnosis

* The historical features as described above suggest the diagnosis.
* Anespecially suggestive historical feature is dysphagia to solids and liquids equally.
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Factors That Exclude Diagnosis

e Early in the course of illness, esophageal manometry may be nondiagnostic,
so a high index of suspicion needs to be maintained if the symptoms continue
Or progress.

Ancillary Studies

Laboratory

» Lab tests generally are not helpful in the diagnosis.

Imaging

e Chest x-ray may demonstrate widening of the esophagus or mediastinum, but
more commonly is normal, especially early in the disease course.

* Barium swallowing studies may be helpful in suggesting the diagnosis, espe-
cially later in the course of illness.

* Classically, the barium esophagram demonstrates a proximally dilated esoph-
agus that narrows to a contracted gastroesophageal junction, giving the classic
“bird-beak” appearance of the esophagus.

Classic “bird-beak” appearance of the esophagus on barium esophagram in achala-
sia. [Mittal R. Esophageal motor disorders. In: Orlando RC, editor. Atlas of esopha-
geal diseases. 2nd ed. Philadelphia: Current Medicine; 2002. p 163-78.]
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Examples of progressive dilation of the esophagus in different patients with achala-
sia. a Normal diameter esophagus leading to a bird’s beak at the LES. b Minimal
esophageal dilation (from 4 to 7 cm). ¢ Progressive esophageal dilation (from 7 to
10 cm) with preserved esophageal axis. d Greater dilation (>10 cm) and initial sig-
moidal course of the distal esophagus. [From article: A controversy that has been
tough to swallow: is the treatment of achalasia now digested? J Gastrointest Surg.
2010 Feb;14 Suppl 1:S33-45. https://doi.org/10.1007/s11605-009-1013-5, at http://
link.springer.com/article/10.1007%2Fs11605-009-1013-5; by Garrett R. Roll,
Charlotte Rabl, Ruxandra Ciovica, Sofia Peeva, Guilherme M. Campos, © The
Author(s) 2009; licensed under Creative Commons Attribution Noncommercial
License https://creativecommons.org/licenses/by-nc/2.0/] Caption from original

¢ Other suggestive findings on barium study include a dilated esophagus, aperi-
stalsis of the esophagus, and poor/delayed emptying of the barium into the
stomach.

¢ Barium studies may be falsely negative in up to one third of cases.

e The diagnosis usually is confirmed by esophageal manometry, which is usu-
ally performed at specialized, experienced centers.

¢ Currently, the procedure of choice is high-resolution manometry (HRM) with
or without esophageal pressure topography (HRMEPT).

¢ The classic finding on manometry is aperistalsis of the distal two thirds of the
esophagus with incomplete relaxation of the LES. Increased pressure within
the LES is a supportive finding but is not diagnostic.

e HRMEPT allows subtyping of achalasia, which may help in deciding
treatment.

* Endoscopy (usually done when considering esophagitis, peptic ulcer disease,
or gastritis in the diagnosis) usually is normal, though itmay demonstrate a
dilated esophagus with retained products.


https://creativecommons.org/licenses/by-nc/2.0/
http://link.springer.com/article/10.1007/s11605-009-1013-5
http://link.springer.com/article/10.1007/s11605-009-1013-5
https://doi.org/10.1007/s11605-009-1013-5
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Endoscopic appearance of achalasia. (a) Sustained contraction of the lower esopha-
geal sphincter as viewed from the proximal esophagus. (b) Retroflexed view of the
LES from the stomach. [Park JM. Miscellaneous esophageal diseases. In: Chun HJ,
Yang S-K, Choi M-G, editors. Clinical gastrointestinal endoscopy: a comprehensive
atlas. Heidelberg: Springer. 2014. p. 87-98.] Caption adapted from original

Special Populations
Age

* Achalasia usually presents between the ages of 20 and 40 but may occur at any
adult age.
* May be seen in adolescence, but is rare.

Pitfalls in Diagnosis

Critical Steps Not to Miss

* Consideration of the diagnosis is the first step.

e Itis critical to consider malignancy in the differential diagnosis.
Mimics

* Any disease process that presents predominately with dysphagia can mimic
achalasia.
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e It is important to consider malignancy and other mechanical causes of
dysphagia.

* Gastric cancer close to the gastroesophageal junction is a mimic of achalasia
that must be considered.

* Space-occupying lesions (such as cancer) usually present with dysphagia that
is greater with solids than liquids, but as they enlarge, they may produce dys-
phagia to both.

* Another diagnosis that may be confused with achalasia when evaluating a
patient for dysphagia is myasthenia gravis. Myasthenia usually produces both
dysphagia and dysphonia (decrease in tone/quality of voice).

Time-Dependent Interventions

e There are no particular time-dependent interventions in the evaluation of
achalasia other than consideration of and evaluation for malignancy.

Overall Principles of Treatment

e Treatment is aimed at reducing the resting pressure of the LES.

* The first step usually is progressive, endoscopy-guided dilatation of the LES.

» If symptoms persist after three attempts at dilatation, or patients cannot toler-
ate dilatation, surgical myotomy often is performed.

» Patients who are not surgical candidates, or those who decline surgery, may
be offered a trial of endoscopically guided direct injection of botulinum toxin
into the LES.

 If all other treatments are unsuccessful, or the patient is not a candidate for
surgery or endoscopy, a trial of oral nitrates or calcium channel blockers may
be attempted.

Disease Course

* Achalasia is a chronically progressive disease; without treatment, esophageal
dilatation will continue.

* Ten to fifteen percent of patients will develop end-stage disease even with
treatment.

* Upto 5 % eventually may require complete esophagectomy, especially when
the esophageal diameter exceeds 6 cm (megaesophagus).

» Patients with achalasia are at increased risk for squamous cell carcinoma of
the esophagus. The absolute risk is low, however, so endoscopic surveillance
is not recommended.
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Related Evidence

Papers of particular interest have been highlighted as:
** Of key importance

Practice Guideline

Vaezi MF, Pandolfino JE, Vela MF. ACG clinical guideline: diagnosis and manage-
ment of achalasia. Am J Gastroenterol. 2013 Aug;108(8):1238-49; quiz 1250.
https://doi.org/10.1038/ajg.2013.196. PMID: 23877351. http://www.ncbi.nlm.
nih.gov/pubmed/23877351 **

Stefanidis D, Richardson W, Farrell TM, Kohn GP, Augenstein V, Fanelli RD;
Society of American Gastrointestinal and Endoscopic Surgeons. SAGES guide-
lines for the surgical treatment of esophageal achalasia. Surg Endosc. 2012
Feb;26(2):296-311. https://doi.org/10.1007/s00464-011-2017-2. PMID:
22044977. http://www.ncbi.nlm.nih.gov/pubmed/22044977 **

Review

Dobrowolsky A, Fisichella PM. The management of esophageal achalasia: from
diagnosis to surgical treatment. Updates Surg. 2014 Mar;66(1):23-9. https://doi.
org/10.1007/s13304-013-0224-1. PMID: 23817763. http://www.ncbi.nlm.nih.
gov/pubmed/23817763 **

Boeckxstaens GE, Zaninotto G, Richter JE. Achalasia. Lancet. 2014 Jan
4;383(9911):83-93. https://doi.org/10.1016/S0140-6736(13)60651-0. PMID:
23871090. http://www.ncbi.nlm.nih.gov/pubmed/23871090 **

Allaix ME, Patti MG. What is the best primary therapy for achalasia: medical or
surgical treatment? Who owns achalasia? J Gastrointest Surg. 2013
Sep;17(9):1547-9. https://doi.org/10.1007/s11605-013-2252-z. PMID:
23780637. http://www.ncbi.nlm.nih.gov/pubmed/23780637

O'Neill OM, Johnston BT, Coleman HG. Achalasia: a review of clinical diagnosis,
epidemiology, treatment and outcomes. World J Gastroenterol. 2013 Sep
21;19(35):5806—12. https://doi.org/10.3748/wjg.v19.i135.5806. PMID: 24124325.
http://www.ncbi.nlm.nih.gov/pubmed/24124325 **

Pandolfino JE, Kahrilas PJ. Presentation, diagnosis, and management of achalasia.
Clin Gastroenterol Hepatol. 2013 Aug;11(8):887-97. https://doi.org/10.1016/].
cgh.2013.01.032. PMID: 23395699. http://www.ncbi.nlm.nih.gov/pubmed/
23395699 **


http://www.ncbi.nlm.nih.gov/pubmed/23395699
http://www.ncbi.nlm.nih.gov/pubmed/23395699
https://doi.org/10.1016/j.cgh.2013.01.032
https://doi.org/10.1016/j.cgh.2013.01.032
http://www.ncbi.nlm.nih.gov/pubmed/24124325
https://doi.org/10.3748/wjg.v19.i35.5806
http://www.ncbi.nlm.nih.gov/pubmed/23780637
https://doi.org/10.1007/s11605-013-2252-z
http://www.ncbi.nlm.nih.gov/pubmed/23871090
https://doi.org/10.1016/S0140-6736(13)60651-0
http://www.ncbi.nlm.nih.gov/pubmed/23817763
http://www.ncbi.nlm.nih.gov/pubmed/23817763
https://doi.org/10.1007/s13304-013-0224-1
https://doi.org/10.1007/s13304-013-0224-1
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1 Achalasia 9
Cohort Study

Sadowski DC, Ackah F, Jiang B, Svenson LW. Achalasia: incidence, prevalence and
survival. A population-based study. Neurogastroenterol Motil. 2010
Sep;22(9):e256-61. https://doi.org/10.1111/j.1365-2982.2010.01511.x. PMID:
20465592. http://www.ncbi.nlm.nih.gov/pubmed/20465592

Use PubMed Clinical Queries to find the most recent evidence. Use this search

strategy:
“Esophageal Achalasia”’[Mesh] OR “Achalasia”
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Chapter 2

Acute Coronary Syndrome:
Non-ST-Segment Elevation Myocardial
Infarction

Charles V. Pollack, Jr. and Victoria G. Riese

Name and Synonyms

Non-ST-Segment Elevation Myocardial Infarction

e NSTEMI, subendocardial MI, non-Q-wave MI (NQMI), troponin-positive
ACS

Incidence/Epidemiology

e In the middle of the continuum of diagnoses collectively called acute coro-
nary syndrome (ACS)—between unstable angina (UA) and ST-segment ele-
vation MI (STEMI).

* More common than STEML.

C. V. Pollack, Jr. (><)
Department of Emergency Medicine, Thomas Jefferson University,
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Pathogenesis Fully occlusive thrombus Less than fully occlusive thrombus

Incidence Higher than that of STEMI

Patient profile Older; higher co-morbidity (diabetes, renal failure)
than STEMI patients

Time course Minutes to hours Up to a few days

Clinical manifestations Similar to STEMI

Imaging studies Similar to STEMI

EKG ST elevations No ST elevations*

Biomarkers Elevated Elevated

Therapy See Table 2.54 See Table 2.54

Rehabilitation Similar to STEMI

Complications Similar to STEMI

Prognosis Mortality lower in-hospital, higher at 6 months and

4 years than with STEMI
48T elevations may be seen in Prinzmetal’s angina

STEMI and NSTEMI/UA: a comparison. [Adelmann GA. Coronary artery disease.
In: Adelmann GA, editor. Cardiology essentials in clinical practice. London:
Springer; 2011. p. 23-95. Book https://doi.org/10.1007/978-1-84996-305-3]
Caption from original

* Incidence varies widely by demographics and risk profiles; patients with
NSTEMI tend to be older and have more co-morbidities than STEMI patients.

e Of the more than 1.2 million MIs in United States each year; most are
NSTEMI, and as troponin assays become increasingly sensitive, there are
fewer cases diagnosed as UA and more as NSTEMI.

Differential Diagnosis

e Includes all other causes of chest pain.
* Includes other causes of “anginal equivalents” in susceptible populations,

e.g.

* Dyspnea

e Back pain

e Jaw pain

* Shoulder pain
» Epigastric pain
 Palpitations

* Dizziness

*  Weakness

* Nausea

e Syncope


https://doi.org/10.1007/978-1-84996-305-3
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Pathophysiology and Etiology

e ACS is the result of ischemia (diminished blood flow / oxygen delivery) to
myocardium.

e If ischemia persists, frank infarction (muscle death) may occur.

 Infarction results in breakdown of cell membranes, allowing release of intra-
cellular proteins (such as myoglobin, troponins, and CPK-MB) into the circu-
lation, where they may be detected in peripheral blood.

e NSTEMI is defined by this protein (enzyme) “leak,” and it is that lab finding
that differentiates it from UA.

e Other causes of elevated troponin include:

¢ Renal insufficiency

¢ Heart failure

e Pulmonary embolism
e Septic shock

¢ Nonthrombotic causes

Demand ischemia: a mismatch between myocardial oxygen demand
and supply in the absence of flow-limiting stenosis (i.e., systemic
inflammatory response, hypotension, tachyarrthmias)

Mpyocardial ischemia in the absence of fixed obstructive coronary
disease: an imbalance of the autonomic nervous system and
increased catecholamine effect on the myocardial cells (i.e.,
vasospastic angina, acute stroke or intracranial hemorrhage and
subarachnoid hemorrhage)

Direct myocardial damage: cell injury by traumatic or inflammatory
process (i.e., pericarditis and myocarditis)

Myocardial strain: volume and pressure overload of both ventricles
(i.e., congestive heart failure, pulmonary embolism)

Nonthrombotic mechanisms of troponin elevation in ICU setting. [Lazzeri C,
Bonizzoli M, Cianchi G, Gensini GF, Peris A. Troponin I in the intensive care unit
setting: from the heart to the heart. Intern Emerg Med. 2008 Mar;3(1):9-16. https://
doi.org/10.1007/s11739-008-0089-3] Caption from original

* Most NSTEMI occurs as a result of fracture or frank rupture of atheroscle-
rotic plaque in an epicardial artery, but often the artery that is fully occluded
is downstream from the plaque and is actually occluded by a platelet
aggregate embolism from upstream. It also may occur from incomplete
obstruction at the site of plaque and poor collateral circulation upstream.


https://doi.org/10.1007/s11739-008-0089-3
https://doi.org/10.1007/s11739-008-0089-3
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Normal coronary anatomy. [Achenbach S. Normal coronary anatomy. In: Budoff

MJ, Narula J, Achenbach SS, editors. Atlas of cardiovascular computed tomogra-
phy. Philadelphia: Current Medicine; 2007] Caption from original

e Atherosclerosis is a product of diverse inherited and acquired conditions,
including:

e Family history

e Hyperlipidemia

e Hypertension

e Diabetes mellitus
» Tobacco abuse
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Atherosclerosis risk factors and intervention targets
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(50% of tissue damage) (50% of tissue damage)

Atherosclerosis risk factors and intervention targets. [Thorbjornsdottir P,
Thorgeirsson G, Kotwal GJ, Arason GJ. Control of inflammation with complement
control agents to prevent atherosclerosis. In: Suri JS, Kathuria C, Molinari F, edi-
tors. Atherosclerosis disease management. New York: Springer; 2011. p. 633-75.
Book https://doi.org/10.1007/978-1-4419-7222-4] Caption adapted from original

Risk factors No. of
patients
Individual
Smoking 6
Hypertension 11
Hypercholesterolemia 9
Diabetes mellitus 4
Clusters
Smoking and hypercholesterolemia 1
Hypertension and hypercholesterolemia® 4
Hypertension and diabetes 2
Smoking, hypertension and hypercholesterolemia 1

Smoking, hypertension, hypercholesterolemia and diabetes 2

*Hypertension was defined as a diastolic arterial pressure =95 mm
Hg and hypercholesterolemia >6 mmol/l

Main known risk factors for atherosclerosis in 16 patients studied. [Watt S, Aesch
B, Lanotte P, Tranquart F, Quentin R. Viral and bacterial DNA in carotid atheroscle-
rotic lesions. Eur J Clin Microbiol Infect Dis. 2003 Feb;22(2):99-105. https://doi.
org/10.1007/s10096-002-0867-1] Caption adapted from original


https://doi.org/10.1007/s10096-002-0867-1
https://doi.org/10.1007/s10096-002-0867-1
https://doi.org/10.1007/978-1-4419-7222-4
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* Plaque rupture initiates a complex thrombo-inflammatory response locally
including activation of:

* Coagulation

X Xl

1/ TFNIla 7

Xa_ IXa
— Villae
1 ‘\ O
Va\ — O ¢
( Prothrombin ) —
Vs Lo ] —
o OO
| em—
[ e (—

S ap GO
© Current Medicine Group

Networking of coagulation cascade and aggregation of platelets (PIt). The extrinsic
limb triggers activation of the coagulation cascade when tissue factor (TF) is
exposed in a disrupted plaque. Coagulation factor VII is activated (VIIa) and can
activate factor X to Xa and promote perpetuation of the coagulation process via the
intrinsic limb that results in formation of IXa and VIIla. The prothrombinase com-
plex of Xa, Va, Ca** forms on a phospholipid surface (eg, membrane of a platelet)
and converts prothrombin to thrombin. The thrombin that is formed binds to the
thrombin receptor on platelets promoting activation and aggregation of platelets, as
well as amplifying the coagulation cascade by promoting formation of VIIIa and Va.
This diagram depicts the amplification nature of the coagulation process because
one molecule of Xa leads to the downstream production of a large number of throm-
bin molecules (stoichiometric relationship not completely depicted to prevent
obscuring the diagram with thrombin molecules). Activated platelets express
numerous copies of the active form of the fibrinogen receptor GP IIb/IIla on their



2 Acute Coronary Syndrome: Non—ST-Segment Elevation Myocardial Infarction 17

surface. GP IIb/Illa recognizes specific amino acid sequences on circulating ligands.
One such ligand is fibrinogen (FGN), which has multiple copies of the RGD amino
acid sequence and serves to bridge platelets together, promoting formation of aggre-
gates. The more aggregates formed, the greater the surface area for the prothrombi-
nase complex and amplification of the reactions of the coagulation cascade. [Antman
E. Acute coronary syndromes. In: Libby P, editor. Essential atlas of cardiovascular
disease. Philadelphia: Current Medicine; 2009. ISBN: 978-1-57340-309-2] Caption
from original
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A simplified diagram of the coagulation cascade and its links with PARs and inflam-
mation. Two pathways are involved in coagulation, with the major one being the
tissue factor pathway. Most of the coagulation factors are serine proteinases that are
present as inactive zymogens (rectangles) that when activated (ovals; lowercase ‘a’
indicates an active form) can catalyze the next reaction in the cascade. The two
pathways converge to activate factor X, thrombin and fibrin. [Russell FA, McDougall
JJ. Proteinase-activated receptors and arthritis. In: Vergnolle N, Chignard M, edi-
tors. Proteases and their receptors in inflammation. Basel: Springer; 2011. p. 217-
42. Book https://doi.org/10.1007/978-3-0348-0157-7] Caption adapted from
original

¢ Platelets


https://doi.org/10.1007/978-3-0348-0157-7
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Maintain platelet activation

Mechanisms of platelet activation. [Ajjan R, Storey RF, Grant PJ. Aspirin resistance
and diabetes mellitus. Diabetologia. 2008 Mar;51(3):385-90. https://doi.
org/10.1007/s00125-007-0898-3] Caption adapted from original

e Complement
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Common pathways for complement activation. [From article: Complement activa-
tion in the injured central nervous system: another dual-edged sword? J
Neuroinflammation. 2012 Jun 21;9:137. https://doi.org/10.1186/1742-2094-9-137


https://doi.org/10.1186/1742-2094-9-137
https://doi.org/10.1007/s00125-007-0898-3
https://doi.org/10.1007/s00125-007-0898-3

2 Acute Coronary Syndrome: Non—ST-Segment Elevation Myocardial Infarction 19

at http://link.springer.com/article/10.1186/1742-2094-9-137 by Faith H Brennan,
Aileen J Anderson, Stephen M Taylor, Trent M Woodruff, Marc J Ruitenberg, ©
2012 Brennan et al.; licensee BioMed Central Ltd.; licensed under Creative
Commons Attribution License BY 2.0 http://creativecommons.org/licenses/by/2.0]
Caption adapted from original

» This response results in local aggregation of activated platelets that are subse-
quently linked via strands of fibrinogen connecting the platelets’ glycoprotein
[Ib/IITa membrane receptors.

Platelet adhesion at the site of injury and aggregation with one another (a). Platelet
plug consolidation (b) and platelets expressing procoagulant activity on their sur-
face with subsequent thrombin generation (c). Procoagulant factors are represented
by roman numbers. P-serine, phosphatidylserine. [Tripodi A. Haemostasis abnor-
malities in chronic liver failure. In: Gines P, Kamath PS, Arroyo V, editors. Chronic
liver failure. New York: Springer; 2011. p. 289-303. Book https://doi.
org/10.1007/978-1-60761-866-9] Caption from original

e Alternative and much rarer etiologic considerations:

e Pure arterial spasm without plaque rupture
* Arteritis
e Lupus


https://doi.org/10.1007/978-1-60761-866-9
https://doi.org/10.1007/978-1-60761-866-9
http://creativecommons.org/licenses/by/2.0
http://link.springer.com/article/10.1186/1742-2094-9-137
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Anteroapical myocardial infarction in a patient with SLE. A, Cranial left anterior
oblique view on arteriography showing severe proximal stenosis (arrow) of the left
anterior descending (LAD) coronary artery that led into an anteroapical infarction
in a 41-year-old woman with flaring SLE. [Roldan CA. Rheumatic and connective
tissue diseases and the heart. In: Braunwald E, Crawford MH, editors. Atlas of heart
diseases; vol. 6. Philadelphia: Current Medicine; 1996. ISBN: 1-878132-28-8]
Caption adapted from original

» Takayasu’s disease
e Kawasaki’s disease
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Image obtained from a patient with an acute myocardial infarction caused by throm-
bosis of a right coronary artery Kawasaki aneurysm (arrow). Kawasaki disease
results from a mucocutaneous viral infection acquired during childhood. Typically,
multiple aneurysms may develop in the coronaries and in other systemic vessels.
Thrombosis of these aneurysms may occur later in life. [Garcia MJ. Intracardiac,
myocardial and extracardiac abnormalities. In: Budoff MJ, Achenbach S, Narula J,
editors. Atlas of cardiovascular computed tomography. Philadelphia: Current
Medicine; 2007] Caption from original

* Cocaine- or methamphetamine-induced vasospasm

Presentation

Typical/“Classic”

* Pressure-like chest pain starting substernally and radiating toward left shoul-
der or left jaw.

* Pain is classically associated with diaphoresis, dyspnea, and nausea.

* Pain often accompanied by tachycardia; blood pressure is variable, with very
high and very low presenting blood pressures associated with poorer
prognosis.
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* Pain often starts with exertion; may be improved with rest or with use of nitro-
glycerin. May also start at rest and often persists >20 minutes before
presentation.

e Pain unchanged with movement, positioning, or deep breathing.

 In describing pain, patient may hold clenched fist over chest (“Levine sign”).

* Notable for absence of specific, diagnostic ECG findings:

* Persistent ST-segment elevation is ABSENT
* ST-segment depression confers higher risk of poor outcomes but IS NOT
diagnostic of NSTEMI

* Particularly high risk when depression is “dynamic”—that is, present
when patient is experiencing pain and resolved when that pain is
relieved.

Exercise

ST slope

A, Example of ischemic horizontal ST-segment depression. The J-point (B) is
depressed 0.3 mm relative to the PQ junction (A), and ST-80 (C) is depressed
0.1 mm at rest. During exercise, the J-point and ST-80 are depressed 2.4 mm. The
reported net difference in ST-80 depression would be 2.3 mm. B, Example of
downsloping ST-segment depression. The second patient reveals 0.6-mm ST-80
depression at rest, which worsens with exercise, resulting in J-point depression of
2.5 mm and ST-80 depression of 4.5 mm during exercise. The reported net differ-
ence in ST-80 depression would be 3.9 mm. [Chaitman B. Chapter 2. In: Beller
GA. Chronic ischemic heart disease. Philadelphia: Current Medicine; 1995
(Braunwald E, editor. Atlas of heart diseases; vol. 5). ISBN: 1-878132-29-6, 2002-
01-23; Chaitman, Bernard; Beller, George; Braunwald, Eugene] Caption adapted
from original

* T-wave inversion confers higher risk in patients with symptoms of ACS but IS
NOT diagnostic of NSTEMI.
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Electrocardiogram with T-wave inversions in leads V1 to V4. [From article: Triptans
and troponin: a case report. Orphanet J Rare Dis. 2009 Jun 18;4:15. https://doi.
org/10.1186/1750-1172-4-15, at http://link.springer.com/article/10.1186/1750-
1172-4-15; by Claudia R Weder, Markus Schneemann, © Weder and Schneemann.
2009; licensee BioMed Central Ltd.; licensed under Creative Commons Attribution
License BY 2.0 http://creativecommons.org/licenses/by/2.0] Caption from original

Atypical

e NSTEMI has been discovered in patients with virtually any complaint local-
ized above the umbilicus.

* “Anginal equivalents” listed above include different distributions of pain (e.g.
epigastric, jaw, neck, back) and some presentations that are not painful at all
(e.g. palpitations, nausea, syncope).

» Patients with NSTEMI who present without chest pain as their chief com-
plaint frequently experience delays in diagnosis and therefore delays in
treatment.

e Atypical presentations more common in women, in elderly, and in
diabetics.

* Elevated troponin levels are the defining and unifying feature of all NSTEMI
presentations. Because of the time required for troponin to leak out of dying
myocardial cells, the first troponin assay is often not elevated in patients who
present soon after onset of symptoms.


http://creativecommons.org/licenses/by/2.0
http://link.springer.com/article/10.1186/1750-1172-4-15
http://link.springer.com/article/10.1186/1750-1172-4-15
https://doi.org/10.1186/1750-1172-4-15
https://doi.org/10.1186/1750-1172-4-15
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Primary Differential Considerations

e Primary differential considerations include pain mimics to NSTEMI and are
diverse, including life-threatening and more benign causes:

Aortic dissection

Pulmonary embolism

Peptic and esophageal disease, hiatal hernia
Costochondritis

Pneumonia

Pneumothorax

Pleurisy

Anxiety and panic disorders

Biliary colic

Herpes zoster
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Helpful clinical features

Cardiovascular

Angina

Aortic stenosis

Pericarditis

Aortic dissection

Pulmonary
embolism

Pulmonary

Pneumonia/
pleuritis/pleural
effusion

Asthma/COPD
exacerbation

Spontaneous
pneumothorax

Chest wall

Muscle spasm/
strain

Retrosternal chest pressure, squeezing,
heaviness. Associated with exertion or emotional
stress, relieved by rest or nitroglycerin. Usually
between 2 and 20 min in duration.

Similar features as for angina, but with late-
peaking systolic murmur radiating to carotids.
May be associated with syncope or signs of left
heart failure.

Sharp, retrosternal, pleuritic chest pain lasting
hours to days. May be associated with friction
rub and may be alleviated by leaning forward.

Sudden onset of tearing, ripping chest pain
radiating to back. Associated with underlying
hypertension.

Ipsilateral pleuritic pain associated with
dyspnea, tachycardia, possible cor pulmonale.
May have irritative cough or hemoptysis or
present with syncope. Usually sudden onset.

Pleuritic pain, lateralizing to side of infection/
inflammation. May be associated with fevers,
dyspnea, cough. Exam with pleural rub,
consolidation, or dullness to percussion.

Chest “tightness” associated with more
prominent findings of dyspnea, tachypnea and
diffuse wheezing.

Sudden onset of pleuritic pain. Unilateral and
associated with dyspnea. More common in thin,
young males or patients with emphysematous
disease. Decreased breath sounds and
hyperresonance on side of pneumothorax.

Associated with prior increased physical activity/
weight lifting. Pain variable in character but
usually reproducible with palpation.
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Helpful clinical features

Costochondritis

Herpes zoster

Rib fracture

Cervical/thoracic
nerve root
compression

Gastrointestinal

Mediastinitis/
esophageal
rupture

Esophageal
reflux

Esophageal
spasm

Pancreatitis

Peptic ulcer

Psychogenic

Anxiety/panic
disorder

Sharp, sudden onset pain that is short in
duration. May be reproducible with palpation.

Sharp, burning, superficial neuropathic pain.
May have allodynia, vesicular rash on exam.
Unilateral dermatomal distribution.

Prior trauma or known metastatic disecase of
bone. Point tenderness over affected rib(s). Pain
is usually pleuritic.

Intermittent neuropathic pain often associated
with neck movement or position. Usually
unilateral.

Often preceded by esophageal procedure or
forceful vomiting. Pt. may have fever, associated
septic shock. Symptoms vary from burning chest
discomfort to severe dyspnea.

Burning pain, often associated with nausea,
belching. Usually worse at night and after large
meals. Alleviated by antacids.

Sudden onset, sharp, retrosternal pain. May
be relieved by nitroglycerine and exacerbated
by cold liquids. Sometimes associated with
dysphagia.

Sharp epigastric pain, usually constant and
prolonged. Exacerbated by food and often
associated with nausea/vomiting. Alcohol and
gallstones are risk factors.

Sharp or burning epigastric pain. Often relieved
by food or antacids. May be associated with
occult GI bleeding or massive acute blood loss.

May be unable to distinguish from anginal
pain, but usually has atypical features such

as prolonged duration and no exertional
component. Should be a diagnosis of exclusion
at initial workup.

Differential diagnosis of acute chest pain. [McClintic BR, Rosenblatt RL. Approach
to the patient with chest pain. In: Bisognano JD, Beck R, Connell R, editors. Manual
of outpatient cardiology. London: Springer; 2012. p. 349-71. Book https://doi.
org/10.1007/978-0-85729-944-4] Caption from original


https://doi.org/10.1007/978-0-85729-944-4
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History and Physical Exam

Findings That Confirm Diagnosis

¢ None

Factors That Suggest Diagnosis

e Nature and history of pain with presence of risk factors

Factors That Exclude Diagnosis

¢ None

Ancillary Studies

Laboratory

e CBC: no diagnostic findings.

* Electrolytes: no diagnostic findings.

* Renal function: no diagnostic findings, but renal insufficiency/failure is a risk
factor for ACS and may complicate treatment.

* Coagulation studies: no diagnostic findings but should be performed before ini-
tiation of therapy.

e Cardiac enzymes: Elevation in troponin (I or T) levels is a required part of uni-
versal diagnosis of myocardial infarction.

* Elevated enzyme levels differentiate NSTEMI from UA
* Time course is critical

* Depending on specific troponin assay and volume of muscle infarcted,
generally takes about 6 hours after onset of symptoms for troponin levels
to rise

* A negative troponin within 6 hours of reliable onset time of symptoms is
not particularly helpful

* If onset time unclear, start at time of presentation
* Negative troponin does NOT exclude angina
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 Positive troponin is always helpful, but use caution in interpreting levels in
patients with renal insufficiency

* Levels of MB band of CPK enzyme still sometimes used to identify NSTEMI

» Can sometimes be specifically helpful, e.g., in repeated chest pain presen-
tations within 2-3 days, when troponin levels from first infarct will remain
elevated, but CPK-MB may have returned to normal in interim

Fold-increase of marker
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Summation model. Temporal release of cardiac markers CK-MB and troponins during
repetitive episodes of ischaemia causing myocardial necroses in the setting of an
acute coronary syndrome. Compared with the release and clearance of CK-MB
48-72 h after each episode (indicated as 1st, 2nd and 3rd), troponin release is cumu-
lative. [From article: Implications of troponin testing in clinical medicine. Curr
Control Trials Cardiovasc Med. 2001; 2(2): 75-84. https://doi.org/10.1186/cvm-2-
2-075, at http://link.springer.com/article/10.1186/cvm-2-2-075; by Britta U
Goldmann, Robert H Christenson, Christian W Hamm, Thomas Meinertz, E Magnus
Ohman, © BioMed Central Ltd 2001; Available under Open Access, licensed under
Creative Commons Attribution License https://creativecommons.org/licenses/
by/2.0/] Caption from original

e BNP levels may offer some prognostic significance.
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Electrocardiography

* No diagnostic findings.
* Per national quality standards in the United States, ECG should be obtained
within 10 minutes of arrival in an emergency department.

Imaging

¢ No diagnostic findings for NSTEMI on chest x-ray (CXR).
* Findings of heart failure (cardiomegaly, pulmonary congestion) on CXR portend
a poorer prognosis for NSTEMI.

Frontal chest radiograph reveals typical features of pulmonary interstitial edema in
a patient with congestive heart failure, manifested by peribronchial cuffing, indis-
tinctness of the pulmonary vessels, and Kerley B lines. Note the cephalization or
redistribution of the pulmonary vasculature and mild cardiomegaly. [Boiselle PM,
Dass C, Steiner RM. Radiologic imaging in the critically ill patient. In: Criner GF,
Barnette RE, D'Alonzo GE, editors. Critical care study guide. 2e, New York:
Springer; 2010. p. 181-207. Book https://doi.org/10.1007/978-0-387-77452-7]
Caption from original

¢ Findings of a widened mediastinum suggest consideration of aortic dissection
but do not exclude NSTEMI. Check differential blood pressures in the upper
extremities.


https://doi.org/10.1007/978-0-387-77452-7
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Acute type A aortic dissection in a 46-year-old man. A) AP chest radiograph show-
ing marked widening of the mediastinum with MW and LMW measuring 11.5 and
7.6 cm, respectively. B) Corresponding selected image of CT aortogram confirms
type A aortic dissection. [From article: Diagnostic accuracy of mediastinal width
measurement on posteroanterior and anteroposterior chest radiographs in the depic-
tion of acute nontraumatic thoracic aortic dissection. Emerg Radiol. 2012
Aug;19(4):309-15.  https://doi.org/10.1007/s10140-012-1034-3 at  http://link.
springer.com/article/10.1007/s10140-012-1034-3 by Vincent Lai, Wai Kan Tsang,
Wan Chi Chan, Tsz Wai Yeung, licensed under Creative Commons Attribution
License, https://creativecommons.org/licenses/by/2.0/] Caption from original

* Findings of pneumonia suggest consideration of that differential but do not
exclude NSTEMI. Check for signs of infection. Frank septic shock may result
in elevated troponin levels.


https://creativecommons.org/licenses/by/2.0/
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Chest radiograph showing right upper/lower lung field opacities and left lower lung
field opacity consistent with pneumonia. [Tsigrelis C, Mohammad M, Fraimow HS,
Dellinger RP, Marchesani D, Reboli AC. Secondary bacterial pneumonia due to
Staphylococcus aureus complicating 2009 influenza A (HIN1) viral infection.
Infection. 2010 Jun;38(3):237-9. https://doi.org/10.1007/s15010-010-0009-0,
2010-06-01] Caption adapted from original

* Findings of pneumothorax suggest consideration of that differential but do
not exclude NSTEMI. Evaluate oxygenation status.

Posteroanterior upright chest X-ray shows large pneumothorax of the right lung.
[Kim SH, Yoo WH. Recurrent pneumothorax associated with pulmonary nodules
after leflunomide therapy in rheumatoid arthritis: a case report and review of the
literature. Rheumatol Int. 2011 Jul;31(7):919-22. https://doi.org/10.1007/s00296-
009-1240-9] Caption adapted from original
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* Findings of hiatal hernia suggest consideration of that differential but do not
exclude NSTEMI.

@ Cunment Medicine

Radiograph of large hiatal hernia. [Aurigemma G, Tighe D, Oh J, Espinoza
R. Pericardial disease and cardiac masses. In: Solomon S, editor. Atlas of echocar-
diography. Philadelphia: Current Medicine; 2008. ISBN: 1-57340-217-6] Caption
from original

Risk Scoring

e TIMI Risk Score may be helpful in establishing short-term prognosis, which
helps drive intensity of therapy.
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* Age =05 years

e History of known CAD (documented prior coronary artery
stenosis >50%)

e >3 conventional cardiac risk factors (age, male sex. family
history, hyperlipidemia, diabetes mellitus, smoking. obesity)

e Use of aspirin in the past 7 days

e ST-segment deviation (persistent depression or transient
elevation)

e [ncreased cardiac biomarkers (troponins)

e =2 anginal events in the preceding 24 h

TIMI = Thrombosis in Myocardial Infarction;

CAD = coronary artery disease

Score = sum of number of above characteristics

TIMI = Thrombosis in Myocardial Infarction:
CAD = coronary artery disease

Score = sum of number of above characteristics

TIMI risk score for unstable angina and NSTEMI. [Stillman AE, Oudkerk M,
Ackerman M, Becker CR, Buszman PE, Feyter PJ, Hoffmann U, Keadey MT,
Marano R, Lipton MJ, Raff GL, Reddy GP, Rees MR, Rubin GD, Schoepf UJ,
Tarulli G, Beek EJR, Wexler L, White CS. Use of multidetector computed tomogra-
phy for the assessment of acute chest pain: a consensus statement of the North
American Society of Cardiac Imaging and the European Society of Cardiac
Radiology. Int J Cardiovasc Imaging. 2007 Aug;23(4):415-27. https://doi.
org/10.1007/s10554-007-9226-8] Caption from original

Value TIMI risk Modified TIMI
score” risk score”
(95% CI) (95% CI)

Sensitivity 53.7 (44.9-62.3)  58.1 (49.8-66.4)

Specificity 752 (72.1-78.2)  82.6 (80.0-85.2)

Negative predictive value  90.6 (88.2-927) 92.2 (90.2-94.1)
Positive predictive value 26.6 (21.5-32.3) 359 (29.6-42.2)

# Using a cut point of 3 (less than 3 vs. 3 or greater)
" Using a cut point of 2 (less than 2 vs. 2 or greater)

A summary of the TIMI risk score and modified TIMI risk scores as predictors of
30-day myocardial infarction/revascularization/death. [Jaffery Z, Hudson MP,
Jacobsen G, Nowak R, McCord J. Modified Thrombolysis in Myocardial Infarction
(TIMI) risk score to risk stratify patients in the emergency department with possible
acute coronary syndrome. J Thromb Thrombolysis. 2007 Oct;24(2):137-44. DOI:
https://doi.org/10.1007/s11239-007-0013-0] Caption from original
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Special Populations
Age

* Risk for NSTEMI increases with age, starting at age 40 in men and at meno-
pause in women.

* Age is arisk factor for mortality from NSTEMI.
» Likelihood of atypical presentation with NSTEMI increases with age.

Co-morbidities

* Hypertension, diabetes, and renal failure are important co-morbidities in
NSTEMI risk and prognosis.
e Obesity is a weaker predictor of NSTEMI risk.

Pitfalls in Diagnosis

Critical Steps Not to Miss

* ECG must be performed as soon as the diagnosis of ACS is even considered.

Mimics

* Alldifferential considerations listed under Primary Differential Considerations.

e Of these, only aortic dissection and pulmonary embolism are also
life-threatening.

Time-Dependent Interventions

» Stabilization of the NSTEMI patient is time sensitive; unlike in STEMI, res-
toration of perfusion is not extremely time sensitive.

* Current guidelines call for diagnostic angiography in 24—48 hours to estab-
lish preferred course of management.
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e Unless contraindicated (allergy, active bleeding), 324-325 mg aspirin
should be administered immediately upon suspicion of an acute coronary
syndrome.

* Anticoagulation therapy should be initiated upon confirmation of ACS
diagnosis or with high suspicion in high-risk patients.

* Extremes of blood pressure should be promptly treated to avert shock
(hypotension) or undue myocardial oxygen demand (hypertension).

e Airway and oxygenation should be monitored and supported as
necessary.

» Patients with NSTEMI should be on continuous cardiac monitoring to
evaluate for dangerous arrhythmias.

* Consider early initiation of dual antiplatelet therapy (aspirin plus an ADP
receptor antagonist—ticagrelor or clopidogrel).

Overall Principles of Treatment

* Immediate stabilization of the patient with control of blood pressure, pulse
rate, and pain is critical. The patient may require resuscitation, intubation, and
intensive support.

* Medical management with anticoagulation and antiplatelet therapy is
important.

* Bleeding risk should also be assessed so that the risk of treatment-related
hemorrhage can be minimized

* The higher the patient’s risk, the more disproportionately s/he benefits from
aggressive therapy.
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| Diagnosis of UANSTEM)is likely or definite |

v
| ASA or clopidagrel if intolerant to ASA ‘

v
’ Select management strategy ‘

/\

Invasive strategy Conservative strategy
Start anticoagulant therapy: enoxaparin or UFH Start anticoagulant therapy: enoxaparin, UFH or
(best evidence); or bivalirudin or fondaparinux fondaparinux {enoxaparin or fondaparinux are
{lower level of evidence) preferred)
v l
Prior to angicgraphy: start at least one or both Start clopidogrgl. thgrapy, a,”d ?onsider adding
clopidogrel and IV GP I1b/Ilia inhibitor eptifibatide or tirofiban
GP lIb/llla inhibitors may not ba necessary if the
patient received a pre-foading dose of at least v
300 mg of clopidogrel at least & hours earlier, . K
and bivalirudin is selected as the anticoagulant Any subsequent events requiring angiography? (Recurrent

symptoms/ischemia, heart failure, serious arrhythmia.)

Factors favoring administration of both
clopidogrel and GP lIb/llla inhibitor include delay
ta angiagraphy, high-risk features, and early
recurrent ischemic discomfort
v
S N

Ye! l o

i Evaluate LVEF
Diagnostic angiography ’

Fy Y hJ

Stress

Not low
risk

Low risk

v l
Select CABG. PC| or medical
therapy

Continue ASA indefinitely and clopidogrel for at least
1 month, preferably for 1 year
Discontinue GP lIb/llla inhibiter and anticoagulant
therapy

Algorithm for the initial management of patients with UA/NSTEMI with an inva-
sive or conservative treatment strategy [1] Abbreviations: ASA, aspirin; CABG,
coronary artery-bypass grafting; EF, ejection fraction; GP, glycoprotein; IV, intrave-
nous; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary interven-
tion; UA/NSTEMI, unstable angina/non-ST-elevation myocardial infarction; UFH,
unfractionated heparin. [Cohen M. High-risk acute coronary syndrome patients
with non-ST-elevation myocardial infarction: definition and treatment. Cardiovasc
Drugs Ther. 2008 Oct;22(5):407-18. https://doi.org/10.1007/s10557-008-6120-0]
Caption from original
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Disease Course

¢ NSTEMI mortality is 6-10 %, depending on the population studied, over 6
months.
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10;362(23):2155-65. https://doi.org/10.1056/NEJM0a0908610. PMID:
20558366. http://www.ncbi.nlm.nih.gov/pubmed/20558366 **

Use PubMed Clinical Queries to find the most recent evidence. Use this search
strategy:
“non ST segment elevation myocardial infarction” OR “NSTEMI”
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Chapter 3
Acute Coronary Syndrome: ST-Segment
Elevation Myocardial Infarction

Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

Name and Synonyms

ST-Segment Elevation Myocardial Infarction

¢ STEMI, ST-elevation MI, acute MI, transmural MI, Q-wave MI

Incidence/Epidemiology

Check for
updates

®

* At the highest-acuity end of the continuum of diagnoses collectively called

acute coronary syndrome (ACS)
» Highest pre- and in-hospital 30-day mortality of ACS spectrum
* Incidence varies widely by demographics and risk profiles
* More than 1.2 million MIs in US each year; about 20 % are STEMI

Differential Diagnosis

e Includes all other causes of chest pain
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* Includes other causes of “anginal equivalents” in susceptible populations,
e.g.

* Dyspnea

e Back pain

e Jaw pain

* Shoulder pain

» Epigastric pain

 Palpitations

e Dizziness

e Weakness

* Nausea

e Syncope

Pathophysiology and Etiology

e ACS is the result of ischemia (diminished blood flow / oxygen delivery) to
myocardium

e If ischemia persists, frank infarction (muscle death) may occur

 Infarction results in breakdown of cell membranes, allowing release of intra-
cellular proteins (such as myoglobin, troponins, and CPK-MB) into the circu-
lation, where they may be detected in peripheral blood draw

e STEMI is most extreme and acute form of ACS, with “transmural” ischemia
that results in characteristic acute findings on ECG (see below)

* Most STEMI occurs as a result of fracture or frank rupture of atherosclerotic
plaque in an epicardial artery
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Left anterior
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Normal coronary anatomy. [Achenbach S. Normal coronary anatomy. In: Budoff
MlJ, Achenbach S, Narula J, editors. Atlas of cardiovascular computed tomography.
Philadelphia: Current Medicine; 2007 (Braunwald E, editor. Atlas of heart diseases;
vol. 1)] Caption from original
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* Atherosclerosis is a product of diverse inherited and acquired conditions,

including:

* Family history

* Hyperlipidemia

* Hypertension

* Diabetes mellitus
» Tobacco abuse

Atherosclerosis risk factors and intervention targets

|Red wine & exercise
High fat diet, HDL —— l
genetic factors, Lipitor/statins \ Atherosclerosis
low physical activity LDL _ T et F {Imt:ib:.lil:iup in
e T / arterial plaques
| Triglycerides
T
ngf:rrlsk Blood pressure T
atherosclerosis
Blood sugar T

Inflammation and cell death
(50% of tissue damage)

Atherosclerosis risk factors

—

Acute events
cardial infarction

Hypoxia and cell death
(50% of tissue damage)

and intervention targets.

[Thorbjornsdottir P,

Thorgeirsson G, Kotwal GJ, Arason GJ. Control of inflammation with complement
control agents to prevent atherosclerosis. In: Suri JS, Kathuria C, Molinari F, edi-
tors: Atherosclerosis disease management. New York: Springer. p. 633-75. Book

https://doi.org/10.1007/978-1-4419-7222-4; Chapter:

20; Chapter https://doi.

org/10.1007/978-1-4419-7222-4_20, 2011-01-01] Caption adapted from original
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Risk factors No. of
patients

Individual

Smoking 6

Hypertension 11

Hypercholesterolemia 9

Diabetes mellitus 4

Clusters

Smoking and hypercholesterolemia

Hypertension and hypercholesterolemia®

Hypertension and diabetes

Smoking, hypertension and hypercholesterolemia
Smoking, hypertension, hypercholesterolemia and diabetes

S S R

*Hypertension was defined as a diastolic arterial pressure >95 mm
Hg and hypercholesterolemia >6 mmol/l

Main known risk factors for atherosclerosis in 16 patients studied. [Watt S, Aesch
B, Lanotte P, Tranquart F, Quentin R. Viral and bacterial DNA in carotid atheroscle-
rotic lesions. Eur J Clin Microbiol Infect Dis. 2003 Feb;22(2):99-105. https://doi.
org/10.1007/s10096-002-0867-1, 2003-02-01] Caption adapted from original

e Plaque rupture initiates a complex thrombo-inflammatory response locally,
including activation of:

* Coagulation

X Xl

1/ TFNVlla 7

a o
E gp GO

© Current Medicine Group

Networking of coagulation cascade and aggregation of platelets (Plt). The extrinsic
limb triggers activation of the coagulation cascade when tissue factor (TF) is
exposed in a disrupted plaque. Coagulation factor VII is activated (VIla) and can
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activate factor X to Xa and promote perpetuation of the coagulation process via the
intrinsic limb that results in formation of IXa and VIIla. The prothrombinase com-
plex of Xa, Va, Ca** forms on a phospholipid surface (eg, membrane of a platelet)
and converts prothrombin to thrombin. The thrombin that is formed binds to the
thrombin receptor on platelets promoting activation and aggregation of platelets, as
well as amplifying the coagulation cascade by promoting formation of VIIIa and Va.
This diagram depicts the amplification nature of the coagulation process because
one molecule of Xa leads to the downstream production of a large number of throm-
bin molecules (stoichiometric relationship not completely depicted to prevent
obscuring the diagram with thrombin molecules). Activated platelets express
numerous copies of the active form of the fibrinogen receptor GP IIb/Illa on their
surface. GP IIb/IIla recognizes specific amino acid sequences on circulating ligands.
One such ligand is fibrinogen (FGN), which has multiple copies of the RGD amino
acid sequence and serves to bridge platelets together, promoting formation of aggre-
gates. The more aggregates formed, the greater the surface area for the prothrombi-
nase complex and amplification of the reactions of the coagulation cascade. [Antman
E. Acute coronary syndromes. In: Libby P, editor. Essential atlas of cardiovascular
disease. Philadelphia: Current Medicine; 2009. ISBN: 978-1-57340-309-2, 2009-
05-21; Antman, Elliott] Caption from original
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A simplified diagram of the coagulation cascade and its links with PARs and inflam-
mation. Two pathways are involved in coagulation, with the major one being the
tissue factor pathway. Most of the coagulation factors are serine proteinases that are
present as inactive zymogens (rectangles) that when activated (ovals; lowercase ‘a’
indicates an active form) can catalyze the next reaction in the cascade. The two
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pathways converge to activate factor X, thrombin and fibrin. [Russell FA, McDougall
JJ. Proteinase-activated receptors and arthritis. In: Vergnolle N, Chignard M, edi-
tors. Proteases and their receptors in inflammation. Basel: Springer; 2011. p. 217-
42. Book https://doi.org/10.1007/978-3-0348-0157-7; Chapter: 9; Chapter https://
doi.org/10.1007/978-3-0348-0157-7_9, 2011-01-01] Caption adapted from
original

¢ Platelets

-

Exposure of VWF Exposure of tissue
and collagen factor
Platelet adhesion Activation of the
coagulation cascade
Activation TXA, generation \( Release of Thrombin
of integrins (mediated by COX-1) ADP generation
Interaction with Interaction with Interaction with Interaction with
extracellular matrix thromboxane receptor P2Y, and P2Y,, PAR
opido

Strengthen platelet adhesion
Maintain platelet activation

Mechanisms of platelet activation. [Ajjan R, Storey RF, Grant PJ. Aspirin resistance
and diabetes mellitus. Diabetologia. 2008 Mar;51(3):385-90. https://doi.
org/10.1007/s00125-007-0898-3, 2008-02-01] Caption adapted from original

e Complement


https://doi.org/10.1007/s00125-007-0898-3
https://doi.org/10.1007/s00125-007-0898-3
https://doi.org/10.1007/978-3-0348-0157-7_9
https://doi.org/10.1007/978-3-0348-0157-7_9
https://doi.org/10.1007/978-3-0348-0157-7

3 Acute Coronary Syndrome: ST-Segment Elevation Myocardial Infarction 49

Classical Pathway Lectin Pathway
(Ag-Ab complexes, cell surfaces) (carbohydrates on pathogen surfaces)
c4
MBL,
MASP-1,
MASP-2 }— C1-INH o Alternative Pathway
DAF {CD55) (pathogen surfaces)

C4b |—— CR1, C4BP, l

2 Factor |, Ba
MCP{CDAB) C3(H,0)Bb C3(H,0)B
Cls (C3 convertase)
C2b lanni
factor B

Opsonisation «— Clgq
. Cir
C1-INH —| cis

Caa

Cab2a 'l
DAF (CD55) —— (€3 convertase) a C3(H,0)
.. Factor H, Factor I,
Extrinsic Pathway CR1, MCP (CD46)
{coagulation cascade) : '
PK C3a C3b — Opsonisation
cab2a/
Tissue Factor Kallikrein C3aR C3(H,0)Bb
vl Xn Leukocyte activation
Xl & chemataxis C5 convertases
X

X
D il

bi CD59
ibrinogen” ™ Fibrin .*
csa Csb €6 C7 €8 C9(10-16)

Leukocyte activation, +—— C5aR C5L2

chemotaxis & vasodilatation (CD&s) MAC—— Cell lysis

Common pathways for complement activation. [From article: Complement activa-
tion in the injured central nervous system: another dual-edged sword? J
Neuroinflammation. 2012 Jun 21;9:137. https://doi.org/10.1186/1742-2094-9-137,
at http://link.springer.com/article/10.1186%2F1742-2094-9-137; by Faith H
Brennan, Aileen J Anderson, Stephen M Taylor, Trent M Woodruff, Marc J
Ruitenberg, © Brennan et al.; licensee BioMed Central Ltd. 2012; licensed under
Creative Commons Attribution License http://creativecommons.org/licenses/
by/2.0] Caption adapted from original

» This response results in local aggregation of activated platelets that decreases
and ultimately occludes downstream blood flow, leaving muscle distal to
lesion ischemic and subject to infarction unless there is sufficient downstream
collateral perfusion.
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Platelet adhesion at the site of injury and aggregation with one another (a). Platelet
plug consolidation (b) and platelets expressing procoagulant activity on their sur-
face with subsequent thrombin generation (c). Procoagulant factors are represented
by roman numbers. P-serine, phosphatidylserine. [Tripodi A. Haemostasis abnor-
malities in chronic liver failure. In: Gines P, Kamath PS, Arroyo V, editors. Chronic
liver failure. New York: Springer; 2011. p. 289-303. Book https://doi.
org/10.1007/978-1-60761-866-9; Chapter: 14; Chapter https://doi.org/10.1007/978-
1-60761-866-9_14, 2011-01-01] Caption from original

* Sudden acute ischemia from complete upstream artery occlusion results in
characteristic ECG findings (see below).
e Alternative and much rarer etiologic considerations

e Pure arterial spasm without plaque rupture
* Arteritis

e Lupus


https://doi.org/10.1007/978-1-60761-866-9_14
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Anteroapical myocardial infarction in a patient with SLE. A, Cranial left anterior
oblique view on arteriography showing severe proximal stenosis (arrow) of the left
anterior descending (LAD) coronary artery that led into an anteroapical infarction
in a 41-year-old woman with flaring SLE. [Roldan CA. Rheumatic and connective
tissue diseases and the heart. In: Crawford MH, editor. Heart disease in the presence
of disorders of other organ systems. Philadelphia: Current Medicine; 1996
(Braunwald E, editor. Atlas of heart diseases; vol. 6). ISBN: 1-878132-28-8, 2002-
01-23] Caption adapted from original

» Takayasu’s disease
e Kawasaki’s disease
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Image obtained from a patient with an acute myocardial infarction caused by throm-
bosis of a right coronary artery Kawasaki aneurysm (arrow). Kawasaki disease
results from a mucocutaneous viral infection acquired during childhood. Typically,
multiple aneurysms may develop in the coronaries and in other systemic vessels.
Thrombosis of these aneurysms may occur later in life. [Garcia MJ. Intracardiac,
myocardial and extracardiac abnormalities. In: Budoff MJ, Achenbach S, Narula J,
editors. Atlas of cardiovascular computed tomography. Philadelphia: Current
Medicine; 2007] Caption from original

* Cocaine- or methamphetamine-induced vasospasm

Presentation

Typical/“Classic”

* Pressure-like chest pain starting substernally and radiating toward left shoul-
der or left jaw

e Pain is classically associated with diaphoresis, dyspnea, and nausea

e Pain often accompanied by tachycardia; blood pressure is variable with very
high and very low presenting blood pressures associated with poorer prognosis

 Pain often starts with exertion; may be improved with rest or with use of nitroglyc-
erin. May also start at rest and often persists >20 minutes before presentation

* Pain unchanged with movement, positioning, or deep breathing
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* In describing pain, patient may hold clenched fist over chest (“Levine sign™)
* Defined (as name implies) by specific ECG findings:

e ST-segment elevation in two or more contiguous leads OR
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Electrocardiogram of a 51-year-old man with acute anterior-superior myocardial
infarction caused by total occlusion of left anterior descending coronary artery
proximal to the first septal perforator and the first diagonal branch; there was also
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40% occlusion of the first obtuse marginal branch of the left circumflex artery and
70% occlusion of the right coronary artery. Kinesis involved large portion of the
anterior wall and the apex. with an estimated left ventricular ejection fraction of
15%. In (a): ST elevation in leads aVL and V1-6, with reciprocal ST depression in
leads III and aVR. In (b): one day later “pseudonormalization” with slight ST eleva-
tion in the leads V 2-3 and T wave inversion in lead aVL as the only abnormalities.
In (c): on the following day when chest pain resolved. ST elevation and T wave
inversion in leads I, aVL and V 1-6 with reciprocal ST depression in the leads III,
aVF compatible with the evolution of the infarction pattern. Incipient T wave inver-
sion in leads a VL, V 2-6. [Surawicz B. Ventricular repolarization in myocardial
ischemia and myocardial infarction: theory and practice. In: Macfarlane PW, van
Oosterom A, Pahlm O, Kligfield P, Janse M, Camm J, editors. Comprehensive elec-
trocardiology. London: Springer; 2011. p. 803-31. Book https://doi.org/10.1007/978-
1-84882-046-3; Chapter: 18; Chapter https://doi.
org/10.1007/978-1-84882-046-3_18, 2010-01-01] Caption from original
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Electrocardiogram of a 47-year-old woman with anterolateral myocardial infarction
(MI) caused by total occlusion of left anterior descending coronary artery in mid-

portion associated with 50-70% occlusion of the co-dominant left anterior circum-
flex artery. Anterior wall and apex were akinetic with an estimated left ventricular
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ejection fraction of 30%. In (a): Q waves with ST elevation in leads I, aVL, V 3-6
and reciprocal ST depression in aVR. In (b) 5 days later after an emergent percuta-
neous intervention evolution of ECG pattern of anterior MI with T wave inversion
in leads I, aVL and V 2-6. Residual ST elevation is present in the above leads.
[Surawicz B. Ventricular repolarization in myocardial ischemia and myocardial
infarction: theory and practice. In: Macfarlane PW, van Oosterom A, Pahlm O,
Kligfield P, Janse M, Camm J, editors. Comprehensive electrocardiology. London:
Springer; 2011. p. 803-31. Book https://doi.org/10.1007/978-1-84882-046-3;
Chapter: 18; Chapter https://doi.org/10.1007/978-1-84882-046-3_18, 2010-01-01]
Caption from original
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Electrocardiogram on presentation showing coved ST-segment elevation in precor-
dial leads with simultaneous ST-segment elevation in leads II, III, and aVF. [Sheikh
M, Kanjwal K, Kasmani R, Chutani S, Maloney JD. Simultaneous ST-segment
elevation in inferior and precordial leads following ingestion of a lethal dose of
desipramine: a novel Brugada-like EKG pattern. J Interv Card Electrophysiol. 2010
Jun;28(1):35-8. https://doi.org/10.1007/s10840-009-9412-9, 2010-04-13] Caption
from original

¢ Known-to-be-new left bundle branch block in presence of anginal symptoms
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Electrocardiogram of a 58-year-old man with left bundle branch block (LBBB) and
acute anterior myocardial infarction (MI). In (a), in addition to secondary ST and T
changes of LBBB, there is primary ST elevation in leads V,_s-indicative of acute
injury pattern. No reciprocal ST depression is discernible. In (b), after percutaneous
intervention, primary ST elevation subsided, but primary T-wave inversion in leads
V,_; is compatible with evolution of anterior MI pattern. [Surawicz B. Ventricular
repolarization in myocardial ischemia and myocardial infarction: theory and prac-
tice. In: Macfarlane PW, van Oosterom A, Pahlm O, Kligfield P, Janse M, Camm J,
editors. Comprehensive electrocardiology. London: Springer; 2011. p. 803-31.
Book https://doi.org/10.1007/978-1-84882-046-3; Chapter: 18; Chapter https://doi.
org/10.1007/978-1-84882-046-3_18, 2010-01-01] Caption from original
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Atypical

e STEMI has been discovered in patients with virtually any complaint localized
above the umbilicus.

e “Anginal equivalents” listed above include different distributions of pain
(e.g., epigastric, jaw, neck, back) and some presentations that are not painful
at all (e.g., palpitations, nausea, syncope).

e Patients with STEMI who present without chest pain frequently experi-
ence delays in diagnosis and therefore delays in treatment.

e Atypical presentations more common in women, in elderly, and in
diabetics.

* Diagnostic ECG findings are the defining and unifying feature of all STEMI
presentations.

Primary Differential Considerations

e Primary differential considerations include pain mimics to STEMI and are
diverse, including life-threatening and more benign causes:

e Aortic dissection

e Pulmonary embolism

» Peptic and esophageal disease, hiatal hernia
e Costochondritis

e Pneumonia

e Pneumothorax

e Pleurisy

e Anxiety and panic disorders

* Biliary colic

* Herpes zoster
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Helpful clinical features

Cardiovascular

Angina

Aortic stenosis

Pericarditis

Aortic dissection

Pulmonary
embolism

Pulmonary

Pneumonia/
pleuritis/pleural
effusion

Asthma/COPD
exacerbation

Spontaneous
pneumothorax

Chest wall

Muscle spasm/
strain

Retrosternal chest pressure, squeezing,
heaviness. Associated with exertion or emotional
stress, relieved by rest or nitroglycerin. Usually
between 2 and 20 min in duration.

Similar features as for angina, but with late-
peaking systolic murmur radiating to carotids.
May be associated with syncope or signs of left
heart failure.

Sharp, retrosternal, pleuritic chest pain lasting
hours to days. May be associated with friction
rub and may be alleviated by leaning forward.

Sudden onset of tearing, ripping chest pain
radiating to back. Associated with underlying
hypertension.

Ipsilateral pleuritic pain associated with
dyspnea, tachycardia, possible cor pulmonale.
May have irritative cough or hemoptysis or
present with syncope. Usually sudden onset.

Pleuritic pain, lateralizing to side of infection/
inflammation. May be associated with fevers,
dyspnea, cough. Exam with pleural rub,
consolidation, or dullness to percussion.

Chest “tightness” associated with more
prominent findings of dyspnea, tachypnea and
diffuse wheezing.

Sudden onset of pleuritic pain. Unilateral and
associated with dyspnea. More common in thin,
young males or patients with emphysematous
disease. Decreased breath sounds and
hyperresonance on side of pneumothorax.

Associated with prior increased physical activity/
weight lifting. Pain variable in character but
usually reproducible with palpation.
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Helpful clinical features

Costochondritis

Herpes zoster

Rib fracture

Cervical/thoracic
nerve root
compression

Gastrointestinal

Mediastinitis/
esophageal
rupture

Esophageal
reflux

Esophageal
spasm

Pancreatitis

Peptic ulcer

Psychogenic

Anxiety/panic
disorder

Sharp, sudden onset pain that is short in
duration. May be reproducible with palpation.

Sharp, burning, superficial neuropathic pain.
May have allodynia, vesicular rash on exam.
Unilateral dermatomal distribution.

Prior trauma or known metastatic disecase of
bone. Point tenderness over affected rib(s). Pain
is usually pleuritic.

Intermittent neuropathic pain often associated
with neck movement or position. Usually
unilateral.

Often preceded by esophageal procedure or
forceful vomiting. Pt. may have fever, associated
septic shock. Symptoms vary from burning chest
discomfort to severe dyspnea.

Burning pain, often associated with nausea,
belching. Usually worse at night and after large
meals. Alleviated by antacids.

Sudden onset, sharp, retrosternal pain. May
be relieved by nitroglycerine and exacerbated
by cold liquids. Sometimes associated with
dysphagia.

Sharp epigastric pain, usually constant and
prolonged. Exacerbated by food and often
associated with nausea/vomiting. Alcohol and
gallstones are risk factors.

Sharp or burning epigastric pain. Often relieved
by food or antacids. May be associated with
occult GI bleeding or massive acute blood loss.

May be unable to distinguish from anginal
pain, but usually has atypical features such

as prolonged duration and no exertional
component. Should be a diagnosis of exclusion
at initial workup.
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Differential diagnosis of acute chest pain. [McClintic BR, Rosenblatt RL. Approach
to the patient with chest pain. In: Bisognano JD, Beck R, Connell R, editors. Manual
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of outpatient cardiology. London: Springer. p. 349-71. Book https://doi.
org/10.1007/978-0-85729-944-4; Chapter: 13; Chapter https://doi.org/10.1007/978-
0-85729-944-4_13, 2012-01-01] Caption from original

History and Physical Exam

Findings That Confirm Diagnosis

¢ None

Factors That Suggest Diagnosis

e Nature and history of pain with presence of risk factors.

Factors That Exclude Diagnosis

¢ None

Ancillary Studies

Laboratory

e CBC: no diagnostic findings

* Electrolytes: no diagnostic findings

* Renal function: no diagnostic findings, but renal insufficiency/failure is a risk
factor for ACS and may complicate treatment

* Coagulation studies: no diagnostic findings but should be performed before
initiation of anticoagulation therapy

» Cardiac enzymes: will be elevated in STEMI, but presentation often precedes
abnormal test values. Elevation of enzymes is NOT required for diagnosis of
STEMI.

* Elevation in troponin (I or T) levels is part of universal diagnosis of myo-
cardial infarction


https://doi.org/10.1007/978-0-85729-944-4_13
https://doi.org/10.1007/978-0-85729-944-4_13
https://doi.org/10.1007/978-0-85729-944-4
https://doi.org/10.1007/978-0-85729-944-4
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Electrocardiography

e Asabove, STEMI is defined by the ECG
* Per national quality standards in the United States, ECG should be obtained
within 10 minutes of arrival in an emergency department

Imaging

* No diagnostic findings for STEMI on chest x-ray (CXR)
¢ Findings of heart failure (cardiomegaly, pulmonary congestion) on CXR
portend a poorer prognosis on STEMI

Frontal chest radiograph reveals typical features of pulmonary interstitial edema in
a patient with congestive heart failure, manifested by peribronchial cuffing, indis-
tinctness of the pulmonary vessels, and Kerley B lines. Note the cephalization or
redistribution of the pulmonary vasculature and mild cardiomegaly. [Boiselle PM,
Dass C, Steiner RM. Radiologic imaging in the critically ill patient. In: Criner GJ,
Barnette RE, D'Alonzo GE, editors. Critical care study guide. New York: Springer;
2010. p. 181-207. Book https://doi.org/10.1007/978-0-387-77452-7; Chapter: 11;
Chapter https://doi.org/10.1007/978-0-387-77452-7_11, 2010-01-01] Caption from
original

¢ Findings of a widened mediastinum suggest consideration of aortic dissection
but do not exclude STEMI. Check differential blood pressures in the upper
extremities.


https://doi.org/10.1007/978-0-387-77452-7_11
https://doi.org/10.1007/978-0-387-77452-7

62 C. V. Pollack, Jr. et al.

Acute type A aortic dissection in a 46-year-old man. A) AP chest radiograph show-
ing marked widening of the mediastinum with MW and LMW measuring 11.5 and
7.6 cm, respectively. B) Corresponding selected image of CT aortogram confirms
type A aortic dissection. [From article: Diagnostic accuracy of mediastinal width
measurement on posteroanterior and anteroposterior chest radiographs in the depic-
tion of acute nontraumatic thoracic aortic dissection. Emerg Radiol. 2012
Aug;19(4):309-15.  https://doi.org/10.1007/s10140-012-1034-3, at http://link.
springer.com/article/10.1007%2Fs10140-012-1034-3; by Vincent Lai, Wai Kan
Tsang, Wan Chi Chan, Tsz Wai Yeung, © The Author(s) 2012; licensed under
Creative Commons Attribution License https://creativecommons.org/licenses/
by/2.0/] Caption from original


https://creativecommons.org/licenses/by/2.0/
https://creativecommons.org/licenses/by/2.0/
http://link.springer.com/article/10.1007/s10140-012-1034-3
http://link.springer.com/article/10.1007/s10140-012-1034-3
https://doi.org/10.1007/s10140-012-1034-3
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* Findings of pneumonia suggest consideration of that differential but do not
exclude STEMI. Check for signs of infection.

Chest radiograph showing right upper/lower lung field opacities and left lower lung
field opacity consistent with pneumonia. [Tsigrelis C, Mohammad M, Fraimow HS,
Dellinger RP, Marchesani D, Reboli AC. Secondary bacterial pneumonia due to
Staphylococcus aureus complicating 2009 influenza A (HIN1) viral infection.
Infection. 2010 Jun;38(3):237-9. https://doi.org/10.1007/s15010-010-0009-0,
2010-06-01] Caption adapted from original

* Findings of pneumothorax suggest consideration of that differential but do
not exclude STEMI. Evaluate oxygenation status.

Posteroanterior upright chest X-ray shows large pneumothorax of the right lung.
[Kim SH, Yoo WH. Recurrent pneumothorax associated with pulmonary nodules
after leflunomide therapy in rheumatoid arthritis: a case report and review of the


https://doi.org/10.1007/s15010-010-0009-0
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literature. Rheumatol Int. 2011 Jul;31(7):919-22. https://doi.org/10.1007/s00296-
009-1240-9, 2011-06-21] Caption adapted from original

* Findings of hiatal hernia suggest consideration of that differential but do not
exclude STEMI

!

@ Current Medicine

Radiograph of large hiatal hernia. [Aurigemma G, Tighe D, Oh J, Espinoza
R. Pericardial disease and cardiac masses. In: Solomon S, editor. Atlas of echocar-
diography. Philadelphia: Current Medicine; 2008.] Caption from original

Special Populations

Age
* Risk for STEMI increases with age, starting at age 40 in men and at meno-

pause in women.

e Age is a risk factor for mortality from STEMI.
» Likelihood of atypical presentation with STEMI increases with age.


https://doi.org/10.1007/s00296-009-1240-9
https://doi.org/10.1007/s00296-009-1240-9
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Pediatric Considerations

e A congenital abnormality of the coronary vasculature, in which there is an
anomalous origin of the left coronary artery arising from the pulmonary artery
(ALCAPA), may occur in infancy. It presents with various symptoms of car-
diac ischemia (diaphoresis when feeding) and if not recognized and corrected
surgically, may cause irreversible myocardial damage.

Co-morbidities

e Hypertension, diabetes, and renal failure are important comorbidities in
STEMI risk and prognosis.
e Obesity is a weaker predictor of STEMI risk.

Pitfalls in Diagnosis

Critical Steps Not to Miss

* ECG must be performed as soon as the diagnosis of STEMI is even
considered.

Mimics

e All differential considerations listed above.

e Of these, only aortic dissection and pulmonary embolism are also
life-threatening.

Time-Dependent Interventions

» Restoration of myocardial perfusion is time sensitive.

e If possible, STEMI should be managed in the cardiac cath laboratory
within 90 minutes of initial evaluation.

e Qutcomes worsen with each 30—60-minute delay in restoration of flow.

e If interventional management is not possible, evaluation for fibrinolytic
therapy should be performed immediately, with a goal of delivering lytic
therapy to appropriate STEMI patients within 30 minutes of initial
evaluation.
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e Unless contraindicated (allergy, active bleeding), 324-325 mg aspirin
should be administered immediately upon suspicion of an acute coronary
syndrome.

* Extremes of blood pressure should be promptly treated to avert shock
(hypotension) or undue myocardial oxygen demand (hypertension).

» Airway and oxygenation should be monitored and supported as necessary.

» Patients with STEMI should be on continuous cardiac monitoring to evalu-
ate for dangerous arrhythmias.

Overall Principles of Treatment

* Immediate stabilization of the patient with control of blood pressure, pulse
rate, and pain is critical. The patient may require resuscitation, intubation, and
intensive support.

* Measures to reperfuse infarcting myocardium are essential and are time
sensitive.

Disease Course

* STEMI mortality is highest in the prehospital setting.
* Once at the emergency department, in-hospital STEMI mortality among
patients receiving reperfusion therapy is around 6 %.
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In-hospital mortality of STEMI patients. [Dharma S, Juzar DA, Firdaus I, Soerianata
S, Wardeh AJ, Jukema JW. Acute myocardial infarction system of care in the third
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world. Neth Heart J. 2012 Jun;20(6):254-9. https://doi.org/10.1007/s12471-012-
0259-9, 2012-06-01] Caption from original

Related Evidence

Papers of particular interest have been highlighted as:
** Of key importance

Practice Guideline

O'Gara PT, Kushner FG, Ascheim DD, Casey DE Jr, Chung MK, de Lemos JA,
Ettinger SM, Fang JC, Fesmire FM, Franklin BA, Granger CB, Krumholz HM,
Linderbaum JA, Morrow DA, Newby LK, Ornato JP, Ou N, Radford MJ, Tamis-
Holland JE, Tommaso CL, Tracy CM, Woo YJ, Zhao DX, Anderson JL, Jacobs
AK, Halperin JL, Albert NM, Brindis RG, Creager MA, DeMets D, Guyton RA,
Hochman JS, Kovacs RJ, Kushner FG, Ohman EM, Stevenson WG, Yancy CW;
American College of Cardiology Foundation/American Heart Association Task
Force on Practice Guidelines. 2013 ACCF/AHA guideline for the management
of ST-elevation myocardial infarction: a report of the American College of
Cardiology Foundation/American Heart Association Task Force on Practice
Guidelines. Circulation. 2013 Jan 29;127(4):e362-425. https://doi.org/10.1161/
CIR.0b013e3182742cf6. PMID: 23247304. http://www.ncbi.nlm.nih.gov/
pubmed/23247304 **

Tubaro M, Danchin N, Goldstein P, Filippatos G, Hasin Y, Heras M, Jansky P,
Norekval TM, Swahn E, Thygesen K, Vrints C, Zahger D, Arntz HR, Bellou A,
De La Coussaye JE, De Luca L, Huber K, Lambert Y, Lettino M, Lindahl B,
McLean S, Nibbe L, Peacock WF, Price S, Quinn T, Spaulding C, Tatu-Chitoiu
G, Van De Werf F. Pre-hospital treatment of STEMI patients. A scientific state-
ment of the Working Group Acute Cardiac Care of the European Society of
Cardiology. Acute Card Care. 2011 Jun;13(2):56-67. https://doi.org/10.3109/17
482941.2011.581292. PMID:  21627394.  http://www.ncbi.nlm.nih.gov/
pubmed/21627394 **


http://www.ncbi.nlm.nih.gov/pubmed/21627394
http://www.ncbi.nlm.nih.gov/pubmed/21627394
https://doi.org/10.3109/17482941.2011.581292
https://doi.org/10.3109/17482941.2011.581292
http://www.ncbi.nlm.nih.gov/pubmed/23247304
http://www.ncbi.nlm.nih.gov/pubmed/23247304
https://doi.org/10.1161/CIR.0b013e3182742cf6
https://doi.org/10.1161/CIR.0b013e3182742cf6
https://doi.org/10.1007/s12471-012-0259-9
https://doi.org/10.1007/s12471-012-0259-9

68 C. V. Pollack, Jr. et al.
Review

Uysal F, Bostan OM, Semizel E, Signak IS, Asut E, Cil E. Congenital anomalies of
coronary arteries in children: the evaluation of 22 patients. Pediatr Cardiol. 2014
Jun;35(5):778-84. https://doi.org/10.1007/s00246-013-0852-8. PMID:
24337706. http://www.ncbi.nlm.nih.gov/pubmed/24337706

Lippi G, Franchini M, Cervellin G. Diagnosis and management of ischemic heart
disease. Semin Thromb Hemost. 2013 Mar;39(2):202-13. https://doi.
org/10.1055/s-0032-1333543. PMID: 23378254. http://www.ncbi.nlm.nih.gov/
pubmed/23378254 **

Hartman SM, Barros AJ, Brady WIJ. The use of a 4-step algorithm in the electrocar-
diographic diagnosis of ST-segment elevation myocardial infarction by novice
interpreters. Am J Emerg Med. 2012 Sep;30(7):1282-95. https://doi.
org/10.1016/j.ajem.2011.11.009. PMID: 22244224. http://www.ncbi.nlm.nih.
gov/pubmed/22244224

Welch TD, Yang EH, Reeder GS, Gersh BJ. Modern management of acute myocar-
dial infarction. Curr Probl Cardiol. 2012 Jul;37(7):237-310. https://doi.
org/10.1016/j.cpcardiol.2012.03.002. PMID: 22664306. http://www.ncbi.nlm.
nih.gov/pubmed/22664306 **

Wallace EL, Abdel-Latif A, Charnigo R, Moliterno DJ, Brodie B, Matnani R, Ziada
KM. Meta-analysis of long-term outcomes for drug-eluting stents versus bare-
metal stents in primary percutaneous coronary interventions for ST-segment
elevation myocardial infarction. Am J Cardiol. 2012 Apr 1;109(7):932-40.
https://doi.org/10.1016/j.amjcard.2011.11.021. PMID: 22221949. http://www.
ncbi.nlm.nih.gov/pubmed/22221949

Huang HD, Birnbaum Y. ST elevation: differentiation between ST elevation myo-
cardial infarction and nonischemic ST elevation. J Electrocardiol. 2011 Sep-
Oct;44(5):494.e1-494.e12.  https://doi.org/10.1016/j.jelectrocard.2011.06.002.
PMID: 21871995. http://www.ncbi.nlm.nih.gov/pubmed/21871995

Perazzolo Marra M, Lima JA, Iliceto S. MRI in acute myocardial infarction. Eur
Heart J. 2011 Feb;32(3):284-93. https://doi.org/10.1093/eurheartj/ehq409.
PMID: 21112897. http://www.ncbi.nlm.nih.gov/pubmed/21112897

Nable JV, Brady W. The evolution of electrocardiographic changes in ST-segment
elevation myocardial infarction. Am J Emerg Med. 2009 Jul;27(6):734-46.
https://doi.org/10.1016/j.ajem.2008.05.025. PMID: 19751632. http://www.ncbi.
nlm.nih.gov/pubmed/19751632

Penia E, Nguyen ET, Merchant N, Dennie G. ALCAPA syndrome: not just a pediat-
ric disease. Radiographics. 2009 Mar-Apr;29(2):553-65. https://doi.org/10.1148/
1g.292085059. PMID: 19325065. http://www.ncbi.nlm.nih.gov/
pubmed/19325065

Mauric AT, Oreto G. STEMI or NSTEM]I, i.e. ST-evaluation or non-ST-evaluation
myocardial infarction? J Cardiovasc Med (Hagerstown). 2008 Jan;9(1):81-2.
https://doi.org/10.2459/JCM.0b013e328013d630. PMID: 18268425 http://www.
ncbi.nlm.nih.gov/pubmed/18268425


http://www.ncbi.nlm.nih.gov/pubmed/18268425
http://www.ncbi.nlm.nih.gov/pubmed/18268425
https://doi.org/10.2459/JCM.0b013e328013d630
http://www.ncbi.nlm.nih.gov/pubmed/19325065
http://www.ncbi.nlm.nih.gov/pubmed/19325065
https://doi.org/10.1148/rg.292085059
https://doi.org/10.1148/rg.292085059
http://www.ncbi.nlm.nih.gov/pubmed/19751632
http://www.ncbi.nlm.nih.gov/pubmed/19751632
https://doi.org/10.1016/j.ajem.2008.05.025
http://www.ncbi.nlm.nih.gov/pubmed/21112897
https://doi.org/10.1093/eurheartj/ehq409
http://www.ncbi.nlm.nih.gov/pubmed/21871995
https://doi.org/10.1016/j.jelectrocard.2011.06.002
http://www.ncbi.nlm.nih.gov/pubmed/22221949
http://www.ncbi.nlm.nih.gov/pubmed/22221949
https://doi.org/10.1016/j.amjcard.2011.11.021
http://www.ncbi.nlm.nih.gov/pubmed/22664306
http://www.ncbi.nlm.nih.gov/pubmed/22664306
https://doi.org/10.1016/j.cpcardiol.2012.03.002
https://doi.org/10.1016/j.cpcardiol.2012.03.002
http://www.ncbi.nlm.nih.gov/pubmed/22244224
http://www.ncbi.nlm.nih.gov/pubmed/22244224
https://doi.org/10.1016/j.ajem.2011.11.009
https://doi.org/10.1016/j.ajem.2011.11.009
http://www.ncbi.nlm.nih.gov/pubmed/23378254
http://www.ncbi.nlm.nih.gov/pubmed/23378254
https://doi.org/10.1055/s-0032-1333543
https://doi.org/10.1055/s-0032-1333543
http://www.ncbi.nlm.nih.gov/pubmed/24337706
https://doi.org/10.1007/s00246-013-0852-8

3 Acute Coronary Syndrome: ST-Segment Elevation Myocardial Infarction 69

Kalra S, Duggal S, Valdez G, Smalligan RD. Review of acute coronary syndrome
diagnosis and management. Postgrad Med. 2008 Apr;120(1):18-27. https://doi.
org/10.3810/pgm.2008.04.1756. PMID: 18467805. http://www.ncbi.nlm.nih.
gov/pubmed/18467805

Cohen M, Roubin G, Kuepper F. The challenge of ST-segment elevation myocardial
infarction. Int J Clin Pract. 2007 Dec;61(12):2079-92. PMID: 17941831. http://
www.ncbi.nlm.nih.gov/pubmed/17941831

Clinical Trial

Lopes RD, Siha H, Fu Y, Mehta RH, Patel MR, Armstrong PW, Granger
CB. Diagnosing acute myocardial infarction in patients with left bundle branch
block. Am J Cardiol. 2011 Sep 15;108(6):782-8. https://doi.org/10.1016/j.amj-
card.2011.05.006. PMID: 21726838. http://www.ncbi.nlm.nih.gov/
pubmed/21726838

Saltzman AJ, Stone GW, Claessen BE, Narula A, Leon-Reyes S, Weisz G, Brodie B,
Witzenbichler B, Guagliumi G, Kornowski R, Dudek D, Metzger DC, Lansky
AJ, Nikolsky E, Dangas GD, Mehran R. Long-term impact of chronic kidney
disease in patients with ST-segment elevation myocardial infarction treated with
primary percutaneous coronary intervention: the HORIZONS-AMI (Harmonizing
Outcomes With Revascularization and Stents in Acute Myocardial Infarction)
trial. JACC Cardiovasc Interv. 2011 Sep;4(9):1011-9. https://doi.org/10.1016/;.
jcin.2011.06.012. PMID: 21939942. http://www.ncbi.nlm.nih.gov/
pubmed/21939942

Cohort Study

Gregg RE, Helfenbein ED, Babaeizadeh S. New ST-segment elevation myocardial
infarction criteria for left bundle branch block based on QRS area. J Electrocardiol.
2013 Nov-Dec;46(6):528-34. https://doi.org/10.1016/j.jelectrocard.2013.07.001.
PMID: 23948522. http://www.ncbi.nlm.nih.gov/pubmed/23948522

Khan NA, Daskalopoulou SS, Karp I, Eisenberg MJ, Pelletier R, Tsadok MA,
Dasgupta K, Norris CM, Pilote L; GENESIS PRAXY Team. Sex differences in
acute coronary syndrome symptom presentation in young patients. JAMA Intern
Med. 2013 Nov 11;173(20):1863-71.  https://doi.org/10.1001/jamain-
ternmed.2013.10149.  PMID:  24043208.  http://www.ncbi.nlm.nih.gov/
pubmed/24043208

Ferraro S, Biganzoli E, Marano G, Santagostino M, Boracchi P, Panteghini M,
Bongo AS. New insights in the pathophysiology of acute myocardial infarction
detectable by a contemporary troponin assay. Clin Biochem. 2013


http://www.ncbi.nlm.nih.gov/pubmed/24043208
http://www.ncbi.nlm.nih.gov/pubmed/24043208
https://doi.org/10.1001/jamainternmed.2013.10149
https://doi.org/10.1001/jamainternmed.2013.10149
http://www.ncbi.nlm.nih.gov/pubmed/23948522
https://doi.org/10.1016/j.jelectrocard.2013.07.001
http://www.ncbi.nlm.nih.gov/pubmed/21939942
http://www.ncbi.nlm.nih.gov/pubmed/21939942
https://doi.org/10.1016/j.jcin.2011.06.012
https://doi.org/10.1016/j.jcin.2011.06.012
http://www.ncbi.nlm.nih.gov/pubmed/21726838
http://www.ncbi.nlm.nih.gov/pubmed/21726838
https://doi.org/10.1016/j.amjcard.2011.05.006
https://doi.org/10.1016/j.amjcard.2011.05.006
http://www.ncbi.nlm.nih.gov/pubmed/17941831
http://www.ncbi.nlm.nih.gov/pubmed/17941831
http://www.ncbi.nlm.nih.gov/pubmed/18467805
http://www.ncbi.nlm.nih.gov/pubmed/18467805
https://doi.org/10.3810/pgm.2008.04.1756
https://doi.org/10.3810/pgm.2008.04.1756

70 C. V. Pollack, Jr. et al.

Aug;46(12):999-1006. https://doi.org/10.1016/j.clinbiochem.2013.03.026.
PMID: 23578744. http://www.ncbi.nlm.nih.gov/pubmed/23578744

Bagai A, Jollis JG, Dauerman HL, Peng SA, Rokos IC, Bates ER, French WJ,
Granger CB, Roe MT. Emergency department bypass for ST-Segment-elevation
myocardial infarction patients identified with a prehospital electrocardiogram: a
report from the American Heart Association Mission: Lifeline program.
Circulation. 2013 Jul 23;128(4):352-9. https://doi.org/10.1161/
CIRCULATIONAHA.113.002339. PMID: 23788525. http://www.ncbi.nlm.nih.
gov/pubmed/23788525

Diindar C, Oduncu V, Erkol A, Tanalp AC, Sirma D, Karagoz A, Karabay CY,
Kilicgedik A, Pala S, Tigen K, Izgi A, Kirma C. In-hospital prognostic value of
hemoglobin levels on admission in patients with acute ST segment elevation
myocardial infarction undergoing primary angioplasty. Clin Res Cardiol. 2012
Jan;101(1):37-44. https://doi.org/10.1007/s00392-011-0361-9. PMID:
21931965. http://www.ncbi.nlm.nih.gov/pubmed/21931965

Rasoul S, Ottervanger JP, de Boer MJ, Dambrink JH, Hoorntje JC, Marcel Gosselink
AT, Zijlstra F, Suryapranata H, van 't Hof AW; Zwolle Myocardial Infarction
Study Group. Predictors of 30-day and 1-year mortality after primary percutane-
ous coronary intervention for ST-elevation myocardial infarction. Coron Artery
Dis. 2009 Sep;20(6):415-21. https://doi.org/10.1097/MCA.0b013e32832e5c4c.
PMID: 19641460. http://www.ncbi.nlm.nih.gov/pubmed/19641460

Comparative Study

McCabe JM, Armstrong EJ, Ku I, Kulkarni A, Hoffmayer KS, Bhave PD, Waldo
SW, Hsue P, Stein JC, Marcus GM, Kinlay S, Ganz P. Physician accuracy in
interpreting potential ST-segment elevation myocardial infarction electrocardio-
grams. J Am Heart Assoc. 2013 Oct 4;2(5):e000268. https://doi.org/10.1161/
JAHA.113.000268. PMID: 24096575. http://www.ncbi.nlm.nih.gov/
pubmed/24096575

Oduncu V, Erkol A, Kurt M, Tanboga IH, Karabay CY, Sengiil C, Bulut M, Ozveren
O, Fotbolcu H, Akgiin T, Tiirkyilmaz E, Kirma C. The prognostic value of very
low admission LDL-cholesterol levels in ST-segment elevation myocardial
infarction compared in statin-pretreated and statin-naive patients undergoing pri-
mary percutaneous coronary intervention. Int J Cardiol. 2013 Jul 31;167(2):458-
63. https://doi.org/10.1016/j.ijcard.2012.01.009. PMID: 22305817. http://www.
ncbi.nlm.nih.gov/pubmed/22305817

Juliard JM, Golmard JL, Himbert D, Feldman LJ, Delorme L, Ducrocq G,
Descoutures F, Sorbets E, Garbarz E, Boudvillain O, Aubry P, Vahanian A, Steg
PG. Comparison of hospital mortality during ST-segment elevation myocardial
infarction in the era of reperfusion therapy in women versus men and in older
versus younger patients. Am J Cardiol. 2013 Jun 15;111(12):1708-13. https://


https://doi.org/10.1016/j.amjcard.2013.02.023
http://www.ncbi.nlm.nih.gov/pubmed/22305817
http://www.ncbi.nlm.nih.gov/pubmed/22305817
https://doi.org/10.1016/j.ijcard.2012.01.009
http://www.ncbi.nlm.nih.gov/pubmed/24096575
http://www.ncbi.nlm.nih.gov/pubmed/24096575
https://doi.org/10.1161/JAHA.113.000268
https://doi.org/10.1161/JAHA.113.000268
http://www.ncbi.nlm.nih.gov/pubmed/19641460
https://doi.org/10.1097/MCA.0b013e32832e5c4c
http://www.ncbi.nlm.nih.gov/pubmed/21931965
https://doi.org/10.1007/s00392-011-0361-9
http://www.ncbi.nlm.nih.gov/pubmed/23788525
http://www.ncbi.nlm.nih.gov/pubmed/23788525
https://doi.org/10.1161/CIRCULATIONAHA.113.002339
https://doi.org/10.1161/CIRCULATIONAHA.113.002339
http://www.ncbi.nlm.nih.gov/pubmed/23578744
https://doi.org/10.1016/j.clinbiochem.2013.03.026

3 Acute Coronary Syndrome: ST-Segment Elevation Myocardial Infarction 71

doi.org/10.1016/j.amjcard.2013.02.023. Epub 2013 Mar 20. PMID: 23523063.
http://www.ncbi.nlm.nih.gov/pubmed/23523063

Jain S, Ting HT, Bell M, Bjerke CM, Lennon RJ, Gersh BJ, Rihal CS, Prasad
A. Utility of left bundle branch block as a diagnostic criterion for acute myocar-
dial infarction. Am J Cardiol. 2011 Apr 15;107(8):1111-6. https://doi.
org/10.1016/j.amjcard.2010.12.007. PMID: 21296327. http://www.ncbi.nlm.
nih.gov/pubmed/21296327 **

Case Study

Sadowski M, Janion-Sadowska A, Gasior M, Gierlotka M, Janion M, Polonski
L. Higher mortality in women after ST-segment elevation myocardial infarction
in very young patients. Arch Med Sci. 2013 Jun 20;9(3):427-33. https://doi.
org/10.5114/aoms.2013.35324. PMID: 23847662. http://www.ncbi.nlm.nih.gov/
pubmed/23847662

McManus DD, Gore J, Yarzebski J, Spencer F, Lessard D, Goldberg RJ. Recent
trends in the incidence, treatment, and outcomes of patients with STEMI and
NSTEMI. Am J Med. 2011 Jan;124(1):40-7. https://doi.org/10.1016/;.
amjmed.2010.07.023. PMID:  21187184.  http://www.ncbi.nlm.nih.gov/
pubmed/21187184

Yeh RW, Sidney S, Chandra M, Sorel M, Selby JV, Go AS. Population trends in the
incidence and outcomes of acute myocardial infarction. N Engl J Med. 2010 Jun
10;362(23):2155-65. https://doi.org/10.1056/NEJM0a0908610. PMID:
20558366. http://www.ncbi.nlm.nih.gov/pubmed/20558366 **

Use PubMed Clinical Queries to find the most recent evidence. Use this search
strategy:
“ST segment elevation myocardial infarction” OR “STEMI”


http://www.ncbi.nlm.nih.gov/pubmed/20558366
https://doi.org/10.1056/NEJMoa0908610
http://www.ncbi.nlm.nih.gov/pubmed/21187184
http://www.ncbi.nlm.nih.gov/pubmed/21187184
https://doi.org/10.1016/j.amjmed.2010.07.023
https://doi.org/10.1016/j.amjmed.2010.07.023
http://www.ncbi.nlm.nih.gov/pubmed/23847662
http://www.ncbi.nlm.nih.gov/pubmed/23847662
https://doi.org/10.5114/aoms.2013.35324
https://doi.org/10.5114/aoms.2013.35324
http://www.ncbi.nlm.nih.gov/pubmed/21296327
http://www.ncbi.nlm.nih.gov/pubmed/21296327
https://doi.org/10.1016/j.amjcard.2010.12.007
https://doi.org/10.1016/j.amjcard.2010.12.007
http://www.ncbi.nlm.nih.gov/pubmed/23523063
https://doi.org/10.1016/j.amjcard.2013.02.023

Chapter 4
Acute Coronary Syndrome: Unstable
Angina

Charles V. Pollack, Jr. and Victoria G. Riese

Name and Synonyms

Unstable angina

e Troponin-negative acute coronary syndrome (ACS)

Incidence/Epidemiology

®

Check for
updates

* Because unstable angina is a clinical diagnosis with inconsistent defining cri-

teria, the true incidence is unknown.
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Progressive angina (grade IB)

Characterized by either new-onset angina pectoris or chronic angina with an increase in frequency or
severity of episodes

Angina at rest (grades IIB and 11IB)
Recurrent angina with transient ST- or T-wave changes
Early postinfarction angina (grades IIC and IlIC)

Recurrent angina within 30 d following MI; angina either at rest or related to minimal exercise

Classification of unstable angina [Prasad A, Holmes D, Kleiman N. Use of percuta-
neous coronary intervention in unstable angina and acute myocardial infarction. In:
Califf RM, editor. Acute myocardial infarction and other acute ischemic syndromes.
2nd ed. Philadelphia: Current Medicine; 2001. Chapter 7. (Braunwald E, editor.
Atlas of heart diseases; vol. 8.)]

e Unstable angina is considered a “non-ST-segment-elevation” (NSTE)
ACS. NSTE-ACS (which also includes NSTE myocardial infarction
[NSTEMI]) is much more common than STEMI.

Pathogenesis Fully occlusive thrombus Less than fully occlusive thrombus

Incidence Higher than that of STEMI

Patient profile Older: higher co-morbidity (diabetes, renal failure)
than STEMI patients

Time course Minutes to hours Up to a few days

Clinical manifestations Similar to STEMI

Imaging studies Similar to STEMI

EKG ST elevations No ST elevations*

Biomarkers Elevated Elevated

Therapy See Table 2.54 See Table 2.54

Rehabilitation Similar to STEMI

Complications Similar to STEMI

Prognosis Mortality lower in-hospital, higher at 6 months and
4 years than with STEMI

48T elevations may be seen in Prinzmetal’s angina

STEMI and NSTEMI/UA: a comparison. [Adelmann GA. Cardiology essentials in
clinical practice. London: Springer; 2011. Chapter 2, Coronary artery disease;
p. 23-95. Book https://doi.org/10.1007/978-1-84996-305-3; Chapter: 2; Chapter
https://doi.org/10.1007/978-1-84996-305-3_2, 2010-01-01] Caption from original

¢ Incidence varies widely by demographics and risk profiles; patients with
NSTE-ACS tend to be older and to have more comorbidities than STEMI
patients.
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e About 1 million patients are hospitalized with a diagnosis of unstable angina
in the US each year, but in the absence of a consistent definition, it is likely
that this is an overestimation, with some patients going on to complete MI and
others more properly diagnosed as having either stable angina or noncoronary
chest pain.

Differential Diagnosis

* Includes all other causes of chest pain
* Includes other causes of “anginal equivalents” in susceptible populations,

e.g.

* Dyspnea

* Back pain

e Jaw pain

* Shoulder pain
» Epigastric pain
 Palpitations

* Dizziness

e Weakness

* Nausea

* Syncope

Pathophysiology and Etiology

* ACS is the result of ischemia (diminished blood flow / oxygen delivery) to
myocardium.

» If ischemia persists, frank infarction (muscle death) may occur.

 Infarction results in breakdown of cell membranes, allowing release of intra-
cellular proteins (such as myoglobin, troponins, and CPK-MB) into the circu-
lation, where they can be detected in peripheral blood draw.

* Unstable angina, as currently defined, is the clinical picture of ACS in the
absence of both (1) ST-segment elevation on ECG and (2) elevated biomarker
levels. These factors clearly differentiate unstable angina from NSTEMI and
STEMI.

* The greatest consensus on the factors that make angina “unstable” include:

* Anginal onset at rest (especially in patients who previously had only exer-
tional angina)
* Anginal symptoms do not resolve after
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e rest, if onset was with exertion
 abortive therapy, such as sublingual nitroglycerin
e 20 minutes

e “crescendo” pattern of symptoms or change in usual anginal pattern
e Multiple episodes within 24 hours
* Association with signs of heart failure

Most cases of ACS occur as a result of fracture or frank rupture of atheroscle-
rotic plaque in an epicardial artery, but unstable angina also may result from
“demand” ischemia, in which blood flow through a stenotic coronary artery is
insufficient to meet increased myocardial oxygen demands (such as in exer-
cise or physiologic stress). In the latter case, the plaque causing the stenosis
need not be fractured or ruptured.

S

Left main
coronary artery

~——Left circumflex

coronary arter
Right VR

coronary
artery

Left anterior
descending
/ coronary
artery

Normal coronary anatomy. [Achenbach S. Normal coronary anatomy. In: Budoff
MlJ, Achenbach S, Narula J, Braunwald E, editors. Atlas of cardiovascular com-
puted tomography. Philadelphia: Current Medicine; 2007.] Caption from original

Atherosclerosis, which is most often at the foundation of unstable angina, is a
product of diverse inherited and acquired conditions, including:

e Family history

e Hyperlipidemia

e Hypertension

e Diabetes mellitus
* Tobacco abuse
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Atherosclerosis risk factors and intervention targets

|Red wine & exercise
High fat diet, HDL —+—|
genetic factors, [Lipitor/statins | @ Atherosclerosis
low physical activity i —_— T ~ . [tiid buidupin
; By T
Triglycerides /
. y Anti-hyperiensives
ngf:rrlsk Blood pressure ET
atherosclerosis
Blood sugar T

Acute events
Myocardial infarction

Inflammation and cell death Hypoxia and cell death
(50% of tissue damage) (50% of tissue damage)

Atherosclerosis risk factors and intervention targets. [Thorbjornsdottir P,
Thorgeirsson G, Kotwal GJ, Arason GJ. Control of inflammation with complement
control agents to prevent atherosclerosis. In: Suri JS, Kathuria C, Molinari F, edi-
tors. Atherosclerosis disease management. New York: Springer; 2011. p. 633-75.
Book https://doi.org/10.1007/978-1-4419-7222-4; Chapter: 20; Chapter https://doi.
org/10.1007/978-1-4419-7222-4_20, 2011-01-01] Caption adapted from original

Risk factors No. of
patients
Individual
Smoking 6
Hypertension 11
Hypercholesterolemia 9
Diabetes mellitus 4
Clusters
Smoking and hypercholesterolemia 1
Hypertension and hypercholesterolemia® 4
Hypertension and diabetes 2
Smoking, hypertension and hypercholesterolemia 1

Smoking, hypertension, hypercholesterolemia and diabetes 2

*Hypertension was defined as a diastolic arterial pressure =95 mm
Hg and hypercholesterolemia >6 mmol/l

Main known risk factors for atherosclerosis in 16 patients studied. [Watt S, Aesch
B, Lanotte P, Tranquart F, Quentin R. Viral and bacterial DNA in carotid atheroscle-
rotic lesions. Eur J Clin Microbiol Infect Dis. 2003 Feb;22(2):99-105. https://doi.
org/10.1007/s10096-002-0867-1, 2003-02-01] Caption adapted from original
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See pathophysiology discussions under NSTEMI and STEMI for details of
the thromboinflammatory processes underlying ACS resulting from a breach
of an atherosclerotic plaque.

Besides atherothrombosis and demand across a critical stenosis, unstable
angina may result from a variety of much rarer etiologic considerations,
including

e Pure arterial spasm (which may be precipitated by sympathomimetic
agents such as cocaine or methamphetamine)
e Arteritis

e Lupus
» Takayasu disease
» Kawasaki disease

Presentation

Typical/“Classic”

Pressure-like chest pain starting substernally and radiating toward the left
shoulder or left jaw.

Pain is classically associated with diaphoresis, dyspnea, and nausea.

Pain often accompanied by tachycardia; blood pressure is variable, with very
high and very low presenting blood pressures associated with poorer
prognosis.

Pain often starts with exertion; may be improved with rest or with use of nitro-
glycerin. May also start at rest and often persists > 20 minutes prior to
presentation.

Pain unchanged with movement, positioning, or deep breathing.

In describing pain, patient may hold clenched fist over chest (“Levine sign™).
Notable for absence of specific, diagnostic ECG findings:

e Persistent ST-segment elevation is ABSENT
e ST-segment depression confers a higher risk for poor outcomes but IS
NOT diagnostic of NSTEMI.

e Particularly high risk when depression is “dynamic”—that is, present
when patient is experiencing pain and resolved when that pain is
relieved
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A, Example of ischemic horizontal ST-segment depression. The J-point (B) is
depressed 0.3 mm relative to the PQ junction (A), and ST-80 (C) is depressed
0.1 mm at rest. During exercise, the J-point and ST-80 are depressed 2.4 mm. The
reported net difference in ST-80 depression would be 2.3 mm. B, Example of
downsloping ST-segment depression. The second patient reveals 0.6-mm ST-80
depression at rest, which worsens with exercise, resulting in J-point depression of
2.5 mm and ST-80 depression of 4.5 mm during exercise. The reported net difference
in ST-80 depression would be 3.9 mm. [Chaitman B. Exercise electrocardiographic
stress testing. In: Beller G, editor. Chronic ischemic heart disease. Philadelphia:
Current Medicine; 1995. Chapter 2. (Braunwald E, editor. Atlas of heart diseases;
vol. 5.) ISBN: 1-878132-29-6, 2002-01-23] Caption adapted from original

» T-wave inversion confers a higher risk in patients with symptoms of ACS but
IS NOT diagnostic of unstable angina or NSTEMI.
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Electrocardiogram with T-wave inversions in leads V1 to V4. [From article:
Triptans and troponin: a case report. Orphanet J Rare Dis. 2009 Jun 18:;4:
15.  https://doi.org/10.1186/1750-1172-4-15, at  http://link.springer.com/arti-
cle/10.1186/1750-1172-4-15; by Claudia R Weder, Markus Schneemann, © Weder
and Schneemann. 2009; licensee BioMed Central Ltd.; licensed under Creative
Commons Attribution License BY 2.0 http://creativecommons.org/licenses/by/2.0]
Caption from original

Atypical

* Unstable angina has been diagnosed in patients with virtually any complaint
localized above the umbilicus.

e “Anginal equivalents” listed above include different distributions of pain
(e.g., epigastric, jaw, neck, back) and some presentations that are not painful
at all (e.g., palpitations, nausea, syncope).

 Patients with ACS who present without chest pain as their chief complaint
frequently experience delays in diagnosis and therefore delays in
treatment.

e Atypical presentations are more common in women, in elderly people, and
in diabetics.

e The absence of an elevated troponin level is required for the diagnosis of
unstable angina, by current definitions.


http://creativecommons.org/licenses/by/2.0
http://link.springer.com/article/10.1186/1750-1172-4-15
http://link.springer.com/article/10.1186/1750-1172-4-15
https://doi.org/10.1186/1750-1172-4-15
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Primary Differential Considerations

e Primary differential considerations include pain mimics to angina and are
diverse, including life-threatening and more benign causes:

* Aortic dissection

¢ Pulmonary embolism

* Peptic and esophageal disease, hiatal hernia
* Costochondritis

* Pneumonia

e Pneumothorax

e Pleurisy

e Anxiety and panic disorders

* Biliary colic

* Herpes zoster
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Helpful clinical features

Cardiovascular

Angina

Aortic stenosis

Pericarditis

Aortic dissection

Pulmonary
embolism

Pulmonary

Pneumonia/
pleuritis/pleural
effusion

Asthma/COPD
exacerbation

Spontaneous
pneumothorax

Chest wall

Muscle spasm/
strain

Retrosternal chest pressure, squeezing,
heaviness. Associated with exertion or emotional
stress, relieved by rest or nitroglycerin. Usually
between 2 and 20 min in duration.

Similar features as for angina, but with late-
peaking systolic murmur radiating to carotids.
May be associated with syncope or signs of left
heart failure.

Sharp, retrosternal, pleuritic chest pain lasting
hours to days. May be associated with friction
rub and may be alleviated by leaning forward.

Sudden onset of tearing, ripping chest pain
radiating to back. Associated with underlying
hypertension.

Ipsilateral pleuritic pain associated with
dyspnea, tachycardia, possible cor pulmonale.
May have irritative cough or hemoptysis or
present with syncope. Usually sudden onset.

Pleuritic pain, lateralizing to side of infection/
inflammation. May be associated with fevers,
dyspnea, cough. Exam with pleural rub,
consolidation, or dullness to percussion.

Chest “tightness” associated with more
prominent findings of dyspnea, tachypnea and
diffuse wheezing.

Sudden onset of pleuritic pain. Unilateral and
associated with dyspnea. More common in thin,
young males or patients with emphysematous
disease. Decreased breath sounds and
hyperresonance on side of pneumothorax.

Associated with prior increased physical activity/
weight lifting. Pain variable in character but
usually reproducible with palpation.
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Helpful clinical features

Costochondritis

Herpes zoster

Rib fracture

Cervical/thoracic
nerve root
compression

Gastrointestinal

Mediastinitis/
esophageal
rupture

Esophageal
reflux

Esophageal
spasm

Pancreatitis

Peptic ulcer

Psychogenic

Anxiety/panic
disorder

Sharp, sudden onset pain that is short in
duration. May be reproducible with palpation.

Sharp, burning, superficial neuropathic pain.
May have allodynia, vesicular rash on exam.
Unilateral dermatomal distribution.

Prior trauma or known metastatic disecase of
bone. Point tenderness over affected rib(s). Pain
is usually pleuritic.

Intermittent neuropathic pain often associated
with neck movement or position. Usually
unilateral.

Often preceded by esophageal procedure or
forceful vomiting. Pt. may have fever, associated
septic shock. Symptoms vary from burning chest
discomfort to severe dyspnea.

Burning pain, often associated with nausea,
belching. Usually worse at night and after large
meals. Alleviated by antacids.

Sudden onset, sharp, retrosternal pain. May
be relieved by nitroglycerine and exacerbated
by cold liquids. Sometimes associated with
dysphagia.

Sharp epigastric pain, usually constant and
prolonged. Exacerbated by food and often
associated with nausea/vomiting. Alcohol and
gallstones are risk factors.

Sharp or burning epigastric pain. Often relieved
by food or antacids. May be associated with
occult GI bleeding or massive acute blood loss.

May be unable to distinguish from anginal
pain, but usually has atypical features such

as prolonged duration and no exertional
component. Should be a diagnosis of exclusion
at initial workup.

83

Differential diagnosis of acute chest pain. [McClintic BR, Rosenblatt RL. Approach
to the patient with chest pain. In: Bisognano JD, Beck R, Connell R, editors. Manual
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of outpatient cardiology. London: Springer; 2012. p. 349-71. Book https://doi.
org/10.1007/978-0-85729-944-4; Chapter: 13; Chapter https://doi.org/10.1007/978-
0-85729-944-4_13, 2012-01-01] Caption from original

History and Physical Exam

Findings That Confirm Diagnosis

¢ None

Factors That Suggest Diagnosis

e Nature and history of symptoms with presence of risk factors

Factors That Exclude Diagnosis

* An elevated troponin level is inconsistent with the diagnosis of unstable
angina.

Ancillary Studies

Laboratory

e CBC: no diagnostic findings.

* Electrolytes: no diagnostic findings.

* Renal function: no diagnostic findings, but renal insufficiency/failure is a risk
factor for ACS and may complicate treatment.

* Coagulation studies: no diagnostic findings but should be performed before
initiation of therapy.

* Cardiac enzymes: lack of elevation in troponin (I or T) levels is required to
differentiate unstable angina from myocardial infarction.

e Time course is critical.

* Depending on specific troponin assay and volume of muscle infarcted,
generally takes about 6 hours after onset of symptoms for troponin lev-
els to rise.


https://doi.org/10.1007/978-0-85729-944-4_13
https://doi.org/10.1007/978-0-85729-944-4_13
https://doi.org/10.1007/978-0-85729-944-4
https://doi.org/10.1007/978-0-85729-944-4
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* A negative troponin within 6 hours of reliable onset time of symptoms
is not particularly helpful.

* If onset time unclear, start at time of presentation.

e Patients may be given the clinical diagnosis of unstable angina and
then be “upgraded” to NSTEMI if a subsequent troponin assay
shows an elevated level.

» Positive troponin is always helpful, but use caution in interpreting lev-
els in patients with renal insufficiency.

* BNP levels may offer some prognostic significance.

Electrocardiography

* No diagnostic findings, although both ST-segment depression and T-wave
inversion confer a poorer prognosis in the setting of unstable angina.
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This 57-year-old patient presented with unstable angina, ischemic changes (T wave
inversions) are noted in the anteroseptal leads (aVL, V2, V3, V4) (SM; 13/3/93).
[Peters N, Gatzoulis MA, Vecht R. ECG diagnosis in clinical practice. London:
Springer; 2009. Chapter 2, Ischaemic (coronary) heart disease; p. 11-66.] Caption
from original
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Unstable angina with marked anterolateral ischemic changes. Cardiac catheteriza-
tion showed critical mainstem stenosis. The patient underwent surgery on the same
day (MK; 5/12/95). [Peters N, Gatzoulis MA, Vecht R. ECG diagnosis in clinical
practice. London: Springer; 2009. Chapter 2, Ischaemic (coronary) heart disease;
p. 11-66.] Caption from original

This 86-year-old man presented with severe unstable angina. His cardiac enzyme
levels were not elevated. He was treated medically (PR; 16/4/95) [Peters N, Gatzoulis
MA, Vecht R. ECG diagnosis in clinical practice. London: Springer; 2009. Chapter
2, Ischaemic (coronary) heart disease; p. 11-66.] Caption from original
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* According to national quality standards in the United States, ECG should be
obtained within 10 minutes of arrival at an emergency department.

Imaging

* No diagnostic findings for ACS on chest x-ray (CXR).
* Findings of heart failure (cardiomegaly, pulmonary congestion) on CXR por-
tend a poorer prognosis in unstable angina.

Frontal chest radiograph reveals typical features of pulmonary interstitial edema in
a patient with congestive heart failure, manifested by peribronchial cuffing, indis-
tinctness of the pulmonary vessels, and Kerley B lines. Note the cephalization or
redistribution of the pulmonary vasculature and mild cardiomegaly. [Boiselle PM,
Dass C, Steiner RM. Radiologic imaging in the critically ill patient. In: Criner GJ,
Barnette RE, D’ Alonzo GE, editors. Critical care study guide. 2nd ed. New York:
Springer; 2010. p. 181-207. Book https://doi.org/10.1007/978-0-387-77452-7;
Chapter: 11; Chapter https://doi.org/10.1007/978-0-387-77452-7_11, 2010-01-01]
Caption from original

* Findings of a widened mediastinum suggest consideration of aortic dissection
but do not exclude angina. Check differential blood pressures in the upper
extremities.


https://doi.org/10.1007/978-0-387-77452-7_11
https://doi.org/10.1007/978-0-387-77452-7
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Acute type A aortic dissection in a 46-year-old man. A) AP chest radiograph show-
ing marked widening of the mediastinum with MW and LMW measuring 11.5 and
7.6 cm, respectively. B) Corresponding selected image of CT aortogram confirms
type A aortic dissection. [From article: Diagnostic accuracy of mediastinal width
measurement on posteroanterior and anteroposterior chest radiographs in the depic-
tion of acute nontraumatic thoracic aortic dissection. Emerg Radiol. 2012
Aug;19(4):309-15.  https://doi.org/10.1007/s10140-012-1034-3 at  http://link.
springer.com/article/10.1007/s10140-012-1034-3 by Vincent Lai, Wai Kan Tsang,
Wan Chi Chan, Tsz Wai Yeung, licensed under Creative Commons Attribution
License, https://creativecommons.org/licenses/by/2.0/] Caption from original

* Findings of pneumonia suggest consideration of that differential but do not
exclude angina. Check for signs of infection. Frank septic shock may result in
elevated troponin levels.

Chest radiograph showing right upper/lower lung field opacities and left lower lung
field opacity consistent with pneumonia. [Tsigrelis C, Mohammad M, Fraimow HS,


https://creativecommons.org/licenses/by/2.0/
http://link.springer.com/article/10.1007/s10140-012-1034-3
http://link.springer.com/article/10.1007/s10140-012-1034-3
https://doi.org/10.1007/s10140-012-1034-3
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Dellinger RP, Marchesani D, Reboli AC. Secondary bacterial pneumonia due to
Staphylococcus aureus complicating 2009 influenza A (HIN1) viral infection.
Infection. 2010 Jun;38(3):237-9. https://doi.org/10.1007/s15010-010-0009-0,
2010-06-01] Caption adapted from original

* Findings of pneumothorax suggest consideration of that differential but do
not exclude angina. Evaluate oxygenation status.

Posteroanterior upright chest X-ray showing large pneumothorax of the right lung.
[Kim SH, Yoo WH. Recurrent pneumothorax associated with pulmonary nodules
after leflunomide therapy in rheumatoid arthritis: a case report and review of the
literature. Rheumatol Int. 2011 Jul;31(7):919-22. https://doi.org/10.1007/s00296-
009-1240-9, 2011-06-21] Caption adapted from original

* Findings of hiatal hernia suggest consideration of that differential but do not
exclude angina.


https://doi.org/10.1007/s00296-009-1240-9
https://doi.org/10.1007/s00296-009-1240-9
https://doi.org/10.1007/s15010-010-0009-0
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Radiograph of large hiatal hernia. [Aurigemma G, Tighe D, Oh Jae, Espinoza
R. Pericardial disease and cardiac masses. In: Solomon SD, Braunwald E, editors.
Atlas of echocardiography. 2nd ed. Philadelphia: Current Medicine; 2008. Chapter
16. ISBN: 1-57340-217-6, 2008-10-22;] Caption from original

Risk Scoring

TIMI risk score may be helpful in establishing short-term prognosis, which helps
drive intensity of therapy.
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* Age =05 years

e History of known CAD (documented prior coronary artery
stenosis >50%)

e >3 conventional cardiac risk factors (age, male sex. family
history, hyperlipidemia, diabetes mellitus, smoking. obesity)

e Use of aspirin in the past 7 days

e ST-segment deviation (persistent depression or transient
elevation)

e [ncreased cardiac biomarkers (troponins)

e =2 anginal events in the preceding 24 h

TIMI = Thrombosis in Myocardial Infarction;

CAD = coronary artery disease

Score = sum of number of above characteristics

TIMI = Thrombosis in Myocardial Infarction:
CAD = coronary artery disease

Score = sum of number of above characteristics

TIMI risk score for unstable angina and NSTEMI. [Stillman AE, Oudkerk M,
Ackerman M, Becker CR, Buszman PE, Feyter PJ, Hoffmann U, Keadey MT,
Marano R, Lipton MJ, Raff GL, Reddy GP, Rees MR, Rubin GD, Schoepf UJ,
Tarulli G, Beek EJR, Wexler L, White CS. Use of multidetector computed tomogra-
phy for the assessment of acute chest pain: a consensus statement of the North
American Society of Cardiac Imaging and the European Society of Cardiac
Radiology. Int J Cardiovasc Imaging. 2007 Aug;23(4):415-27. https://doi.
org/10.1007/s10554-007-9226-8, 2007-07-12] Caption adapted from original

Value TIMI risk Modified TIMI
score” risk score”
(95% CI) (95% CI)

Sensitivity 53.7 (44.9-62.3)  58.1 (49.8-66.4)

Specificity 752 (72.1-78.2)  82.6 (80.0-85.2)

Negative predictive value  90.6 (88.2-927) 92.2 (90.2-94.1)
Positive predictive value 26.6 (21.5-32.3) 359 (29.6-42.2)

# Using a cut point of 3 (less than 3 vs. 3 or greater)
" Using a cut point of 2 (less than 2 vs. 2 or greater)

A summary of the TIMI risk score and modified TIMI risk scores as predictors of
30-day myocardial infarction/revascularization/death. [Jaffery Z, Hudson MP,
Jacobsen G, Nowak R, McCord J. Modified Thrombolysis in Myocardial Infarction
(TIMI) risk score to risk stratify patients in the emergency department with possible
acute coronary syndrome. J] Thromb Thrombolysis. 2007 Oct;24(2):137-44. https://
doi.org/10.1007/s11239-007-0013-0, 2007-08-02] Caption adapted from original
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https://doi.org/10.1007/s10554-007-9226-8

92 C. V. Pollack, Jr. and V. G. Riese

Special Populations
Age
* Risk for coronary artery disease that causes angina increases with age, start-

ing at age 40 in men and at menopause in women.

e Age is arisk factor for mortality from all types of ACS.
» Likelihood of atypical presentation with unstable angina increases with age.

Comorbidities

* Hypertension, diabetes, and renal failure are important comorbidities in ACS
risk and prognosis.

* Diabetes is associated with the likelihood of atypical presentation with unsta-
ble angina.

* Obesity is a weaker predictor of unstable angina risk.

Pitfalls in Diagnosis

Critical Steps Not to Miss

*  ECG must be performed as soon as the diagnosis of ACS is even considered. By
definition, in unstable angina, there will not be persistent ST-segment elevation.

Mimics

e All differential considerations are listed under Primary Differential
Considerations.

e Of these, only aortic dissection and pulmonary embolism are also life
threatening.

Time-Dependent Interventions

¢ Stabilization of the unstable angina patient is time-sensitive.

¢ Derangements in blood pressure should be addressed immediately: hyperten-
sion results in increased myocardial oxygen demand, and hypotension reduces
blood supply to the myocardium.
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* Current guidelines call for diagnostic angiography in 24—48 hours to establish
preferred course of management.

* Unless contraindicated (allergy, active bleeding), 324-325 mg aspirin should
be administered immediately upon suspicion of an ACS.

* Anticoagulation therapy should be initiated upon determination of the diag-
nosis of unstable angina or when there is high suspicion in high-risk patients.

» Airway and oxygenation should be monitored and supported as necessary.

» Patients with a diagnosis of unstable angina should be on continuous cardiac
monitoring to evaluate for dangerous arrhythmias.

* Consider early initiation of dual antiplatelet therapy (aspirin plus an ADP
receptor antagonist—ticagrelor or clopidogrel).

Overall Principles of Treatment

* Immediate stabilization of the patient with control of blood pressure, pulse
rate, and pain is critical. The patient with unstable angina only rarely requires
resuscitation, intubation, and intensive support.

* Medical management with anticoagulation and antiplatelet therapy is important.

* Bleeding risk should also be assessed so that the risk of treatment-related
hemorrhage can be minimized.

* The higher the patient’s risk, the more disproportionately s/he benefits from
aggressive therapy.

F{ Medical therapy }ﬂ

Stabilized within Recurrent or refractory
48 h and angina or
Braunwald class Braunwald class
1B, 1B 1B, IIC, NC

v v

Functional Moderate/ Coronary
stress test severe ischemia angiography
No/mild ischemia PCl or CABG

Treatment for unstable angina [Prasad A, Holmes D, Kleiman N. Use of percutane-
ous coronary intervention in unstable angina and acute myocardial infarction. In:
Califf RM, editor. Acute myocardial infarction and other acute ischemic syndromes.
2nd ed. Philadelphia: Current Medicine; 2001. Chapter 7. (Braunwald E, editor.
Atlas of heart diseases; vol. 8.)]
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| Diagnosis of UA/NSTEMIis likely or definite |

v
| ASA or clopidogrel if intolerant to ASA |

hd

| Select management strategy |

/\t

Invasive strategy Conservative strategy
Start anticoagulant therapy: enoxaparin or UFH Start anticoagulant therapy: enoxaparin, UFH or
(best evidence); or bivalirudin or fondaparinux fondaparinux (enoxaparin or fondaparinux are
(lower level of evidence) preferred)
h l
Prior to angiography: start at least one or both Start clopidogrel therapy, and consider adding
clopidogrel and IV GP llb/llla inhibitor eptifibatide or tirafiban
GP lib/llla inhibitors may not be necessary if the

patient received a pre-lcading dose of at least -

300 mg of clopidogrel at least 6 hours earlier, -
and bivalirudin is selected as the anticoagulant Any subsequent events requiring angiography? (Recurrent

symptoms/fischemia, heart failure, serious arfhythmia.)

Factors favoring administration of both
clopidogrel and GP lib/llla inhibitor include delay
to angiography, high-risk features, and early
recurrent ischemic discomfort
V .

v
Evaluate LVEF
Diagnostic angiography |

-~
EF =04

Low risk

v l
Select CABG, PCI or medical
therapy

Continue ASA indefinitely and clopidogrel for at least
1 month, preferably for 1 year
Discontinue GP llb/llla inhibitor and anticoagulant
therapy

Algorithm for the initial management of patients with UA/NSTEMI with an inva-
sive or conservative treatment strategy. Abbreviations: ASA, aspirin; CABG, coro-
nary artery-bypass grafting; EF, ejection fraction; GP, glycoprotein; IV, intravenous;
LVEEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention;
UA/NSTEMI, unstable angina/non-ST-elevation myocardial infarction; UFH,
unfractionated heparin. [Cohen M. High-risk acute coronary syndrome patients
with non-ST-elevation myocardial infarction: definition and treatment. Cardiovasc
Drugs Ther. 2008 Oct;22(5):407-18. https://doi.org/10.1007/s10557-008-6120-0,
2008-09-04] Caption adapted from original
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Disease Course

* The expected mortality rate associated with unstable angina alone is not clear,
owing to differences in the definition of the disease. Mortality in NSTEMI
the other component of NSTE-ACS—is 6-10 %, depending on the population
studied, over 6 months.
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Chapter 5
Acute Pericarditis

Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

Name and Synonyms

Acute pericarditis

Incidence/Epidemiology

e Acute pericarditis is the admitting diagnosis in 0.1 % of hospital admissions.
Acute pericarditis accounts for 1 % of cases of ST-segment elevation seen in
the emergency department.

* Acute pericarditis occurs more commonly in men than in women. There are
no known geographic predilections. There is a very rare familial form
(Mulibrey nanism)
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Differential Diagnosis

e Acute pericarditis has many causes (see Pathophysiology and Etiology
below), and often the differential exploration focuses on determining an etiol-
ogy for the disease. This involves a search for co-morbidities as diverse as
malignancy, renal failure, recent myocardial infarction, adverse effects of cer-
tain drugs, and collagen vascular diseases. Because the primary clinical mani-
festation of acute pericarditis is chest pain, the differential is broad.

Pathophysiology and Etiology

* The pathophysiology of acute pericarditis, regardless of etiology, is inflam-
mation of the pericardium, a double (serous and parietal) membrane separated
normally by 15-50 mL of fluid that is an ultrafiltrate of plasma.

e The function of the pericardium is to prevent sudden overdistention of the
cardiac chambers and to help maintain the anatomic position of the heart and
great vessels. By definition, acute pericarditis is present and symptomatic for
less than 6 weeks; pericarditis for 6 weeks to 6 months is termed subacute,
and beyond 6 months, chronic.

¢ This inflammation may result from a myriad of potential causes:
* Infectious:

¢ Viral (Coxsackie, echovirus, adenovirus, HIV)

e Tuberculous

* Pyogenic (pneumococcal, streptococcal, staphylococcal)

e Fungal (histoplasmosis, coccidioidomycosis, blastomycosis,
Candida)

¢ Noninfectious:

¢ Post-myocardial infarction (Dressler’s syndrome)

e Uremia/renal failure

e Neoplastic (primary or metastatic [lung, breast, lymphoma,
Hodgkins])

* Myxedema

e Trauma (penetrating or nonpenetrating)

e Aortic dissection into pericardium

e Post-radiation therapy

e Rheumatic fever

e Collagen vascular disease (lupus, rheumatoid arthritis, scleroderma,
Wegener’s granulomatosis)

e Drug-induced (procainamide, hydralazine, INH, phenytoin, doxoru-
bicin, rifampin, methyldopa)

¢ Idiopathic (most common)
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Presentation
Typical/“Classic”

* Chest pain and a pericardial friction rub are most the common findings.

http://www.easyauscultation.com/acute-pericarditis
[Acute Pericarditis Page; Easy Auscultation; copyright 2015, MedEdu LLC]

* On electrocardiography, there are electrical changes suggesting acute pericar-
ditis, and if there is also an effusion there is generalized low voltage.

ECG finding in acute pericarditis [Oh J, Espinosa R. Pericardial disease. In: Vannan
MA, Lang RM, Rakowski H, Tajik AJ, editors. Atlas of echocardiography.
Philadelphia: Current Medicine; 2005 (Braunwald E, editor. Atlas of heart diseases;
vol. 16).] Caption from original
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Typical amyloid ECG with diffuse low voltage [Wellens H, Subramaniam K. The
electrocardiogram in heart failure. In: Shivkumar K, Weiss JN, Fonarow GC, Narula
J, editors. Atlas of electrophysiology in heart failure. Philadelphia: Current
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Medicine; 2005 (Braunwald E, editor. Atlas of heart diseases; vol. 15).] Caption
from original

* On echocardiogram, an effusion may be visible but is not required for a diag-
nosis of acute pericarditis.

Echocardiogram of pericardial effusion. Arrow indicates descending thoracic aorta.
[Aurigemma G, Tighe D, Oh J, Espinoza R. Pericardial disease and cardiac masses.
In: Solomon SD, editor. Atlas of echocardiography. 2nd ed. Philadelphia: Current
Medicine; 2008.] Caption adapted from original

Echocardiogram of pericardial effusion. Arrow indicates lung parenchyma.
[Aurigemma G, Tighe D, Oh J, Espinoza R. Pericardial disease and cardiac masses.
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In: Solomon SD, editor. Atlas of echocardiography. 2nd ed. Philadelphia: Current
Medicine; 2008.] Caption adapted from original

 If the effusion is large (>250 mL), the heart takes on a “water bottle” appear-
ance on plain chest x-ray.

Chest X-ray in pericardial effusion: water bottle shaped heart. [Tissot C, Phelps
CM, Cruz EM, Miyamoto SD. Pericardial diseases. In: Munoz R, Morell V, Cruz E,
Vetterly C, editors. Critical care of children with heart disease. London: Springer;

2010. p. 521-41. https://doi.org/10.1007/978-1-84882-262-7_47; 2009-01-01]
Caption from original

e Cardiac tamponade may develop, and the patient may have pulsus
paradoxus.

http://www.youtube.com/watch?feature=player_embedded &v=jTsjCZ90xW8
Stanford 25 video on pulsus paradoxus. Provides definition, guidance on testing,
sound clip.

e The pain is often severe. It is most often substernal and left-sided. It often
radiates to the back and to the trapezius ridge.


http://www.youtube.com/watch?feature=player_embedded&v=jTsjCZ9QxW8
https://doi.org/10.1007/978-1-84882-262-7_47
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Trapezius ridge: the lower border of trapezius, 1; the rhomboids, 2. [Birch R. Surgical
disorders of the peripheral nerves. London: Springer; 2010. Chapter 5, Clinical
aspects of nerve injury; p. 145-90] Caption adapted from original

The pain is often pleuritic in nature, so it is aggravated by deep inspiration,
cough, and lying down as opposed to sitting up.

The friction rub is the most important physical sign of acute pericarditis. It is
often described as “scratching” or “grating,” and it may be evanescent. It is
best heard with the diaphragm of the stethoscope along the lower left sternal
border, with the patient sitting up, during exhalation.

The classic ECG findings of acute pericarditis are diffuse, mild ST-segment
elevation across the precordium. Depression of the PQ segment is common.
With large effusions, the overall voltage on the ECG is reduced. Occasionally,
atrial fibrillation occurs with acute pericarditis. The ST-segment elevation
associated with acute pericarditis can be differentiated from simple early
repolarization, and from left ventricular hypertrophy with strain, by consider-
ing the ratio of the amplitude of ST segment to the amplitude of the T wave in
leads I, V4, V5, and V6.

Atypical

The most common form of pericarditis is idiopathic, and the diagnosis is one
of exclusion. Patients with acute pericarditis and no effusion may present with
chest pain and no audible friction rub, with limited to no ECG changes. In this
case, acute pericarditis is just one of many differential considerations in the
chest pain syndrome presentation. As in other etiologies of chest pain syn-
drome, the pain may occur in non-substernal locations.
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* Pain may be mostly absent in slowly developing pericarditis (neoplastic, ure-
mic, postradiation). Worsening exercise intolerance may be a clue to the diag-
nosis in these patients.

Primary Differential Considerations

* The initial differential elements to be considered in a patient with a presenta-
tion consistent with acute pericarditis are angina, aortic dissection, pulmonary
embolism, and distal esophageal pain.

History and Physical Exam
Findings That Confirm Diagnosis

e A full classic presentation (substernal and/or left-sided pleuritic chest pain, a
friction rub, and diffuse mild ST-segment elevation on ECG) should be con-
sidered confirmatory and should prompt a search for an etiology other than
idiopathic.

Factors That Suggest Diagnosis

* Any of the classic findings in isolation should elevate acute pericarditis in the
differential diagnosis of the chest pain patient.

¢ Onset of pain within 2—4 days of acute myocardial infarction (Dressler’s syn-
drome) or after thoracic surgery should elevate acute pericarditis in the dif-
ferential diagnosis of the chest pain patient.

e A presentation consistent with both acute pericarditis and an apparent cause
of pericarditis (such as uremia, myxedema, acute infection, immunocompro-
mise, collagen vascular disease, post chest irradiation) should elevate acute
pericarditis in the differential diagnosis of the chest pain patient.

¢ Uremic pericarditis is most often seen in patients on hemodialysis (HD). A
history of HD therefore is suggestive of the diagnosis. It should be noted that
chest pain is often minimal or absent in uremic pericarditis, but a friction rub
is common.
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Factors That Exclude Diagnosis

A normal echocardiogram excludes pericardial effusion and tamponade but
not acute pericarditis.

Ancillary Studies

Laboratory

Lab tests should include CBC; serum electrolyte, blood urea nitrogen (BUN),
and creatinine levels; and erythrocyte sedimentation rate (ESR) and/or
C-reactive protein (CRP) levels. In the evaluation of chest pain syndrome,
cardiac biomarker measurements are often indicated.

The ESR and CRP levels are elevated in acute pericarditis, consistent with the
underlying inflammation. These tests also are abnormal in patients with col-
lagen vascular diseases, which may be an etiology of acute pericarditis.
Other laboratory tests may be pertinent to the evaluation of the etiology of the
pericarditis:

* Assessment of renal function in possible uremic pericarditis

e Assessment of thyroid function in possible myxedema

* An antistreptolysin O (ASO) titer is indicated if rheumatic fever is
suspected.

e If a pericardial effusion is sampled via pericardiocentesis, the fluid should
be tested for cell count, glucose and protein, and culture growth. Other
specialized tests may be needed, and fluid should be retained for “unusual”
requests by consultants.
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@ Current Medicine

Echocardiographically guided pericardiocentesis procedure [Aurigemma G, Tighe
D, Oh J, Espinoza R. Pericardial disease and cardiac masses. In: Solomon SD, edi-
tor. Atlas of echocardiography. 2nd ed. Philadelphia: Current Medicine; 2008.]
Caption from original

https://www.youtube.com/watch?feature=player_embedded &v=BQTVqUPimdk

Video from The New England Journal of Medicine on pericardiocentesis. Covers
indications, risk factors, contraindications, equipment, preparation, procedure
(ultrasound-guided, electrocardiographic monitoring, and blind approaches),
aftercare, and complications.

https://www.youtube.com/watch ?v=y0-K2RcThi0
Video from MD Anderson Cancer Center explaining the anterior chest approach
to pericardiocentesis.


https://www.youtube.com/watch?v=y0-K2RcThi0
https://www.youtube.com/watch?feature=player_embedded&v=BQTVqUPimdk
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Imaging

¢ There are no diagnostic imaging findings of acute pericarditis. When a pericar-
dial effusion is present, transthoracic echocardiography will demonstrate an
echo-free space between the visceral and parietal layers of the pericardium.

e Echocardiography should be performed in all cases of pericarditis, because
any form of pericardial inflammation may induce pericardial effusion. It is
important to note that in the absence of effusion, the pericardium may have a
normal appearance in pericarditis.

* With large effusions, a “swinging heart” may be seen on echocardiography, as
the heart “floats” in the effusion fluid.

https://www.youtube.com/watch ?feature=player_embedded &v=huXuWp_eOKQ
Brief clip of cardiac tamponade with swinging heart echocardiogram.

* Plain chest radiographs are usually normal in acute pericarditis. If there is an
effusion of 250 mL or more fluid, the cardiac silhouette will take on an
enlarged, “water bottle” appearance.

¢ Smaller effusions may be detected by MRI, which can also assess the thick-
ness of the pericardium (normal, 4 mm). In acute pericarditis, the pericardium
may be globally or locally thickened.

|
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Classic presentation of constrictive pericarditis on T1-weighted fast spin-echo
CMR, axial view (a), and short-axis view (b) [From article: Cardiovascular mag-
netic resonance in pericardial diseases. J Cardiovasc Magn Reson. 2009; 11(1):14.
https://doi.org/10.1186/1532-429X-11-14, at http://link.springer.com/article/10.
1186%2F1532-429X-11-14; by Jan Bogaert, Marco Francone, © Bogaert and
Francone; licensee BioMed Central Ltd. 2009; licensed under Creative Commons
Attribution License BY 2.0 http://creativecommons.org/licenses/by/2.0] Caption
Jfrom original


http://creativecommons.org/licenses/by/2.0
http://link.springer.com/article/10.1186/1532-429X-11-14
http://link.springer.com/article/10.1186/1532-429X-11-14
https://doi.org/10.1186/1532-429X-11-14
https://www.youtube.com/watch?feature=player_embedded&v=huXuWp_eOKQ
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Special Populations
Age

e Acute pericarditis is more common in adults than in children, but adolescents
are more commonly affected than young adults

* The most common presenting complaint in children with pericarditis is chest
pain, accompanied by the typical findings seen in patients of any age.

e In children, the clear majority of cases are viral in etiology, since autoimmune
diseases usually present no earlier than late adolescence.

Co-morbidities

* Review of the etiologies of acute pericarditis will indicate co-morbidities of
interest. Uremia, malignancy, and immunocompromise are the most worri-
some of these.

Pitfalls in Diagnosis

Critical Steps Not to Miss

* Consideration of the diagnosis is the first critical step. In patients with
hemodynamic compromise, an echocardiogram should be performed early to
assess for effusion, or even tamponade, and to measure the pumping ability of
the heart.

* Acute pericarditis is one of the few diagnoses in which an ESR and CRP are
actually very helpful.

Mimics

* The entire constellation of diagnoses that underlies chest pain syndrome can
mimic the pain and overall presentation of acute pericarditis.

* Because acute pericarditis is often associated with diffuse ST-segment eleva-
tion on ECG, acute coronary syndrome must be always considered as an alter-
native diagnosis. PR-segment depression usually is also seen in patients with
acute pericarditis who have ST-segment elevation.
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ECG finding in acute pericarditis [Oh J, Espinosa R. Pericardial disease. In: Vannan
MA, Lang RM, Rakowski H, Tajik AJ, editors. Atlas of echocardiography.
Philadelphia: Current Medicine; 2005 (Braunwald E, editor. Atlas of heart diseases;
vol. 16).] Caption from original

Time-Dependent Interventions

* Time-dependent interventions in acute pericarditis are necessary only when
cardiac function is compromised, which is usually the case only when there is
a large pericardial effusion. In such patients, pericardiocentesis may be a life-
saving procedure.

Overall Principles of Treatment

* Because acute pericarditis is an inflammatory disease, the primary treatment
in idiopathic pericarditis comprises anti-inflammatory agents (such as corti-
costeroids [e.g., prednisone] and nonsteroidal anti-inflammatory drugs
[NSAIDs]). Resistant cases may require a surgical pericardiectomy, pericar-
diotomy, or pericardial window.

e Patients with an identified underlying cause of their pericarditis generally
benefit from better control/specific treatment of the disease.

Disease Course

e Idiopathic pericarditis generally resolves within 1-2 weeks with anti-
inflammatory therapy. The recurrence rate may reach 33 %.

* The course of secondary pericarditis typically follows control of the underly-
ing disease.
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Chapter 6
Anomalous Coronary Arteries

Richard M. Cantor, Charles V. Pollack, Jr., and Victoria G. Riese

Name and Synonyms
* Anomalous Left Coronary Artery from the Pulmonary Artery (ALCAPA)
e Also known as Bland-White-Garland Syndrome
Incidence/Epidemiology

e A rare but serious congenital anomaly.
* Usually an isolated cardiac anomaly.
e If unaddressed, mortality rates reach 90 % in the first year of life.

Differential Diagnosis

» Dilated cardiomyopathy
*  Myocarditis
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e Coronary artery fistula
* Severe mitral regurgitation

Pathophysiology and Etiology

* After birth, pulmonary pressures decrease, as does pulmonary arterial oxygen
content.

* As a result of this, the left ventricular musculature is underperfused and
underoxygenated.

» This is often accompanied by varying degrees of mitral insufficiency.

Three-dimensional image of patient. In this cranial view of the heart, the left coro-
nary artery (LCA) can be seen to originate from the pulmonary artery (PA), a condi-
tion known as ALCAPA. The right coronary artery (RCA) has a normal origin from
the right coronary cusp of the aorta (Ao) [de Jonge GJ, van Ooijen PMA, Piers LH,
Dikkers R, Tio RA, Willems TP, van den Heuvel AFM, Zijlstra F, Oudkerk
M. Visualization of anomalous coronary arteries on dual-source computed tomog-
raphy. European Radiology. 2008 Nov;18(11):2425-32.] Caption adapted from
original
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Anomalous pulmonary origin of left main coronary artery (LMCA) from the main
pulmonary artery (MPA) also known as ALCAPA or Bland—White—Garland syn-
drome. Panels (a) and (b) are multiplanar reformats demonstrating the takeoff of the
LMCA from the MPA. Panels (c) and (d) illustrate the very large and tortuous right
coronary artery (RCA), which provides oxygenated myocardial blood supply for
the whole myocardium via an extensive collateral circulation to the branches of the
left coronary circulation, and seen best in panel (c and d) and shown by the arrows.
Note the flow of blood from the left coronary artery to the MPA. Aoasc ascending
aorta, LA left atrium, LAA left atrial appendage, LAD left anterior descending
artery, LCx left circumflex artery, LV left ventricle, RA right atrium, RV right ven-
tricle, SVC superior vena cava [Mazur W, Siegel MJ, Miszalski-Jamka T, Pelberg
R. Coronary Artery Anomalies. CT Atlas of Adult Congenital Heart Disease
[Internet]. London: Springer London; 2013 [cited 2016 May 31]. p. 183-202.
Available from: http://link.springer.com/10.1007/978-1-4471-5088-6_16] Caption
Jfrom original

Presentation

Typical/“Classic”

Typical signs and symptoms of ALCAPA appear in the first two months of life and
include:

e Abnormal heart rhythm
* Enlarged heart
e Heart murmur (rare)


http://link.springer.com/10.1007/978-1-4471-5088-6_16
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* Rapid pulse

* Crying or sweating during feeding (“splanchnic steal”)

e Pale skin

* Poor feeding, poor weight gain

* Rapid breathing

* Sweating

* Symptoms of pain or distress in the baby (often mistaken for colic)

Atypical

* Poor feeding and fussiness in infant, at first attributed to colic.
* Occasionally ALCAPA does not present until adolescence or -early
adulthood.

Primary Differential Considerations

* Dilated cardiomyopathy due to other causes, such as myocarditis, should be
considered.

History and Physical Exam

Findings That Confirm Diagnosis

¢ The combination of respiratory distress, diaphoresis, and pallor, accompanied
by ECG findings consistent with myocardial ischemia, will point the clinician
toward making the diagnosis.

e Auscultation may demonstrate a systolic murmur consistent with mitral valve
regurgitation.

http://www.easyauscultation.com/mitral-regurgitation
Mitral regurgitation audio. [Mitral Regurgitation Page; Easy Auscultation; www.
easyauscultation.com/mitral-regurgitation; copyright 2015, MedEdu LLC]
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* In severe cases, signs of congestive heart failure (CHF) will be present,
including tachycardia, tachypnea, gallop, poor perfusion, and signs of right
sided failure (late).

Factors That Suggest Diagnosis
e ANY infant or child who presents with diaphoresis during feedings should be

considered a candidate for a full cardiac workup.

Factors That Exclude Diagnosis

* ALCAPA cannot be excluded in symptomatic patients based on history and
physical alone. Coronary angiography is required.

Still images (a, b) from the patient’s digital subtraction angiogram (DSA). Injection
of the aortic root demonstrates an enlarged and tortuous RCA with several epicar-
dial collateral vessels; no sign of the LCA during early phase of injection (a). There
is retrograde filling of the ALCAPA (arrows) (b) via multiple small collaterals from
the right coronary system. There is retrograde flow of contrast through the ALCAPA
and into the PA (arrowheads) [Day K, Avery R, Oliva I, Jokerst C. Coronary CTA
appearance of anomalous left coronary artery arising from the pulmonary artery
with Intramural Aortic Route. The International Journal of Cardiovascular Imaging.
2014 Feb;30(2):241-3.] Available from http://springerimages.com/Images/
MedicineAndPublicHealth/1-10.1007_s10554-013-0334-3-1. Caption  from
original
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Ancillary Studies
Electrocardiography

* In most cases, a pattern consistent with an anterolateral infarct with abnor-
mal deep (>3 mm) and wide (>30 msec) q waves is observed in leads I, aVL,
V5, and V64
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Typical electrocardiogram in anomalous left coronary artery arising from the pul-
monary artery (ALCAPA) syndrome: Q waves in I and avL with prominent Q waves
in V6 [Tissot C, da Cruz EM, Miyamoto S. Cardiac Failure. In: Munoz R, Morell V,
Cruz E, Vetterly C, editors. Critical Care of Children with Heart Disease [Internet].
London: Springer London; 2009 [cited 2016 Jul 28]. p. 557-72. Available from:
http://link.springer.com/10.1007/978-1-84882-262-7_49] Caption from original

Cardiac Enzymes

* Unfortunately, laboratory tests are not definitive.

Special Populations
Age

e ALCAPA is almost exclusively a pediatric disease, with only very rare pre-
sentations in adolescence or early adulthood.
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Co-morbidities

* ALCAPA may occur with other congenital malformations.

e When ALCAPA coexists with other congenital malformations, particularly
those associated with pulmonary hypertension, the initial presentation can be
quite confusing and is often misinterpreted.

Computer tomographic (CT) images of aortic coarctation and anomalous left coro-
nary artery connected to the pulmonary artery (ALCAPA). a Sagittal CT image
showing an aortic coarctation (CoA, black arrow) bypassed by a large persistent
arterial duct (PDA). The horizontal aortic arch is hypoplastic. b Coronal CT image
with the anomalous left coronary artery (ALCAPA, black arrow) connected to the
right pulmonary artery (RPA), a rather rare anatomic variant. PAT pulmonary artery
trunk [Laux D, Bertail C, Bajolle F, Houyel L, Boudjemline Y, Bonnet D. Anomalous
Left Coronary Artery Connected to the Pulmonary Artery Associated With Other
Cardiac Defects: A Difficult Joint Diagnosis. Pediatric Cardiology. 2014
Oct;35(7):1198-205.]  Available  from  http://springerimages.com/Images/
MedicineAndPublicHealth/1-10.1007_s00246-014-0916-4-0. Caption adapted
from original
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Macroscopic views of a heart with tetralogy of Fallot and pulmonary atresia associ-
ated with anomalous left coronary artery connected to the pulmonary artery
(ALCAPA). a Frontal view of the heart in anatomic position with the apex to the left:
The right (RV) and left (LV) ventricles have been opened, but the interior cannot be
seen. The trunk of the pulmonary artery (PA) has been opened to confirm valvular
atresia (not shown). The left coronary artery with its division in the infundibular
anterior descending artery (IVA) and the circumflex (Cx) artery can be seen connect-
ing to the PA. b A lateral, close-up view of the same heart with the opened ALCAPA
and its two branches. LAA left atrial appendage, Ao aorta [Laux D, Bertail C, Bajolle
F, Houyel L, Boudjemline Y, Bonnet D. Anomalous Left Coronary Artery Connected
to the Pulmonary Artery Associated With Other Cardiac Defects: A Difficult Joint
Diagnosis. Pediatric Cardiology. 2014 Oct;35(7):1198-205.] Available from http://
springerimages.com/Images/MedicineAndPublicHealth/1-10.1007_s00246-014-
0916-4-1. Caption adapted from original
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Computed tomography (CT) scan and cardiac catheter image of patient 9 with
divided left atrium, partial anomalous pulmonary venous connection, and anomalous
left coronary artery connecting to the pulmonary artery (ALCAPA).a Four-chamber
view of the patient’s heart on an axial CT image: The right pulmonary veins (RPVs)
connect to the right atrium (RA). b Left coronary artery abnormally connecting to the
pulmonary trunk (ALCAPA, black arrow) in the same patient shown by anterograde
injection of contrast agent into the pulmonary trunk during cardiac catheterization
(frontal view). RV right ventricle, LA left atrium, LV left ventricle, RPA right pulmo-
nary artery, LPA left pulmonary artery [Laux D, Bertail C, Bajolle F, Houyel L,
Boudjemline Y, Bonnet D. Anomalous Left Coronary Artery Connected to the
Pulmonary Artery Associated With Other Cardiac Defects: A Difficult Joint
Diagnosis. Pediatric Cardiology. 2014 Oct;35(7):1198-205.] Available from http://
springerimages.com/Images/MedicineAndPublicHealth/1-10.1007_s00246-014-
0916-4-2. Caption from original

Pitfalls in Diagnosis

Critical Steps Not to Miss

* The most important step in making the diagnosis of ALCAPA is to accept the
fact that there is a congenital anomaly that will present exactly like the adult
form of ischemic heart disease.
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Mimics

e As previously mentioned, the feeding difficulties in these infants will often be

misinterpreted as colic or some form of dietary intolerance.

Time-Dependent Interventions

¢ Immediate consultation with a Pediatric Cardiologist is recommended

» Focus is on diagnosis, not treatment; time-dependent interventions are limited.
Overall Principles of Treatment

¢ In cases that present with CHF, supplemental oxygen is indicated.
* The use of diuretics may be beneficial, but should be applied only after con-
sultation with a Pediatric Cardiologist.

Disease Course

* The prognosis is excellent if surgical correction is carried out.

Related Evidence

Papers of particular interest have been highlighted as:
** Of key importance
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Chapter 7
Anxiety

Charles V. Pollack, Jr., Richard M. Cantor, and Victoria G. Riese

Name and Synonyms

Anxiety, anxiety disorder, panic disorder, panic attacks

Incidence/Epidemiology

* Anxiety disorder is a very common psychiatric condition. It often manifests
through physical symptoms; chest pain +/- dyspnea/hyperventilation +/- pal-
pitations is a common presentation of anxiety disorder.

e There is no good estimate of the incidence of anxiety as a cause of chest pain
that prompts medical evaluation.

e Around 25 % of individuals are thought to experience at least one panic attack
in their lifetimes.

C. V. Pollack, Jr. (B<)
Department of Emergency Medicine, Thomas Jefferson University,
Philadelphia, PA, USA

R. M. Cantor
Department of Emergency Medicine and Pediatrics, State University of New York Upstate
Medical University, Syracuse, NY, USA

V. G. Riese
Librarian Consultant, Eldersburg, MD, USA

© Springer Nature Switzerland AG 2019 125
C. V. Pollack, Jr. (ed.), Differential Diagnosis of Cardiopulmonary Disease,
https://doi.org/10.1007/978-3-319-63895-9_7


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-63895-9_7&domain=pdf

126

C. V. Pollack, Jr. et al.

Differential Diagnosis

Presentation can be quite dramatic. The differential considerations for chest
pain due to anxiety therefore include immediate life threats such as pulmo-
nary embolism, acute coronary syndrome, and aortic dissection. Less severe
differential considerations include pneumonia and pneumothorax, which can
cause pleuritic pain; and chest wall pain.

Pathophysiology and Etiology

Current thinking is that anxiety and panic result from an imbalance in CNS
neurotransmitters.

The diagnosis of anxiety as an etiology for chest pain that prompts medical
evaluation should be made only after more serious causes have been evaluated
and reasonably excluded.

Presentation

Typical/“Classic”

The classic presentation of anxiety- or panic-related chest pain is:

* Acute onset

* Associated with dyspnea (the patient may confuse hyperventilation with
dyspnea)

* Associated with diaphoresis

* Trembling or shaking

* Fear of dying

» Sense of loss of control

* Nausea

Atypical

Patients with anxiety or panic disorder may present with myriad com-
plaints. Chest pain is common among these, but many other features may
be present.
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Primary Differential Considerations

» The differential diagnosis of acute anxiety is broad and includes both medical
and psychiatric considerations.

e Medical:

* Because acute anxiety may mimic acute somatic disease, one must consider
such immediate life threats as acute myocardial infarction, aortic dissection,
arrhythmias, pulmonary embolism, pneumothorax, or stroke.

e Other concerns include hypo- and hyperglycemia, poisoning and drug
abuse, delirium tremens, and encephalopathy.

e Psychiatric:

e Acute anxiety may be confused with acute psychosis, conversion disorders,
dissociative disorders, schizoaffective disorder, and Tourette’s syndrome.

History and Physical Exam

Findings That Confirm Diagnosis

» History and physical examination are not diagnostic for anxiety.

Factors That Suggest Diagnosis

e Symptoms are out of proportion with physical findings.
» Patient-reported dyspnea is found on exam to be hyperventilation.

Video overview of the causes and treatment of hyperventilation
https://www.youtube.com/watch ?v=p97HeXx0vNO

» History of anxiety or panic disorder.

* Young age and/or lack of risk factors for more serious conditions.
* Choking sensation accompanying chest pain.

* Current substance abuse.

Factors That Exclude Diagnosis

» There are no history or physical findings that conclusively exclude anxiety as
a cause of chest pain.


https://www.youtube.com/watch?v=p97HeXx0vN0
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Ancillary Studies

Laboratory

e There are no diagnostic laboratory studies for anxiety.
» Laboratory tests target suspected underlying disease.

Imaging

e There are no diagnostic imaging studies for anxiety.

Special Populations

Age and Gender

* The epidemiology of anxiety and panic disorder does not indicate any consis-

tent patterns by age or gender. It may begin at a young age.

Anxiety disorders are the most common psychiatric disturbances in child-
hood, usually representing negative outcomes of naturally occurring fears
associated with childhood development.

The literature describes multiple forms of anxiety disorders in children,
including social anxiety, agoraphobia, panic attacks, separation anxiety,
and specific phobias.

Co-morbidities

It is important to consider and evaluate for the presence of serious underlying
disease or psychiatric stress that could prompt situation anxiety, such as:

* Recent death of a loved one
* Recent relationship stress
* Recent diagnosis of serious disease

Other psychiatric issues may be discovered upon questioning.
Substance abuse issues may be discovered upon questioning.
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Pitfalls in Diagnosis

Critical Steps Not to Miss

* Because there are differential considerations that are immediate life threats,
evaluation for acute coronary syndrome, pulmonary embolism, and pneumo-
nia should be considered early.

Mimics

* The entire constellation of diagnoses that underlies chest pain syndrome can
mimic or cause the pain and overall presentation of anxiety.

Time-Dependent Interventions

e Other than excluding life threats, there are no time-dependent interventions
for chest pain deemed due to anxiety or panic disorder.

» Patients who also express suicidal or homicidal ideation should be promptly
evaluated in an emergency care setting.

Overall Principles of Treatment

» Treatment of the acute symptoms of chest pain caused by panic or anxiety disor-
der may include:

e Reassurance and support
* Benzodiazepines
* Monitoring while the effects of acute substance abuse diminish

Disease Course

e The course of patients with anxiety or panic disorder may vary widely,
from no further episodes to debilitating psychiatric illness that limits or
precludes productive engagement with society.
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Chapter 8
Aortic Regurgitation

Christopher J. Rees, Charles V. Pollack, Jr., and Victoria G. Riese

Name and Synonyms

Aortic Regurgitation

e Aortic Insufficiency

Incidence/Epidemiology

e The most common causes of aortic regurgitation (AR) in the developed world
are congenital bicuspid aortic valve and aortic root enlargement from diseases
such as Marfan’s syndrome.

* In the developing world, the most common cause of aortic regurgitation is
rheumatic heart disease.

* The prevalence of aortic regurgitation increases with age, with about a 2 %
prevalence of moderate to severe AR in men over 70, and about a 2.5 % preva-
lence of moderate to severe AR in women over 70.
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Differential Diagnosis

e The differential diagnosis of AR is broad, and includes all the pulmonary
and cardiac causes of exertional dyspnea, such as myocardial ischemia,
pulmonary edema/CHF, pulmonary embolism, and pneumonia.

Pathophysiology and Etiology

Aortic valve from a patient with aortic insufficiency. The three-dimensional trans-
esophageal echocardiogram demonstrates a tear in the right cusp (arrow). [Garcia
M, Liu Z, Rakowski H. Chapter 4. In: Vannan M, Lang RM, Rakowski H, Tajik
AlJ. Atlas of echocardiography. Philadelphia: Current Medicine; 2005. (Braunwald
E, editor. Atlas of heart diseases; vol. 16). ISBN: 1-57340-217-6, 2005-12-05]
Caption from original
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Aortic valve from a patient with aortic insufficiency. This transesophageal echocar-
diography image demonstrates a bicuspid valve with severe anterior cusp prolapse
(arrow). Ao—aorta; LA—Ileft atrium; LV—Ieft ventricle; RV—right ventricle.
[Garcia M, Liu Z, Rakowski H. Chapter 4. In: Vannan M, Lang RM, Rakowski H,
Tajik AJ. Atlas of echocardiography. Philadelphia: Current Medicine; 2005.
(Braunwald E, editor. Atlas of heart diseases; vol. 16). ISBN: 1-57340-217-6, 2005-
12-05] Caption from original

e Aortic regurgitation may result from either primary aortic valvular disease or
aortic root disease.

* Primary valve disease. There are multiple causes of primary valve disease that
may result in aortic regurgitation. The final common pathophysiologic path-
way involves some deformity/disease of the valve leaflets that prevents nor-
mal systolic opening and/or diastolic closure. Usually these processes cause
fibrosis, scarring, and hypertrophy of the valve leaflets. The causes of primary
valve disease include:

* Rheumatic valve disease, which is usually associated with concomitant
mitral valve disease.

» Congenital bicuspid aortic valve, which more commonly results in aortic
stenosis, but may also develop into aortic regurgitation.
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Bicuspid aortic valve. The origin of the coronary arteries can be appreciated in each
of the sinuses. BAV was found during autopsy of a 41-year-old male who died from
ischaemic heart disease [Sudrez-Mier MP, Morentin B, Cobo M, Castedo E, Garcia-
Pavia P. Pathology of the Heart Valves. In: Lucena JS, Garcia-Pavia P, Suarez-Mier
MP, Alonso-Pulpon LA, editors. Clinico-Pathological Atlas of Cardiovascular
Diseases [Internet]. Cham: Springer International Publishing; 2015 [cited 2016 Apr
4]. p. 171-200. Available from: http://link.springer.com/10.1007/978-3-319-11146-
9_T7] Caption from original

¢  Membranous, subaortic stenosis

¢ Infective endocarditis

e Syphilis

* Ankylosing spondylitis

e Ventricular septal defect

* Non-penetrating chest trauma

e Prior use of fenfluramine-phentermine

e Primary aortic root disease. Aortic root disease occurs with any process that
causes widening and dilatation of the aortic root. This causes separation of the
aortic valve leaflets and prevents normal opening and closing of the valve.
Aortic root disease may result from:

e Marfan’s disease

 Idiopathic

e Annuloaortic ectasia

¢ Osteogenesis imperfecta

* Severe hypertension

» Retrograde dissection of the aorta to the aortic root
e Syphilitic aortitis

* Ankylosing spondylitis


http://link.springer.com/10.1007/978-3-319-11146-9_7
http://link.springer.com/10.1007/978-3-319-11146-9_7
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* Hemodynamic consequences. When the aortic valve does not close completely
during diastole, regurgitant blood will flow back from the aorta into the left ven-
tricle. This increases the total stroke volume of the left ventricle because in addi-
tion to normal blood flow from the left atrium, regurgitant blood flow from the
aorta also fills the left ventricle during diastole. This results in an increased left
ventricular end diastolic volume (LVEDV), or increased preload. Initially, the
heart compensates for the volume increase with left ventricular (LV) dilatation
and subsequent hypertrophy, maintaining a near-normal cardiac output and
blood pressure. Eventually, however, the left ventricle can no longer dilate or
hypertrophy any further, and the end-diastolic volume continues to increase,
leading then to a decrease in stroke volume and forward flow. Initially, these
changes manifest as exertional dyspnea and fatigue, as the cardiac output can be
maintained during rest but not with exertion. These processes may take many
years to develop, and there is generally a long asymptomatic period. It may take
15-20 years for symptoms to develop. This is typical, chronic aortic
regurgitation.

* In some cases (especially with endocarditis, dissection, trauma) significant
aortic regurgitation may develop acutely. In this situation, the left ventricle
cannot handle the massive increase in LVEDV to sufficiently maintain stroke
volume, and pulmonary edema or cardiogenic shock develops quickly.

Presentation

Typical/“Classic”

e Aortic regurgitation is generally a chronic, slowly progressive disease and
may be asymptomatic for many (typically 15-20) years.

* Early complaints are somewhat nonspecific but may include:

e An unusual awareness of the heart beating, especially when lying down and
on the left side. In these positions, the left ventricle becomes closer to the
chest wall.

» Persistent sinus tachycardia.

 Palpitations with frequent ectopy. Ectopic beats may become even more
uncomfortable than usual, as there is even more LV filling during the com-
pensatory pause, so the eventual beat feels even “stronger” than usual.

* Noticing that the head “bobs” with the heart beat when sitting quietly.

e Chest pain, either exertional or nocturnal, often accompanied by severe
diaphoresis and not significantly alleviated by sublingual nitroglycerin.

* The typical presentation is one of slowly worsening exertional dyspnea, asso-
ciated with the typical diastolic murmur of aortic regurgitation. Often, the
diastolic murmur is the first manifestation appreciated on routine examina-
tion, which then leads to the diagnosis.
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Atypical
» The atypical presentation of aortic regurgitation is the acute presentation of
pulmonary edema or cardiogenic shock.
Primary Differential Considerations

* The differential diagnosis of AR is basically limited to other valve disorders,
acute coronary syndrome, very proximal aortic dissection, and infective
endocarditis.

History and Physical Exam

Findings That Confirm Diagnosis

* A consistent history and physical examination should be confirmed with a
transthoracic echocardiogram.

Transthoracic echocardiogram a parasternal long-axis view showing the dissection
flap prolapsing into the LVOT (arrow), b parasternal short axis view showing a cir-
cular dissection flap (arrow) and c colour Doppler image showing severe aortic
regurgitation (arrow). LVOT left ventricular outflow tract, LV left ventricle, LA left
atria, Ao aorta, AR aortic regurgitation [Rajesh GN, Sajeer K, Anishkumar N,
Sajeev CG, Krishnan MN. Intimo-intimal intussusception—circumferential aortic
dissection: a rare mechanism of severe acute aortic regurgitation. Journal of
Echocardiography. 2014 Sep;12(3):118-9.] Caption from original
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Factors That Suggest Diagnosis

¢ Auscultatory findings.

e Typical auscultatory findings can strongly suggest the diagnosis of aortic
regurgitation.

e The aortic closure sound (A2) may be soft or absent.

e The classic murmur of chronic aortic regurgitation is a blowing, high-
pitched, decrescendo, diastolic murmur, heard best in the third intercostal
space along the left sternal border with the patient sitting up, leaning for-
ward, at end expiration. There is little correlation between the intensity of
the murmur and the degree of regurgitation. However, as the degree of
regurgitation becomes greater, the duration of the murmur will increase
and eventually become holosystolic. The murmur is usually accentuated
by maneuvers that increase systemic vascular resistance, such as sustained
handgrip, and squatting. The murmur decreases with Valsalva maneuver.

http://www.easyauscultation.com/cases-listing-details ?caselD=124

The classic murmur of chronic aortic regurgitation. [Aortic Regurgitation
(Decrescendo Diastolic Murmur); Easy Auscultation; www.easyauscultation.com;
copyright 2014, MedEdu LLC]

Systole Diastole
A2 P2
Mitral

(T 1 —

Caused by an insufficiency of the mitral valve, the mitral regurgitation murmur is a
systolic murmur best heard over the mitral auscultation area. A2 = aortic valve clo-
sure; P2 = pulmonic valve closure; S1 = first heart sound [Bojanov G. Blood
Pressure, Heart Tones, and Diagnoses. In: laizzo PA, editor. Handbook of Cardiac
Anatomy, Physiology, and Devices [Internet]. Totowa, NJ: Humana Press; 2009
[cited 2016 Apr4]. p. 243-55. Available from: http://link.springer.com/10.1007/978-
1-60327-372-5_16] Caption from original

e There is often an associated midsystolic ejection murmur, heard best at the
base of the heart, that radiates into the carotids.

e The Austin Flint murmur is sometimes heard in severe, chronic AR. It is a
soft-pitched, rumbling, mid- to late diastolic murmur, heard best at the apex.
It is caused by turbulence from the interaction of the usual antegrade blood
flow from the left atrium and the retrograde flow from the aorta. This turbu-
lence may result in displacement of the mitral valve leaflets.

https.://www.youtube.com/watch?v=y5CcncRHI38
Video of the Austin Flint murmur.


https://www.youtube.com/watch?v=y5CcncRHl38
http://link.springer.com/10.1007/978-1-60327-372-5_16
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* Acute AR is associated with a softening of S1 due to the early closure of
the mitral valve from the acutely increased LV end-diastolic volume. Often
a soft, short, early diastolic murmur also is present.

e Many physical examination findings are associated with chronic, severe AR:

* Widened pulse pressure. AR is often associated with systolic hypertension
and a low diastolic pressure. A clue to disease progression is diastolic
blood pressure that seems to increase over time, a result of the worsening
regurgitant flow leading to increased end-diastolic volume. As the diastolic
pressure approaches the LVEDYV, they will eventually become equal and
then rise, as the diastolic pressure cannot be below the LVEDV.

* de Musset’s sign: head bobbing with the heartbeat.

e Corrigan (water hammer) pulse. The pulse is palpated with a forceful,
rapid rise, and then quickly dissipates.

https.://www.youtube.com/watch?v=0R19BOodAVI
Video demonstrating Corrigan’s pulse in aortic regurgitation.

* Quincke’s pulse (capillary pulsations). While holding pressure at the tip of
the nail, one can see pulsations of the skin at the nail bed; may also be seen
at the lips.

https.:.//www.youtube.com/watch?v=9m_ORAQDFHM
Video demonstrating Quincke’s pulse

* Traube’s sign. A “pistol-shot” sound heard over the femoral artery.
* Duroziez’s sign. A back-and-forth bruit heard over the femoral artery after
light compression with the head of the stethoscope.

Factors That Exclude Diagnosis

* A normal echocardiogram excludes aortic regurgitation.

Ancillary Studies

Laboratory

e Lab tests for patients with these nonspecific but questionably cardiac com-
plaints should include a CBC, complete metabolic panel, cardiac biomarkers,
and a B-type natriuretic peptide.


https://www.youtube.com/watch?v=9m_0RAQDFHM
https://www.youtube.com/watch?v=OR19BOodAVI
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Electrocardiography

e The ECG in chronic, severe aortic regurgitation often shows LV hypertrophy
with an associated strain pattern. This is usually seen as large-voltage QRS
complexes with ST depression and T-wave inversions in the inferolateral
leads.

61 o V2 a V3 o V5 V6

Electrocardiograph (ECG) in a patient with hypertrophic cardiomyopathy (HCM)
showing left ventricular (LV) hypertrophy and T-wave inversion [Merlo M, Cocciolo
A, Brun F, Sinagra G. Hypertrophic Cardiomyopathy: Clinical Assessment and
Differential Diagnosis. In: Pinamonti B, Sinagra G, editors. Clinical
Echocardiography and Other Imaging Techniques in Cardiomyopathies [Internet].
Cham: Springer International Publishing; 2014 [cited 2016 Apr 4]. p. 85-94.
Available from: http://link.springer.com/10.1007/978-3-319-06019-4_9] Caption
from original

Imaging

* A transthoracic echocardiogram is the diagnostic study of choice in the diag-
nosis and evaluation of aortic regurgitation. It can document the presence of
aortic regurgitation, quantify the regurgitant flow, and define the cause of aor-
tic regurgitation.

* A chest x-ray may be normal, but also may show cardiomegaly associated
with LV hypertrophy. In acute aortic regurgitation, the chest x-ray may be
consistent with pulmonary edema.


http://link.springer.com/10.1007/978-3-319-06019-4_9
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* Cardiac catheterization and angiography may be useful if all other imaging
modalities (echo, cardiac MRI) are inconclusive, as well as for preoperative
evaluation of aortic regurgitation. Before valve replacement surgery, coronary
angiography is often performed to evaluate for concurrent coronary artery
disease.

Markedly dilated aortic root as seen from the mid esophageal aortic valve long axis
view without color mapping (left panel) and with color mapping, showing central
aortic regurgitation (right panel). Ao aorta, LV left ventricle [ Lopez L, Ventura R,
Choueiter NF. Outflow Tract Anomalies. In: Wong PC, Miller-Hance WC, editors.
Transesophageal Echocardiography for Congenital Heart Disease. London:
Springer-Verlag London; 2014. p. 283-305. https://doi.org/10.1007/978-1-84800-
064-3_11] Caption from original


https://doi.org/10.1007/978-1-84800-064-3_11
https://doi.org/10.1007/978-1-84800-064-3_11
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(a) Colour flow imaging of aortic insufficiency. Diastolic flow in the left ventricular
outflow tract shown in the parasternal long axis view. The picture shows mild
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diastolic backflow from the aorta into the left ventricular outflow tract. AO aorta,
LA left atrium, LV left ventricle, RV right ventricle. (b) Flow measurement in the
aortic arch in severe aortic regurgitation. Colour Doppler shows retrograde flow in
the aortic arch which is displayed red. Pulsed Doppler shows diastolic backflow
displayed above the baseline. (c) Flow measurement in the anterior cerebral artery
in a patient with severe aortic regurgitation. Diastolic backflow caused by severe
aortic regurgitation [Deeg K-H. Cardiovascular Diseases Which Influence the Flow
in the Extracardial Arteries. In: Deeg K-H, Rupprecht T, Hofbeck M, authors.
Doppler Sonography in Infancy and Childhood [Internet]. Cham: Springer
International Publishing; 2015 [cited 2016 Apr 4]. p. 679-730. Available from:
http://link.springer.com/10.1007/978-3-319-03506-2_15] Caption from original

Special Populations
Age

e Aortic regurgitation is more common in middle-aged and older adults, espe-
cially because the latent period before the appearance of symptoms may be
two decades.

e Aortic regurgitation may be seen in children, in whom it is usually associated
with either severe aortic stenosis or a ventricular septal defect. Most cases in
children are mild and asymptomatic, and need only be followed with serial
exams and echocardiography.

Co-morbidities

e Aortic regurgitation may be diagnosed in relatively healthy patients but also
may present in the setting of numerous other cardiovascular diseases and
risks.

Pitfalls in Diagnosis

Critical Steps Not to Miss

* Consideration of the diagnosis is the first critical step. In patients with hemo-
dynamic compromise, an echocardiogram should be performed early to assess
all hemodynamic parameters and determine the need for urgent operative
intervention.


http://link.springer.com/10.1007/978-3-319-03506-2_15
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Mimics

¢ The entire constellation of diagnoses that underlies dyspnea, chest pain, and
other valvular diseases can mimic the presentation of aortic regurgitation.

Time-Dependent Interventions

* Time-dependent interventions in aortic regurgitation are necessary only when
acute aortic regurgitation is considered and cardiac and pulmonary function is
compromised. In such patients, urgent valve replacement may be a lifesaving
procedure.

 For chronic aortic regurgitation, there must be a well-planned and considered
approach to operative intervention.

Overall Principles of Treatment

e Acute aortic regurgitation.

e In acute aortic regurgitation, urgent valve replacement is indicated.
Intravenous diuretics and vasodilators (such as sodium nitroprusside) may
be helpful as a bridge to surgery.

 In acute aortic regurgitation, intra-aortic balloon counterpulsation (IABP)
is contraindicated, as it may worsen the regurgitation. Intravenous beta-
blockers are relatively contraindicated, as they may decrease cardiac out-
put even further.

¢ Chronic aortic regurgitation.

e All patients diagnosed with aortic regurgitation, even those who are
asymptomatic, must have their systolic blood pressure controlled. Aortic
regurgitation is often associated with difficult-to-control systolic hyperten-
sion due to increased stroke volume. The goal should be less than 140 mm
Hg. Most patients may benefit from vasodilator therapy with ACE inhibi-
tors, dihydropyridine calcium channel blockers, or hydralazine.

 Patients with early symptoms and mild dyspnea often also benefit from the
addition of a diuretic.

e Surgery with aortic valve replacement is indicated for all symptomatic
patients with chronic aortic regurgitation.

* The optimal time for surgery seems to be after the onset of LV dysfunction
but before the development of symptoms. It is important to remember that
patients with chronic AR do not become symptomatic until after LV dys-
function develops.
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* Appropriately timed surgery often may restore normal LV function.
However, surgery delayed for more than 1 year after the onset of LV dys-
function or symptoms often fails to restore normal LV function.

 If there are no indications for surgery, it is generally recommended that the
patient be followed up with exams and echocardiograms every 3—6 months.

 Indications for operation in the asymptomatic patient include:

* An LV ejection fraction <50 %

* An LV end-systolic dimension < 55 mm or an end-diastolic dimension
<75 mm

* A regurgitant fraction >50 %

* A regurgitant volume > 60 mL

Disease Course

* Patients with AR may remain asymptomatic for decades, but many patients
eventually require valve replacement surgery.

e Overall operative mortal