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Plasminogen

EXUL = ? | Urokinase/tissue
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Circulatory System

Tissue capillaries

Venules l Arterioles

Vein
Pulmonary artery

LUNGS LUNGS
Pulmonary vein

RIGHT LEFT

HEART HEART

Vein Artery
Arterioles
Tissue capillaries
U RGO Arterial circulation

Venous circulation

Source: http://humananatomybody.info/neck-arteries-model-labeled/
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Circulation

PULMONARY
CAPILLARY

PULMONARY

ARTERY PULMONARY

VEIN
PRECAVA AORTA
RIGHT ATRIUM LEFT ATRIUM

POSTCAVA
RIGHT VENTRICLE
BLACK BLOOD

LEFT VENTRICLE

ARTERIAL
BLOOD

CAPILLARIES OF
PERIPHERAL
TISSUES

https://www.chegg.com/learn/biology/anatomy-physiology-in-
biology/components-of-circulatory-system



Cardiovascular Diseases

Name some cardiovascular diseases

Please type your answers in the zoom chat!




Cardiovascular Diseases

s Atherosclerosis
éHeart Attack
séHeart Failure
éHeart Valve Problems
s Arrhythmia
6Stroke
s|lschemic
sHemorrhagic




Heart disease
Cancar

Unintentional injuries

Chronic kower
respiratory disease

Stroke
Alzheimer dizpase
Diabates

Kidney dizease

Influenza and
prieumania

Sulcide

Cardiovascular Diseases

163.8
1615

2018
2019

&0 100 150 200

Deaths per 100,000 LS. standard population

¢ Leading cause of
death in US

s¢National Heart,
Lung and Blood
Institute Funding:
S3 Billion.




Risk Factors for Cardiovascular Diseases

Name some risk factors for cardiovascular diseases

Please type your answers in the zoom chat!




Risk Factors for Cardiovascular Diseases

¢Diabetes

sHigh cholesterol (hypercholesterolemia)
sHigh blood pressure (hypertension)

4 Obesity

séUnhealthy diet

¢ Physical inactivity

sSmoking

s Heavy alcohol consumption




Atherosclerosis

Artery

Plagues form in lining of artery

4Buildup of fatty deposits in the blood
vessel.

s Arteries become thick and stiff.

s Reduces blood flow through vessels.
4Can rupture, leading to thrombosis.

Plague grows, lining of artery damaged

Plaque ruptures

Blood clot forms,
limiting blood flow

https://www.mayoclinic.org/diseases-conditions/arteriosclerosis-
atherosclerosis/symptoms-causes/syc-20350569#dialogld40591634




Cholesterol Metabolism

il ¢ Cholesterol and fatty acids

\ hydrophobic and circulates bound
T to lipoproteins.
Ko ol i ﬁ “EET o Liver releases VLDL, which
| oL 2o circulate to deliver cholesterol
and fatty acids to periphery.

tfrom liver and

i) 4 HDL returns to liver for reverse
cholesterol transport.

Mammary, muscle, or adipose bssue
(&l

http://thescienceofhealthyscepticism.blogspot.com/2011/03/healthy-harmonious-
lipoprotein-cycle.html




Pathogenesis of Atherosclerosis

¢ LDL-cholesterol complex is
endocytosed, leading to

accumulation of fat deposits. Monocte Achesin R
¢ Macrophages are activated and & e e = 1 S x
phagocytose cholesterol and e Lo ] © 1577 e -
other lipids. o SE@TTTE
& C
, € o B¢ o
b Become foa m.cells. | SN T~ ) @
@ Release CytOkIneS that recrUIt \.\Cytoklne Proliferation \io Snl1loothmuscle
e - cell migration
smooth muscle cells and their N = —
prOIife ration ¢ Do o c‘Smooth muscle cells ’
R Media
¢ This early stage: fatty streak Attps/sphuweb.bumc.bu.edu/ott/mph-

modules/ph/ph709_heart/ph709_heart_print.html




Pathogenesis of Atherosclerosis
¢ Lipid core grows

B i

' 4 Foam cells die from too
much lipids and release
their content

Foam cells in early lesion 4 Smooth mUSC|e Ce”S

£ D .
reproduce and proliferate
¢ Leads to bulging arteries
é Calcification occurs
Detritus, ﬁbrosisl advanced lesion I-;lghgre teno; tfl:ombus .
http://watcut.uwaterloo.ca/webnotes/Metabolism/Cholesterol.html 4 F I b ro u S CO I | a ge n Ca ps fo r m
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Pathogenesis of Atherosclerosis

¢ The fibrotic cap becomes Plaque Rupture
eroded

Longitudinal view

Ruptured atheromatous

¢ By sheer

¢ By macrophage-derived
enzymes

¢ Thrombus formation

6 Release from sight 2 ooty ||
embolism

https://slideplayer.com/slide/4289862/
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Prevalence of Atherosclerosis

& No one knows

¢ Asymptomatic unless problematic

¢ |dentified due to angina, heart
attack and/or stroke

¢ Can form as early as —teens.

https://news.mit.edu/2019/machine-learning-shows-no-
difference-angina-symptoms-between-men-and-women-1106

of NORTH CAROLINA
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Diagnosis of Atherosclerosis

(g

Blood test
¢ EKG
6 X ray

Diagnosing Heart Disease

- Echocardiogram
 {ultrasound of heart)

Imaging: Chest [ EF
X-ray, CT Scan S/ Ml Stress Test

y“ " (or treadmill)

¢ Echocardiography

% An Electrocardiogram
. (ECGor EKG) -
o amadical davice that
makeas a graphical
- mecord of the heart's
alactrical actiity.

¢ Angiography el
¢ No clear BIOMARKER

http://heartdiseasendsublog.blogspot.com/2018/03/diagnosis-and-treatment.html
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Blood test – cholesterol, sugar, fats, proteins

Angiography – direct method, but can worsen the condition by physical disruption 



K>2 K>2

(g

K>2 K>2 K>2 K>2

Treatment for Atherosclerosis

Lifestyle changes

Lowering cholesterol
levels in blood — statins

Lowering high blood
pressure

Anticoagulants
Coronary angioplasty
Bypass surgery
Atherectomy

Filter

Catheter

" {
|__)l

'-‘. I b
- Y
\ % * )
o S .
-‘5_ | e s
Inclsmn in \ >
A »
-\‘_ o [, - £ "
Expanded TIRA | i ~
stent A i )
W ;
| -
I|I f - .
1\ ) L -
a8 I M
T =y
Plaque is
removed Y
@ MAYC FOUNDATION FOR MEDICAL EDUCATION AND R RESERVED.




Ongoing Research of Atherosclerosis

¢ Imaging technologies
¢ Biomarkers

¢ Differences in women and ethnic minorities
¢ Multi-ethnic study of atherosclerosis (MESA)
¢ Atherosclerosis risk in communities (ARIC)

¢ Genetic risk factor identification and personalized medicine
& Novel therapies to reduce atherosclerotic plaques

¢ Anti-inflammatory treatment

¢ Bempedoic acid (ATP citrate lyase inhibitor)




Painting blood vessels and atherosclerotic plaques
with an adhesive drug depot

Christian J. Kastrup®P, Matthias Nahrendorf®, Jose Luiz Figueiredo®, Haeshin Lee®
Timothy Lee®, Seung-Woo Cho®, Rostic Gorbatov®, Yoshiko lIwamoto®, Tram T. Da
Hao Cheng®f, Christopher D. Pritchard?, Arturo J. Vegas®, Cory D. Siegel, Samant
Anh Thai?, James R. Stone?, Arthur J. Coury", Ralph Weissleder, Robert Langer®"

¢ Developed a method to coat atherosclerotic
plaques to prevent rupture

¢ Can also incorporate drugs to be released at
the atherosclerotic plaques

¢ Stable for over 4 months in mice




Coronary Heart Disease

¢ When arteries of the heart cannot deliver A ..
oxygen-rich, nutrient-rich blood to the |
heart.
6 Heart attacks,
4 Heart failures, | -
o Leading cause of death in US NV | B
¢ 1in 36 seconds, someone dies of CVD nw.e |
¢ Classified as obstructive or non-
obstructive
¢ Obstructive = >50% blocked

¢ Non-obstructive
¢ Unresponsive to vasoconstriction/vasodilation
¢ Vasospasm

o Small Coronary
Artery Network
(Microvasculature)

Microvascular
Disease

Abnormal structure

Plague or tighteningfrelaxing
of the blood vessels

Abnormal
blood flow

https://www.nhlbi.nih.gov/health-topics/coronary-heart-disease




Risk Factors of Coronary Heart Disease

4 Age

¢ >45 for men,

¢ ~>55 for women (menopause)
6 Genetics / family history

¢ Lifestyle habits
¢ Obesity
¢ Abnormal sleep quality
¢ Daylight saving time
¢ Stress
¢ Smoking

s Underlying disease
¢ Diabetes
4Race or ethnicity
s Asian Americans have lower
incidence
6 Sex
6 Obstructive: Men>Women
¢ Non-obstructive: Men<Women

https://tools.acc.org/ASCVD-Risk-Estimator-Plus/#!/calculate/estimate/
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Risk Factors of Coronary Heart Disease

Race of Ethnic Group % of Deaths Men, % Women, %

American Indian or Alaska Native 18.3 19.4 17.0
Asian American or Pacific Islander 21.4 22.9 19.9
Black (Non-Hispanic) 235 239 23.1
White (Non-Hispanic) 23.7 24.9 225
Hispanic 20.3 20.6 19.9

All 234 24.4 22.3



Presenter
Presentation Notes
Women’s probability increases following endometriosis, gestational diabetes, early menopause
 


(g

& & & & & & & &

Symptoms of Coronary Heart Disease

4 American

Heart
Associatione

An g| n a life is why™
¢ Behind breastbone, arm, Common Heart Attack
shoulder, jaw, throat, back Warning Signs
Cold sweats
D i Z Z i n e S S Pain ?r: g:]s:;mfort
Light-headedness 24
NECk pain nausea, or vomiting
L 34

Shortness of breath on
Sleep disturbances Q’
Fati ue arm or shoulder

& 5
Nause a Shortness of breath

Learn more at Heart.org/HeartAttack.

©2016 American Heart Association, Inc. . Al rights reserved, . Unauthorized use prohibited.
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Heart failure  when your heart doesn’t pump enough blood for your body’s needs
Arrythmia  due to electrolyte imbalances
Cardiogenic shock  lack of blood to vital organs  most severe form of heart failure



Complications of Coronary Heart Disease

CARDIAC HEART

ARREST ATTACK

¢ Can lead to

@ @) ¢ Heart attack

Cardiac arrest is A heart attack is 6 h .
an ELECTRICAL a CIRCULATION
problem. : problem. B Arryt mid

¢ Sudden cardiac arrest

¢ Heart failure

¢ Cardiogenic shock
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Arrythmia  due to electrolyte imbalances
Cardiogenic shock  lack of blood to vital organs  most severe form of heart failure
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Heart Attacks

Coronary artery | Heallty
{supplies blood — . heart
and oxygen o ' muscla

Myocardial Infarction s

+ . T

Flow of oxygen-rich, nutrient-rich / heart muscie) \\, ot

blood is suddenly blocked. B oo\ \

¢ Heart muscles (cardiomyocytes) start to suidup— 8 \
d|e . ; in artary !

If not treated quickly, can lead to
death of heart muscles and be
replaced by scar tissue

¢ Can cause future problems

Heart muscle Dead heart muscle

Mostly from atherOSC|erOSiS and https://www.nhlbi.nih.gov/health-topics/heart-attack
associated thrombosis




Diagnosis of Heart Attacks

¢ Electrocardiogram

¢ Blood test
¢ Troponin tests w‘/\ VJ\ V\/\ V\[\k
¢ CK test
¢ Serum myoglobin tests

¢ Coronary angiography

https://www.amjmed.com/article/S0002-9343(08)01018-8/fulltext




Prevalence of Heart Attacks

¢ Someone has a heart attack _
every 40 seconds in US. e Ages 5 1 by ooty

¢ 805 000 Americans have a
heart attack each year.

¢ 605 000 are first time.
1in 5 are silent.

Mortality: 108 610 (2018)

25

>3 >3

Age-Adjusted
Average Annual
Rates per 100,000

s
§
£
S0+ 103.4 -284.2
& 284.3-324.9
g I 3250-3659
& s I 3660- 4265
% Il +255- 11705
kol l:l Insufficient Data
il
8 10 1
s Rates are spatially smoothed to enhance
5 the stability of rates in counties with small
§ 9 populations,
8 <
g 5 T Data Source:
H D National Vital Statistics System
F-4 - National Center for Health Statistics
. www.cde.gov/dhdsp/maps
. —
35-44 45-54 55-64 65-74 75-84
Age (years)

===\White Males ===Black Males ~~~White Females ===Black Females
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Treatment for Heart Attacks

NURSING MNEMONICS & TIPS

IMMEDIATE TREATMENT OF
MYOCARDIAL INFARCTION

"MONA TASS"
MORPHINE _

Analgesic d i d dety, also h: ial effects as =
avasodilator and decreases the workload of the heart by reducing preload and afterload.
. .
"To provide and improve oxygenation of ischemic myocardial tissue; enforced together with bedrest i N I t r O I ‘ e r I l l
to help reduce dial on. Given via nasal cannula at 2 to 4 L/min.

:lll:sw:(l;n:;',:;::::::r:?" pectoris and acute MI; causes vasodilation and increases blood B t b I k
APIRIN e a OC e rS
.,al:uwing hlood\ollowlhrougha:air:, minimizing the size O Xyg e n t h e ra py
of the infarction and preserving ventricular function; given in some patients with MI.

Thrombolysis
STOOL SOFTENERS
Given to avoid i ining that may trigger ias or another cardiac arrest. o
SEDATIVES Anticoagulants

Valium or an equivalent s usually given.

(g

Aspirin

(g

(g

A2 which platelets gate and arteries to

constrict. The earlier the patient receives ASA after symptom onset, the greater the potential benefit,

(g

Given to prevent clots from becoming larger and block y arteries. They are.

other anticlotting medicines to help prevent or reduce heart muscle damage.

(g

(g

100 nor RepesenT THe oRoeR
AXC PRIORITIZATION OF

(g

LEARN MORE: MONA AND MYOCARDIAL INFARCTION

MONA is a mnemonic for the four primary interventions that are performed when treating a patient with
Myocardial Infarction (MI). However, MONA does not represent the order and prioritization of administering
them. Aside from MONA, TASS is also given which includes thrombolytic drugs are also given within 6 hours
of onset to interrupt Ml evolution. Anticoagulant therapy reduces the risk of recurrent infarction and death
in patients with ST-segment elevation. Stool softeners are used to avoid straining of stool, and sedatives
and ilizers to increase rest.

Coronary angioplasty

nUrSGSleSm 5 e SEE ALL MNEMONICS AND TIPS AT:

FOR AL VOUR WURSTHG WEEDS & +ursesiabs hitp://nurseslabs.com/mnemonics

—_XN THE UNIVERSITY
II I of NORTH CAROLINA
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Thrombolytic Therapy

¢ Administration of enzymes
that degrade the blood clot.

¢ Associated with increased
risk of bleeding

¢ Major bleeding (drop in
hemoglobin, or transfusion)

¢ Intracranial hemorrhages

Pre-existing state

Injured
vessel

Inhibitors already
present in circulation

Thrombuotic occlusion

& PAI-1
@ c-antiplasmin

Hemostatic plug

Systemic tPA (intravenous) Local tPA (catheter)

Thrombolysis

Thrombolysis

% .
U e
t‘.‘.‘ @A Bleeding risk | Bleeding risk

https://onlinelibrary.wiley.com/doi/full/10.1111/j.1538-7836.2011.04370.x
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I tried to find out what causes the high incidence of intracranial hemorrhages, but I didn’t find anything. 

Tissue plasminogen activator, streptokinase, urokinase, plasmin injection, etc… 

Tightly regulated. 


Ongoing Research for Heart Attacks

¢ |dentifying genetic
and environmental
risk factors

& Improving
treatments

Reprogramming

iCM

& Reversing scarred
tissues

CM
Qian et al., Nature, 2012




Stroke

¢ When the brain does not
receive sufficient oxygen
and nutrients

4 2% of body weight, yet 20%
of oxygen usage

4 2 types
¢ |Ischemic (80%)
¢ Hemorrhagic (20%)

https://med.uth.edu/neurology/specialty-programs/ut-
stroke/stroke-symptoms-prevention-and-background/




Prevalence of Stroke

4 1/6 CVD dlsease |S due tO StrOke. Counties with High Stroke Mortality Rates are Concentrated in the South
¢ Someone suffers from stroke "
every 40 seconds and someone
dies every 4 min.
¢ 185 000 stroke/year
¢ Leading cause of long-term
disability. =
6 Risk of having the first stroke is =
twice as high for the Black -—
population compared to the o
White population. .
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Face Drooping

DOES ONE SIDE OF THE
FACE DROOPORISIT
NUMB?

Ask the person to smile.
Is the person’s smile
uneven?

THE UNIVERSITY
of NORTH CAROLINA
at CHAPEL HILL

Symptoms and Diagnosis of Stroke

Arm Weakness

IS ONE ARM WEAK OR
NUMB?

Ask the person to raise
both arms. Does one
arm drift downward?

Speech

IS SPEECH SLURRED?

Is the person unable to
speak or hard to
understand? Ask the
person to repeat a
simple sentence, like
"The sky is blue."

Time to Call 9-1-1

If someone shows any of
these symptoms, even if
the symptoms go away,
call9-1-1and get to a
hospital immediately.

Check the time so you'll
know when the first
symptoms appeared.

(g (g (g

Blood tests

EKG
MRI/CT




Treatment for Stroke

AmeUrysm

¢ Ischemic stroke
¢ Thrombolytic therapy
¢ Anticoagulant/antiplatelet drugs
¢ Thrombectomy

¢ Hemorrhagic stroke
¢ Surgery
¢ Blood clotting reagents

Artericvenous
malformation




Risk Factors for Stroke

(g

Obesity
Diabetes

High blood pressure

(g (g (g

High cholesterol

(g

Smoking

(g

Cerebral amyloid angiopathy
¢ Build up of amyloid beta proteins along brain blood vessels

¢ Risk factor for bleeding in thrombolytic therapy




Cerebral Amyloid Angiopathy (CAA)

¢ Build-up of amyloid beta proteins along
the blood vessels of the brain

¢ Highly associated with the development
of Alzheimer’s disease (AD)

¢ Genetic risk factors and environmental
risk factors of CAA and AD

6 Risk factor for thrombolysis

TP A a b
https //www semantlcscholar org/paper/The deveIopment
of-cerebral-amyloid-angiopathy-in-A-Mendel-Wierzba-
Bobrowicz/b2b17e4572384cd7bc779193e912636a12aa5df9




Cerebral Amyloid Angiopathy and Coagulation

Fibrinogen B Fibrinogen c Fibrinogen
+Ap42+TDI-2760 Clot

Q:\)s?gf\\"’!

Clot

+Ap42 Clot.

(g

Fibrin deposits are found in CAA

i’ \.,-;_"

(g

Co-localizes with sites of
vascular damage

. . T 02 i R IR '! "Z‘"ﬁ“ﬂ —
Q F | b rl n Oge n WO rS e n S https://www.jove.com/t/58475/analysis-amyloid-induced-abnormalities-on-

inflammation and subsequently e
AD and CAA development. |BC ARTICLE

Coagulation factor Xllla cross-links amyloid 8 into dimers and

& FXllla crosslinks amyloid beta oligomers and to biood proteins

Received for publication, August 23, 2018, and in revised farm, Octaber 25,2018 Published, Papers in Press, Novermnber 8 2018, DO110)074/jbe RAT 18005352
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From the *Michael Smith Laboratories, and Centre for Blood Research, University of British Columbia, Vancouver, British Columbia,
Canada V6T 124, *Department of Biochemistry and Molecular Biology, University of British Columbia, Vancouver, British
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Mowafaghian Centre for Brain Health, the Vancouver Prostate Centre, University of British Columbia, Vancouver, British Columbia,
Canada V6T 124, and "Department of Pathology and Laboratory Medicine, University of North Carelina at Chapel Hill,
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Ongoing Research for Stroke

¢ |dentify new genetic risk factors
¢ Find new biomarkers of atherosclerosis
¢ Improve thrombolytic therapy

6 Develop new drugs to prevent/reduce neurological damage




Cardiovascular Health in African Americans

¢ Coronary Heart Disease:
6 -3.2%/y vs -6.5%/y (men) -4.0%/y vs -5.2%/y (women)
¢ 2.18 (men) and 1.63 (women) more likely of fatal CHD
¢ Stroke

& Mortality is higher in non-White population
¢ Reduced from 4.5-fold in 1950s to ~2-fold in 1999.
¢ Risk disparity decreases with increasing age

¢ Obesity

¢ 58% in Black women, 38% in Black men, 34% in white men and 33% in
white women

¢ Diabetes
¢ Prevalence: 21.8% in Blacks vs 11.3% in Whites

¢ Black men are 1.5 times and women are 2.1 times more likely to develop diabetes.

Carnethon et al., Circulation, 2017



- Obesity is a Major Risk Factor for CVD

Heart Attack

Obesity

Heart Disease Death Rates, 2014-2016
Adults, Ages 35 +, by County

100000
1034-2042

an

s

[ zomeaon awaa-0200

I ocasn - s

[— = I ez
- nros.

| ] ot cata”

Stroke

Counties with High Stroke Mortality Rates are Concentrated in the South

Netions Cantes for Heath Sititis

THE UNIVERSITY
of NORTH CAROLINA
at CHAPEL HILL
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Obesity Leads to Dysregulation of Hemostasis

Contact activation (intrinsic) pathway
Damaged

¢ Enhanced platelet activation orfee

(extrinsic) pathway

XII/—\X£I Trauma
¢ Increased levels and s |
7 PR

activities of VWF, FVIII, FIX, X Be v

lVIIIa lTissue factor «—Trauma
FXI, FXII % x
lVa

& Impaired fibrinolysis prthronn Thvonti

(I1) (ITa)

6 Reduced plasmin generation Conmon Fabrg;;g?\mn
pathway
4 Reduced plasmin activity s
Cross-linked
fibrin clot

of norTH carorina Miszta et al., Blood, 2020; Celikbilek et al., Platelets, 2013; Tripodi et al., J Hepatol, 2014; Kotronen et al., Liver Int, 2011; Ajjan et al., Blood, 2013

at CHAPEL



Inhibition of Coagulation Prevents Obesity

Anti-fibrin(ogen)

6 Fibrin deposits are found within
livers and white adipose tissues of
obese mice and men.

R No'nobéég, ‘ by Obese
” \_ . S

% > v ,' 2 wt . 1 'y 2 1
4 1 p F .
E ‘\. r y L. . - ‘-\ 5 b 14
— f ¥ .rv J[ / r y k

- y | e 4

& Fibrin increases the accumulation
A of pro-inflammatory macrophages
O CDh O HFD
in these tissues.

B — \ &
¥

1 @ CD+DE 4 HFD+DE

6 Inhibition of thrombin activity
prevented weight gain.

0 5 10 15 20

Kopec et al., JCI, 2017



Questions?

steve_hur@med.unc.edu
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