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Perspective: Coronary artery disease

* Leading cause of mortality worldwide
By 2020, will be firstin the leading causes of disability

* Death rates declining for the past three decadesin the
west, these rates are rising in India.

* The prevalence of CAD hasincreased from 1.1% to
7.5% in the urban populationand from 2.1% to 3.7% in

the rural population

 CAD tendsto occur at a younger age in Indians, with
more extensive angiographic involvement contributed
genetic, metabolic, conventional and nonconventional

risk factors

Sharma R, Bhairappa§, PrasadS R, Manjunath CN. Clinical characteristics, angiographic profile and in hospital mortalityin acute coronary syndrome patients in south indian

population . Heart India 2014;2:65-9



Biology of Atherosclerosis

Vascular Endothelial Cell

Braunwald’s Heart Disease- 9e



Universal definition of myocardial
infarction

e Acute myocardialinfarction (Ml) defines cardiomyocyte necrosis in
a clinical setting consistent with acute myocardialischaemia

A combination of criteriais required to meet the diagnosis of acute
MI, namely the detection of an increase and/or decrease of a
cardiac biomarker, preferably high-sensitivity cardiac troponin, with
at least one value above the 99th percentile of the upper reference
limit and at least one of the following:

(1) Symptoms of ischaemia.

(2) New or presumed new significant ST-T wave changes or left bundle
branch block on 12-lead ECG.

(3) Development of pathological Q waves on ECG.

(4) Imaging evidence of new or presumed new loss of viable
myocardium or regional wall motion abnormality.

(5) Intracoronary thrombus detected on angiography or autopsy.

Thygesen, Kristian, et al. "Third universal definition of myocardial infarction." Journal of the American College of Cardiology 60.16 (2012): 1581-1598.



Types of M

Spontaneous myocardial infarction related to atherosclerotic plaque rupture, ulceration, fissuring, erosion, or dissection with resulting intraluminal thrombus in
one or more of the coronary arteries leading to decreased myocardial blood flow or distal platelet emboli with ensuing myocyte necrosis. The patient may have
underlying severe CAD but on occasion non-obstructive or no CAD.

Type 2: Myocardial infarction secondary to an ischaemic imbalance

In instances of myocardial injury with necrosis where a condition other than CAD contributes to an imbalance between myocardial oxygen supply and/or
demand, e.g. coronary endothelial dysfunction, coronary artery spasm, coronary embolism, tachy-/brady-arrhythmias, anaemia, respiratory failure, hypotension,
and hypertension with or without LVH.

Type 3: Myocardial infarction resulting in death when biomarker values are unavailable

Cardiac death with symptoms suggestive of myocardial ischaemia and presumed new ischaemic ECG changes or new LBBB, but death occurring before blood
samples could be obtained, before cardiac biomarker could rise, or in rare cases cardiac biomarkers were not collected.

Type 4a: Myocardial infarction related to percutaneous coronary intervention (PCI)

Myocardial infarction associated with PCl is arbitrarily defined by elevation of cTn values >5 x 99 percentile URL in patients with normal baseline values (<99
percentile URL) or a rise of cTn values >20% if the baseline values are elevated and are stable or falling. In addition, either (i) symptoms suggestive of myocardial
ischaemia, or (i) new ischaemic ECG changes or new LBBB, or (iii) angiographic loss of patency of a major coronary artery or a side branch or persistent slow-
or no-flow or embalization, or (iv) imaging demonstration of new loss of viable myocardium or new regional wall motion abnormality are required.

Type 4b: Myocardial infarction related to stent thrombosis

Myocardial infarction associated with stent thrombosis is detected by coronary angiography or autopsy in the setting of myocardial ischaemia and with a rise and/
or fall of cardiac biomarkers values with at least one value above the 99* percentile URL.

Type 5: Myocardial infarction related to coronary artery bypass grafting (CABG)

Myocardial infarction associated with CABG is arbitrarily defined by elevation of cardiac biomarker values >10 x 99 percentile URL in patients with normal
baseline cTn values (<99 percentile URL). In addition, either (i) new pathological Q waves or new LBBB, or (i) angiographic documented new graft or new
native coronary artery occlusion, er (iii) imaging evidence of new loss of viable myocardium or new regional wall metion abnormality.
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Clotting Cascade

Coagulation Cascade Platelet Cascade
Prothrombin = Thrombin EP| ADP Thranbio

PAF Collagen
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ADP = adenosine diphosphate; EPIl = epinephrine; PAF = platelet-activating factor;
5HT = 5-hydroxytryptamine; TXA,=thromboxane A,; GP = glycoprotein

@ Thrombosis h&art., Medscape
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Plaque with
fibrous cap

Cap
ruptures

Blood clot forms
around the rupture.
blocking the artery

The ruptured Plague= ACS
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FIGURE 54-3 Schematic representation of the progression of myocardial necrosis after coronary artery occlusion.
Mecrosis begins in a small zone of the myocardium beneath the endocardial surface in the center of the ischemic
zone. This entire region of myocardium (dashed outline) depends on the occluded wessel for perfusion and is the
area at risk. A narrow zone of myocardium immediately beneath the endocardiumm is spared from necrosis because
it can be oxygenated by diffusion from the ventricle. (From Schoen Bl The heart. in Kumar V, Abbas AK, Fausto N, Aster
J [eds]: Robbins and Cotran Pathologic Basis of Disease. 8th ed. Philadelphia, WE Saunders, 2010, pp 529-587)



TABLE 53-1

Clinical Features

Common Causes of Acute Chest Pain

SYSTEM
Cardiac

Wascular

Pulrmonary

Gastrointestinal

Musculoskeletal

Infectious

Psychological

SYNDROME

Angina

Rest or unstable angina
Acute myocardial infarction
Pericarditis

Aortic dissection

Pulmonary embolisrm

Pulmonary hypertension

Pleuritis and/or pneumonia

Tracheobronchitis
Spontaneocus pneurmothorax

Esophageal reflux

Peptic ulcer
Gallbladder disease

Pancreatitis

Costochondritis

Cervical disc disease
Trauma or strain

Herpes zoster

Panic disorder

CLINICAL DESCRIPTION

Retrosternal chest pressure, burning, or
heaviness; radiating occasionally to neck, jaw,
epigastrium, shoulders, left arm

Same as angina, but may be more severe

Same as angina, but may be mare severe

Sharp, pleuritic pain aggravated by changes in
position; highly variable duration

Excruciating, ripping pain of sudden onset in
anterior of chest, often radiating to back

Sudden onset of dyspnea and pain, usually
pleuritic with pulmonary infarction

Substernal chest pressure, exacerbated by
exertion

Pleuritic pain, usually brief, over imolved area

Burning discomfort in midline
Sudden onset of unilateral pleuritic pain, with
dyspnea

Burning substernal and epigastric discomfort,
10-60 min in duration

Prolonged epigastric or substernal burning

Prolonged epigastric or right upper quadrant
pain

Prolonged, intense epigastric and substernal pain

Sudden onset of intense flesting pain

Sudden onset of fleeting pain
Constant pain

Prolonged burning pain in dermatomal
distribution

Chest tightness or aching, often accompanied by
dyspnea and lasting 30 minutes or maore,
unrelated to exertion or movement

KEY DISTINGUISHING FEATURES

Precipitated by exerdse, cold weather, or emotional
stress; duration 2-10 min

Typicalty <20 min; lower tolerance for exertion;
crescendo pattern

Sudden onset, usually lasting =30 min; often associated
with shortness of breath, weakness, nausea, vomiting

Pericardial friction rub

Marked severity of unrelenting pain; usually ocours in
setting of hypertension or underlying connective
tissue disorder such as Marfan syndrome

Dyspnea, tachypnea, tachycardia, signs of right heart
failure

Pain associated with dyspnea and signs of pulmonary
hypertension

Pain pleuritic and lateral to midling, associated with
dyspnea

Midline location, associated with coughing

Abrupt onset of dyspnea and pain

Aggravated by large meal and postprandial
recumbency; relieved by antacid

Relieved by antacid or food

Unprovoked or following rmeal

Risk factors including alcohol, hypertriglyceridernia,
medications

May be reproduced by pressure over affected joint;
occasionally, swelling and inflasmmation owver
costochondral joint

May be reproduced with movement of neck

Reproduced by palpation or movement of chest wall
or arms

Vesicular rash, dermatomal distribution

Patient may have other evidence of emotional disorder




History

* Characterize symptoms

— Typical angina

e Substernal chest
discomfort of characteristic
quality and duration

— Pressure, squeezing,
radiation, diaphoresis,
nausea

* Provoked by emotional
stress or exertion

 Reduced with rest,
nitroglycerine

— Atypical angina
e 2 or fewer of above

— Non-cardiac chest pain
e 1 orfewer of above

P - Palliative/provocative
factors

Q - Quality of discomfort
R - Radiation

S — Symptoms associated
with discomfort

T - Timing



Physical Exam

* Measurement of vital * Increased risk with:
signs — Hypotension
— Blood pressure — Tachycardia
— Pulse — Pulmonary
— Pulse oximetry rales/pulmonary edema
— Temperature — New murmUrS/heart

sounds
* Focused assessment o ,
Cardi | — Diminished peripheral

— Cardiovascular system oulses

— Respiratory system
— Mental status



Clinical Data

ECG
e 12-lead ECG should be

b obtained WITHIN 10
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— Left bundle branch
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n . 12 - lead ECG within 10 minutes

Braunwald E, et al. 2002



TABLE 53-3 Likelihood That Signs and Symptoms Represent an Acute Coronary Syndrome

FEATURE HIGH LIKELIHOOD

ANY OF THE FOLLOWING

History « Chest or left arm pain or discomfort as chief
symptom reproducing documented angina
prior

« Known history of coronary artery disease,
including ki

Examination « Transient ritral requrgitation murmmur,
hypaotension, diaphoresis, pulmonary edema,

ar rales

Electrocardiogram » Mew, or presumably new, transient
5T-segment deviation (0.1 mv) or T wave
imversion (=0.2 mV) in multiple precordial
leads

Cardiac markers « Hlevated cardiac Tnl, TnT, or CE-MB

INTERMEDIATE LIKELIHOOD

ABSENCE OF HIGH-LIKELIHOOD
FEATURES AND PRESENCE OF ANY
OF THE FOLLOWING

« (hest or left arm pain or discomfort

as chief symptom

« Age= 70yr
« Male sex
« Diabetes mellitus

« Extracardiac vascular disease

« Fived () waves
«» 5T-segment depression 0.05-0.1 m\

or T wawve inversion = 0.1 mV

« Momal

LOW LIKELIHOOD

ABSENCE OF HIGH- OR
INTERMEDIATE-LIKELIHOOD
FEATURES, BUT MAY HAVE ANY OF
THE FOLLOWING

- Probable ischemic symptoms in
absence of any of the intermediate-
likelihood characteristics

= Recent cocaine use

« Chest discomfort reproduced by
palpation

« T wave flattening or inversion <
0.1 mY in leads with dominant R
Waves

« Mormal BCG

« Mormal




Unstable Angina

Occurs at rest and prolonged, usually lasting >20
minutes

New onset angina that limits activity

Increasing angina: Pain that occurs more frequently,
lasts longer periods or is increasingly limiting the
patients activity

No myocardial death

May present with nonspecific or transient ST segment
depressions or elevations

Normal cardiac enzymes



STEMI vs. NSTEMI
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STEMI vs. NSTEMI

STEMI

Total occlusion of vessel

Cardiac enzymes positive

Complications more
Pharmacotherapy same
Early reperfusion

Short term mortality higher

NSTEMI

Subtotal / endocardial
involvement of vessels

Cardiac enzymes positive

Complications less than
STEMI

Pharmacotherapy same
Thrombolysis harmful

Short term mortality lower



Diagnosis

ECG
Cardiac Biomarkers

Imaging: 2D-Echo (POC)

Triple rule out: CT
Coronary artery disease
Pulmonary Embolism
Aortic Dissection



ST Elevation

— >0.ImV or 2mm

— Present in 2 or more
contiguous leads

— ECG change most
diagnostic of acute Ml

— Increased mortality with
increased number of
involved leads

ECG

ECG Signs of M.I.

Normal

ST Segment Elevation
Acute Injury

: T Wave Inversion
‘ Ischemia

, Pathological Q Wave
Ppm————— Necrosis



ECG: Localization

Localizing Ml

Location of Lead with  Affected
Mi ST changes coronary
artery

Anterior  VA1,V2,V3, LAD
V4 |

Septum V1, V2 f LAD

Look at ST changes, Q wave in all leads. Grouping
the leads into anatomical Iocation, we ve 7this:

bftkteral  [laViaVE  |Left
V6 circumflex
inferior I, I, aVF  RCA

'RCA

*Posterior  Posterior }RCA
chest leads

*Right Right sided RCA
ventricle leads |

Right atrium aVR, V1




NSTEMI
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Car

iac Biomarkers

PO Clinical
Marker Advantages Disadvamages test? Comment recomimendation
Cardiac I, Powerful ool for risk I. Low sensitivity in very early Yes Drata on diagnostic Useful as a single test for
troponing stratification phase of M1 (<t h afier performance and efficiently diagnosing
2, Gireater sensitivity and symptom onset) and requires poiential therapeutic NETEMI (including minor
specificity than CR-MB repeated measurement at implications increas- myocardial damage), with
3. Detection of recent MI fto 12 h,if resulis ane ingly available from serial measurements
up o 2 wk after onset negative climical trials Clinicians should familiarize
4, Useful for selection of 2. Limited ability to detect themselves with diagnostic
therapy late minor reinfarction “eutoffs™ used in their local
A, Detection of reperfusion hospital laboratory
CK-MBE 1. Rapid, cost-cfficient, I. Loss of specificity in seiting Y5 Familiar to most Previous standard
aocurate assays of skeletal muscle discase or clinicians and still aceeptable
2. Ability to detect early injury, including surgery diggnostic test in
reinfarction 2. Low sensitivity during very mnst clinical
carly M1 (<6 h after symptom circumstances
onscth or later after symptom
onset (=36 h) and for minor
mivocardial damage (detectable
with troponins)
Myozlobin I. High sensitvity 1. Verv low specificity in setting Yes More convenient early

. Usetul in garly detection

of Ml

. Detection of reperfusion
. Most wsetul in ruling

out Ml

of skeletal muscle njury or
discuse

2. Kapid return to normal range

limits sensitivity for later
presentations

marker than CK-MB
isoforms because of
greater wyailabiliny of
nssnys for myoglobin:
rapid-release kinetics
muke myoglobin
useful for noninvasive
monitoring of
reperfusion in patients
with established M

ACS = geute coronary syndrome; CE-MB = muscle und brain fraction of creatine kinese; ECG = electrocardiozruphy; Ml = myocardial infarction; NSTEMI =

non—5T-segment elevation M1, POC = point-of-cane.

From J Am Coll Candiod,



Multiples of the ULN

20

10

Cardiac Biomarkers

Myoglobin and
CK isoforms

Troponin
(large MI)

1L/
7/

\ Troponin

(small M)

Q. g 10% CV/99th percentile

0 1 2 3 4 5 6 7 8 9
Time after onset of AMI (d)

Mayo Clinic Cardiology: Concise Textbook, 3rd ed



High sensitivity troponin assays

Pain >6h Pain <6h

Re-test hs-cThn: 3h

1
r Ei 5
hs-cTn no change A change? 25
' J = B hs-cTn no change
v l [ {1 value >ULN) J | 2
5B v
Painfree, GRACE <140, 21 Z
> E Work-up differential
differential diagnoses excluded = 5
%"’i + diagnoses

l

GRACE = Global Registry of Acute Coronary Events score; hs-cTn = high sensitivity cardiac tropenin; LM = upper limit of normal, 9%th percentile of healthy controls.
*A change, dependent on assay. Highly abnormal hsTn defines values beyond 5-fold the upper limit of nosmal.

|




Sites of Occlusion with Zone of
Necrosis

Left circumflex branch

Left anterior
descending branch

Right coronary
artery

Posterior

RCA (PDA)

LCX

LAD
Anterior
Permanent
occlusion of
right coronary N, ;
artery (or its
posterior
descending
) branch)
Location of Permanent Permanent
zones of occlusion of occlusion of
necrosis left anterior left circumfiex
following descending branch
occlusion of branch
major epicardial
coronary arteries




Time is Muscle!

Reversible Irreversible

injury injury
\/‘ @JHECFDEE
Area at risk Area at risk Area at risk
Occlusion 20 mins. &0 mins.
] 11 11
Reperfusion l l l l
= Stunning . . = Necrosis extends .
Aesults 1, praconditioning “E:ﬂbrg‘ﬁimam'ﬂ' into midmyocardium, iﬁ;ﬂﬁﬁ“’”m'
+ No necrosis subepicardium




Management

Approach

Risk Stratification
STEMI
NSTEMI/UA

Pharmacotherapy



Evaluation of Chest Pain

Working
Diagnosis

Acute Coronary Syndrome

Chest Pain

Persistent ST ST/T Normal or
Elevation Abnormalities Undetermined ECG

Troponin Troponin

Biochemistry Rise/Fall Normal

Diagnosis

a Acute Coronary

the
SYNDROMES Hamm CW, et al.[81 Republished with permission. ,I,:!wem,a't-org Mﬂ?ﬁ%



Routine Measures

Drug
Oxygen

Nitroglycerin

Morphine

Aspirin

B-Blockers

Dosing:

Comment:

Dosing:

Comment:

Dosing:

Comment:

Dosing:

Comment:

Dosing:

Comment:

Dosing Regimen and Comments

0, by nasal prongs or face mask to maintain
Sa0, 294%

0, therapy should be usad cautiously because it
promotes coronary vasoconstriction and generates
toxic O, metabolites.

For chest pain, 0.4 mg SL or by mouth spray,
and repeat every 5 min x 2 if needed. For re-
current pain, CHF, or high BR, Infuse at 5 ug/min
and Increase by 5-10 ug/min every 5 min to
desired effect or to dose rate of 200 ug/min.

Avoid In patients with RV infarction and for 24 hr
following R, for erectile dysfunction.

2-4 mg IV with increments of 2-8 mg IV

every 5-15 min as needed.

Morphine-induced respiratory deprassion Is
uncommon in acute coronary syndromes.
162-325 mg (chewable form) initially, then
75-162 mg (enteric-coated tablets) dally.

Initial dose should be chewed to enhance
buccal absorption.

Atenolol: 10 mg IV, then 100 mg PO dally, or
Metoprolol: 5 mg IV every 5 min for 3 doses,
then 50 mg PO q 6 h for 48 hr, then 100 mg PO BID.

Do NOT use in cocaine-induced chest pain or MI.

The ICU Book- 4e



Risk Stratification- ACS

ACS Risk Model

Global Registry of Acute Coronary Events

At Admission (in-hospital/to 6 months) At Discharge (to 6 months)

__|Cardiac arrest at admission

Age 60-69 B
V| ST-segment deviation
HR 70-89 v '
V! Elevated cardiac enzymes/markers
SBP 160-199 - i
Probability of Death Death or MI
Creat. 2.0-3.99 v In-hospital 2% 17%
To 6 months 7% 31%
CHF I (no CHF) N
SI Units Reset Display Score

Tang, Eng Wei, Cheuk-Kit Wong, and Peter Herbison. "Global Registry of Acute Coronary Events (GRAC) Ehospital discharge risk score accurately predicts long-term mortality
post acute coronary syndrome." American heart journal 153.1 (2007): 29-35.



TIMI Risk Score
Predictor of adverse outcomes in those presenting
with ACS (NSTEMI/UA)

v

i Age > 65 60 Points
. . 1) Age > 65 1
* Morethan 3 cardiac risk factors  gq | 2>3capRisk Factors 1
3) Known C,_C\D (stenosis >50%) 1
* Prior angiographic coronary . 5 Recsnt (2t} everkmnion: 1 SHE
obstruction S o iy 1
.. -| RISK SCORE = Total Points 0-7) 26.2
* ST segment deviation H dnd
* Morethan 2 angina events within 20 - 13.2
the previous 24 hours 10 47 i
* Use of aspirin within previous 7 o | Il
days o1 2 3 4 5 67
e Elevated cardiac markers Antman et al JAMA 2000; 284:835 Risk Score

Antman, Elliott M., et al. "The TIMI risk score for unstable angina/non-ST elevation MI: a method for prognostication and therapeutic decision making." Jama 284.7 (2000):
835-842.



TIMI Risk Score
Predictor of adverse outcomes in those presenting
with ACS (STEMI)

1. Age 6574/ = 7o yr 2/3 points
2. Systolic blood pressure < 100 mm Hg 3 points
= 40 — 3. Heart rate = 100 bpm 2 points
o 4. Killip 1I-1V 2 points 5.9
tn 39 | 5. Anterior STE or LEBB 1 point
E 30 — 6. Diabetes, hio HTN, or hio angina 1 point
- 7. Weight < 67 kg 1 point 26.8
8 29 7 &. Time to treatment > 4 hr 1 point 23.4
= 20 =
< Risk score 0—14 possible points ~ 16.1
£ 15 12.4
—
< 10— 7.3
- 4.4
% i 16 2.2 ' l
S Lot o wn M
Risk score 0 1 2 3 5 6 7 8 > 8
Atnsk (%) 12% 22% 16% 16% 14% 9% 6% 3% 2% 1%

Morrow, David A., et al. "TIMI risk score for ST-elevation myocardial infarction: a convenient, bedside, clinical score for risk assessment at presentation an intravenous nPA
for treatment of infarcting myocardium early Il trial substudy." Circulation 102.17 (2000): 2031-2037.



STEMI- Reperfusion Therapy
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Assessment of Reperfusion Options for
TABLES5%  STEMI Patients

Step 1:[Assess time and risk.]

- Time since onset of symptoms

- Risk of STEMI

- Risk of fibrinolysis

« Time required for transport to a skilled PCI laboratory

Step 2:Determine if Abrinolysis or invasive strategy is preferred. |
« If presentation is <3 hr and there is no delay to an imasive strategy, there is no
preference for either strategy.

Fibrinolysis is generally preferred if:
+ Early presentation (<3 hr from symptom onset and delay to invasive
strategy; see below)
- Invasive strategy is not an option:
- (Catheterization laboratory occupied or not available
« Vascular access difficulties
- Lack of access to a skilled PCl laboratory®'
- Delay to invasive strategy:
= Prolonged transport
- (Door-to-balloon)—(door-to-needle) more than 1 hr'®
- Medical contact-to-balloon or door-to-balloon more than 90 min

MORTALITY AECLUCTION (%)

100+

N Shifts in potential outcomes An invasive strategy is generally preferred if:
CR L w":i";'m;:zt::?m'egm + Skilled PCI laboratory is available with surgical backup
oo H‘.I AtoC  Beneit . Skille_d PCl laboratory is available, defined by" _

\G DicE  Hem + Medical contact-to-balloon or door-to-balloon less than 90 min
40 DtoC Ham « (Door-to-balloon)-(door-to-needle) less than 1 hr'
L + High risk from STEMI
e B A . Cardiogenic shock
”‘ﬂaglel mas e ... - Killip class > 3
b i} i s e e iy - Contraindications to fibrinclysis, including increased risk of bleeding

TIME FROM SYMPTOM ONSET TO
REPERFUSION THERAFPY (hr)

M Critical ime-dependent period

Goal: Myocardial salvage
O Time-independent pericd

Goal: Open infarct-related arery

and ICH
- Late presentation

+ Symptom onset was more than 3 hr ago
- Diagnosis of STEMI is in doubt

Each 30-minute delay from symptom onset increases relative risk of 1 year-mortality by 8%



STEMI- System of Care

O Patient H Transport B In hospital E Reperfusion

Onset Patient

Drug Flow
Current of MI response Door Data Decision started restored

Cath PCI

Primary PCI

Goal

!

Bolus lytics
Dedicated PCI team

Media campaign

_ _ Methods of speeding
Patient education

ECG ¢ time to reperfusion

Greater use of 911 MI protocol
Prehospital Rx Crtical pathway

Quality improvement
program




Contraindications to Fibrinolysis

Absolute
Any prior ICH

Known structural cerebral vascularlesion
(eg, arteriovenous malformation)

Known malignantintracranial neoplasm
(primary or metastatic)

Ischemic stroke within 3 mo EXCEPT acute
ischemic stroke within 4.5 h

Suspected aortic dissection

Active bleedingor bleeding diathesis
(excluding menses)

Significant closed-head or facial trauma
within 3 mo

Intracranial or intraspinal surgery within 2
mo

Severe uncontrolled hypertension
(unresponsiveto emergency therapy)

For streptokinase, prior treatment within
the previous 6 mo

Relative

History of chronic, severe, poorly
controlled hypertension

Significant hypertension on presentation
(SBP 180 mm Hg or DBP 110 mm Hg)

History of prior ischemic stroke 3 mo
Dementia

Known intracranial pathology not covered
in absolute contraindications

Traumaticor prolonged (10 min) CPR
Major surgery (3 wk)

Recent (within 2 to 4 wk) internal bleeding
Noncompressible vascular punctures
Pregnancy

Active peptic ulcer

Oral anticoagulanttherapy

O’Gara et al 2013 ACCF/AHA STEMI Guideline



Reperfusion Strategies

TABLE 55-6 Comparison of Approved Fibrinolytic Agents

PARAMETER STREPTOKINASE ALTEPLASE
Dose 1.5 MU in 30-60 min Up to 100 rmg in 90 min 10 U = 2 (30 min apart) 30-50 mg based on weight
(based on weight) each over 2 min
Bolus administration No No Yes Yes
Antigenic
Allergic reactions (hypotension Yes Ma Mo Ma
most commmcn)
Systermnic fibrinogen depletion Marked Mild Moderate Minimal
90-min patency rates (%) =50 =75 =75 =751
TIMI grade 3 flow ([36) 32 54 &0 63

TABLE 56G-7 ACC/AHA Appropriateness Ratings for Type of Revascularization

CABG PCl
MO DIABETES AND MO DIABETES AND
NORMAL LVEF DIABETES DEPRESSED LVEF MNORMAL LVEF DIABETES DEPRESSED LVEF

Two-vessel coronary artery disease with A A A A A A

proximal LALD stenosis
Threevesse] coronary artery disease A A A U U U
Isclated left main stenosis A A A, I I I
Left main stenosis and additional coronary A A A I I I

artery disease

A = appropriate; | = inappropriate; U = uncertain; CABG = coronary artery bypass graft; LAD = left anterior descending coronary artery; LVEF = left ventricular ejection fraction; PCl =

pERCUtanenus Connany intervention



Table 3. Adjunctive Antithrombotic Therapy to Support Reperfusion With Primary PCI

LOE

Antiplatelet therapy

Aspirin

« 162- f0 325-mg load before procedure

» 81- to 325-mg daily maintenance dose (indefinite)*

« 81 mq daily is the preferred maintenance dose™

P2Y,., inhibitors

Loading doses

» Clopidogrel: 600 mg as early as possible or at time of PCI

« Prasugrel: 60 mqg as early as possible or at time of FCI

» Ticagrelor: 180 mqg as early as possible or at time of PCI

Maintenance doses and duration of therapy

DES placed: Continue therapy for 1 y with:

» Clopidogrel: ¥5 mag daily

» Prasugrel: 10 mqg daily

« Ticagrelor: 90 mg twice a day”

BMSt placed: Continue therapy for 1 y with:

» Clopidogrel: ¥5 mag daily

« Prasugrel: 10 mqg daily

» Ticagrelor: 90 mg twice a day”™

DES placed

« Clopidogrel, prasugrel, or ticagrelor* continued beyond 1 y

» Patients with STEMI with prior stroke or TIA: prasugrel

IV GP lib/lla receptor antagonists in conjunction with UFH or bivalirudin in selected patients

]

« Abciximab: 0.25-mg/kg NV bolus, then 0.125 meg/kg/min (maximum 10 mca/min)

» Tirofiban: (high-bolus dose): 25-mcg/kg IV bolus, then 0.15 meg/kg/min

« In patients with CrCl <30 mL/min, reduce infusion by 50%

« Eptifibatide: (double bolus): 180-mcgkg IV bolus, then 2 meo/kg/min; a second 130-mco/kg bolus is
administered 10 min after the first bolus

« In patients with CrCl =50 mL/min, reduce infusion by 50%

« Avoid in patients on hemodialysis

« Pre—catheterization laboratory administration of IV GP lib/lla receptor antagonist

« Infracoronary abciximab 0.25-mo/kg bolus

Anticoagulant therapy

« UFH:

« With GP lIb/lla receptor antagonist planned: 50- o 70-Uko IV bolus to achieve therapeutic ACTH

« With no GP llb/lla receptor amtagonist planned: 70- to 100-Uskg belus fo achieve therapeutic ACTS

« Bivalirudin: 0.75-mg/kg IV bolus, then 1.75-ma/kg/h infusion with or without prior freatment with UFH. An

additional bolus of 0.3 ma/kg may be given if needed.
« Reduce infusion to 1 mo/kg'h with estimated CrCl <230 mL'min

« Preferred over UFH with GP IbAlla receptor antagonist in patients at high risk of bleeding

« Fondaparinux: not recommended as sole anticoagulant for primary PCI

) ) _



Table 7. Adjunctive Antithrombotic Therapy to Support Reperfusion With Fibrinolytic Therapy

COR LOE

Antiplatelet therapy

Aspirin
« 162- to 325-mg loading dose
« 81- fo 325-my daily maintenance dose (indefinite)
« 31 mg daily is the preferred maintenance dose
P2Y,, receptor inhibitors
« Clopidogrel:

« Age =75 y: 300-mg loading dose

« Followed by 75 mg daily for at least 14 d and up to 1 vy in absence of bieeding

C(upto1y)

« Age =75 y: no loading dose, give 75 mQ
« Followed by 75 mg daily for at least 14 d and wp to 1 y in absence of bleeding

Clupto1y)

Anticoagulant therapy

+ UFH:

« Weight-based [V bolus and infusion adjusted to obtain aPTT of 1.5 to 2.0 times conirol for
48 h or until revascularization. IV bolus of 60 UWkg (maximum 4000 U) followed by an
infusion of 12 Wka'h (maximum 1000 U) initially, adjusted to maintain aPTT at 1.5 t0 2.0
fimes control (approximately 50 to 70 ) for 48 h or until revascularization

« Enoxaparin:
« [f age =75 y: 30-mg IV bolus, followed in 15 min by 1 ma/kg subcutaneously every 12 h
{maximum 100 myg for the first 2 doses)
« [f age =75 y: no bolus, 0.75 mokg subcutaneously every 12 h (maximum 72 mg for the
first 2 doses)
« Aegardless of age, if CrCl <30 mL‘min: 1 mg/kg subcutaneously every 24 h
« Duration: For the index hospitalization, up fo 8 d or until revascularization
« Fondaparinu:
« Initial dose 2.5 mg IV, then 2.5 mg subcutaneously daily starting the following day, for
the index hospitalization up 0 8 d or until revascularization
« Contraindicated if CrCl <30 mL/min




Pharmacoinvasive therapy

Table 9. Indications for Coronary Angiography in Patients
Who Were Managed With Fibrinolytic Therapy or Who Did Not
Receive Reperfusion Therapy

COR  LOE References

Cardiogenic shock or acute severe HF that
develops after initial presentation
Intermediate- or high-risk findings on
predischarge noninvasive ischemia testing
Spontaneous or easily provoked myocardial
ischemia

Failed reperfusion or reocclusion after
fibrinolytic therapy

Stable* patients after successful fibrinolysis,  lla

before discharge and ideally between 3 and
24 h

*Although individual circumstances will vary, clinical stability is defined by
the absence of low output, hypotension, persistent tachycardia, apparent
shock, high-grade venfricular or symptomatic supraventricular tachyarrhyth-
mias, and spontaneous recurrent ischemia.

(232,233)

(346,355-357)

(358-363,374)

Table 10. Indications for PCI of an Infarct Artery in Patients Who Were Managed With Fibrinolytic Therapy or Who Did Not Beceive
Reperfusion Therapy

COR LOE References
Cardiogenic shock or acute severe HF (354)
Intermediate- or high-risk findings on predischarge noninvasive ischemia testing (232,233)
Spontaneous or easily provoked myocardial ischemia WA
Patients with evidence of failed reperfusion or reocclusion after fibrinolytic therapy (as soon as possible) (344-347)
Siable* patients after successful fibrinalysis, ideally between 3 and 24 h lla (358-363)
Stable* patients =24 h after successful fibrinolysis 1] (213,232,233,366,374-378)
Delayed PCI of a totally occluded infarct artery =24 h after STEMI in stable patients (213,376)

*Although individual circumstances will vary, clinical stability is defined by the absence of low output, hypotension, persistent tachycardia. apparent shock,
high-grade ventricular or symptomatic supravemiricular tachyarrhythmias, and spontaneous recurment ischemia.



Table 11.  Adjunctive Antithrombotic Therapy to Support PCI After Fibrinolytic Therapy

References
Antiplatelet therapy
Aspirin
« 162- t0 325-myg loading dose given with fibrinolytic agent (before PCI). (Secfion (308,330,331)
5.1.4.1 and Table 7)
« B1- to 325-mg daily maintenance dose after PCl (indefinite) (253,254 257 250,
330,331)
« 81 mg daily is the preferred daily maintenance dose (253,250,263, 264)
P2Y, . receptor inhibitors
Loading doses
For patients who received a loading dose of clopidogrel with fibrinolytic therapy:
« Continue clopidogrel 75 mg daily without an additional loading dose (260,262,330,331)
For patients who have not received a loading dose of clopidogrel:
« [f PCl is performed =24 h after fibrinolytic therapy: clopidogrel 300-mg loading MAA
dose before or at the time of PCI
« [f PCl is performed =24 h after fibrinolytic therapy: clopidogrel 600-mg loading M/A
dose before or at the time of PCI
« [f PCl is performed =24 h after treatment with a fibrin-specific agent or =48 h (260,262)
after a non—fibrin-specific agent: prasugrel 80 mg at the time of PCI
For patients with prior stroke/TI: prasugrel (260)
Maintenance doses and duration of therapy
DES placed: Continue therapy for at feast 1 y with:
« Clopidogrel: 75 mg daily (260,262,330,331)
« Prasugrel: 10 mg daily (260,262)
EMS* placed: Continue therapy for at least 30 d and up fo 1 y with:
« Clopidogrel: 73 mg daily (330,331)
« Prasugrel: 10 mg daily (260,262)
Anticoagulant therapy
« Continuwe UFH through PCl, administering additional IV boluses as needed to M/A
maintain therapeutic ACT depending on use of GP lIb/lla receptor antagonistt
« Continue enoxaparin through PCL: (332,390)
« No additional drug if last dose was within previous 8 h
« 0.3-makg IV bolus if last dose was & to 12 h earier
« Fondaparinux: (304)

« As sole anticoagulant for PCI

*Balloon angioplasty without stent placement may be used in selected patients. It might be reasonable to provide P2Y,. inhibitor therapy fo patients with STEMI

undergoing balloon angioplasty after fibrinolysis alone according to the recommendations listed for BMS. (Level of Evidence: ©)



ACCF/AHA Recommendations for Initial
Management of UA/NSTEMI

Diagnosis of UA/NSTEMI is Likely or Definite
ASA (Class 1)

Select Management Strategy

Initial Conservative Strategy or Unknown Invasive Strategy

Initiate Anticoagulant Therapy (Class I) Initiate Anticoagulant Therapy (Class I)
Acceptable options include: Acceptable options include:

*  Enoxaparin or UFH (class I) *  Enoxaparin or UFH (class I)

*  Fondaparinux (class I) *  Bivalirudin (class I)

*  Enoxaparin or fondaparinux preferred over UFH (class |) *  Fondaparinux (class I)

Precatheterization: Add Second Antiplatelet Agent (Class I)
* Clopidogrel or ticagrelor (classl)
eGP IIb/llla inhibitor (class 1)

(IV eptifibatide or tirofiban preferred)

Next Step Per Triage Decision at Angiography

PCI: Class I: . . s Medical Therapy: D/C GP
CABG * Clopidogrel or ticagrelor (if not begun precatheterization) or llb/1lla inhibitors if begun and

Maintenance ASA * Prasugrel or : - 2
(Class1) * Selectively, a GP IIb/llla inhibitor (if not begun give clopidogrel or ticagrelor
per conservative strategy

precatheterization)

a Acute Coronary Jneid H, et al.l] !féartmg Medscape

SYNDROMES EDUCATION

Initiate Clopidogrel or Ticagrelor (Class 1)




Pathophysiology of Atherothrombosis and Its Treatment

Plaque disruption

¥

Tissue factor

1 y

Collagen | «<——>| VWF

: |

Platelet adhesion and secretion

Anticoagulants X Aspirin |—p)Y COX-1

v

Thrombin |——2——

?

TXA, ADP

l 14_ Ticagrelor

Ticlopidine
Clopidogrel
Prasugrel

Platelet recruitment and activation

Vorapaxar

¥

GP lIb/llla activation

Abciximab

Eptifibatide

*4

Platelet aggregation

Tirofiban

héart., Medscape

EDUCATION



Antiplatelets
. Aspirin Inclicaiecd for all ACS Paiienis
— 160-325mg chewed and swallowed/soluble
— Irreversible blockage of platelet aggregation
— Plague stabilization and arrest of thrombus formation
— Indicated for full spectrum of ACS’
— 23% reduction in mortality for patients with STEMI

Braunwald E, et al. 2002. http://www.acc.org/clinical/guidelines/unstable/unstable.pdf.\



Anti-platelets

Clopidogrel Prasugrel Ticagrelor Cangrelor
Chemical class Thienopyridine Thienopyridine Cyeclopentyl-triarolopyrimidine Stabilized ATP analogue
Administration Oral Oral Oral Intravencus
Dose 300600 mg orally 60 mg orally then 180 mg orally then 30 pg'kg bolus and
then 75 mg a day 10 mg a day 90 mg twice a day 4 pgfkg'min infusion
Dosing in CKD
* Stage 3 . ' ! '
(eGFR 30-59 mLimin/] 73m?) Mo dose adjustment Mo dose adjustment Mo dose adjustment Mo dose adjustment
+ Stage 4 ' i ' i
(eGFR 15-29 mLmin/ 73m?) Mo dose adjustment Mo dose adjustment No dose adjustment Mo dose adjustment
* Stage 5 Use only for selected indications '
(eGFR <15 mUimin/| 73m) {a.g stent thromboss cion) Mot recommended Mot recommended Mo dose adjustment
Binding reversibility Irreversible Irreversible Reversible Reversible
B Prodrug, with variable Prodrug, with predicrable Active drug, with additonal ;
Activation liver metabolism iver metabolism active metabolite Active drug
Onset of loading dose effect” 2-6 hours® 30 min® 30 min® 1 min
Duration of effect 3-10 days T-10 days 3-5 days 1-2 hours
Withdrawal before surgery 5 days* 7 days* 5 days* | hour
Plasma half-life of active P2Y,; inhibitor® 3060 min 3060 min® &—12 hours 510 min
Inhibition of adenosine reuptake Mo Mo Yas Yes (‘inactive’ metabolite only)




Anticoagulants

Table || Dosing of anticoagulants in patients with
normal and impaired renal function

Recommendatons
Mormal renal function Stape 4 CKD (eGFR  Stage 5 CKD (sGFR

orstage 1-3CKD  15-29 mUimin/|.T3m?) <15 mLimin/1.T3m?)
(eGFR 230 mLimin/1.T3m?)

* Prior to coronary
angiography: 60-70 Iikg
L. {max 5000 1) and
Infusicn {12-15 ILkegth)
Unfractionated (max 1000 1), mrget Mo dose Mo dose
heparin aPTT 1.5-1.5x control adjustment adjustment
* During PCI: 70- 100 kg Lv.
{5070 1L
concomitant with GPIIb/lla
inhibicors)
Encxaparin | mghkg scowiceaday | | mghkg s.c.once a day | Mot recommended
Mot recommended If
Fondaparinux 15 mg s.c.once a day eGHR Mot recommended
<20 mUimin/|.73m?
On diabysis, no
Bodus 0.75 mglkg L. No adjustment of adjusmment of bolus,
Bivallrudin bolus, reduce infusion
infusion 175 mgfkgh rate 1o | mgkgh reduce infusion rate
e to 0.25 mgkgh

aPTT = activation partial thromboplastin time; CKD = chronic kidney disease;
eGFR = estimated glomerular fittration rate; U = international units; iv. =
intravenous; kg = kilograms bodyweight; s.c. = suboutaneous.



Glycoprotein llb/llla Inhibitors

Table 10 Dosing of glycoprotein lIb/llla inhibitors in
patients with normal and impaired renal function

— Inhibit platelet aggregation

— Greatest benefit, in Recommendations
) ] ) . Normalrenal Stage 3 CKD  Stage 4 CKD
conjunction with Aspirin and fnctionor tags  (¢GFR ~ (eGFR
Heparin, for those with | T
. . min/1.73m?)
planned intervention TEpe—
I b b f' . I . h Bolus of bolus, reduca
—_— 180 v, | infusion Mo Mot
M ay a SO e e n e ICIa Wlt Eptifibatice “ﬁHIE:EIW | ugﬂ@’ﬁi? mccmrn;nded recommendad
other high risk features w/out Lughgmn | GR
i i Bolus 25 No ad
plannEd Interventlon Tirofib or r[s}lpgl’llgrf Mo dose ofhglu';gn:irflnoz Mot
an Infusicn adjustment Infuston to recommended
Medscapes www.medscape com 0.15 nglkgimin 0.05 pglkg/min
ABCIIIMAR EFTIFIRATIDE TIROFIEAN s
0.25 mglkg Lv., | Mo specific recommendations for the use of abciximab,
Type Antibody fragment Feptide MNon-Peptide Abciximab | Infusion or for dose adjustment in the case of renal fallure.
Size (daltons) = 50,000 =800 =500 ﬁlm? Careful evaluation of hasmorrhagic risk Is neaded.
Platelet-bound half-life Long (h) Short (=ec) Short (sec)
Plasma half-life Sh‘“f (min) Extended 2h)  Bxtended @F) [y g koo clicuses 5Pt = estimiod ghomerdar firusion sizs . =
Immunogenic Yes* Mo Mo intravenous; kg = kilograms bodyweight.
Return of platelet 12 =4 =4
function® (k)
Reversible with Yes Mo Mo

platelet transfusion

*Induction of antibody response seen in 3%—6% of patients tested; T50% reduction in
antiplatelet effect without transtusion

Source: Cardiovasc Rev Rep & 2004 Le Jacq Communications, Inc.



Table 12. Selected Routine Medical Therapies

Therapy Indications Dose/Administration Avoid/Caution
Beta-Receptor « Oral: All patients without Individualize: « Signs of HF
Antagonists contraindication « Metoprolol tartrate 25 to 50 mg every « Low output state
« [V: Patients with refractory hypertension G 1o 12 h orally, then transition over » Increased risk of cardiogenic shock
or ongoing ischemia without next 2 io 3 d to twice-daily dosing of « Prolonged first-degree or high-grade
confraindication metoprolol tarirate or fo daily AV block
metoprolol succinate; titrate to daily + Reactive airways disease
dose of 200 mg as tolerated
« Carvedilol 6.25 mg twice daily, tifrate
1025 mg twice daily as tolerated
« Metoprolol tartrate IV 5 mg every 5
min as tolerated up to 3 doses; titrate
to heart rate and BP
ACE Inhibitors « For patients with anterior infarction, Individualize: » Hypotension
post-MI LV systolic dysfunction (EF = « Lisinopril 2.5 o 5 mg/d fo start; + Renal failure
0.40) or HF titrate to10 mg/d or higher as » Hyperkalemia
« May be given routinely to all patients tolerated
without contraindication « Captopril 6.25 to 12.5 mg 3 times/d
to start; titrate to 25 to 50 mg 3
times/d as tolerated
« Ramipril 2.5 mg twice daily to start;
titrate to3 mg twice daily as tolerated
« Trandolapril test dose 0.5 mg; titrate
up to 4 mg daily as tolerated
ARB « For patients infolerant of ACE inhibitors « Valsartan 20 mg twice daily fo start; + Hypotension
titrate to 160 mq ftwice daily as + Renal failure
tolerated + Hyperkalemia
Statins « All patients without contraindications « High-dose atorvastatin 80 mg daily « Caution with drugs metabolized via
CYP3A4, fibrates
« Monitor for myopathy, hepatic
toxicity
« Combine with diet and lifestyle
therapies
+ Adjust dose as dictated by targets
for LDL cholesterol and non—HDL
cholesterol reduction
Nitroglycerin « Ongoing chest pain « 0.4 mg sublingual every 5 min up to « Awoid in suspected RV infarction
« Hypertension and HF 3 doses as BP allows « Avoid with SBPF =90 mm Hg or if
« [V dosing to begin at 10 mcg/min; SBP =30 mm Hg below baseline
titrate to desired BP effect « Avoid if recent (24 to 48 h) use of
5'-phosphodiesterase inhibitors
Oxygen « Clinically significant hypoxemia (axygen « 2 to 4 L/min via nasal cannula » Caution with chronic obstructive
saturation <0%) « Increase rate or change to face mask pulmonary disease and CO,
« HF as needed retention
» Dyspnea
Muomphine « Fain « 4 1o 8 mg IV initially, with lower « Lethargic or moribund patient
» Anxiety doses in elderly + Hypotension
« Pulmonary edema « 210 8 mg IV every 5 to 15 min if » Bradycardia

needed

« Known hypersensitivity

ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; AV, atrioventricular; BF, bloed pressure; CO,, carbon dioxide; EF, ejection fraction;
HDL, high-density lipoprotein; HF, heart failure; IV, intravenous; LOL, low-density ipoprotein; LV, left ventricular; MI, myocardial infarction; RV, right ventricular; and
SBP, systolic blood pressure.



Critical Care in ACS

Hemodynamic Assessment
Left Ventricular Failure
Cardiogenic Shock

Right Ventricular Infarction
Mechanical Complications
Electrical Complications
Others



Hemodynamic Assessment

Indications for Hemodynamic Monitoring in

TABLES5-9  patients with STEMI
Management of complicated acute myocardial infarction
Hypovolemia versus cardiogenic shock
Ventricular septal rupture versus acute mitral requrgitation
Severe left ventricular failure
Right ventricular failure
Refractory ventricular tachycardia
Differentiating severe pulmonary disease from left ventricular failure
Assessment of cardiac tamponade
Assessment of therapy in sefected individuals
Afterload reduction in patients with severe left ventricular failure
Inotropic agent therapy
Beta blocker therapy
Temporary pacing (ventricular versus atrioventricular)
Intra-aortic balloon counterpulsation
Mechanical ventilation

From Gore IM, Zwernet PL: Hermodynamic monitoring of acute myocardial infarction. in
Francis G5, Alpert JS (eds): Modern Coronary Care. Boston, Little, Brown, 1990, p 138,

Hemodynamic Classifications of Patients with

LeiiEe Acute Myocardial Infarction
Based on Clinical Examination Based on Invasive Monitoring
CLASS DEFINITION SUBSET DEFINITION
I Rales and 5; absent I Mormal hemodynamics;
PCWP < 18 mm Hqg,
Cl=22
Il Crackles, 5; gallop, | Pulmonary congestion;
elevated jugular PCWP = 18 mm Hag,
VENOUS pressure =22
I Frank pulmonary I Peripheral
edema hypoperfusion; PCWP

<18 mmHg, Cl < 22

Y Shock Y Pulmonary congestion
and peripheral
hypaperfusion; PCWP
=18mmHg, C<22

(1= cardiac index; POWP = pulmonary capillary wedge pressure.

*Modified from Killip T, Kimball I Treatment of myocardial infarction in a coronary care unit
A two year experience with 250 patients. Am J Cardiol 200457, 1967,

"Modified from Formester J, Diamond G, Chatterjee K, et al: Medical therapy of acute
myocardial infarction by the application of hemodynamic subsets. M Engl J Med 295:1356,
1976.



Pump Failure/ Cardiogenic Shock

Clinical signs: Shock,

hypoperfusion, congestive heart failure, acuts pulmonary edeme
Mozt likely major undertying disturbancs?

Y Y Y ¥
Acute pulmonany | Hypowvolamia | Low output Arrhythmia
edama Cardiogenic shock
Y Y
Y Y 2
Bradycardia Tachycardia
Adminizter: Administer:
* Furosemida IV 0.5 1o 1.0 mg'kg® * Fluids
* Momphine IV 2 to 4 mg *= Blood transfusions
= Jhoygen intubation as nesded = Cause-spacific ¥
1t * Nitroghycerin 5L, then 10 to 20 pg/min interventions | Soe Chap 55, ppl151-1156 |
fine of IV if SBP greater than 100 mm Hg Consider
e * Dopamine 5 to 15 po'kg per minute IV if | | vesopressors
SBP 70 to 100 mm Hg and
signs/symptoms of shock present
= Dobutaming 2 to 20 pg'kg per minute L
IV if SBP 70 to 100 mm Hg and no
signs/symptoms of shock Check b""’l" pressure |
| Check blood prassure | L ¥ ¥ ¥
Systolic BP Systolic BP Systolic BP Systolic BP
Greater than 70 to100 mm Hyg 70 to 100 mm Hg Less than
Systolic BP 100 mm Hg Mo signa'symptoms signa‘symptoms 70 mm Hg
2nd Greater than 100 mm Hg of shock of shock Signe/sympioms
line of and not less than 30 mm Hg of shock
action below bassline
'L L ¥ ¥ ¥
ACE iniotcs e P B B
= Short acting apent such as T = wl}:;rg - ugr:.rﬂ =5
il {1 10 6.25 mg) pg'min per minute per minuts pegfmin
Further disgnosticitherapeutic considerations (should be considerad in non-hypovolemic shock)
3 Diagnostic Therapeufic
lime of | = Pulmonary artery catheter * Intra-aortic balloon pump
action = Echocardiography * Reperfusion revascularization
= Angicgraphy for Ml/ischemia

= Additional dizgnostic studies




Right Ventricular Infarction

Proximal occlusion
of right coronary
artery

Distal occlusion
of right coronary
artery

Occlusion of
circumflex
coronary artery

ST-segment elevation
=1 mm and positive
T wave

No ST-segment
elevation and positive
T wave

ST-segment depression
=1 mm and negative
T wave

Clinical findings:
Shock with clear lungs, elevated JVP
Kussmaul sign

Hemodynamics:
Increased HA pressure (y descent)
Square root sign in RV tracing

ECG:
ST elevation in right-sided leads

Echo:
Depressed RV function

Management:
Maintain RV preload
Lower RV afterload (PA-—-PCW)
Restore AV synchrony
Inotropic support
Reperfusion



FEATURE

Incidence

Time course

Clinical manifestations

Physical findings

Echocardiographic
findings

Right-heart
catheterization

VSR
1%-3% without reperfusion therapy,

0.29-034% with fibrinolytic therapy,

3.9% among patients with
cardiogenic shock

Bimodal peak; within 24 hrand 3-5
days; range, 1-14 days

Chest pain, shortness of breath,
hypotension

Harsh holosystolic murmur, thrill &),
55, accentuated second heart
sound, pulmonary ederna, BV and
L failure, cardiogenic shodk

VSR, left-to-right shunt on color flow
Doppler echocardiography through
the ventricular septum, pattern of
RV overload

Increase in ooygen saturation from
the RA to BV, large v waves

RUPTURE OF VENTRICULAR
FREE WALL

0.8%-6.2%; fibrinolytic therapy does not
reduce risk; primary PTCA seems to
reduce risk

Bimodal peak; within 24 hr and 3-5 days;
range, 1-14 days

Anginal, pleuritic, or pericardial chest
pain, syncope, hypotension,
arthythrmia, nausea, restlessness,
sudden death

Jugular venous distention (29% of
patients), pulsus paradous (47%),
electromechanical dissodiation,
cardiogenic shock

=5 mm pericardial effusion not visualized
in all cases; layered, high-acoustic
echoes within the pericardium (blood
clot); direct visualization of tear; signs
of tamponade

Wentriculography insensitive, dassic signs
of tamponade not always present
(equalization of diastolic pressures
among the cardiac chambers)

Mechanical Complications

TABLE 55-12 Features of Ventricular Septal Rupture (V5R), Rupture of Ventricular Free Wall, and Papillary Muscle Rupture

PAPILLARY MUSCLE RUPTURE

About 1% (posteromedial more
frequent than anterolateral
papillary muscle)

Bimodal peak; within 24 hrand 3-5
days; range, 1-14 days

Abrupt onset of shartness of breath
and pulmonary ederna;
hypotension

A soft murmur in some cases, no
thirill, variable signs of BV owverload,
severe pulmonary edema,
cardiogenic shock

Hypercontractile LV, torn papillary
muscle or chordae tendineae, flail
leaflet, sewvere MR on color flow
Doppler echocardicgraphy

Mo increase in oxygen saturation
from the RA to BV, large v waves*
very high pulmonary-capillary
wedge pressures

Surgical Options
1. VSD Repair

2. Aneurysmal Repair

3. MVR




TABLE 55-13 Management of Cardiac Arrhythmias During Acute Myocardial Infarction

OBJECTIVE OF TREATMENT

Electrical Complications

Electrical instability

Pump failure, excessive
symipathetic
stimulation

Bradyarrhythmias and
conduction
disturbances

Ventricular premature beats

Ventricular tachycardia

Ventricular fibrillation

Accelerated idioventricular
rhythm

Monparoxysmal atricwentricular
junctional tachycardia

Sinus tachycardia

Arrizl hibrillation andfor atrial
flutter

Farowxysmal supraventricular

tachycardia

Sinus bradycardia

Junctional escape rhythm

Arrioventricular block and
intraventricular block

Corection of electrolyte deficits and
increased sympathetic tone

Prophylaxis against ventricular
fibrillation, restoration of
hemodynamic stability

Urgent reversion to sinus rhythm

Observation unless hemodynamic
function is compromised

Search for precipitating causes (e.g,
digitalis intoxication); suppress
arrhythmia only if hermodynamic
function is compromised

Reduce heart rate to diminish
myocardial cxygen demands

Reduce wentricular rate; restore sinus

rhythm

Reduce wentricular rate; restore sinus
rhythim

Acceleration of heart rate only if
hemodynamic function is
compromisad

Acceleration of sinus rate only if loss
of atrial "kick” causes hemodynamic
COMPIoMmise

Potassium and magnesium solutions, beta
blocker

Antiarrhythmic agents; cardioversiony
defibrillaticn

Defibrillation: bretylium tosydate

Increase sinws rate {atropine, atrial
pacing; antiarthythmic agents

Atrial overdrive pacing; antiarrhythmic
agents; cardicwersion relatively
contraindicated if digitalis intoxication
present

Antipyretics; analgesics; consider beta
blocker unless congestive heart failure
present; treat latter if present with
anticongestive measures (diuretics,
afterload reduction)

‘Verapamil, digitalis glycosides;
anticongestive measures (Diuretics,
afterload reduction); cardiowersion; rapid
atrial pacing (for atrial flutter)

Vagal maneuvers; verapamil, cardiac
glycosides, beta-adrenergic blockers;
cardioversion; rapid atrial pacing

Atroping; atrizl pacing

Atroping; atrizl pacing

Insertion of pacemaker




Others

Pericarditis
including Dressler’s Syndrome

Recurrent Ischemia

Left Ventricular Thrombus and Arterial
Embolization

Acute Kidney Injury
Hyperglycemia
Misc



Summary
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STEMI = ST-elevation myocardial infarction; NSTEMI = non-ST-elevation myocardial infarction; UA = unstable angina.

4, Diagnosis




Summary

ACC/AHA Guideline Recommendations for

TABLE 56G-3 Selection of Initial Treatment Strategy: Invasive
Versus Conservative Strategy

PREFERRED STRATEGY PATIENT CHARACTERISTICS

Imvasive Recurrent angina or ischemia at rest or with
low-level activities, despite intensive medical
therapy

Elevated cardiac biormarkers (TnT or Tnl)

Mew or presurmably new 5T-segment depression

Signs or symptoms of HF or new or worsening
mitral regurgitation

High-risk findings from noninvasive testing

Hemodynammic instability

Sustained ventricular tachycardia

PCI within & months

Prior CABG

High-risk score (g, TIMI, GRACE)

Reduced left ventricular function (LVEF <40%)

Consenative Loww-risk score (e.g, TIMI, GRACE)
Patient or physician preference in the absence
of high-risk features

TABLE 56G-4 ACC/AHA Class I and ITI Recommendations for Anti-Ischemic Therapy

Class |

1. Bed/chair rest with continuous ECG monitaring

. NTG 0.4 mg sublingually every 5 min for a total of 3 doses; afterward, assess need for WV NTG

NG IV for first 48 hr after UA/NSTEMI for treatment of persistent ischemia, HF, or hypertension

. Decision to administer NTG IV and dose should not preclude therapy with other mortality-reducing interventions such as beta blockers or ACE inhibitors

. Beta blockers (via oral route) within 24 hr without a contraindication (e.g., HF) imespective of concomitant performance of PO

. When beta blockers are contraindicated, a nondihydropyridine calcium antagonist (2.9, verapamil or diltiazem) should be given as initial therapy in the

absence of severe LV dysfunction or other contraindications

7. ACE inhibitor (via oral route) within first 24 hr with pulmonary congestion, or LVEF =0.40, in the absence of hypotension (systolic blood pressure
<100 mm Hg or <30 mm Hg below baseline) or known contraindications to that dass of medications

8. ARB should be administered to UANSTEMI patients who are intolerant of ACE inhibitors and have either clinical or radiclogic signs of heart failure or LVEF
<0.40. Valsartan and candesartan have demonstrated efficacy for this indication.

[= QRS RSV
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