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Case 1
42 year old WM with hypertension for 10 years
BP 160/100 mm Hg on no meds.
24 hour ABPM average is 164/98 mm Hg. Non dipper
Normal weight. Non smoker
No caffeine or alcohol use
Good nutrition and exercise
FHxis negative for hypertension
PMHx negative
PE shows mild hypertensive retinopathy, S3 gallop, 2/6 systolic murmur
Lab is normal except for FBS of 102 mg %
EKG: Left ventricular hypertrophy
Plasma renin activity (PRA): 3.2 pg/ml/ hr (normal is <0.65)
MNT micronutrient deficiencies: Mg, CoQ10 and vitamin B 6
What is your treatment plan?



#1 Cause of Death Worldwide1

CVD has been the #1 COD since 1920

Å2200 deaths EVERY DAY from CVD & CVA2

ÅEquivalent to four 747s crashing every day!

Å2 out of 3 men will die of CVD

Å1 out of 2 women will die of CVD

We were doing BETTER! - Between 2000-2011
ÅHeart related mortality iôd3.7% per year

Å Stroke mortality iôd4.5% per year

1. American Heart Association 1/17DS11775, 2017

2. NEJM 2011;365:2098



CVD is Expensive!
ÅNationôs most expensive disease1

Å $1 Billion a day in medical costs & lost productivity2

Å 2014 - stroke and heart failure were the most expensive chronic 

conditions in the Medicare fee-for-service program1

ÅCVD Expenses are expected to ñsoarò in the coming years1

Å It will surpass cost estimates for other chronic diseases (diabetes & 

Alzheimerôs)1

1. American Heart Association 1/17DS11775, 2017

2. CDC Foundation, April 29, 2015



#1 Cause of Death Worldwide1

We WERE getting better, buté

ÅCVD is now growing faster than our ability to combat it

Å 2015 - CHD death rate increased by 1% for the first time since 

1969

Å 2015 ïprevalence was 41.5% 

ÅWasnôt predicted to occur until 20302

Å 15 years early!

Å By 2035, nearly 50% of the US Population will have CVD

1. American Heart Association 1/17DS11775, 2017

2. Medpage Today/AHA February 15, 2017





Million Hearts - Johnôs Story
ñI thought it would be nearly impossible 

for me to have a heart attack. But, I 

didéò

1. https://youtu.be/8DQo3uCK5_Y

Å Hx HTN (on meds)
Å +FHx
Å Frequent cholesterol checks
ÅtŀǎǎŜŘ ǎǘǊŜǎǎ ǘŜǎǘǎ άǿƛǘƘ ŦƭȅƛƴƎ ŎƻƭƻǊǎέ 

(before his MI)
ÅάIŜΩǎ ǘƘŜ ƪƛƴŘ ƻŦ ǇŀǘƛŜƴǘ ǿŜ ǿŀƴǘ ǘƻ ǎŜŜΦ 

We want to see people while they have 
serious issuesbut before they have 
irreversible damageΦέ ςHis heart surgeon

Å 5 vessel CABG



Top 5 Risk Factors
1. Hypertension

2. Hyperlipidemia

3. Tobacco

4. Diabetes

5. Obesity



Hypertension, CVD, and CKD

Hypertension is  
Å #1 cause of CVD in the US
Å one of the leading causes of CKD in the US

CVD is the #1 cause of death in the US (36% of all deaths)

CVD costs:
Å 2009 - > $475 Billion dollars 
Å 2020 ςprojected > $800 billion



ASH Definition of Hypertension

άIȅǇŜǊǘŜƴǎƛƻƴ ƛǎ ŀ ǇǊƻƎǊŜǎǎƛǾŜ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ǎȅƴŘǊƻƳŜ ŀǊƛǎƛƴƎ ŦǊƻƳ ŎƻƳǇƭŜȄ ŀƴŘ ƛƴǘŜǊ-
related etiologies, which features early markers that are often present before blood 
ǇǊŜǎǎǳǊŜ ŜƭŜǾŀǘƛƻƴ ƛǎ ǎǳǎǘŀƛƴŜŘΦέ

-American Society of Hypertension definition

1. J of Hypertension 2006;8:5-14



Hypertension is NOT a disease!
Å marker for endothelial and vascular dysfunction.

ÅάŎƻǊǊŜŎǘέ ōǳǘ ŎƘǊƻƴƛŎ ŘȅǎǊŜƎǳƭŀǘŜŘ ǊŜǎǇƻƴǎŜ

Å Vascular system is the innocent bystander. 



HTN is a Vasculopathy
Characterized by:
1. Vascular Inflammation
2. Vascular oxidative stress
3. Vascular autoimmune dysfunction

1. Curr Opin Nephrol and Hypertension 2012;21:119-121

2. J of Hypertension 2012;30:2440

Abnormal vascular biology with:
1. Endothelial Glycocalyx 

dysfunction
2. Endothelial dysfunction
3. Vascular smooth muscle 

dysfunction (VSMD)

Initially these processes are adaptive to the increased BP, but then become maladaptive 
leading to a bi-directional contributing factors. 
Endothelial dysfunction and vascular smooth muscle dysfunction precede the 
development of hypertension by decades.

Leads to:
1. Structural remodeling
2. Increased arterial stiffness



Vascular Biology





Vascular Disease is a Balance



Infinite Insults ïthese are just the top 25
1. Hypertension             
2. Dyslipidemia
3. Hyperglycemia
4. Obesity
5. Smoking
6. Hyperuricemia
7. Renal Disease
8. Increased Fibrinogen
9. Increased ferritin
10.Trans fatty acids & refined carbs
11.Low dietary Omega-3 fatty acids
12.Low dietary K+ & Mg++ w/ high Na+

13. Inflammation: hhsCRP
14. Increased oxidative stress & 

decreased oxidative defense

15. Increased immune dysfunction
16.Lack of sleep
17.Lack of exercise
18.Stress, anxiety, & depression
19.Hyperhomocysteinemia
20.Subclinical hypothyroidism
21.Hormonal imbalance (men and women)
22.Chronic clinical or subclinical infections
23.Micronutrient deficiencies
24.Heavy metals
25.Environmental pollutants



Your vessels are under attack! 



Infinite Insults

Infinite
Insults

Oxidative Stress

Immune Dysfunction Inflammation

3 Finite Responses





AT1 AT2

Å Vasoconstriction
Å Na+ & H2O Retention
Å Growth Stimulation
Å Disease Progression
Å Increased oxidation

Å Vasodilation
Å Anti-oxidant
Å Anti-inflammatory
Å Anti-thrombotic
Å Growth inhibition

Å Angiotensin II
Å Endothelin
Å Aldosterone
Å oxLDL
Å AGTR1 AA

Å Nitric Oxide

CRP



Endothelium

Å barrier and primary sensor of physiological and chemical changes
ÅάŀƛǊ ǘǊŀŦŦƛŎ ŎƻƴǘǊƻƭƭŜǊέ ŦƻǊ ǘƘŜ ǾŀǎŎǳƭŀǘǳǊŜΦ

The endothelium acts as an inflammatory, oxidative stress and immune cell.



Endothelial Dysfunction

Definition: the potential for vascular endothelium to undergo phenotypic 

modulation to a nonadaptive state, characterized by the loss or dysregulation of 

critical homeostatic mechanisms normally operative in healthy endothelial cells.

Key & earliest event in vascular disease

Present with only risk factors but no atherosclerosis.

ED = loss of Nitric Oxide

Correlates with future CV events (MI, PCTA, CABG, sudden death).



Endothelial Dysfunction Predicts CVD

Very accurate predictor of: 
Å future cardiovascular events(CVD)
Å target organ damage (TOD) such as CHD, MI, CVA, CRF and CHF

For each 1% increase in Endothelial Function there was an 8% decrease in CVD

This is particularly true in low risk hypertensive patients and less so in the late stages of 
CV TOD.

1. J of Hypertension 2014;32:2393



How to Measure Endothelial Dysfunction

Å EndoPAT, Endothelix
Å Measures reactive hyperemia and endothelial dysfunction
Å FDA approved
Å About $25,000

Å 5 minute occlusion of brachial artery with BP cuff
Å Digital measurement for ED-FMD as increase in signal amplitude
Å Measure pre and post occlusion ratio index
Å Index of 1.67 (EndoPAT) has 
Å sensitivity of 82%
Å specificity of 77% to diagnose coronary endothelial dysfunction and 

highly correlates to brachial artery FMD (r=0.33 to 0.55). 
Å Predicts hypertension and CHD.
1. JACC 2010;55:1688

2. JACC 2004;44:2137

3. Circulation 2008;117:2467



Endothelial Glycocalyx

¢ƘŜ 9ƴŘƻǘƘŜƭƛǳƳΩǎ άCƛǊǎǘ [ƛƴŜ ƻŦ 5ŜŦŜƴǎŜέ
Å Microscopically thin gel-like layer
Å coats the entire luminal side of the vascular endothelium 
Å provides a nonadherent shield.

van den Berg, Vink& Spaan, Circulation Research (2003), 92: 592-594



Functions of a Healthy Glycocalyx
Å Triggers shear induced nitric oxide, is 

ED, is BP, and is ASCVD
Å Shear stress sensors
Å Houses extra-cellular superoxide 

dismutase (ec-SOD)
Å Vascular permeability (electrostatic 

charge, size and steric hinderance)
Å Maintains colloid osmotic gradient of 

the vascular barrier
Å Anti-thrombosis. Harbors coagulation 

regulatory factors
Å Inhibits platelet adherence
Å Prevents leukocyte adhesion & 

diapedesis

Å Mediation of fibroblastic growth factor (FGF), AT-III, heparin 
cofactor, thrombomodulin, tissue factor inhibitor (TFI)

Å Inhibits inflammation, oxidative stress, & vascular immune 
dysfunction

Å Forms an interface between the blood and the endothelium



Compromised Endothelial Glycocalyx
Damage to the EGC precedes 
damage to the endothelium

ÅiΩŘNO production
ÅhΩŘoxidative stress
ÅhΩŘmacromolecule leakage
Å DM complications
Å Ischemia-reperfusion injury
ÅhΩŘplatelet adherence
ÅhΩŘthrombin generation
ÅhΩŘleukocyte adhesion & 

diapedesis 
Å CHD and atherosclerosis



Normal vs. Damaged Glycocalyx



Known Causes of EGC Degradation
Å Hyperglycemia/DM
Å oxLDLstimulates leukocyte CAMs and immobilization on the endothelial lining and 

induces anionic charges
Å hLDL and hTG
Å Thrombin
Å TNF-alpha and other cytokines
Å Inflammation
Å Oxidative stress
Å Immune vascular dysfunction
Å Hypervolemia
Å Low fluid shear stress
Å Hyaluronidase
Å Matrix metalloproteinases (MMP)
Å Ischemia reperfusion
Å Atrial natriuretic peptide (ANP)
Å Endotoxins



Spatial Variation of EGC Thickness

Significantly decreased at atheroprone locations (branches, bifurcation, & 
curvatures). 

These locations are characterized with disturbed blood flow patterns including 
reversed, oscillatory, and turbulent flows associated with low shear stress

Gouverneur, et al., Journal of Internal Medicine (2006), 259: 393-400



High Risk of Plaque at Bifurcations

Anne Brisset, et al. Connexins in Vascular Physiology and Pathology (2008), Antioxidants & Redox Signaling 11(2):267-82



The EGC as Focus for CVD Intervention

CVD starts with Endothelial dysfunction

Endothelial glycocalyx is the primary protector of the endothelium
Å MULTIPLE functions essential to CV health

A healthy Endothelial Glycocalyx may be one of most important targetsfor 
prevention of CVD



How to fix the Endothelial Glycocalyx

Å Hydrocortisone
Å Calcium channel blockers
Å Glycemic control: Metformin, Sulodexide
Å Sulodexide
Å Statins
Å Reduction of inflammatory mediators: hydrocortisone, anti-TNF
Å Antagonizing enzyme-mediated glycocalyx injury: doxycycline
Å Nitric oxide
Å NAC (N acetyl cysteine)
Å Glycocalyx regenerating compounds (GRCs): hyaluronan, antithrombin III, 

heparin, special sulfated polysaccharides (SSP), and protein C



Buffering System of Vasculature
Å In systole there is rapid infusion of stroke volume

Å 20 ς30% is forward flow
Å 70 ς80% is stored in large conduit (capacitive) arteries, then released to periphery during 

diastole (maximizes CV efficiency)
Å Converts pulsatile flow in aorta to continuous flow in capillaries (Windkesseleffect)
Å Loss of buffering with iarterial compliance (AC) 

Å iΩŘcontinuous flow 
Å hΩŘpulsatile flow to precapillary & capillary vasculature 
Å Induces small vessel & end organ damage

Å hpulse wave velocity - PWV
Å Faster & distorted pressure wave
Å Reflected wave
Å Augmentation index (systole)
Å Augments Central SBP

Å Artery stiffness - marker for CVD and events

1. World J of Cardiology 2015;7(11):742



Arterial Compliance - Overview

Functional & structural alterations of the arterial wall precede atherosclerosis 
& CV events. 
Å Endothelial dysfunction is the earliest marker
Å Arterial stiffness is 2nd

HTN Tx (pharmacologic) has iΩŘCVA to predicted levels 
.¦¢Χ CHD reduction has been sub-optimal. 
άCHD GAPέ ŘǳŜ ǘƻ ƭŀŎƪ ƻŦ ǘƘŜǊŀǇŜǳǘƛŎ ǊŜǎǇƻƴǎŜ ƛƴ ƛƳǇǊƻǾƛƴƎΥ

1. Endothelial dysfunction (ED)
2. Arterial compliance (AC)
3. Concomitant risk factors
4. Hemodynamic and hypertension dysfunction

Endothelial Dysfunction effects Arterial Compliance via NO



Arterial Compliance ïArtery Types
Å Conduit (Capacitive): C1 (store blood in systole) (buffer) (thin endothelium 

with thick elastin and collagen), less VSM
Å Branch (Oscillatory): C2 (pressure oscillations/reflected waves) 

(intermediate structure)
Å Arterioles (Resistance): C2 (control blood flow), VSM + endothelium 

primarily with minimal elastin or collagen, NO dependent. 
Å Early marker for  vascular disease (HBP, HLP, DM)

Endothelial role greatest in thin wall vessels ςC2 vessels

ED occurs earlier & greatest in C2 vessels.



Blood Pressure Waveform

DicroticNotch
(Aortic Valve Closes)

Systolic 
Pressure

Diastolic Pressure



Vascular Remodeling

1. J of Hypertension 2017;35:914 
2. J of Hypertension 2011; 29:896-905 
3. Journal of Hypertension 2018;36:2148-2156

Hypertrophic Remodeling: 
Increased Media Lumen Ratio 

(MLR). Typical with HLD, DM, CKD, 
& other 2o causes. Vascular SM 

Hypertrophy.

Eutrophic Remodeling: Increased 
Media Lumen Ratio (MLR). Inward 

growth. Markedly hΩŘtensile 
ǎǘǊŜƴƎǘƘΦ ¢ȅǇƛŎŀƭ ƻŦ  ά9ǎǎŜƴǘƛŀƭέ 

HTN. 

Hypertensive patients have: 
Å abnormal microvasculature (eutrophic remodeling) 
Å hvascular resistance
Å hMLR
Å iΩŘmaximal organ perfusion
Å iflow reserve
Å CFR (coronary flow reserve) in the heart



Blood Pressure Evaluation



Blood Pressure Evaluation

1. Hypertension. 2019;73:e35ςe66

ά{ǘŀƴŘŀǊŘ .t ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ƴƻǘ ŀŘŜǉǳŀǘŜΣ 
are often misleading,

ϧ Ƴŀȅ ƴƻǘ ŀŎŎǳǊŀǘŜƭȅ ǊŜŦƭŜŎǘ /± ǊƛǎƪΦέ



Proper BP Measurement

1. Hypertension. 2019;73:e35ςe66

When checking BP:
Å No caffeine within 6-8 hrs
Å No exercise that morning if morning measurement
Å No smoking within 4-6 hours
Å Sitting (back supported, feet on the ground, legs uncrossed) 
Å Resting a MINIMUM of 5 minutes
Å Arm level with the heart
Å Appropriate Cuff size
Å Deflate cuff 2 mm/Hg per second

Å Only use devices which are regularly recalibrated (q 2-4 wks)



BP Cuff

1. Hypertension. 2019;73:e35ςe66

Å Arm circumference measured ½ way between elbow (olecranon) & shoulder 
(acromion)

Å BP cuff bladder length should be 75-100% of arm circumference

ÅWidth should be 37.5-50% of the circumference

Å Cuff on BARE SKIN

Åaƻǎǘ ŎƻƳƳƻƴ ŜǊǊƻǊ ƛǎ άmiscuffingέ 
Å 84% use too small cuff on large arms (artificially elevated BP)



Endothelial Glycocalyx

Check out this BP 
Cuff!!


