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Learning Objectives

• Understand Spontaneous Coronary Artery Dissection (SCAD): Recognize the definition, 
risk factors, and clinical presentation of SCAD.

• Diagnostic Approaches: Identify the diagnostic methods and challenges in detecting SCAD.

• Management Strategies: Learn about the treatment options and management 
approaches for SCAD patients.



• 53-y.o. F
• PMH: anxiety
• CC: chest pain

Case presentation

• HPI:
• Chest tightness that started one day ago that 

radiated down her arms and up her neck
• Worse with exertion
• Relieved with certain positions, including leaning 

forward
• Denies personal or family cardiac history
• Medications: Bupropion, Zoloft, cetirizine



• GENERAL: no acute distress, cooperative
• SKIN: warm and dry, no rashes, wounds, ulcers
• RESPIRATORY/THORAX: breath sounds equal, respirations non-labored, no 

wheezes, rales, rhonchi
• CARDIOVASCULAR: regular rate and rhythm, normal S1 and S2, no murmurs, 

pulses 2+, no edema
• MUSCULOSKELETAL: no joint swelling, full range of motion in all extremities

Physical Exam



MORE LIKELY
• Acute coronary syndrome
• Pulmonary embolism
• Aortic dissection
• Pericarditis
• Myocarditis
• Pneumothorax

Differential Diagnosis

LESS LIKELY
• Musculoskeletal pain
• GERD
• Costochondritis



Labs

Lab Value

WBC 9.36

Hgb 12.3

Plt 283

Na 136

K 3.8

Cr 0.69

Glucose 106

Troponins 276 --> 254 (delta 22)



EKG







Cath Report

Right dominant coronary circulation with tortuous arteries and 
evidence of spontaneous coronary artery dissection involving 
the RPDA (Type 2A) and distal LAD (Type 4).



Spontaneous Coronary Artery Dissection



What is SCAD?
• A cause of non-atherosclerotic acute coronary syndromes leading to myocardial infarction

• Presence of blood entering and separating layers of coronary artery wall to form a false lumen

• Affects a young, predominantly female population

• Clinical presentation can include chest pain, STEMI, ventricular fibrillation, sudden death

• Usually precipitated by emotional or physical distress

• Hallmark finding – dissection of coronary intima or media, hematoma formation within the vessel 
wall



Pathophysiology 
of SCAD





Types of SCAD



SCAD’s effect on women
• SCAD accounts for 1%-4% of all patients undergoing cardiac catheterization

• ~90% of the cases affect women

• 24%-40% of acute myocardial infarction in women <50 y.o.

• Young, physically active females who are otherwise healthy are disproportionately 
affected by SCAD

• Main cause of ACS during pregnancy (~40% of SCAD cases in postpartum women)



Post-SCAD care
Management
• With medications alone 

rather than PCI

Medications
• Antiplatelets
• Antihypertensives
• Anti-anginals
• Statins if any evidence of 

atherosclerosis

Imaging
• Evaluate for underlying arteriopathy 

(head to pelvis angiographic imaging)

Consider genetic testing in
• Recurrent SCAD
• Pregnancy-related SCAD
• Extensive dissection especially involving 

the left main or proximal coronary 
arteries

Cardiac Rehab



Why is this important for our female 
patients?
• Women are more likely to present with atypical symptoms of ACS (shortness of breath, 

fatigue, backpain, headache, dizziness) à 
• SCAD can present with these atypical symptoms à
• SCAD remains underdiagnosed à
• SCAD is seen in young and otherwise healthy females, which may cause SCAD to be 

pushed farther down the differential if we aren’t thinking about it à

Why it’s important to have a high index of suspicion for SCAD for young women with 
concerns for ACS



Our patient outcome

• Discharged on aspirin 81 mg, atorvastatin 80 mg, and metoprolol succinate 25 mg daily

• Assessing for causative conditions such as fibromuscular dysplasia and vascular 
connective tissue disorders

• Workup outpatient with genetic testing and CTA to assess for fibromuscular dysplasia
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Thank you!
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Cardiovascular Imaging Through a Sex-Specific Lens
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Differences exist

28

Sex differences impact presentation, diagnosis, and outcomes in cardiovascular disease
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• Burcciareilli-Ducci et al. Journal of Cardiovascular Imaging 2020



Doctor google on heart attack.

30

Online searches reflect 
awareness gaps, women 
often don’t associate 
chest pain with heart 
disease



Doctor google on women health.
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Epidemiology
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• CVD affect ~ 60 million US women
• Breast cancer affects ~ 3.5 million US women

• Benjamin, EJ et al. Circulation 2019
• American Cancer Society: Cancer Facts and figures 2018
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Clinical Presentation and Diagnosis



Women are less likely to have obstructive CAD

35

ACS

Stable chest pain

Women presenting with 
CP were less likely to 
have obstructive CAD 
compared with men



CONFIRM trial
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Is any plaque ok?



Calcified plaque on CAC score
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Women have higher mortality than men for 
any detectable calcified plaque.



AI-QCT
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• The probability of MACE increased 
more steeply for women than men 
with increasing non-calcified 
plaque volume above 180 mm³.

• Hazard ratios per 50-
mm3 increment. plaque 
volume increase for risk of 
MACE in women vs men 
(adjusted for age and 
cardiovascular [CV] risk 
factors). 

AI-based quantitative 
coronary CT (AI-QCT) reveals 
greater risk with increasing 
plaque volume, especially in 
women.

AI-based plaque quantification may bridge the diagnostic gap in women



CAD in women
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Sex Differences in Medical Care and Early Death After Acute Myocardial Infarction

40

• Jneid et al. Circulation 2008
• D'Onofrio et al. Circulation 2015
• Dreyer R et al. Circulation

Virgo study. Delays in care.

Women of all ages have higher risk of rehospitalization 
during the first year post-AMI.

• Women report >3 additional non–chest 
pain symptoms compared with men. 

• Women who sought care before 
hospitalization were less likely to be told 
their symptoms were cardiac-related • Physician response to symptoms



Do Current Guidelines Adequately Address Women?

41

• The goal of 
diagnostic testing 
is to detect 
obstructive CAD
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Beyond Obstructive CAD: The Role of Microvascular Disease



How about patients with non obstructive disease with symptoms?

43

• Refractory angina with non obstructive disease despite GDMT could be related to 
microvascular disease. 

• Ayub et al. MDPI 2020



Microvascular disease case: PET
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• Ayub et al. MDPI 2020

Mild epicardial CAD on invasive 
angiography with abnormal global 
myocardial perfusion reserve (MPR <2), 
consistent with coronary microvascular 
dysfunction

Cardiac MRI confirms perfusion abnormalities consistent with microvascular dysfunction



Prognosis CFR
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Prognostic Role of Perfusion Imaging in Women
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• Sharir et al. J nuclear cardiology 2006.

Perfusion added 
more power to 
predict adverse 
events in women
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Sex Differences in Valvular Heart Disease



How about valvular heart disease in women? Any difference?
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Difference between Male and female in valvular heart disease
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Sex differences exist in 
valve morphology, 
presentation, and 
outcomes

• Mascherbauer et al. European Heart Journal 2024



Mortality after SAVR or TAVR

50

• No	gender	difference	in	mortality	in	either.

Nitsche C et al. Wien Klin Wochenschr. 2020



Mortality after Mitral valve procedure 

51

Outcomes	following	
minimally	invasive	mitral	
valve	surgery.	
Women	experience	
worse	long-term	survival	
after	minimally	invasive	
mitral	valve	surgery	as	
compared	to	men.	

Nitsche C et al. Wien Klin Wochenschr. 2020



Aortic valve
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• AV calcification:
• Important for diagnosis in patients low AV gradients on ECHO

• Measured similar to non contrast CT coronary calcium score
• Gender-specific aortic valve calcium cutoffs:

• Male: 2065 AU
• Female: 1274 AU

• Clavel MA, et al. The complex nature of discordant severe calcified aortic valve disease grading: new insights from combined Doppler echocardiographic and computed tomographic study. J Am Coll Cardiol. 2013;62(24):2329-38.
• Peeters FECM, et al. Sex Differences in Valve-Calcification Activity and Calcification Progression in Aortic Stenosis. JACC Cardiovasc Imaging. 2020;13(9):2045-2046



Other diseases detected by imaging
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Key Takeaways

54

• Sex differences in cardiovascular disease extend beyond traditional risk 
factors. Recognizing biological and imaging differences leads to better outcomes

• Women often present differently: Non-obstructive CAD and microvascular dysfunction 
are common.
•Imaging matters: CCTA, PET, and MRI reveal disease missed by traditional tests.

• AI adds precision: Quantitative plaque analysis improves risk prediction, especially in 
women.

• Valvular and other cardiac conditions (e.g., aortic stenosis, mitral disease, 
SCAD) also show distinct sex-related patterns that imaging helps uncover, 
emphasizing the need for a sex-specific approach to diagnosis and management.



Final sentence
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A normal stress test does not mean a 
normal heart, especially in women



Thank you

56

Questions?



Thank you
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Unique Risk Factors… 
Pregnancy

Ashley Brunmeier, MD
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• Discuss the physiological changes of pregnancy
• Risk score calculators
• Preconception, Antepartum, and Postpartum Care
• Interesting Cases

Outline



Cardiovascular 
Changes



Highest Risk Patients
• Unable to accommodate the increase in cardiac output

• Ventricular dysfunction
• Significant coronary artery disease
• Obstructive lesions
• Pulmonary arterial hypertension

• Other increased risk
• Mechanical Valves
• Aortopathies



Overview
Overall, the maternal morbidity 
and mortality has been rising in 
the United States over the past 
several decades, 2023 there 
was a downtrend in this
Cardiovascular disease is a 
leading cause of pregnancy-
related deaths



Team Based Care





Risk Score Predictors
• CARPREG
• ZAHARA
• mWHO
• CARPREG2



CARPREG II
• Prior cardiac event includes 

heart failure, stroke, TIA, or 
arrhythmia
• Late pregnancy assessment: 

first visit: > 20 weeks gestation



mWHO



Plans

Primary Cardiologist:
Primary MFM:
Due Date:
CARPREG Score:
Modified WHO Group:
Cardiac Diagnosis:
Anesthesia Consult Recommended:
Telemetry:
Assisted Second Stage:
Echo 48 hours post-partum:
Special recommendations:
Pre-Admit:
Cardiac Medications:
Anticoagulation:
Cardiology Consult on Admission:
Location of delivery:



Postpartum

Follow up Postpartum

• Contraception
• Long term monitoring and management
• Medications



Case
40 year old female with history of CAD s/p PCI 
in 2011 and 2014 at OSH (no records available).
- Echo from 1 year prior LVEF 39% with wall 

motion abnormalities in the inferoseptal and 
inferior walls are akinetic. 

- Last seen 10 months ago
- Having palpitations
- Currently 18 weeks pregnant



What to do next?
Medications?
- Last Appt: Lisinopril 20mg, Spironolactone 25mg, Jardiance, 

Carvedilol 12.5mg BID, Zetia, Rosuvastatin, ASA 81mg
 - Stopped all of these once finding out pregnant. Currently 
on nothing.
LV Function 
 - ECHO: LVEF 40-45% and WMA in the inferior wall.
Exam
 - Euvolemic on exam. Blood pressure normal. 



What to do next?
Plan
 - Start Metoprolol succinate 25mg and restart ASA 81mg
Labs
 - NT-proBNP today: <50
Follow up
 - Return 2 weeks reassess volume and BP



What to do next?
Doing great on follow up. Improved palpitations with Metoprolol
Heart monitor for palpitations
 - PACs, PVCs, and NSVT 8 beats
Plan
 - Increase Metoprolol Succinate to 50mg daily and start 
Hydralazine 20mg TID and Isosorbide Dinitrate 20mg TID, Lasix 
20mg PRN
Plan
 - Follow up 4 weeks. Trimester BNPs or sooner with 
symptoms. Echo in third trimester or with symptoms



What to do next?
Follow ups continued to do well with normal BNP and tolerating 
medications.  
Third trimester echo LVEF 48% with inferior wall hypokinesis. 
Repeat monitor similar on increased dose of Metoprolol Succinate 
50mg.
Delivered at 38w2d vaginal delivery
Medications: Hydralazine and Isosorbide stopped and 
transitioned to Enalapril. 
Follow up Echo: LVEF 45% with similar RWMA. 



Case
19 yo with history of bicuspid aortic valve s/p balloon aortic 
valvuloplasty at 12 years of age then lost to follow up. 
- Comes to clinic 25 weeks pregnant. 
- Increased shortness of breath, lower extremity swelling, 

ECHO: Normal biventricular function; PV 4.8 m/s; PG/MG 93/53 
mmHg – Severe Aortic Stenosis



Plan
Labs: Normal BNP and troponin in clinic. 

Monitor performed
Medication: Lasix 20mg daily
Follow up – starting to notice dizziness and chest pain. Lasix 
decreased to every other day. 
Due to high risk for delivery 
 -  Seen monthly with Cardiology and MFM, Anesthesia 
consult prior to admission, had slow epidural titration, delivered 
via C-Section in Main OR with arterial line, CCU admission 
afterwards. 
Discharged after 48 hours with Lasix as needed and follow up in 6 
weeks.
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Patient Population
• Diagnoses
• Comorbidities

Outline

People
• Training
• Care Models

Systems
• Shock Teams
• Centers
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Changes in patient populations…



…Requires changes in expertise

1. Airway/ventilator management

2. Management of mixed shock

3. Management of MCS

4. Familiarity with renal replacement therapy

5. Management of neurologic emergencies

6. Postoperative cardiac surgery management







Staffing Models

Cardiology, 
88.6%

CCM, 
7.3%

Cardiology + CCM, 
3.3%

Cardiac Intensivist, 
0.8%

Primary Physician

CCM not available
12%

CCM available 
52%

CCM mandatory
36%

Consultations



✔

✔

✔

✔ ✔

✔ ✔ ✔



Shock Teams



Lower mortality 
• (23 vs 29%), aOR 0.72
Cost saving11



So, what is the future of CCC?





Systems of Care





Patients
• More comorbid
• More non-cardiac illnesses
• More IMV
• More RRT

Future of Critical Care Cardiology

People
• Expanded CCC interest and 

training opportunities
• Designated staffing

Systems
• Dedicated Units
• Multidisciplinary Shock Teams
• Interhospital communication 

and escalation
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POTS 
Clinical Implications and 

management 



POTS

• Most common form of orthostatic intolerance in young people – 0.2-1.0  of population 
below 40 years

• Increasing awareness – higher prevalence 
• Debilitating symptoms during peak productive ages
• Predominantly noted in young women – premenopausal .  75% to 80% are female, and 

most patients are between the ages of 15 and 25 years at diagnosis.
• Commonly misdiagnosed – anxiety disorder, panic attacks , chronic fatigue syndrome

JACC Focus Seminar. JACC. 2019 Mar, 73 (10) 1207–1228.



POTS - DEFINITION

• orthostatic intolerance characterized by a heart rate (HR) increment of 30 beats/min or 
more, often with standing HRs >120 beats/min, within 10 min of standing or head-up tilt 
(HUT), and in the absence of orthostatic hypotension (a decrease in systolic blood 
pressure (BP) of 20 or more mm Hg and/or decrease in diastolic BP of 10 or more mm Hg)

• Dysautomonia may have POTs/orthostatic intolerance as  a feature but often autonomic 
testing may be normal 

• Some patients may express symptoms at rest – however standing tends to almost always 
exacerbate symptoms. 

• Symptoms are relieved with lying down or resting. 

JACC Focus Seminar. JACC. 2019 Mar, 73 (10) 1207–1228.



POTS - characteristics

•  lightheadedness and palpitations when upright, particularly when standing. Pre-syncope 
is much more common than syncope

• syndrome, not a disease – overlapping symptoms. 
• bloating, nausea, diarrhea, abdominal pain, fatigue, sleep disturbance, headache,

CMAJ. 2022 Mar 14;194(10):E378-E385.

Comorbid conditions Prevalence

Migraine headaches 40%

Hypermobile Ehlers–Danlos syndrome and hypermobile spectrum 
disorder

25%

Myalgic encephalomyelitis/chronic fatigue syndrome 21%

Fibromyalgia 20%

Autoimmune disorders 16%



Meredith Bryarly et al. JACC 2019; 73:1207-1228.

Cardiovascular Response to Orthostatic 
Stress

• a small (5 to 20 beats/min) increase in 
HR and a corresponding small 
decrease in systolic and diastolic BP 
is noted with standing from a lying 
down position

• women with POTS have both an 
exaggerated fall in stroke volume and 
an apparent compensatory rise in HR.



POTS -  pathophysiology

• 1) Decreased venous return 
• Low volume 
• Relative orthostatic hypovolemia
• Cardiac deconditioning
• Small fiber neuropathy 
• Impaired relaxation

• 2) Excessive sinus node activation 
• Inflammatory mediators
• Excessive sympathetic activation
• ? Auto antibodies 

CMAJ. 2022 Mar 14;194(10):E378-E385.



Clinical sub types 

Hyper-adrenergic POTS 
• excessive	increase	in	plasma	norepinephrine	levels(≥600	pg/mL)	and	a	rise	in	systolic	
blood	pressure	on	standing.

• palpitations,	anxiety,	tachycardia,	and	tremor
• Hypersensitivity	to	isoproterenol

Neuropathic POTS – 50 % MC 
• Autonomic	dysfunction	of	small	and	distal	postganglionic	sudomotor	fibers,	
• obstruction	of	compensatory	venoconstriction	during	upright	posture	
• Venous	pooling	-	

Hypovolemic POTS
• low	levels	of	plasma	renin	activity	and	aldosterone	despite	hypovolemia.	angiotensin	II	levels	are	
2	to	3	times	higher	than	normal



POTS – other mechanisms

• Mast Cell Activation syndrome 
• episodes	of	flushing,	shortness	of	breath,	headache,	lightheadedness,	excessive	diuresis,	

and	GI	symptoms	(including	abdominal	pain,	diarrhea,	nausea	and	vomiting)
• abnormally	increased	levels	of	histamine	metabolites
• May	respond	to	anti	histaminics	rather	than	beta	blockers

• Effect of Sex and Menstrual Cycle
• worsening	during	either	the	pre-menstrual	or	early	follicular	phase	when	both	estrogen	
and	progesterone	levels	are	dropping	or	low

• smaller	stroke	volume	and	smaller,	less	distensible	hearts

• Autoimmunity
• antibodies	against	ganglionic	acetylcholine	receptors	(AChR)	and	antibodies	against	alpha-

1	adrenergic	receptors
• Mostly	neuropathic
• Stress	or	viral	illness

JACC Focus Seminar. JACC. 2019 Mar, 73 (10) 1207–1228..



POTS
• Diurnal variation – early morning tachycardia 

• Physical enforced deconditioning  leading to 
cardiovascular deconditioning. 

• positive response to exercise training



POTS in the post COVID era

• Higher	number	of	individuals	have	reported	POTS	like	symptoms	post	COVID-19	exposure	or	
illness

• “Long	COVID	syndrome	”	–	prolonged	fatigue	,	exertional	intolerance	accompanied	with	
orthostatic	tachycardia

• No	unifying	mechanism	to	explain	symptoms		could	include	a	combination	of	Autoimmunity,	small	
fiber	neuropathy,	cardiac	deconditioning	as	well	as	physical	deconditioning

• Most	commonly	–	neuropathic	vs	hypovolemic	sub	types

• Other	findings	–	intolerance	to	temperature	variations,	GI	disturbances	,	“brain	fog	”	etc.

• Management	is	currently	on	similar	lines

• Exercise	regimen	along	with	lifestyle	changes	seem	to	significantly	improve	symptoms.	



• Physiological orthostatic tachycardia 
• Anxiety
• Pheochromocytoma endocrine disorders
• Medication use 
• Neurally mediated syncope (NMS)
• Neural disorders - multiple system atrophy, Parkinson disease, Lewy body dementia, pure 

autonomic failure, autoimmune autonomic ganglionopathy,
• Inappropriate sinus tachycardia (IST)

Differentials 



• Detailed history 
• Review of medications
• Orthostatic vitals – can be done in the office – standing at 1 min and 3-5 min intervals. 
• Orthostatic tachycardia-more pronounced in the morning – testing should be done 
• Physical examination – other causes, hypemobility, skin changes, thyroid swelling 
• Formal autonomic testing – beat to beat monitoring- Valsalva response, sweat chloride, 

peripheral nerve testing – can be helpful with subtypes – usually requires more 
comprehensive testing. 
• Response to isuprel or nitrates is not considered diagnostic 

Diagnosis



• Non pharmacological measures as first step – at UofL – minimum of 3 months 
• Include – graded exercise program(Class IIa), adequate electrolyte rich 

hydration, avoidance of stimulants if possible, avoidance of triggers, 
compression stockings if applicable

• Medications – depending on symptoms 
• Palpitations – beta blockers,  ivabradine 
• Midodrine  Class IIb
• Fludrocortisone- mineralocorticoid Class IIb

Management



Management



• Medications – depending on symptoms 
• Palpitations – 
• Beta blockers  Class II b – 
• prefer non selective options – propranolol ,. Alternatives include  metoprolol and atenolol 

for ease of use. 
• Midodrine  Class Iib – Alpha1 agonist- orthostatic symptoms with background of low BP 
• Fludrocortisone- mineralocorticoid Class Iib - 

Medications



• Intravenous saline - acute clinical decompensation attributable to hypovolemia  - not 
recommended for routine management 
• - Limited subset – severe gastroparesis with inability to swallow significant amounts of 

fluids. 
• Pyridostigmine – Class II b - cholinergic agonist 
• Potential side effects include abdominal cramping, diarrhea – may benefit those with 

constipation
Others 
• Clonidine, phenobarbital, SSRI s , anti histaminics , modafinil 
• Ivabradine – If  inhibitor 

Medications



• POTS is a syndrome – one size may not fit all – however orthostatic prolonged tachycardia 
is a classic finding
• Patients may have overlapping symptoms with other neurally mediated disorders – 

management may be similar 
• Extensive history is extremely helpful. 
•  Non-pharmacological management is the mainstay of therapy.  Medications help in certain 

cases.
• Reassurance and persistence to graded exercises is helpful

Summary
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