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LEARNING OBJECTIVES

By the end of this presentation leariners will be able to:

1. ldentify signs and symptoms of Acute Coronary
Syndrome
2.Discuss recent and upcoming advancements in open

heart surgery and interventional cardiology
3.Examine the causes and progression of cardiogenic
shock

STATISTICS

" Every 40 seconds an American will have a heart attack.

- According to data from 2005-2014, the estimated
annual incidence of heart attack in the US was 605,000
new attacks and 200,000 recurrent attacks.

- Average age at the first heart attack was 65.6 years for
males and 72 for females.

- Coronary heart disease caused 371,506 deaths in 2022.

American Heart Association, At-a glance statistics, 2025




WHAT IS ACUTE CORONARY
SYNDROME? \\\

* Acute coronary syndrome (ACS) is a spectrum of conditions compatible with
acute myocardial ischemia and/or infarction that are usually due to an abrupt
reduction in coronary blood flow.

* They are typically caused by disruption (rupture or erosion) of an unstable
coronary artery atherosclerotic plaque with associated partial or complete
coronary artery thrombosis and/or micro emboli, resulting in diminished blood
flow to the myocardium and subsequent myocardial ischemia.

- ST-Elevation Myocardial Infarction
- Non-ST Elevation Myocaidial Infarction (NSTEMI)
* Unstable Angina

Rao, et al. Circulation, 2025

« Central * Left-sided + Stabbing 0@ + Right-sided « Sharp
» Pressure « Dull (b'\ « Tearing - Fleeting
« Squeezing + Aching Q « Ripping « Shifting
+ Gripping %() « Burning « Pleuritic
« Heaviness @K « Positional
« Tightness Q
« Exertional/stress-related O&
« Retrosternal
High Low
| |
Increased Decreased
Oxygen Demand Oxygen Supply
¢ Increased HR * Decreased
* Increased coronary
WHAT CAUSES ACS? Blo ssure blood flow
e Inc * Vessel caliber
ad * Increased HR
ACS is when there is an imbalance between ° Qeased * Decreased
Myocardia oxygen consumption (MVO2)and @) afterload blood pressure
demand. * Decreased
oxygen
Usually occurs due to a coronary artery l saturation
obstruction.
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BUT.... NOT ALWAYS!




OTHER CORONARY CAUSES OF\\ACS
N

* Prinzmetal angina
* Coronary embolism
* Coronary arteritis

RISK FACTORS

* Positive family history
* Males 55 or younger
* Females 65 or younger

* Diabetes Mellitus
* Hypertension

* Hyperlipidemia

* Tobacco use

* Male

Common Heart Attack
Warning Symptoms

Call 811 right cway i you or samaana you ara
with hos ane ar more of these symptoms!

== .2 SYMPTOMS
24 4 4. 5> OFAHEART

‘ | \ American Heart Association, 2025




PROCESS OF ATH EROGENE\SIS
N

1. Normal artery : 4. Weakening of fibrous cap
i 5. Disruption of fibrous cap

sub intima
3. Fibrofatty Stage ey &) 6. Thrombus resorption

Amsterdam, et al, Circulation, 2014

UNSTABLE ANGINA

- A condition in which a patient may experience symptoms of a myocardial infarction without the release of cardiac
biomarkers.

- Ischemia was not severe enough to cause myocardial damage.

* Unstable angina pain or discomfort:
Can happen at rest
Can come on suddenly
May last longer than 15 minutes
Usually isnt relieved by rest or medication
May get worse over time

» Other symptoms include:
Shortness of breath
Dizziness
Anxiety
Sweating
Nausea and vomiting

American Heart Association,

Recommendations for Initial In-Hospital Assessment of Patients With
Confirmed or Suspected ACS
Referenced studies that support recommendations are summarized

in the

interpretation of an ECG within 10 ¢
recommended 1o help guide paﬁe@
management.”'? P

2. In patients with suspe W whom the
erial 12-lead ECGs

initial ECG s nondiaﬁ
should be perforge tect potential ischemic

chenges, espa‘%hen clinical suspicion of

ith suspected ACS, cTn should be
a5 500N as possible, preferably using a
ensitivity cTn (hs-cTn) assay.'*"

Q n patients with suspected ACS with an initial
hs-cTn or cTn that is nondiagnostic, the
recommended time intervals for repeat
measurements after the initial sample collection
{time zera) are 1 to 2 hours tor hscTnand 3o &
hours for conventional ¢ T assays"™™ '

“Adapted from the "2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR




NON-ST ELEVATION ACS

* Typically occurs at rest with minimal exertion and lasts = 10 minutes.

- Pain often starts at the retrosternal area and can radiate to either or both
arms, the neck, or the jaw.

* Pain may occur in the other areas without chest pain

* Patients may also present with diaphoresis, dyspnea, nausea, abdominal
pain, or syncope

Amsterdam, et al., Circulation, 2014

NON-ST ELEVATION ACS (CON&)

* Unexplained or new-onset increased exertional dyspnea is the
most common anginal equivalent.

Amsterdam, et al., Circulation, 2014

ATYPICAL SYMPTOMS

The following patients usually experience typical symptoms but the
incidence of non-cardiac symptoms such as epigastric pain,
indigestion, stabbing, pleuritic pain, and dyspnea without chest pain.

* Older patients > 75 years of age
- Women

- Diabetes

* Impaired renal function

- Dementia

Amsterdam, et al., Circulation, 2014




RISK SCORES

Table 3. TIMI Risk Score* for NSTE-ACS
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Amsterdam, et al., Circulation, 2014

NSTEMI DIAGNOSIS

- ECG
* 12 Lead ECG may show ST depression or T wave inversion
* Caution: ST depression in V1-V3 may be a pcsterior STEMI
* Cardiac Biomarkers

* Troponin | or T should be measured at prasentation and 3 to 6 hours after symptom
onset — Positive troponin = >0.04

* Creatine Kinase (CK-MB) and myogiobin are not useful for diagnosis of ACS (class Il
recommendation by AHA —No benefit)
* Imaging
* Chest x-ray
* ChestCT

* Transthoracic Echocardiogram
Rao, et al. Circulation, 2025

ACSTREATMENT

* Fentanyl - 50 mcg-100 mcg
* Oxygen — Administer for oxygen saturation <9o%
* Nitroglycerin — 0.4mg every 5 minutes up to 3 doses
Do not administer nitroglycerin to the failowing patients:
Patients with hypotension, <gommiHg systolic
Patients with RV infarct
Patients with severe aortic stenosis (AS)
Patients with LV outflow tract obstruction

Patients who have taken a phosphodiesterase inhibitor (i.e, Viagra, Sildenafil, etc.)
within the last 24 hours. * 48 hours for Tadalafil

* Aspirin —162mg - 324 mg chewed

Rao, et al. Circulation, 2025




OTHER DRUGS

* Enoxaparin 1mg/kg SQ, every 12 hours
OR
* Heparin — 60 U/kg IV bolus followed by 12 IU/Kg/hr infusion

* P2y12 Inhibitors

* Ticagrelor (Brillinta) —-18omg, no loading dose, gomg twice daily.
Patients on Brillinta should only take 81 mg of ASA per day.

* Clopidogrel (Plavix) — 60oomg, po loading dose, 75 mg once daily
* Prasugrel (Effient) - 6omg,po loading dose, 10mg once daily

Rao, et al. Circulation, 2025

NSTEMI ECG

STEMI

- STEMI is a clinical syndrome defined by characteristic
symptoms of myocardial ischemia in association with
persistent electrocardiographic (ECG) ST elevation and
subsequent release of biomarkers of myocardial

necrosis.

O’Garga, et al., Circulation, 2013




STEMI CRITERIA

* ST elevation at the J point in at least 2 contiguous leads.

* Men 22 mm Women 21.5 mm inV2-V3

* 21 mm in other contiguous chest leads or the limb leads

* ST depression in V1-3 withcut ST elevation in other leads may
indicate a posterior myocardial infarction

O’Garg, et al., Circulation, 2013

WHY ISTHE ST SEGMENT SO
IMPORTANT?
N

The ST Segment
represents the section of
the complex in which the
ventricles are between
electrical depolarization
and repolarization.

It is a key indicator as to
whether the patient may
be experiencing ischemic
insult or injury to the
myocardium.

WHAT CAUSES A STEMI?

ST segment
Elevation
Myocardial
Infarction

1. STEMIs are associated with the build up
of plaque which ruptures in the coronary
arteries.

2. This stimulates platelets to stick
together/aggregate and vessels near the
rupture to constrict

g. If the unstable area becomes totally
locked by a clot, also called a thromBus,
a STEMI is occurring.




Acute Coronary Syndrome

RUPTURED PLAQUE

NSTEMI

Amsterdam, et al., Circulation, 2014

“TIME IS MUSCLE"

100%

AHA STEMI Provider Manual



INFERIOR STEMI
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Patient experiences
symptoms and calls 911 = EMS arrives and PCl is performed within
performs ECG within minutes of EMS contae

10 minutes of arrival

Dl SE=

STEMITime
Benchmarks

Patient experiences
symptoms and goes
directly to a PCI ECG performed
capable hospital 10 minutes of patient ar

PCl is performed within 90 minutes
| of arrival to the PC| hospital

e

Tamis-Holland, et al., 2024 JSCAI



REGIONAL TRANSFER

Patient experiences

symptoms and goes ECG performed within PCl is performed within 120 minutes
to a hospital that does 10 minutes of patient argival of arrival to non-PCl hospital
not perform PCl

<+

RO O _
R T [Ty m— i >

=

(10 Minutes ) Patient departs non-PC| hospital within

45 minutes of arrival and is transported
M to a PCl hospital
45 Minutes

Tamis-Holland, et al., 2024 JSCAI

PROBLEMS WITH FIBRINOLYTIC
THERAPY

* Failure to open infarct artery ~40%

* Intracranial hemorrhage 1-2%

* Contraindications up to 40%

* Lytic outcomes consistently inferior to timely PCI

REVASCULARIZATION FOR CORONARY ARTERY
DISEASE
CATHLAB

Cath Lab Interventions

- Stenting or balloon angioplasty

- Assisted PCI
- Robotic assisted PCl

|IABP
*Impella
- Lithotripsy




REVASCULARIZATION FOR CORONARY
ARTERY DISEASE
OPERATING ROOM

- Coronary Artery Bypass Grafting (CABG)
" Beating Heart CABG
*Impella assisted CABG

CARDIOGENIC SHOCK

%)
&

CARDIOGENIC SHOCK

* Cardiogenic shock is a low cardiac cutput state resulting

in life-threatening end organ hypoperfusion and
hypoxia van Diepen et al., Circulation, 2017

- Short-term mortality ranges from 30%-40% with 1-year

mortality approaching or exceeding 50%

Sinha, et al., JACC, 2025



AMI-CS VS HF-CS

* AMI-CS
* Includes patients with CS due to AMI in the presence or absence of ST-
segment elevation on 12 lead ECG (STEMi or NSTEMI).

* HF-CS
* CS related to primary myocardial dysfunction ascribed to either ischemic
or non-ischemic etiologies cf cardiomyopathy.
* De novo — new onset of HF

» Acute on chronic — acute decompensation of chronic or progressive HF with dilated
cardiomyopathy.

Sinha, et al., JACC, 2025

TABLE1 C gies of Cardiogenic Shock
Left ventricular failure Arrhythmia
« Acute myocardial infarction « Arrial fibrillation or flutter
+ Hypertrophic obstructive « Ventricular tachycardia \%
cardiomyopathy fibrillation
» Bradycardia or hea Q
+ Myocarditis 6
« Myocardial contusion @
« Peripartum cardiomyopathy Pericardial di
+ Post-cardiotomy « Tampoga
+ Progressive cardiomyopathy . &essi\re pericardial constriction
« Septic cardiomyopathy @0

« Stress cardiomyopathy (takotsubo) %Inthﬂ'apﬂl‘ti: toxic, metabolic
« Ventricular outflow obstruction O Calcium-channel antagonists

« Adrenergic receptor antagonists
Right ventricular failure @K « Thyroid disorders

+ Acute myocardial infare

« Myocarditis K Valvular or mechanical dysfunction

« Post-cardiot « Aortic regurgitation—acute bacterial

+ Progressiv opathy endocarditis

« Pulmonary eémbolism « Mechanical valve dysfunction or thrombosis
« Septic cardiomyopathy « Mitral regurgitation—myocardial ischemia or
+ Worsening pulmonary hypertension infarction

« Progressive mitral stenosis
« Progressive aortic stenosis
« Ventricular septal defect or free wall rupture

SYSTOLIC DIASTOLIC

-\
L |
v IVEDP (N
{ Cardiac output Pulmonary con on
} Stroke volume * e

+ Systemic Hypotension
perfusion
{ Coronary
perfusion
pressure

Compensatory
vasoconstriction;
Fluid retention

Hochman et al. Circulation. 2003
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Suggestive of Right Heart
Failure

Suggestive of Left Heart
Failure

Shared Findings

Lung crackles
Respiratory wheeze
Displaced cardiac apex
Left-sided heart murmurs

AN L B ]
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PHYSICAL FINDINGS OF VENTRICULAR INVOLVEMENT

Vahdatpour et al. JAHA. 2019; 8:e011991

Volume Status

et

Peripheral
Perfusion |[igold
(&

pDid

van Diepen et al. Circulation. 2017; 136: e232-e268

TRIALS

N

Lack of appropriately powered randomized tria!s have prevented consensus
in CS-MI management. Baran et al., 2020.

Should We Emergently Revascularize Occluded Coronaries for Cardiogenic
Shock? SHOCK Trial, 1999

* For patients with AMI-CS earlier revascularization led to increased rates of
survival

DanGer Shock Trial 2024

* Use of early microaxia! tlow pump in select patients with STEMI related
shock improved 180-day survival vs standard of care.
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EXTREMIS

A patient with refractory shock or actual/impending

circulatory collapse.
\* EF R
Apatrent w-;:o-;las dln:ulm : .Qufms-l;l;:oc.l.(.tha.t.mrsens ar .

fails to improve despite n of therapy.
- < |
. CLASSIC
A patien has clinical evidence of hypoperfusion
&t in i h. logic ar hanical support.

tension is usually present.

BEGINNING
A patient who has clinical evidence of hemodynamic
instability (including hyr ion, tachycardia or abnormal

systemic hemodynamics) without hypoperfusion.

AT RISK

. A hemodynamically stable patient who is NOT experiencing
signs or symptoms of C5, but is at risk for its development (i.e.
large AMI or decompensated HF).

B=BAD

FIGURE 3 CSWG-Defined SCAI Stages and In-Hospital Mortality
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Kapur et al. JACC, 2022
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[ History/physical exam ]

( 12-lead ECG )
( Blood work (CBC, CMP, Mg, troponin, lactate, BNP, or NT-pro BNP) ] O

[ Vesoactvesgenss |

(s )

[ Respiratory support )

( Transfer to catheterization laboratory ] [ Invasive hemodynamics ]
Transfer to CICU ) ( Temporary MCS5 (if indicated) ]
o 2 20 min R &0min
Omin 30 min 60min 90 min Ghours  12hours 24 hours
Initial evaluation L Initial management —J ‘ sw&:’m‘hzamg N mmum@n“:és |
Symptoms / Signs [ 5"?:«'«‘“"" a:luazlaulm ‘ — WE)\ z =
:lﬁnolo;tptu.t. { 3 [ o:’h@n ;ﬂ::';wmm‘::::r;:fmm metabolic, ]
Perfusion \So
EcG/ Echecardiogram e i o oo Bt ]
cnngnllinn
Trisge A of "exit ~ b
|:I[ [ or heart rlplncl!ll‘lnlhhavqﬂns] ’ ]
m;?:&:‘x\:dc m [ Palliative care mgaﬁmr:m m::::r, shock with limited
ROADMAP IN VALUATION OF AND MANAGEMENT OF

CARDIOGENIC SHOCK

Sinha, et al., JACC, 2025

Patient selection
= Elactrical or \
hemodynamic instability
& Severity of ventricular dysfunction
* Complex coranary anstomy O
Thersseutic considerations
* Pharmacotherapy
« Mechanical circulatary support
o . ; - » Institutional and/or
w‘.g i EhCk P operatar
. SCAlctags * Implementation of best
* Cangastive profils Practices for vascular access
« Lactate clearancs * Neurslagical prognosis if cardiac
*+ Muhiorgan dysfunction IR
A phin * Relative or absalute
*{Bhasiping contraindications to devica
« Ambulatory configuration
of care
+ Multidisciplinary shock taams
+ Regionafized shack netwarks
& + 24/7 CICU dedicated staffing
O + LVAD and transplant capabilities

+ Subspecialty sxpert consultation

Sinha, et al., JACC, 2025




REGIONAL SYSTEM OF CARE M\(\)DEL

MULTIPHASE
TEAM-BASED APPROACH \\\

Recognize/Rescue

d

Optimize

i 3

Stabilize

De-Escalation/exit

Sinha, et al., JACC, 2025
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Electrocardiography  mess Respiratory tMCS Neurologic |
.+ ECG monitoring * Oxygen saturation * Device-specific monitoring * Mental status
* Atrial fibrillation (SpO, and Pa0,) * Glasgow Coma Scale
‘ * Ventricular * PaO,/FiO, ratio * Delirium
arrhythmias * Work of breathing, » Cerebral saturation
k. » respiratory rate | (ECMO only) |
* Ventilator FiQ,, PEEP, >
static compliance
-
~
Echocardiography
¢ LV and RV size and
function
* Valvular abnormalities
* Moninvasive filling
pressure estimates
|
Renal markers .
¥ Urine output b
»

Physical exam | Q L
+ HR | QQ
& BP, MAP

. # JVFRHJR |

Laboratory markers

+ "Cold" extremities |

# Lactate Hemodynamics

¥ Lactate clearance ¥ Scv0,/SvO,

¥ Serum bicarbonate L X«

¥ pH ¥ PAPi

A ALT, AST 4 RAP/PCWP
k # BUN, Cr

Left vantricular support
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33,000 rpm |
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- - 1 b + +
¥ - O -~ [ B o~

<

tMCS

Sinha, et al., JACC, 2025




CASE STODY
S

CASE STUDY

" 51 y.0. male who was found outside by friends after
complaining of chest pain and shortness of breath 2
hours prior. 911 was called.

 EMS noted ST elevation on his 12-lead ECG, Med Flight
was called, and he was taken to UH. Due to concerns for

hypothermia and carbon monoxide exposure, he was
first evaluated in the ED.

ED ECG @ o555

i, 3
] j

157
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* Pt. decompensated in the ED- bradycardia—asystole. ECPR
(extracorporeal cardiopulmonary resuscitation) was initiated in
the ED.

* Pan CT Scan

* Cath Lab -

* 100% proximal LAD, 3 drug-eluting stents

* 100% proximal circumflex, 3 drug-eluting stents

* 100% proximal RCA with bridging collaterals (chronic).

* Impella Percutaneous Left Ventricular Assist Device inserted.

HReR e AR S
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LAD AND CIRCUMFLEX

Pre-Intervention

HOSPITAL COURSE

+ 11/28 LVEF assessed at 10%
* 12/2- Impella 5.5 Insertion

* 12/4- ECMO Decannulation and CVVH
started due to poor renal function

- 12/6- Extubated

LABR7 CRARN 2

Post-Intervention

* 1/3- Orthotopic heart transplant,

Impella removal

* 1/4 - Kidney transplant

* 1/13 — Cardiac tamponade with 1.3 liters of

blood aspirated and drain placement.

* 1/29 — Drain removed

* 12/20 — Listed for heart and kidney
transplant

* 12/26- Sepsis, removed from transplant
listing

* 12/31 — Re-activated on transplant list

» 1/20 — Discharged to self-care




KEY TAKEAWAYS

- Early identification and guideline directed treatment of ACS are
critical to patient outcomes.

- Systems of care approach utilized for ACS should be implemented in
the care of cardiogenic shock patients.

» Cardiogenic shock is a complex disease process and is the most
ex’g;eme form or cardiac compromise with a 30-day mortality of 30-
£,0%.

* Recognition and treatmenit of cardiogenic shock at early stages is
critical to prevent further deterioration. Stage B = “Bad.”

- Systems of care approach should be implemented for cardiogenic
shock patients, much like the systems in place for STEMI.
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