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A Proposed Conceptual Framework for Addressing
Residual ASCVD Risk

Lifestyle interventions, guideline-directed medical therapy
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risk target
Residual Ezetimibe Canakinumab Y
risk-lowering PCSK inhibitor Methotrexate %Gl_'gf i i g S sl
therapies Omega-3 fatty acids Colchicine 9 g
Standard lipids hs-CRP; biomarkers
(e.g., LDL, HDL, TG), of inflammation, Prevalent Antiplatelet risk scores PVD, prior VTE,
Precision advanced lipid T cell and immune type 2 DM, (e.g., DAPT, PARIS, thrombophilia,
medicine testing, Lp(a), dysregulation, and Hb A1c, HOMA-IR, PRECISE-DAPT), bleeding risk
toolbox HDL efflux capacity, clonal hematopoiesis; BMI, visceral platelet function testing, scores, coagulation
genetic risk scores, systemic inflammatory adiposity, liver fat pharmacogenomics biomarkers
atherosclerosis imaging disease (e.g., psoriasis)
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The Pathogenesis of CV Disease is Complex

Risk factors aiding in the development of ASCVD have
been long promoted, such as genetics, dyslipidemia,
hypertension, smoking, lack of adequate exercise, and
metabolic syndrome.

The pathogenesis of chronic CV diseases is still not
fully understood.

States of chronic, lower elevations of viscosity are
clinically less obvious, and left unappreciated, can
ultimately shorten one’s lifespan by contributing to CV
disease.

“Blood” is thicker than “Water”
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Viscosity in Prediction of CVD & Mortality

Scottish Heart Health Extended Cohort study

(n = 3,386; 30—-74 yo, 17-year FU)

Age- & sex- (squares) and multivariable- (circles) adjusted HRs:

Tertile groups of plasma viscosity

Table 3. Reclassification of |0-year predicted risk and changes in risk discrimination for cardiovascular disease and total mortality

after addition of plasma viscosity to a model including ASSIGN risk score variables®

Cardiovascular disease

Total mortality

Change in c-statistic 0.002 (0.000-0.005)
Net reclassification improvement, categorical+
Overall 0.0156 (—0.0196 to 0.0560)
With event 0.0174 (—0.0201 to 0.0508)
Without event —0.0018 (—0.0079 to 0.0140)
Integrated discrimination improvement 0.0022 (0.0005-0.0038)
Relative integrated discrimination improvement (%) 240 (0.67-4.39)

0.006 (0.001-0.008)

0.0024 (—0.0324 to 0.0581)
—0.0033 (—0.0347 to 0.0520)
0.0057 (—0.0081 to 0.0134)
0.0051 (0.0022-0.0081)
4.14 (1.97-6.46)

Data are presented as point estimates (95% confidence intervals).
+Risk categories were <10, 10-20 and =20%.

"ASSIGN risk score variables are age and sex, systolic blood pressure, total cholesterol, high-density lipoprotein cholesterol, diabetes mellitus, number
pf cigarettes smoked per day, family history of cardiovascular diseases and the Scottish Index of Multiple Deprivation.
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Mediators of Blood Viscosity

Viscosity: aresistance to flow in a blood vessel

LI EOvE Vel Blood Viscosity
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Viscosity of Newtonian & Non-Newtonian Fluids

Blood: Non-Newtonian Fluid
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Shear Forces
Viscosity of blood decreases as shear rate increases
due to both deformability and disaggregation of RBCs.

G National
 Livarstty Hosgital Sloop G, et al. Ther Adv Cardiovasc Dis 2015;9:19-25.
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Association Btw Classic CVD RFs and Viscosity

Plasma RBC
Viscosity | deformability | Aggregation

Fibrinogen

+ + +
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CV Disease Occurrence Related with Viscosity
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Influence of Viscosity on Blood Pressure

Determinants of blood pressure
- Cardiac output
- Systemic vascular resistance

Determinants of systemic vascular resistance
— Vascular tone
— Blood viscosity

Chronic hyperviscosity increases the mechanical load
on the elastic elements of the vasculature, leading to
- acceleration of mechanical fatigue

- reduced vascular compliance

- decreased arterial compliance

- accelerated arterial stiffness
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Control of Blood Pressure
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Strategy of BP Control

- Salt restriction: limited
- Antihypertensive agent
- Reduction of blood viscosity: ex) phlebotomy
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Concept of Atherogenesis: Wall Shear Stress in Vessel

Wall shear stress = Viscosity x Wall shear rate
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Model of Atherogenesis

Physiologic Arterial Vi Low Arterial -
2 onocyte
Shear Stress tNO” Shear Stress ° Activation
(ts >15 dyne/cm?) Anticoagula( HPA \ (ts ~ + 0-4 dyne/cm?) ** o0 —®
Antithrombotic State e @ © {PGly
e INO
¢ g Procoagulant HPA
" Y . Prothrombotic State ’
o § = . t MCP-1
Steady . .
High Flow -

EC Quiescence
| Proliferation
+ Apoptosis

Prooxidant State

Paracrine Quiescent State +COX1, 2
t TGF- | PDGF-B o
t NO/eNOS | ACE )

t PGlo/PGl2 Synthase + ET-1

L Paracrine Proliferative State
t Adrenomedullin {ECE

t CNP tET-1 1 NO/eNOS
t ACE + Adrenomedullin
High EC Antioxidant Activity t PDGF-B | PGlo/PGly Synthase
= e
t P:AS/zSnOsPOD *  VCAM Molecule ~=s=—Fibroblast
1 —  Activated Monocyte Platelet Aggregate
=S mooth Muscle Cell Fibrin Plug

“¢ Gyeongsang National

University Hospital Malek AM, et al. JAMA 1999:;282:2035.


http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=S-EBhf39rRobgM&tbnid=gO9KYIH6xFaOIM:&ved=0CAUQjRw&url=http://www.drjohnart.com/tag/heart/&ei=Ew1VU4CJMY2E8gWzkIJI&bvm=bv.65058239,d.dGc&psig=AFQjCNEFtWX0dpZcJCGuK98UEFQoj0MEHA&ust=1398169212458619

Localization of Atherosclerotic Lesions in Bifurcation
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Flow Separation

Blood Flow
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Biomechanical Forces in Atherosclerosis
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Influence of WSS on Plaque Progress

ﬁ

High Shear Stress
Rupture-prone

\LOAW Shear Stress 1
Plague-prone
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Wall shear stress >300 dyne/cm?

How to reduce plaque rupture in established atheroma?
- Plague stabilization: ex) statin

- | shear rate: BP control, avoid strenuous activity

- | blood viscosity: ??7?
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ldentification of High-risk Plague to Cause ACS

TABLE 3 Comparison of C-Index Among Models With Various Combinations of Hemodynamic Parameters

Prediction Models C-index p Value® NRI p Value® o]l p Value*
Model 2 (%D5S + Lesion length + APC) 0.747
Model 2 + FFRcy 0.775 0.570 0.105 0.455 0.087 0.210
Model 2 + APS 0.765 0.197 0.279 0.047 0.099 0.037
Model 2 | WSS 0.772 0.027 0.377 0.007 0.266 <0.001
Model 2 ¢+ AFFR 0.787 0.031 0.552 <0.001 0.260 <0.001
Model 2 + FFR-r + APS 0.781 0.445 0.180 0.210 0.176 0.043
Model 2 + FFRqy + WSS 0.778 0.085 013 0.426 0.246 0.002
Model 2 + FFRcy + AFFRey 0.790 0.053 0.336 0.8 0.240 0.006
Model 2 + APS + W55 0.778 0.038 0.453 0.001 0.360 <0.000
Model 2 + APS + AFFRqy 0.791 0.005 0.429 0.003 0.312 <0.001
Model 2 + W55 + AFFRyp 0.786 0.006 0.435 0.002 0.333 <0.001
Model 2 + FFRcy + W55 + AFFRc 0.789 0.021 0.344 0.016 0.304 <0.001
Model 2 + FFRr | WSS | APS 0.783 0.079 0.244 0.090 0.335 <0.001
Model 2 + FFRcr + AFFRr + APS 0.793 0.041 0.274 0.057 0.289 0.002
Model 2 + W55 + AFFRcr + APS 0.786 0.013 0.409 0.004 0.400 <0.001
Madel 2 + FFRqy + WSS + AFFRer + APS 0.789 0.014 0.287 0.047 0368 <0.001

Missing value of CFD analysis: blood viscosity (~ WSS)

7 MG National : -
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Proposed Mechanism of Viscosity on IHD Occurrence
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GNUH Experience: WBV Measurement
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Impact of WBV on Occurrence of MACE

GNUH registry: PCl-treated CAD Pts (n = 1,292)
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Impact of WBV on Occurrence of MACE

GNUH reqistry: PCl-treated CAD Pts (n = 1,292)
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Impact ofi VWWholer Biood Viscosity on Occurrence or:
cardiovascularEvents AttersiNonscardiac surgery.
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Peri-operative Time is in High-risk CV Event

» Perioperative cardiac complication
— cardiac death, myocardial infarction, pulmonary edema
— major morbidity and mortality, undergoing non-cardiac surgery

Surgical Hypothermia Pain
trauma and shivering

Inflammatory

Hypercoagulable Hypoxic Stress

state state state state

¢ | ‘\1\ |
TINF -a T PAI-1 T Catecholamines

T IL-6 1 factor VIII 1 O delivery and cortisol

1 platelet reactivity Coronary l
| antithrombin-IIT shear stress
\ 1BP
1THR
Plaque fissuring Plaque T FFASs
ﬁ fissuring T relative insulin
102 deficiency

demand
Acute coronary Myoca1dlal ischemia
. . Low flow

Perioperative Myocardial Infarction
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Risk Stratification for Post-operative CV Events

1. Clinical risk score

2. Functional testing

3. Anatomical testing

{/__ ¢ Gyeongsang National
\ GNU? University Hospital

s
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High-risk surgery
Ischemic heart disease
Congestive heart failure
Cerebrovascular disease
Insulin therapy with DM
Renal dysfunction

Exercise or Pharmacologic

Exercise ECG testing
Stress radionuclide MPI
Stress echocardiography
Stress cardiac CT or MRI

Noninvasive coronary imaging

Coronary Angiography

Computed tomography (CTA)

Ahn JW, Jeong YH, et al. Unpublished.
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Study Design of PANDA

= Between July 2014 and April 2016, prospective observational study
= Enrollment from Gyeongsang National University Hospital

Patients with clinical risk factors* *Clinical risk factors (one or more RCRI)
1) Ischemic heart disease

before non-cardiac surgery (n=215)

2) Heart failure

3) Cerebrovascular disease

¢ ¢' 4) DM with insulin treatment

5) CKD (Scr > 2.0 mg/dL)

6) Undergoing high risk surgery

v

>50% maximal stenosis Inducible ischemia
CACS Nonviable infarction Exclusion
‘1’ \1, ________________ > 1) Postponed surgeries after prophylactic PCl (n=2)
2) Canceled surgeries (n=7)

Perioperative Cardiac Events at 30 days

1) Cardiac death,

2) Non-fatal myocardial infarction (M),

3) Myocardial injury after noncardiac surgery (MINS)
4) Pulmonary edema,

5) Fatal arrhythmias

Unigue identifier: NCT02250963
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WBYV Substudy from PANDA

= Between July 2014 and April 2016, prospective observational study
= Enrollment from Gyeongsang National University Hospital

Patients with clinical risk factors

before noncardiac surgery (n=215)

Whole-blood viscosity (n =75)

High shear rate (300 s™': Systolic WBV)
Low shear rate (1 s*1: Diastolic WBV)

v

Perioperative Cardiac Events
1) CVD,

2) Non-fatal Ml
) MINS
)
)

Pulmonary edema
Fatal arrhythmias

) Stroke

7) Systemic embolism

3
4
5
6

Evaluation of postoperative events
. Postop 3 times F/U (6 -12 h, 1d, and 3d) of CK-MB, troponin-I, ECG, and chest PA
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Patients’ Characteristics & Post-op Events

_ TOtaI (n ) 75)

Male gender, n (%) 44 (58.7%)
Age, year 68.5 + 8.6
Patients (n)
Body mass index, kg/m’ 234 £ 34
Current smoking habits, n (%) 20 (26.7%) Postoperative cardiac events 8 (10.7%)
Diabetes, n (%) 32 (42.7%)
Hypertension, n (%) 50 (66.7%) Cardiovascular death 1
Chronic kidney disease, n (%) 8 (10.7%) L. .
Non-fatal myocardial infarction 4
Heart failure, n (%) 6 (8.0%)
Ischemic heart di , N (% 20 (26.7% e e, .
schemic heart disease, n (%) ( ) Myocardial injury after noncardiac surgery 1
Previous PCl, n (%) 6 (8.0%)
Hx of cerebrovascular accident, n (%) 24 (32.0%) Pulmonary edema with heart failure 3
Revised cardiac risk index score
| 48 (64.0%) Ischemic stroke 1
1l 20 (26.7%)
Systemic embolism 1

Il or IV 7 (9.3%)
Type of surgery
High risk : vascular surgery 15 (20.0%)

Intermediate risk 60 (80.0%)

‘¢ Gyeongsang National

University Hospital Ahn JW, Jeong YH, et al. Unpublished.
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Patients’ Characteristics & Post-op Events

(n=75) (n=67) (n=8)

Viscosity, mP

SyStO/iC 475 £ 7.2 470+ 7.0 51.8+ 7.8 0.078
Diastolic 266.9 + 132.8 251.2 £ 118.3 399.2 £ 179.3 0.002
47.04 7.0 518+ 7.8 251.2+ 118.3 399.2 + 179.3
80 700 1
°
70+ -1
600 -
°
R °
604 I )
500 A -T
o T
£ 50+ E
> 0 o —— e > 400
w
m m
; 40_ e TR AR TRTATRTRTMTRTNTE « % % % % N W % W W N R W% R R R R R RN R RN E R ;
2 1 o
° § 300
% 30 ZE SO RSSO SR ISR SO
n a
2004 _I_
20+
104 1004 —_—
O L] T 0 T T
No events Postop CV events No events Postop CV events
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Hazard ratio of postop CV events

Predictors Hazard ratio 95% CI P
- RCRI score (per 1 point) H—l 2.60 107-636 0.036
% CTA: =50% stenosis I = i 5.78 124-2701 0.026
>
:E‘ CTA: CACS =203 . i i §.40 095-7419 0056
m :
5 WBYV: systolic =52 I i i 3.79 084-17.07 0083
WBYV: diastolic =425 | i i 1017 201-51.36 0.005
o — CTA: =50% stenosis | = i 423 084-2126 0080
Y =4
"ﬁ E CTA: CACS =203 I L | 6.48 0.70-5980 0099
=
T'5 WBV: systolic 252 | - | 422  085-2090 0077
<L u
WBYV: diastolic =425 [ = { 9.14 166-5029 0.011
“:1 T p— .....1; T y— "",i'“ T p— ...:1.{;“
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Discrimination Adding by WBV(Diastolic) & CTA (DS 2 50%)

10 P
- e ,."'"'" AUC SE 95% Cl P
80— et WBV+CTA+RCRI score  0.870 0055  0.773-0.937  0.097%/0.245/0.439§
B ,.--"’.,,.--""'.. WBV +RCRI score 0.812 0.093 0.647 - 0.851 0.177%/0.549t
= 60 A CTA+RCRI score 0.743 0.108 0.629 - 0.837 0440~
> —
'g i .-’ RCRI score 0.688 0.108 0.571 - 0.790 Reference group
(7]
@ 40 R *Comparison with the ROC curves of RCRI (Reference group)
B tComparison with the ROC curves of CTA + RCRI
| - RCRI §Comparison with the ROC curves of WBV + RCRI
2001 |- RCRI+CTA
- RCRI+WBV
—— RCRI+CTA+WBV
o i | | | | | Compared with RCRI alone (C-statistic: 0.688),
L1 1 L1 1 L1 I L1 __1 L1 __1 c o n "
>
o 20 20 0 20 100 combination of "DBV > 425 mP” + CTA + RCRI showed

100-Specificity

RCRI: revised cardiac risk index
CTA: maximal diameter stenosis on CTA
WBV: diastolic blood viscosity =425 mP
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Whole Blood Viscometer Measurement

SHEAR-VISCOSITY t

Shear Rate | Blood Viscosity Comments
(1/s) (mP)
1000 e Male Male Female Female
399 369 Systolic Miscosity Normal |(systolic)|(diastolic)|(systolic) | (diastolic)
100 38.4 Viscosity
50 39.8
(mP) 35~40 | 200~250 | 30~-35 150~200
10 59.1
5 76.6
1 175.9 Diastolic Viscosity
b= = = 5 AE——
o Mo | 36.9 mP o=, ! 5 :
=x Zn} 1 10 100 1000
175.9 mP Shear Rate (1/s)
f Raws Data \|
VMiscosity vs, Shear Hate Graph! T Alarmn List T Cornparizon Graph
a0 SHEAR-WVISCOSITY SUMTARY
\\\ ORI B TE G0 Blood ':l'(:;;:nsil)f Blundtll_l'r:;;:usily
LY 1000 406 10.6
25 3 300 4.52 45.2 Swstolic Viscosity
LY 150 497 49.7
LY 100 5 a4 53.4
o 50 5.21 2.1
=T N 10 1063 1063
= - 5 14.71 1471
= .Y 2 2477 247.7
§ 15 \\ 4 30.24 392.4 Diastolic Viscosity
= y
= .,
o ——
B
B
5 . —
a
n 1000
Shear Ratel 152
LEGEMD TEST FILE INFORMA TION
Shear vs VWiscosity Date/Time Test 2011-01-10 11:59:00 AMl
Disposable Tube 1.D. J1631 | | 1
Bio-*isco Inc. KFDA &l 2as6= U= 212 M ESFHIE A B 09-27=F SIS 227 HIEES A0 (A22240.01010 | 0_01102011_316831 vy bio-wisco.com 2011-01-10 2= 1z:03




Next Step: How to control blood viscosity? = COURTESY of Prof.Jung JM & Lee DH.
SBV[mP] DBV[mP] SBV[mP] DBV[mP] DHE AHE lsst M
@ 300 s @1s! @ 300 s @1s! (Possible Factors) (Proposed Prescription)

Female

Male

Supplementation

Check LDL, TG, (Omega-3, Vitamine B3,
Glucose Ginko biloba, other),

saline therapy

DEE 2EAH)
(Hyper-Level 2

250~300

300~350

Check Hct for
mild
erythrocytosis

Hydration, diet, exercise,
saline therapy

DESE (1)
(Hyper-Level 1)

40~45 250~300 35~40 200~250

FaEE
(Normal)

200~250 30~35 150~200

Dietary changes or
medications for anemia
correction

Check Hct/Hgb

NET (1=H)
for anemia

(Hypo-Level 1)

150~200 25~30 100~150




Perspectives

1. Current target risk factors for residual ASCVD:

Limited value to explain whole spectrum of ASCVD
2. Concept of blood viscosity:

- Stickiness/heaviness + hypercoagulability

- Wall shear stress to explain plague progression + rupture

3. How to solve chronic hyperviscosity syndrome?:
- Criteria of therapeutic range according to the cohorts
- ? Additional strategy to control viscosity in addition to

the current medical treatment
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