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« Cardiac pathology affects vascular flow
- BP=COxSVR
— Common cardiac lesions

*  What we share
— Genetic lesions
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y cardiac disease may affect flow through
the cardiovascular system

BP =CO x SVR

Left ventricular and aortic valve abnormalities
mainly affect arterial hemodynamics and are
seen throughout the entire system.

Normal Pulse
smooth upstroke

Left Sided Pathology

Factors affected by Cardiac output

Aortic Cardiac output

Aortic regurgitation: “Water-Hammer Pulse”
Rapid upstroke and rapid fall in diastole,

High cardiac output Low cardiac output

CHF, cardiomyopathies, tamponade,
Low CO seen throughout cv system, . .
Large pulse wave followed by small secondary wave Chronic anemia

Carcinoid syndrome

Congestive heart failure

Dicrotic Pulse

ammr Puise”
associted win sore muficen
Not:rapd upsloxe and rap fa i Gasicie associated with decreased arterial tone

lote: accentuated secondary pulse wave

Note: . .
\_A\/\J\J\JJ\ (may feel ke heart rate is twice as fast as normal) Chronic hypercapnia
use direct method with stethoscope: Multiple myeloma

Cardiac valve problems
Atrial fibrillation

Aortic Stenosis
Anacrotic Pulse: delayed upstroke
Anacrotic Pulse
associated with aortic stenosis
Note: delayed upstroke

B .

Combined AS/AR: Pulsus Bisferiens
Double peaks
Puisus Bisterins
coraers

Sonosis and s sfcency
Note: double pesks.
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Pulsus Alternan:
usually associated with heart faiure
Note: large puise wave folowed by smal secondary wave

| AVANAVIVAV

Cardiac Tamponade or constrictive pericarditis;
Diminished pulses during inspiration
Puisus Paradoxus
usual 1o wih cardic
tamponade or constrictive pericarditis
Note: iminished puises durng nspration

Sepsis

Beriberi heart disease
Sickle cell anemia
Pregnancy

Obesity

Hepatic disease

Cardiac arrhythmias

CAD low EF

Diastolic dysfunction
pericarditis

Anemia
cardiomyopathy
Systemic hypertension

Cardiac tamponade




Low Cardiac Output

Low Cardiac Output
Aortic lesions decreasing cardiac output

“Water-hammer Pulse”
associated with aortic insufficiency
Note: rapid upstroke and rapid fall in diastole

Anacrotic Pulse
associated with aortic stenosis
Note: delayed upstroke

Low Cardiac Output
Aortic Stenosis combined with

Insufficiency

Low Cardiac Output

Pulsus Alternans
usually associated with heart failure
ote: large pulse wave followed by small secondary wave

Low Cardiac Output
Aortic lesions decreasing cardiac output

Pulsus Bisferiens
associated with combined aortic stenosis and insufficiency
Note: double peaks

Low Cardiac Output
Cardiac Tamponade

Pulsus Paradoxus
usually associated with cardiac
tamponade or constrictive pericarditis
3 i pulses during inspi
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Low Cardiac Output

Shock!

Common cardiac sources occluding
vascular flow

Thrombus can form on prosthetic valves

Genetics
The cellular level affects everything!

Celular response

P rcucion

G
s _..:mg.m.mm

Sensed mechanical A production of ECM corppoundsiy

- Activate latent TGFf in the mm*

De Backer J European Heart Journal (2015) 36,2131-2133

Common cardiac sources occluding
vascular flow

Left atrial appendage thrombus
as a result of atrial fibrillation

High Cardiac Output

Hyperdynamic

Genetics

Fibrillin-1 and friends are in the business of creating
elasticity and structure by controlling the release and
balance of MMPs and collagen

Microfibril bundies Elastic fibres

Kielty CM, Sherratt MJ, Shuttleworth CA, Journal of Cell Science 115,2817-2828(2002)@ The Company of Biologists Ltd
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Genetics Genetics

Ascending aortic media We MUST have both structure
Normal Normal and erXIbIlIty

elastin & collagen
| disrupted elastin

and colagen smooth muscle
cell loss

muscle cells

fibrillin-1 microfibril loss of fibrillin-1

microfibrils

Tadros T M et al. Circulation 2009;119:880-890

Genetics Genetics
Endothelial layer covers valves

Schematic of normal mitral valve histology

Provides cushion from the pulsatile flow of the cardiac cycle
reacShCS,

elastin \A V ‘

chordae tendinae

left ventricle

Delling F N, and Vasan R S Circulation 2014;129:2158-2170

Genetics =
Structure = function Bottom line is Balance:

. Trapezoid B. Normal . Degenerative MMPs , Collagen and Elastin
. * MMPs are responsible for the elasticity of the vessel walls,
Excessive = Elastic
« Deficient MMPs mean too much collagen, collagen is
associated with integrity and structure,

Deficient = Disruptive

D. Asymmetric E. Symmetric
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Valve Function Bicuspid aortic valve

Collagen is our friend,.. most of the time

a Systole

Aortic Collagen
perspectlve orientation

b Diastole

Cardiovascular calcification current controversies and novel concepts J.L. Ruiz et al./Cardiovascular Pathology 24(2015)207-212

Hemodynamic flow changes from raphe location Aortic Dissection

Hemodynamic cycle

Hemodynamic

Stress T

s Endothelium

Dilatation, Mechano-

Wall Thinning V"’-m""‘"‘"
Histologic AJ

Abnormalltles

Riti Mahadevia et al. Circulation. 2014;129:673-682 Circulation. 2008;117:

Aortic Dissection Stiffness

Location determines treatment Stiffness comes from Arteriosclerosis

Aging of the Arteries

* Arteriosclerosis: general term
for degeneration changes in
arteries making them less
elastic; ‘hardening of the
arteries’; increases resistance
to blood flow causing increased
BP and increased work to heart




Stiffness
Calcification leads to stiffness

Endothelial Dysfunction:
Reactive Oxygen Species
ized LDL

Angiotensin I

[ Aorticstiffening = Increased Pulse Wave Velocity
RenalDisess
wypertensiot gmokine___

Diabetes >
6T/ P2T " pccelerators

Plaque

Arteriosclerosis with lipid deposition is known as Atherosclerosis.

* Atherosclerosis: deposition of
fatty plaque on walls

Plaque build-up

Constricted blood flow

Bottom Line: MMPs Rule
Everything begins, and hopefully ends, at the cellular level!

CENTRAL ILLUSTRATION: Losartan Reduces Post-MI Profibrotic Mitral
Valve Changes Without Eliminating Adaptive Leaflet Growth

Mi with ARB

y

M ActateaVic gl Quescent VIC =S5 Collgen Bundies
Bartko, P.E. et al. J Am Coll Cardiol. 2017:70(10):1232-44.

Philipp E. Bartko et al. JACC 2017;70 1232-1244
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Stiffness
Decreased pulsatlity of the aortic root

Plaque

Collagen the major stress-
bearing component of the
entire circulatory system.

Aneurysms can form in
areas with high-stress or
weaken/injured tissues...

and from atherosclerosis.

Conclusions

. Takes a team } e
s SHE BIGAN To 40
It all begins at the A BELIEVE THAT 7
cellular level 7 /
SOMETIMES
I'VE BELIEVED

Genetic: MMP ASMANY A5 ix
Excessive = Elastic g IMPOSSIBLE

THINGS
Acquired: MMP J8  BEFORE BREAKFAST
Deficient = Disruptive [

- VERY TEW
Losartan THINGS ARE

INDEED

ing MPOSSTBLE
It ain’t over yet... &



