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Stroke is a serious complication of AF

» 3-5 fold higher stroke risk overall

* Without preventive Tx, ischemic stroke in 1/20 patients (5%) per year
« Usually more severe stroke than other stroke subtypes

* Increased the risk of post-stroke mortality

=>» OAC reduces the risk of stroke by 64% and risk of death by 26%
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Thrombosis

Bleeding

Anticoagulation: Balance between risk and benefit

Stroke or systemic
embolic events

Major bleeding

Secondary efficacy
and
safety outcomes

The efficacy and safety of NOACs vs. warfarin in NVAF

NOAC (events) Warfarin (events) RR (95% CI) P
RE-LY=* 134/6076 199/6022 — R 066(053-0.82)  0.0001
ROCKET AF*t 269/7081 306/7090 —— 0.88(075-1:03) 012
ARISTOTLE'# 212/9120 265/9081 —.— 0-80 (0-67-0-95)  0-012
ENGAGE AF-TIMI 48§ 296/7035 337/7036 +~ 0.88(075-1.02) 010
Combined (random) 911/29312  1107/29229 e 0.81(073-0.91)  <0.0001
U 4 1
o 10 20
5
Favours NOAC Favourswarfarin
NOAC (events)  Warfarin (events) RR (95% C1) P
RE-LYS* 375/6076 397/6022 — 0.94(0-82-1.07) 034
ROCKET AFS 395/7111 386/7125 103(090-118) 072
ARISTOTLE4 327/9088 462/9052 + 071 (061-081)  <0.0001
ENGAGE AF-TIMI 48%§ 444/7012 557/7012 —— 0.80 (0.71-0-90) 0.0002
Combined (random) 1541/29287 1802/29211 0.86(073-100)  0.06
o 10 2o
5
Favours NOAC Favours warfarin
Pooled NOAC  Pooled warfarin RR (95% CI) P
(events) (events)
Efficacy
Ischaemic stroke 665/29292  724/29221 —r 0.92(083-102) 010
Haemorrhagic stroke 130/29292 263/29221 —@— 0-49 (0-38-0-64) <0-0001
Myocardial infarction 41329292 43229221 — 097(078-120) 077
All-cause mortality 2022/29292  2245/29221 R 090 (0-85-0.95)  0.0003
Safety
Intracranial haemorrhage ~ 204/29287 425/29211 —@— 048 (0:39-059)  <0-0001
Gastrointestinal bleeding ~ 751/29287 591/29211 —— 1.25 (1.01-1.55) 0043
T T 1
02 05 2
“ >
Favours NOAC Favours warfarin
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Stroke: NOACs and statin

Profile of ANOACs

i D)
ﬁ";ﬂaﬁg‘e "0"vrivaroxaban tablets (aEm{(alb(aqn%t{lfts ngm
With food

capsule tablet tablet tablet
None extensive extensive <4%
0% 359 25% 0%
35% 92~95% 87% 40~59%
Yes No No No
14~17 hrs 9~13 hrs 8~15 hrs 10~14 hrs
2~3 hrs 2.5~4 hrs 3~4 hrs 1~2 hrs
6~7 % 60~100 % 50~60 % 62%
P-gp P-gp/BCRP P-gp/BCRP P-gp
Dyspepsia 5~10% No problem No problem No problem

Connolly et al. N Engl J Med 2009;361:1139-1151, Patel et al. N Engl J Med 2011;365:883-891
Granger et al. N Engl J Med 2011;365:981-992 Giugliano et al. N EnglJ Med 2013;

Definition of valvular AF / NOACSs indication

* Valvular AF mainly refers to AF patients that have either rheumatic valvular
disease (predominantly mitral stenosis) or mechanical heart valves

Eligibility for NOAC therapy
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CHA,DS,-VASc score : Anticoagulation in patients with AF

| 2016 ESC guideline |

Recommendations | Class Level

Table Il Clinical risk factors for stroke, transient The CHAQDS -VASc score is recommended
ischaemic attack, and systemic embolism in the 2

CHA;DS;-VASc score for stroke risk prediction in patients with AF

CHA:DS;-VASc risk factor Points

Congestive heart failure +l
Signs/symptoms of heart failure or objective evidence of
reduced left-ventricular ejection fraction

1 A

Hypertension +1
Resting blood pressure >140/90 mmHg on at least two
occasions or current antihypertensive treatment

Age 75 years or older +2

Diabetes mellitus +|
Fasting glucose >125 mg/dL (7 mmol/L) or treatment
with oral hypoglycaemic agent and/or insulin

Previous stroke, transient ischaemic attack, or +2
thromboembolism Oral anticoagulation
Vascular disease +1 Assess for contra-indications

Correct reversible

Previous myocardial infarction, peripheral artery disease, bleeding risk factors

or aortic plaque
Age 65-74 years +l

Sex category (female) +l LAA :c(ludlr:i de:ces
may be considered in
patients with clear
contra-indications
for OAC (IbC)

CHA,DS,-VASc = Congestive Heart failure, hypertension, Age =75 (doubled),
Diabetes, Stroke (doubled), Vascular disease, Age 65-74, and Sex (female).

AU S0l HlEM oge s HEa
(class III, level of evidence A)

Eur Heart J 2016;37:2893-2962

Trend of OAC prescription among patients with AF in Korea

A substantial proportion (=50%) of Korean patients with AF still remain undertreated

- k‘ ‘7‘ 7‘ T‘ ’7 7’ ‘ﬁ ’7‘
80% ‘ 1 -
60%
4,000 ) )
40% = m Warfarin Linear regression (3Q15-4Q16)
m Apixaban Y =147.7 X + 2,975.1 (R? = 0.950)
W Dabigatran
20% ® Edoxaban
g 30009 varoxaban  Linear regression (1013-2015)
2 Y - 61.4 X +1,943.5 (R® - 0.995)
0% g
2008 2009 2010 2011 2012 2013 2014 2015 g
2
mENOAC mVKA =ASA wmNo 5 2,000
3
=
‘s
008 S
L . 0, P 20150 RV ool o 206 .00 2100 [ 2.210 [} 2.275 200 [, 390 2.6
34.7% 50.6%
- . 0
Oral anticoagulation Tx Q13 2Q13 3Q13 4Q13 1Q14 2Q14 3Q14 4Q14 1Q15 2Q15 3QIS 4Q15 1Q16 2016 3Q16 4Q16

Time

Lee SR et al. PLOS ONE 2017
J Korean Med Sci. 2018;33:e163
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Stroke: NOACs and statin
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Meta-analysis in patients with AF and previous stroke

non-VKA ‘Warfarin Peto Odds Ratio Peto Odds Ratio non-VKA ‘Odds Ratio Peto Odds Ratio.
Study or Subgrouj Events Total Events Total ht _Peto, Fixed, 95% CI Peto, Fixed, 95% CI Study or Subgrou Events _Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
ARISTOTLE 73 1694 98 1742 186% 0.76 [0.56, 1.03] === ARISTOTLE 12 1694 31 1742 26.0% 042(0.23,0.77] —
ENGAGE AF-TIMI 48 (80mg) 125 1976 145 1991 288%  086[067,1.10 = ENGAGE AF-TIMI 48 (60mg) 16 1976 31 1991 284%  053(0.30,0.94] =
RELY (150mg) 11233 85 1195 127%  075[052,108) ——— RELY (150mg) 51233 18 1195 139%  031[014,070) ~————
179 3754 187 3714 399% 094[0.77,1.17) —.— IOCKET-AF 22 3754 30 3714 316% 0.73[0.42,1.25) —r
Total (95% CI) 8657 8642 100.0% 0.86 [0.75, 0.98] el Total (95% CI) 8657 8642 100.0% 0.51[0.38, 0.69] >
Total events 428 95 Total events 55 1" e
Heterogenelty: Chi"= 1.93, df= 3 (P = 0.59); I'= 0% Stroke or SE o1 i hi"=3.44,df=3(P=033);F=13% Hsmomhagle: —i—b—i— o3
Testfor overall effect Z= 2.28 (P = 0.02) FADUENON-VIA. Favours wartrin Testfor overall effect Z= 4.28 (P < 0.0001) stroke Favours non-VKA Favours wartarin
non-VKA Warfarin Peto Odds Ratio Peto Odds Ratio non-VKA ‘Warfarin Peto Odds Ratio Peto Odds Ratio
or Subgrou Events Total Events Total ht_Peto, Fixed, 95% CI Peto, Fixed, 85% CI Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
ARISTOTLE 67 1604 96 1742 189% 071[052,087) ——*—— ARISTOTLE 72 1694 76 1742 148% 0.97[0.70,1.35] ——
ENGAGE AF-TIMI 48 (60mg) 118 1976 136 1991 289% 087[067,112) —r ENGAGE AF-TIMI 48 (60mg) 157 1976 200 1991 336% 0.77 (0.62, 0.96] vl
RELY (150mg) 47 1233 59 1195 123% 076[052,113) ————7— RELY (150mg) 73 1233 70 1195 13.9% 1.01(0.72,1.42) E——
OCKET-AF 171 3754 172 3714 398% 098(0.79,1.22) W — ROCKET-AF 192 3754 194 3714 378% 0.98(0.80,1.20] —i—
Total (95% C1) 8657 8642 100.0%  0.86[0.75,0.99] - Total (95% 1) 8657 8642 100.0%  0.91[0.80,1.03] gl
Total events 403 463 Total events 494 540 C.
Heterogeneity: Chi*= 3.27, df= 3 (P = 0.35), P= 8% Stroke o7 O ] Chi*=3.14, df= 3 (P = 0.37); F= 5% o R |
Testfor overall effect Z= 210 (P = 0.04) Favours non-VKA Favours warfarin Testfor overall effect Z=1.51 (P=0.13) death i AR DL .
non.VKA  Wartarin Peto Odds Ratio Peto Odds Ratio non-VKA  Warfarin Peto 0dds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
ARISTOTLE 57 1694 68 1742 175% 0.86(0.60,1.23] e —r— ARISTOTLE 129 1694 150 1742 17.9% 088(0569,1.12] =l
ENGAGE AF-TIMI 48 (60mg) 105 1976 109 1991 295% 0.97 [0.74,1.28) —— [ENGAGE AF-TIMI 48 (60mg) 231 1976 276 1991 309% 0.82(0.68,0.99] -
RELY (150mg) 43 1233 41 1195 118% 1.02[0.66,1.57] P Py RELY (150mg) 108 1233 107 1195 137% 098[0.74,1.29] S |
ROCKET-AF 151 3754 144 3714 412% 1.04(082,1.31) —— ROCKET-AF 288 3754 204 3714 375% 097(082,1.14] —-
Total (95% C1) 8657 8642 100.0%  0.98[0.85,1.14] - Total (95% CI) 8657 8642 100.0%  0.90[0.82,1.00] gl
Total events 356 362 < Total events 756 827
Heterogeneity: Ch*= 0.81, df= 3 (P = 0.85); F= 0% or 57 T ity: Chi*=1.93, df= 3 (P = 0.59); F= 0% Death from . T
Testfor overall effect Z= 0.24 (P = 0.81) stroke TR HORIKA. O SR Testfor overall effect Z= 1.89 (P = 0.06) allcause G2 0 KA Eavours werterk,
non-VKA ‘Warfarin Peto Odds Ratio Peto Odds Ratio non-VKA ‘Warfarin Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% I Peto, Fixed, 95% CI Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
ARISTOTLE 39 1684 46 1742 184% 087 (0.57,1.34) S ARISTOTLE 17 1694 28 1742 218% 063[035,1.13) —=—
[ENGAGE AF-TIMI 48 (60mg) 51 1976 61 1991 241% 084[058,1.22) Tl ENGAGE AF-TIMI 48 (60mg) 0 o Not estimable
RELY (150mg) 33 1233 44 1195 165%  072[046,113 ————— RELY (150mg) 25 1233 15 1195 19.3%  161(0.86,301] e
92 3754 98 3714 410%  093[069,124) —— OCKET-AF 65 3754 57 3714 569%  113(079,162) —-—
Total (95% C1) 8657 8642 100.0%  0.86[0.71,1.03] - Total (95% C) 6681 6651 100.0%  1.06[0.81,1.40) -
Total events 275 Total events 107 100
Heterogeneity: Chi*= 086, df=3 (P=083;F=0%  Disabling or fatal stroke s 47 V] Chi*=4.91,df=2 (P=0.09); F=59% o5 07 g
Testfor overall effect Z=1.63 (P = 0.10) oo - VitA. ESVOULS ekt Testfor overall effect: Z= 0.44 (P = 0.66) Favours non-VKA Favours wartarin
Int J of Stroke 2017
REVIEW

European Heart Journal (2017) 38, 860-868
AN doi:10.1093/eurheartj/ehw069

funore
3CCHTY OF
CARDIOLOGY *

Prevention

Choosing a particular oral anticoagulant and dose
for stroke prevention in individual patients with
non-valvular atrial fibrillation: part 2

Heterogeneity tests have found no differences in safety or efficacy

among patients with and without prior stroke or TIA

NOACs as a group are superior to warfarin for secondary stroke prevention in
patients with AF

First choice

Comment

Aspirin should not be used for secondary stroke prevention in patients with AF
Thre combination of antiplatelet therapy plus OAC in patients with AF dose not

prevent major ischemic events better tha dose OAC monotherapy and should be
restricted to specific high-risk periods

Diener HC et al. Eur Heart J 2017; 38:860-868
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Effect of Anticoagulation and Its Timing: The RAF Study

§ 7 Chisq=14.2 on 3 degrees of freedom, p=0.00262
A Oral anticoagulant alone
o
g | o e I ] o ° ® O oo W00 WO 0O OO
(=3
o -
c 2 o~ -
1S
L =
ga | Z
S o =
: Al
S o
5 E 5
v = T
o None oy
g - Bridging therapy
~— LMWH alone
Oral anticoagulant alone
g T -
5 .

X : T T T T T T T T

o o e 3 73 12| 20 21 33 61 87
Days from index event

Daygs from index event

Lower risk

Early hemorrhagic tranformation

Stroke. 2015;46:2175

Initiation time of anticoagulation in secondary prevention

Suggested phrases for writing recommendations:
= |s reasonable
= Can be useulffctve benefiial
= Comparative-Effectiveness Phrasest:
o Treatment/strategy A is probably recommendedy/indicated in
preference to treatment B
o |tis reasonable to choose treatment A
over treatment B

2018 AHA/ASA Guideline

For most patients with an AIS in the setting of atrial
fibrillation, it is reasonable to initiate oral anticoagulation lla B-NR
within 4 to 14 days after the onset of neurological symptoms.

Stroke. 2018;49:e46-e110
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Stroke: NOACs and statin

Initiation time of anticoagulation in secondary prevention

ESC Guidelines recommend implementation of the 1-3-6-12 rule for initiation or
re-initiation of anticoagulation in non-valvular AF patients after acute ischemic

stroke
I Acute ischaemic stroke l
TIA Persisting mild Persisting moderate Persisting severe
neurological deficit neurological deficit neurological deficit
No clinical Exclude haemorrhagic Exclude haemorrhagic
worsening or transformation by brain CT transformation by brain CT
clinical or MRI within 24 hours or MRI within 24 hours
improvement before (re-)starting a NOAC before (re-)starting a NOAC
| J J )
Consider (re-) Consider (re-) Consider (re-) Consider (re-)

Stroke/SEE and major bleeding risk according to age

Systemic embolism Mortality
0.05 014 Age 275
Age275 012}
0.04 Pvalue <0.001 2 Palue <0.001
£ 8 0104
§ 0034 Age 65 — <75 § 008._| Age 65 — <75
£ o0 g 0061
| Age <65
2 5 00|
ted 2
S 001
é é 0024
0.00 T L U 1 000 T T T T 1
o 6 12 8 24 30 o 6 12 s 24 30
Months since randomization Months since randomization
4 5 = 0.05 n o
014 Major bleeding Intracranial bleeding
012 > F5i]
g Pvalue <0.001 Pvalue <0.001
g 0.10_ Age=75
™ 3 0.03
5. 008 |
8 8
T 006 g 002 Age 275
?o, 00a_| Age 65 — <75 s
£ o01- 0 65 — <75
s 002 Age <65 = e
0.00-1 T T T T 1 0004 T T T - N
0 6 2 18 24 30 o 6 2 8 24 30
Months since randomization Months since randomization

European Heart Journal 2014; 35: 1864—-1872.
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NOACSs in Elderly Patients (=75yrs) : major bleeding

Annual incidence of major bleeding

m Dabigatran 110-mg group  (%/year) | Rivaroxaban (%/year) u Apixaban (%/year) m Edoxaban 60/30mg
80 - m Dabigatran 150-mg group = Warfarin group N 80 - ® Warfarin group
. ™ Warfarin group 80 4 8.0 4 ® Warfarin ’
HR=1.01
1 [0.83-1.23] 1 1 1
HR=0.69
6.0 - HR=1.18 . | HR=1.11 6.0 - [0.60-0.80] 6.0 - HR=0.83
[0.9371.42f - [0.69-0.99]
i | — ]
4.0 - 40 - 4.0 1
20 A 2.0 - 2.0
0.0 - 0.0 - 0.0
<75 275 <75 275 <65 65~75 275 <75 275
Age (years)

Ref) Circulation 2015;132:194-204. Drugs Aging (2016) 33:491-500

Dose reduction criteria for NOAC

Dose reduction criteria Dose
Dabigatran Creatinine clearance 30-50 mL/min 110 mg bid
P-glycoprotein inhibitors®
Clopidogrel, aspirin, NSAIDs
Increased bleeding risk”
Age 75 years or more
Rivaroxaban Age 80 years or more 15 mg qd
Creatinine clearance 15-50 mL/min®
Apixaban At least two: 1) age 80 years or more, 2) body weight 60 kg or less, 3) creatinine > 1.5 2.5 mg bid
mg/dL
Edoxaban P-glycoprotein inhibitors” 30 mg qd
Body weight 60 kg or less

Creatinine clearance 15-50 mL/min®

NOAC, non-vitamin K antagonist oral anticoagulant; bid, bis in die (twice a day); qd, quaque die (once a day).

“P-glycoprotein inhibitors: amiodarone, verapamil, dronedarone, ete.

“Increased bleeding risk: coagulopathy, thrombocytopenia, platelet dysfunction, recent major trauma or biopsy, infective endocarditis
“Should be used with caution in patients with significant renal impairment (creatinine clearance 15-29 mL/min).

CHerIAEIeS] 20181 7 HE2
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Stroke: NOACs and statin

NOACSs in AF and CKD

crCl Dabig: Rivar A
A 7
60 mg
95 mi/min = -
2x150 mg 20mg
60mg*
2x5mg /
—
2x25 i
50 mI/min —ff-----msTeeme s SR . - I o e -
40 mU/min — oot 15mg 30mg
30 MU/MIN e ememee o SRR, A — R A
@ 15mg 30 mg 2x2.5mg
Dialysis —g ® ® @ @

Figure 4 Use of non-vitamin K antagonist oral anticoagulants according to renal function. *2 x 110 mg in patients at high risk of bleeding (per
SmPc). “Other dose reduction criteria may apply (weight <60 kg, concomitant potent P-Gp inhibitor therapy). ¥2 x 2.5 mg only if at least two out of
three fulfilled: age >80 years, body weight <60kg, creatinine >1.5 mg/dL (133 pmollL). Orange arrows indicate cautionary use (dabigatran in moder-
ate renal insufficiency, FXainhibitors in severe renalinsufficiency, edoxaban in ‘supranormal’ renal function); see text for details.

Renal function follow-up

Cockcroft-Gault Equation (CrCL)
(140-Age) x Mass (in Kilograms) x [0.85 if female]
72 X Serum Creatinine (in mg/dL)

Creatinine Clearance (Cockcroft-Gault
Equation) v

laccording to the Cockcroft-Gault equation.

When to Use v Pearls/Pitfalls v Why Use v
Yearly Haemoglobin, renal and liver function
- e [ O >75-80 years (especially if on dabigatran or
7 i K edoxaban), or frail
o ™ ws| (PR If renal function <60 mL/min: recheck interval
- = — y =CrCl/10
e CEREIEEHE S If intercurrent condition that may impact renal or
Sliiication hepatic function

53 n/min

Creatinine clearance, original Cockeroft-Gault

Updated EHRA Practical Guide Europace 2015
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Inappropriate NOAC dosing and

outcomes

M Appropriately dosed

Renal indication for
reduced dose

M Over-dosed (Renal
indication for dose
reduction but received
standard dose)

(Renal indication for
dose reduction, and
received reduced dose)

No renal indication for
reduced dose

Appropriately dosed (No [l Under-dosed (No renal

renal indication for dose
reduction, and received
a standard dose)

reduction, b
reduced dos:

indication for dose

ut received a
e)

FIGURE 4 Outcomes Assodated With Underdosing

Event Rate per 100 person-years Hazard Ratio (95%C1) p value

Reduced Dose _ Standard Dose Reduced Dose vs. Standard Dose

Apixaban
N=550 N=550
sise 257 054 ——————— // — 4870301826 002
Major Bleeding  6.01 468 He— 129(048-342) o6
Dabigatran
Near2 N=a12
SIsE 164 175 — 092(0.30-2.87) 089
Major Bleeding 499 N 091(045-1.85) 080
Rivaroxaban
N=g1S N=815
SIsE 123 165 et 071(024-2.00) 0s4
Major Bleeding 542 490 1.09(0631.87) 076

Favor Standard Dose
J/ra——
8

Favor Reduced Dose

0123456

SISE 185

Major Bleeding  5.06

Event Rate per 100 person-years
Reduced Dose

N=410 N=410

Favor Standard Dose

FIGURE 3 Outcomes Associated With Overdosing

Standard Dose

232 H———

.29 ———

Favor Reduced Dose

0123456 7

Hazard Ratio (95% C1)

Standard Dose vs. Reduced Dose

1.66 (0.40-6.88)

219 (1.07-4.46)

pvalue

048

0.03

JACC 2017;69 : 2779-90

Mechanisms of NOAC-related Gl bleeding

Systemic anticoagulant effect

1. Incomplete absorption
(topical anticoagulant effect)
2. Direct caustic effect
(tartaric acid in dabigatran)
3. Inhibition of mucosal healing

, apixaban, dal
il i Active i present in Gl tract Renal excretion Hepatic metabolism

—

N
Warfarin 100% None None High
Dabigatran 7% High High Low
Rivaroxaban 66% Moderate Moderate Moderate
Apixaban 50% Moderate Moderate Moderate

KS Cheung, et al. World J Gastroentrol 2017; 23:1954

CHSMMATISES| 201818 7| 20| TAH W

o
=



Stroke: NOACs

and statin
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Gl Bleeding of NOAC - Prevention strategies

1. Confirm that NOAC indication is appropriate and that there are no absolute contra-indications to
NOAC administration.

2. Confirm that NOAC dosage is appropriate (e.g. dose dabigatran as indicated by creatinine clearance).

3. Screen all patients for presence of on-going G bleeding by history (history of recent melena or rectal
bleeding) and physical exam (digital rectal exam). Consider screening with laboratory testing (faecal
occult blood testing, haemoglobin evaluation and evaluation of iron stores). If Gl bleeding is
suggested, consider Gl investigation prior to initiating NOAC treatment.

4. Assess for history of previous Gl bleeding and consider diagnostic interventions (e.g. endoscopy) or
therapeutic interventions (e.g. concomitant administration of a PPI) where indicated.

5. Assess for co-administration of drugs such as anti-platelet agents or NSAIDs which increase the risk of
NOAC related Gl bleeding.

6. If patient is concurrently taking anti-platelet medication, weigh the risks, benefits, and alternatives of
continuing NOAC plus anti-platelet agent.

7. If patient is taking chronic NSAIDs, consider alternative therapies and/or co-administration of a
gastroprotective agent such as a PPl

8. Consider non-medication risk factors such as alcohol intake, and encourage risk factor modification.

9. Assess creatinine clearance and institute renal protective measures as indicated (especially in patients
receiving dabigatran).

10. Counsel the patient regarding the potential for increased risk of Gl bleeding in the setting of dehy-
dration, concomitant illness, or concomitant medication use, and the recommended measures in these
settings (e.g. seeking prompt medical attention, maintaining hydration, performing laboratory
assessments of renal function).

Desai et al. New oral anticoagulants and Gl bleeding. Thromb Haemost 2013; 110: 205-212

Initiation of NOACs after Gl bleeding

Patient post major gastrointestinal bleeding |

Continuing / Restarting NOAC?
Consider factors favouring withholding (v) vs.
(re-) starting anticoagulation

Unidentifiable site of bleeding

Muitiple angiodysplasias in the Gl tract

No reversable / treatable cause?

Bleeding during treatment interruption
Chronic alcohol abuse

Need for dual antiplatelet therapy after PCI
Older age

LR TR SR T

mmmmumml
ng to a multic Y

Figure 7 (Re-) initiation of anticoagulation post-gastrointestinal
bleeding. *Without evidence; ideally include patient in ongoing trial.
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How to deal with dosing errors?

- S22 A|ZHEA (12 hours or 24 hours) 7|9 2 &S B 231X]
%2 AS Q2 A|EO|M Y2 O] BLISHK| 2 42 A=E =S8 E
V2 Ol K| HR= et o E o S8A17H0 2f 2 =&85SHA &
* Double dose
- o2 SHiZ 288 F2, BID 8HQ F2L S oYY 282
MEFST, QD 8WQl FP 2447 20| ChA| HA 82 28

* Uncertainty about dose intake

- BID dosing regimen : Ct2 0| S S0
- OD dosing regimen

. CHA,DS,-VASc >3 Z#Q Hiz 28

. - 710 | I-E# I- I- I-Q ():"I'i H0F 2
: CHA,DS,-VASc <2 A< 7|CtRCH7} CHE O Y 289 22
When to stop and restart NOACs?
Classification of elective surgical interventions according to bleeding risk
Table 12 Classification of elective surgical interven-
tions according to bleeding risk
Interventions with minor bleeding risk
FEST— Complex endoscopy (e.g. polypectomy, ERCP with sphincterot-
omy etc.)
Extraction of 1-3 teeth
Paradontal surgery Spinal or epidural anaesthesia; lumbar diagnostic puncture
Incision of abscess
Thoracic surgery
Abdominal surgery
Endoscopy without biopsy or resection Major orthopaedic surgery
irgery (e.g: abscess incision; small dermatplogic Liver biopsy Day 4 Day -3 Day -2 Day -1 Day of surgery. Day +1 Day +2
low bleeding risk (i with low . E‘""' e L L P 0 ¥ ( L L
dinicalimpact) Transurethral prostate resection 2 2 A
8
Endoscopy with biopsy Kidney bit E ol Riva 5
[ i e 24 iazle |0 [0 [0 [Zxie (e e
rostate or bladder biopsy 5
ithotri Wi Hr
Slocrophyciogel oy or cabetar sbaion (ecapt complex Bxtracorporeal shockwave ithotripsy BWL)_ | [Hlas) @] @) @] O [k ©) ©) ©
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Stroke: NOACs and statin

When to stop and restart NOACs?

Table Il Timing of last non-vitamin K antagonist oral anticoagul intake before start of an elective intervention
Dabigatran lApixaban - Edoxaban - Rivaroxaban
No important bleeding risk and/or adequate local h is p ible: perform at trough level

(i.e. 12 h or 24 h after last intake)

Low risk High risk

CrCl >80 mL/min >24h

CrCl 50-79 mUmin

CrCl 3049 mUmin

CrCl 15-29 mUmin Not indicated Not indicated

CrCl <15 mL/min No official indication for use

No bridging with LMWH/UFH

Resume full dose of NOAC >24 h post-low bleeding risk interventions and 48 (—72) h post-high-bleeding risk interventions (see also Figure 8)

Patients undergoing a planned intervention should receive a written note indicating the anticipated date and time of their intervention,
and the date and time of the last intake of their NOAC (and any other medication)

Concomitant Use of Antiplatelet with Anticoagulation

RE-LY : Major bleeding

10+ PATIENTS ON WARFARIN
B O ANTIPLATELET (n=3696)

[ -SINGLE ANTIPLATELET (n=2046)
[E] -OUAL ANTIPLATELET (n=280)

63
PATIENTS ON DABIGATRAN 150
§ B NOANTIPLATELET (a#3772)
54
46 [ -SINGLE ANTIPLATELET (n=2040)
4.3 [[] -ouAL ANTIPLATELET (n=264)
2.8 2
2 2.6)
59 PATIENTS ON DABIGATRAN 110
- [ -NOANTIPLATELET (n=3693)
[[] -SINGLE ANTIPLATELET (n=2054)
0 [[] -DUAL ANTIPLATELET (n=268)

Class of Level of
Recommendation Evidence

Combinations of oral anticoagulants and platelet inhibitors
increase bleeding risk and should be avoided in AF patients 11 B
without another indication for platelet inhibition.

Event rate (%/year)
[4,]
L

Circulation 2013;127:634
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OAC Tx after coronary intervention in AF patients

Day 1-7 /at

3 months 6 months

P_G discharge A mo.nth , ' A ve.ar

H H H H H

e i i i i i
Elective PCI Triple therapy

NOAC+A+C monotherapy
with newer
generation DES AN I

SRS TR SAS—

Alternative: DAPT only, If

CHA,DS,-VASC = 1 {men) or 2 (women) & elevated bleeding risk Ji

NOAC +A + Tica*

v emmm—— - <«

I

- (Uncorrectable) high bleeding risk
- Low atherothrombotic risk {(by REACH or SYNTAX score if elective; GRACE 2140 if ACS)

Factors to lengthen combination therapy

- First-generation DES
- High atherothrombotic risk {scores as above ; stenting of the left main, proximal LAD,
proximal bifurcation; recurrent Mis; stent thrombosis etc.) and low bleeding risk

Treatment of acute ischemic stroke in a patient on NOACs

| Acute ischemic stroke with clinically relevant neurological deficit

)

| NOAC pl level below the lower limit of detection : —

1 v

Y

I Last NOAC intake > 48 hours, normal renal function : ~

l No

= = = Yes
| Direct NOAC antidote available® I—
No ¥ ¥
Last NOAC intake within 24-48 hours & normal renal function Consider

OR
NOAC plasma level < 30 ng/ml for rivaroxaban, apixaban or
edoxaban (measured > 4 hours after intake)**

thrombolysis in
selected patients®
after reversal*

No

I Consider thrombolysis in selected patients* |

| Consider endovascular thrombectomy®* |

|

| Stroke Unit treatment
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Stroke: NOACs and statin
|

Follow-up of ICH patients with atrial fibrillation

Danish nationwide registries in the period between 1997 and 2013

1.00 7
0.904

0.80

————— 1—- Oral anticoagulation

Survival probability

0.701
o604 e
None
0.50 Antiplatelet Tx
No antithrombotic treatment — — — OAC treatment
o404 | Antiplatelet therapy
0 & 1 2 3 4 5
\;a°° Years since baseline

Circulation. 2015;132:517-

Restarting Anticoagulant Therapy After ICH

Arterial thromboembolic complications

Risk ratio
Study (95% Cl) % Weight
Anticoagulants No Anticoagulants
Gathier b 1.08 (0.18,6.53)
Claassen - 0.82 (0.33,1.99) 4.4
Nielsen - 0.32 (0.22,0.46) 62.5
Majeed - 0.11(0.01,0.78) 71
Kuramatsu n 0.35 (0.18,0.68) 226
De Vieeschouwer - I 0.19 (0.01,3.11) 24
Overall (95% CI) 0.34 (0.25, 0.45)
|
By 1 10
Risk ratio

Stroke. 2017;48:1594-1600.
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Restarting Anticoagulant Therapy After ICH

Recurrence of intracranial hemorrhage

Risk ratio
Study (95% ClI) % Weight
Anticoagulants No Anticoagulants
Gathier . 3.23 (0.14,72.46) 0.2
Claassen - 3.25 (0.14,76.01) 0.2
Nielsen - 0.50 (0.34,0.73) 36.7
Majeed = 1.55 (0.66,3.64) 35
Kuramatsu - 1.24 (0.68,2.24) 88
De Vleeschouwer - 0.46 (0.06,3.58) L% 4
| Ottosen - 1.54 (1.18,2.01) 39.4
Yung W 1.02 (0.57,1.84) 9.4 |
Overall (95% CI) 1.01 (0.58, 1.77)
|
1 1 10
Risk ratio

Stroke. 2017;48:1594-1600.

Initiation of anticoagulation after ICH

Patient post intracranial haemorrhage |

|

Consider factors favoring withholding (v')
vs. (re-) starting oral anticoagulation

LRSS

Severe intracranial bleed

Multiple cerebral microbleeds (e.g. >10)

No reversible/treatable cause of bleeding
Older age

Bleeding during interruption of anticoagulation
Bleed on adequately or underdosed NOAC
Uncontrolled hypertension

Chronic alcohol abuse

Need for dual antiplatelet therapy after PCI

‘ Net assessment in favour of withholdi

according to a

P Yy

Yes No

|

European Heart Rhythm Association Practical Guide.

European HeartJournal 2018
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Stroke: NOACs and statin

|
Ischemic Stroke : Statin
Dae-Hyun Kim, MD.

Cardiocerebrovascular Center
Department of Neurology, Dong-A University Hospital

Statin and stroke prevention

Statin for primary stroke prevention

High dose statin and beyond LDL lowering effect

Statin in acute stroke phase

Statin for secondary stroke prevention

CheriZnIotE] 20185 57 20| WMDY 137
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Statin for primary stroke prevention

Cholesterol lowering and stroke risk: not equally effective

. RR P No. of Subjects
Other — i F 0998 0995 3421
Diet — 0603 011 1741
Nonstatins - 0926 032 32,550
Statins . 0.756  <0.001 32,684
Total ~|— 0.828 <0.001 70,396
I T T T T T TTTTTI1
0.3 0.5 0.7 1.0 14

Corvol JC et al. Arch Intern Med 2003;163:669-676
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Primary prevention of Stroke by Statins in Patients without CHD

Pts with no
history of CAD HTN pts HTN pts DM pts

WOSCOPS ALLHAT-LLT ASCOT-LLA CARDS

(n=10,355) (n=10,305) (n=2841)

-5 |
-104
~15 ]
20
—25
—30 -
—35 ]
—40

Stroke relative risk reduction (%)

—45 -
—50 —-48*
*p = NS (pravastatin vs placebo or usual care).
TP = .024 (atorvastatin vs placebo).

*P = not reported (atorvastatin vs placebo).

Primary prevention of Stroke by Statins in Patients with CHD

+3|l
as CARE LIPID HPS ] KLIS GREACE  ALLIANCE TNT
X 07
> (n=4159) (n=9014) (n=20,536) PROSPER (n=3853) (n=1600) (n=2442) (n=10,001)
= -5 +
o
=
&
w= —10 o
£
=]
S -20 -
o
b2
~ —25-
2
& 30
*

= -30 +
8 _35 -31
[}
o

—40 —

—45 *P=.024 (simvastatin vs placebo).

1P=.03 (pravastatin vs placebo).

—50— $P=.048 (pravastatin vs placebo). —-47
§P<.0001 (simvastatin vs placebo).
1IP=NS (pravastatin vs placebo or conventional treatment).
9P=.034 (atorvastatin vs usual care).
#P=NS (atorvastatin vs usual care).
**P=.02 (80 mg vs 10 mg atorvastatin).
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Effect on ISCHEMIC stroke by Statins (Meta-analysis)

LDL-C
Comparison reduction Events (% p.a.) -
2 s RR (CI r 1 mmol/L reduct =
& trial (mmol/L)  Statin/more Control/less {Ch)pe R O
Statin vs. control i
s858 177 31(0.3) 54 (0.5) — =
HPS 129 283 (0.6) 399 (0.8) ~m—
ALLIANCE 1.16 = = i
CARDS 114 9(02) 24 (0.5) G
JUPITER 1.09 23(0.1) 47 (0.2) -
ASCOT-LLA 107 74(0.4) 95 (0.6) — -
Post CABG 107 = — :
WOSCOPS 1.07 — - i
PROSPER 104 91(1.0) 88 (1.0) : -
CARE 103 48(0.5) 64 (0.6) PUNE G S
LIPID 103 123 (0.5) 154 (0.6) — et
ASPEN 0.99 14(0.3) 15 (0.4) L - T(Le:sbg)‘ SEk
AURORA 0.99 54(12) 53(1.1) L :
AFCAPS/TexCaps 094 1(0.0) 1(0.0) d
LIPS 092 = — '
GISSI-HF 092 63 (0.8) 53(0.7) = LDL—C 1 mmol/L
4D 089 47(2.7) 32(18) —_
ALERT 0.84 = = : (39mg/dl') 4”
MEGA 067 40(0.2) 50 (0.2) RR 20%
ALLHAT-LLT 054 71(0.3) 83(0.3) .
GissI-P 035 15 (0.4) 13(0.3) -
| ; ,
| Subtotal (16 trials) 1.07 987/57655 122557704 <> QA=)
H (0.4% p.a.) (0.5% p.a.) p<0.0001
05 075 1 125 15
Statin better Control better

CTT Collaboration. Lancet 2010;376:1670-1681.

Effect on ANY stroke by Statins (Meta-analysis)

LDL-C
Comparison reduction Events (% p.a.) S
& triar‘: (mmol/L)  Statin/more Control/less REELCl pertimmatireduclonin Lot
Statin vs. control .
ssss 177 56 (0.5) 76 (0.7) —.—
HPS 1.29 452 (0.9) 591 (1.2) -
ALLIANCE 1.16 37(0.7) 40 (0.8) T
CARDS 1.14 21(0.4) 39 (0.7) Go——t—
JUPITER 1.09 34(0.2) 65 (0.3) S
ASCOT-LLA 107 89 (0.5) 121 (0.7) —
Post CABG 1.07 18 (0.6) 16 (0.6) i
WOSCOPS 1.07 46(0.3) 51(0.3)
PROSPER 1.04 135 (1.5) 131 (1.4) — -
CARE 1.03 52 (0.5) 76 (0.8) ——
LIPID 103 169 (0.7) 204 (0.8) —a— Trend: %2 =2.3
ASPEN 0.99 34(08) 38 (0.9) T ©=0.1) !
AURORA 0.99 86 (1.9) 78 (1.7) —r—
AFCAPS/TexCaps 0.94 14(0.1) 17 (0.1) :
LIPS 0.92 = — :
GISSI-HF 0.92 82(1.0) 66 (0.8) —
4D 0.89 59 (3.4) 44 (2.5) —_———
ALERT 084 59 (1.1) 45 (0.8) ———
MEGA 067 58 (0.3) 69 (0.3)
ALLHAT-LLT 054 209 (0.9) 231(0.9) . LDL—C 1 mmol/L
GISSI-P 0.35 20 (0.5) 19 (0.5) T
f : 0.85(0.80 - 0.90) (39mg/d|- )\l/;
! Subtotal (20 trials) 1.07 1730/63900 2017/63949 <> p<0.0001 |
i (0.7% p.a.) (0.8% p.a.) = I: RR 15%
Statin better Control better

CTT Collaboration. Lancet 2010;376:1670-1681
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Stroke: NOACs and statin

Statin and cardiovascular disease

CHOLESTEROL MYTH:

ALL cxoesTeroL 15 BAD

Statins in the drinking water
Dr. Gary Huber
Statins in the drinking water

Statins in the drinking water? We are getting closer to absolute lunacy as another report came out suggesting that
anyone over the age of 40 with 1 risk factor for heart disease should automatically be placed on a statin
cholesterol lowering drug. Interestingly the report suggests not doing this to folks OVER the age of 75. That’s
because these drugs cause increased risk for diabetes, loss of coenzyme Q10, liver toxicity and cognitive decline,
which is accelerated in older people.

2013 ACC/AHA guideline — 4 statin benefit group

Adults age >21 y and
a candidate
for statin therapy

High-intensity statin
(Moderate-intensity statin if not)

LDL-C 2190 mg/dL

No\]/
Yes

DM Type 1 0r2

Age 40-75 y Estimated 10-y ASCVD risk 27.5%*
Yes High-intensity statin

Estimate 10-y ASCVD Risk

with Pooled Cohort Equations*

27-5% Yes

Estimated 10-y ASCVD risk
and age 40-75 y

http://my.americanheart.org/cvriskcalculator,
Age, Sex, Race, Total chol, HDL, SBP, HT Tx, DM, Smoking Stone NJ et al. Circulation 2013
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2018 American Lipid Guidelines for Primary Prevention

Primary Prevention:

Assess ASCVD Risk in Each Age Group
Emphasize Adherence to Healthy Lifestyle

¥

Age 2039y

Age0-19y Estimate lifetime risk
Lifestyle to prevent or reduce || to encourage lifestyle to reduce
ASCVD risk ASCVD risk

Diagnosis of Familial
Hypercholesterolemia-> statin

Consider statin if family history
premature ASCVD and LDL-C
dL

Age 40-75 y and
LDL-C >70-<190 mg/dL
(21.8-<4.9 mmol/L)
without diabetes mellitus
10-year ASCVD risk percent
begins risk discussion

Diabetes mellitus and age 40-75 y
Risk assessment to consider high-intensity statin
(Class Ila)

e >75
Clinical assessment, Risk discussion

|ASCVD Risk Enh ¥ ¥ ¥ ¥

Family history of premature ASCVD <5% 5% - <7.5% 27.5% - <20% 220%

* Persistently elevated LDL-C 2160 mg/ “Low Risk” “Borderline Risk” “Intermediate Risk” “High Risk”
dL (24.1 mmol/L)

¢ Chronic kidney disease

e Metabolic syndrome

* Conditions specific to women (e.g.,
preeclampsia, premature menopause)

+ Inflammatory diseases (especially
rheumatoid arthritis, psoriasis, HIV)

+  Ethnicity (e.g., South Asian ancestry)

Lipid/Biomarkers:
o Persistently elevated triglycerides
(2175 mg/dL, (22.0 mmol/L))

In selected individuals if measured:
o hs-CRP 22.0 mg/L

+  Lp(a) levels >50 mg/dL or >125 nmol/L
e apoB 2130 mg/dL

e Ankle-brachial index (ABI) <0.9

Risk discussion:
If risk enhancers present
then risk discussion

regarding moderate-
intensity statin therapy
(Class lib)

If risk decision is uncertain:
Consider measuring CAC in selected adults:
CAC = zero (lowers risk; consider no statin, unless diabetes, family history of
premature CHD, or cigarette smoking are present)
CAC = 1-99 favors statin (especially after age 55)
CAC = 100+ and/or 275th percentile, initiate statin therapy

Circulation 2018

Intensity of Statin Therapy and LDL-c reduction

Intensity High-Intensity Moderate-Intensity
Reduction % > 50% reduction of LDL 30-50% reduction of LDL
in LDL-C with daily statin with daily statin

Low-Intensity

<30% reduction of LDL
with daily statin

Atorvastatin (40)-80 mg
Rosuvastatin 20 (40) mg

Statin and dose

Atorvastatin 10 (20) mg
Rosuvastatin (5) 10 mg
Simvastatin 20-40 mg
Pravastatin 40 (80) mg
Lovastatin 40 mg
Fluvastatin XL 80 mg
Fluvastatin 40 mg bid
Pitavastatin 2-4 mg

Simvastatin 10 mg
Pravastatin 10-20 mg
Lovastatin 20 mg
Fluvastatin 20-40 mg
Pitavastatin 1 mg

* Specific statins and doses are noted in bold that were evaluated in RCTs demonstrated a reduction in major cardiovascular events.
Statins and doses that are approved by the U.S. FDA but were not tested in the RCTs reviewed are listed in italics.

Stone NJ, et al Circulation 2013
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Stroke: NOACs

and statin

Table 2. Comparison in response to rosuvastatin or atorvastatin between Asian and Westerner

Intensity of Statin and LDL-c reduction in Korean

Rosuvastatin

Atorvastatin

Asian Westerner P Asian Westerner
(N=304) (N=869) (N=366) (N=772) 4
LDL-C at baseline 123.1x14.6 124.2%5.1 0.93 124.1£12.7 129.8%14.2 0.61
LDL-C at follow-up 67.2x13.8 61.9+0.9 0.64 72.9+14.2 73.1£4.1 0.97
LDL-C reduction (%) 44.0x4.8 49.9x26 0.22 40.7x5.5 43.0x2.1 0.60
Statin dose (mg) 14.1£49 40.0£0.0 0.006 18.9+2.9 80.0£0.0 <0.001
Duration (month) 10.3£3.7 24.0=0.0 0.016 7.8+22 22.0x2.8 <0.001
Naito R et al. J Atheroscler Thromb. 2017
£ 4-3. @A 2ol 2ejgle] AR=E fAP OiFg T3 A=
Lovastatin F { i in Rosuvastatin Pif \
312 8% (mg) 20
8¢ |84 (%)
LDL-C =JIx-34
16 20
HDL-C -2~15
31% 8% (mg) 40 20 10 5 2
22 8 (%)
LDL-C -28~-33 =27~39 -39~-44 -40~-49 -38~-44
16 =13>15 -7~-14 i ) 7-23 -13~-14
HDL-C 0 6-12 36 4~7 5~16
8% 2% (mo) 20 10
83 R34 (%)
LDL-C -41~-50 -42~-50
16 -4~-33 =12~32
HDL-C =1=-19 -10~20
5% 82 (mg) 40 20
23 R34 (%)
LDL-C H2=50 -50~-60
16 -21~-22 -25
HDL-C 25 -1
3% 8% (ma) 80
23 |24 (%)
LDL-C -56
TG -17
HDL-C 2=el8

High dose statin and beyond LDL lowering effect
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MORE INTENSIVE Statins?

TINT
10,001 patients with CHD randomized Atorvastatin 10 mg or 80 mg

[Cumulative Incidence of Fatal or Nonfatal Stroke]

o 0.047]
-
£ Atorvastatin 10 mg(n=5,006)
2 === Atorvastatin 80 mg(n=4,995)
‘% 0.03 Atorvastatin 10 mg (155/5,006, 3.1%)
=
5
: RRR 25%
< 0.02 (P=0.02)
(=]
<]
5]
= Atorvastatin 80 mg (117/4,995, 2.3%)
£ 0.014
Q
2
5
>
€
3 HR = 0.75 (95% Cl 0.59, 0.96), P=0.02
% 1

*TNT = Treating to New Targets; RRR = relative risk reduction.

LaRosa JC, et al. N Engl J Med 2005;352:1425-1435

Effect on ISCHEMIC stroke by MORE INTENSIVE Statins

Meta-analysis 2010

IBL-—C
Comparison reduction Events (% p.a.) S
RR (CI) per 1 mmol/L reduction in LDL-C
& trial (mmol/L)  Statin/more Control/less ©hp
More vs. less statin \
PROVE-IT 065 10(0.2) 12 (0.3) +
TNT 0.62 96 (0.4) 130 (0.5) <« w1 1 2
i Trend: %2 =0.3
IDEAL 0.55 129 (0.6) 158 (0.8) . e
SEARCH 0.39 183 (0.5) 195 (0.5) : :
AtoZ 0.30 22 (0.6) 31(0.8) 7
1 0y
- 0.69 (0.54 - 0.88) !
Subtotal (5 trials) 0.51 440/19829 526/19783 << = " H
(0.5% p.a.) (0.6% p.a.) [ p=0.003 |
| | | |

05 0.75 1 1225 15
Statin better Control better

LDL—C 1 mmol/L (39mg/dL) 4 , RR31%

CTT Collaboration, et al. Lancet 2010;376:1670-1681
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Stroke: NOACs and statin

Lowering LDL with Statins Reduces the Risk of Stroke

Meta-analysis of 24 trials with 165,792 patients

[Association between reduction in LDL cholesterol concentration with stroke incidence]

s
5 Post-CABG
2 ] PROVE-IT
% 11
2 GISSI L]
8 - M PROSPER
2 10 .
3 SEARCH ALLHAT-UT  woscops [ SPARCL-CS (-)
=09 | B g oAsPEN
B ALLIANCE TSMUDEAL | o Ceea
5 n ST —Em AFCAPS-TexCAPS
v oEs] MEGA m B
7 AtoZ H W ASCORHA
2 074 TNT Hps - S!SS **En\n_\\ LDL-C 39mg/d|- 4/,
2 u o SPARCL-CS (3) ————
5 CARE S —~— .
£ 06 S Risk for overall stroke
Crosmm g 21.1% \ (p<0.009)
g5 05 GREACE —
§ 0-4 -
£
= o T T T T T T T T T 1
0 -10 -15 20 -5 -30 35 -40 -85 -50 55

Between-group differences in LDL cholesterol reduction (%; active minus control groups)

Estimates of relative risk reduction
+ 10% LDL reduction: relative risk reduction 7.5% (2-3-12-5) overall
relative risk reduction 13-5% (7-7-18-8) for primary prevention of stroke
« 1mmol/L (39 mg/dL) LDL reduction: relative risk reduction 21-1% (6.3-33.5) overall
relative risk reduction 35-9% (21-7-47-6) for primary prevention of stroke

Amarenco P, et al. Lancet Neurol. 2009;8(5):453-63

Percentage Change in LDL-C: Pairwise Comparisons

Change in LDL-C From Baseline (%)
-15 -20 -25 -30 -35 -40 -45 -50

M Rosuvastatin

W Atorvastatin
Simvastatin

M Pravastatin

STELLAR = Statin Therapies for Elevated Lipid Levels
Compared Across Doses to Rosuvastatin

*P<.002 vs atorvastatin 10 mg; simvastatin 10, 20, 40 mg; pravastatin 10, 20, 40 mg.
**p< 002 vs atorvastatin 20, 40 mg; simvastatin 20, 40, 80 mg; pravastatin 20, 40 mg.
TP<.002 vs atorvastatin 40 mg; simvastatin 40, 80 mg; pravastatin 40 mg.

Jones et al. Am J Cardiol 2003;92:152-160
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Potential Statin Mechanisms of Benefit

7

LDL Reduction

35 to 80% of the benefit \

Plaque stabilization:
macrophages _
smooth muscle cells ~
immunologic response
oxidized LDL

Improved endothelial function
Reduced hemorheologic stress
Reduced platelet aggregation
Reduced thrombotic effect
Enhanced fibrinolytic state

Blood pressure reduction

Decrease incidence of MI
and left ventricular mural thr

Neuroprotection

. Up-regulation NO

. Improves CBF /

. Reduces infarct size ‘ Beyond LDL IOWering effects

Effect of statin pretreatment in carotid artery stenting

Dose-Dependent Effect of Statin Pretreatment
on Preventing the Periprocedural Complications
of Carotid Artery Stenting

Jeong-Ho Hong, MD; Sung-II Sohn, MD; Jachyuk Kwak, MD: Joonsang Yoo, MD;
Hyuk Won Chang, MD; O-Ki Kwon, MD: Cheolkyu Jung, MD: Inyoung Chung, MD;
Hee-Joon Bae, MD: Ji Sung Lee, PhD: Moon-Ku Han, MD

Background and Purpose—We investigated whether statin pretreatment can dose dependently reduce periprocedural
complications in patients undergoing carotid artery stenting because of symptomatic carotid artery stenosis.

Methods—We enrolled a consecutive series of 397 symptomatic carotid artery stenosis (250% stenosis on conventional
angiography) treated with carotid artery stenting at 2 tertiary university hospitals over adecade. Definition of periprocedural
complications included any stroke, myocardial infarction, and death within 1 month after or during the procedure. Statin
pretreatment was divided into 3 categories according to the atorvastatin equivalent dose: none (n=158; 39.8%), standard
dose (<40 mg of atorvastatin, n=155: 39.0%), and high dose (=40 mg: n=84; 21.2%). A multivariable logistic regression
analysis with the generalized estimating equation method was used to investigate independent factors in periprocedural
complications.

Results—The patients’ mean age was 68.7 years (81.6% men). The periprocedural complication rates across the 3 categories
of statin use were 12.0%. 4.5%, and 1.2%. After adjustment, a change in the atorvastatin dose category was associated
with reduction in the odds of periprocedural complications for each change in dose category (standard-dose statin: odds
ratio, 0.24: 95% confidence interval, 0.07—0.81: high-dose statin: odds ratio, 0.11: 95% confidence interval, 0.01-0.96;
P for trend=0.01). Administration of antiplatelet drugs was also an independent factor in periprocedural complications
(OR, 0.18: 95% CI, 0.05-0.69).

Conclusions—This study shows that statin pretreatment may reduce the incidence of periprocedural complications
dose dependently in patients with symptomatic carotid artery stenting. (Stroke. 2017;48:1890-1894. DOI: 10.1161/
STROKEAHA.117.016680.)
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Stroke: NOACs and statin

ch

High dose statin and beyond LDL lowering effect

Table 2. Periprocedural Complications Within 30 Days After Stenting for Symptomatic Carotid Artery Stenosis
Total No Statin 4y Standard-Dose StatifHigh-Dose Statin
(n=397) (n=158) (n=155) (n=84) PValue
Periprocedural complications, n (%) 27 (6.8) 19(12.00 7(45) 1(1.2) 0.002
Immediate procedural events 16 (4.0) 11(7.0) 5(3.2) 0(0) 0.026
Ischemic stroke 8(2.0) 5(32) 3(1.9 0{0)
Hemorrhagic stroke 6(1.5) 4(2.5) 2(1.3) 0(0)
Myocardial infarction 1(0.3) 1(0.6) 0(0) 0(0)
Death 2(0.5) 2(1.3) 0(0) 0(0)
30-d clinical events 14(35) 10(6.3) 3(1.9) 1(1.2) 0.046
Ischemic stroke 4(1.0) 4(2.5) 0(0) 0(0)
Hemorrhagic stroke 1(0.3) 0(0) 0(0) 1(1.2)
Myocardial infarction 3(0.8) 1(0.6) 2(1.3) 0(0)
Death 7(1.8) 6(3.8) 1(0.6) 0(0)
Table 4. Lipid Profiles Stratified According to Statin Dose
Total (92.5%; No Statin (89.5%; Standard-Dose Statin High-Dose Statin
347/37%) 136/152) (92.5%; 135/146) PValue
Total cholesterol 174.0+437 171.9+£379 179.5+50.6 ‘ 0.14
Triglyceride 132.9+76.1 133.5+76.9 138.6+84.4 03
HDL 421106 425+11.3 422+0.7 0.8
oL 10312356 | 1004s202 |  1085:420 0.07

Data are shown for subjects with a complete lipid profile. HDL indicates high-density lipoprotein; and LDL, low-density lipoprotein.

Effects of statin in symptomatic intracranial atherosclerosis

Plague enhancement
- Symptomatic plaque
- Neovascularization,

- Increased endothelial permeability

Table 3. Analysis: for Between Patient and the Volume of
Symptomatic Intracranial Plaque
Univariate Analysis Multivariable Analysis
Coeficient SE PValue Coefficient SE Palue

Age -0.89 1.23 0.427
Male sex 9.44 6.40 0.143
Body mass index, ky/m* 170 0.88 0.056 1.40 085 0.102
Hypertension -8.91 6.51 0.174
Diabetes mellitus 34 6.92 0.623
Current smoking 635 7.86 0.421
White blood cell, 10°/L 263 1.24 0.035 1.83 1.22 0.137
Fasting glucose, by 10 mg/dL increase 0.02 1.30 0.980
hsCRP, mg/dL. 8.41 401 0.038 420 389 0281
ESR, mm/h 002 0.19 0.907
Lp-PLA, mg/dL. 042 0.14 0.002 031 013 0.024
Total cholesterol, mg/dL 0.02 0.07 0795
LDL cholesterol, mg/dL 0.05 0.08 0.516
Premorbid statin use

Nonuser (reference)

Low-dose user -2012 8.38 0.018 -16.61 827 0.047

High-dose user -3013 9.58 0.002 -20.78 9.44 0.002
ESR indicates erythrocyte sedimentation rate; hsCRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein;.and,Lp-PLA, lipoprotein-associatet

phospholipase A,

Stroke. 2015;46:2815-2821, Chung JW et al. Stroke. 2016;47:1789-96
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Statin in acute stroke phase

Statin at stroke onset and stroke outcome

Data (n=86651)

Statin Therapy and Outcome After Ischemic Stroke

Systematic Review and Meta-Analysis of Observational Studies and

Table. Comparison of Statin at Stroke Onset and Fatality From Observational Studies With and Without Inclusion of Riks-Stroke

Randomized Trials

Including Riks-Stroke (n=113148) Excluding Riks-Stroke (n=26 497)

n OR (95% Cl) PValue n OR (95% Cl) PValue
Good functional 30 days/ discharge 17512 1.64 (1.14-2.36) 0.008 17512 1.64 (1.14-2.36) 0.008
outcome (MRS 0-2) 90 days 17606 1.41 (1.29-1.56) <0.001 3077 1.32 (1.08-1.61) 0.007

1yr 2306 1.12 (0.90-1.40) 0.31 2306 1.12 (0.90-1.40) 0.31
Fatality 30 days/ discharge 109837 0.63 (0.54-0.74) <0.001 23186 0.61(0.49-0.78) <0.001
90 days 101615 0.71 (0.62-0.82) <0.001 14964 0.82 (0.74-0.91) <0.001

1yr 101664 0.80 (0.67-0.95) 0.01 15013 0.90 (0.66-1.24) 0.53

Stroke. 2013;44:448-456

148
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Stroke: NOACs and statin

Pre-stroke statin effect in acute stroke phase

« Milder initial stroke severity (lower NIHSS) at stroke onset
* Smaller infarct volume
» Better functional outcome (at discharge and at 3 months)

* Lower short-term mortality

Treatment with IV thrombolysis
» Higher collateral grade after cerebral artery occlusion
* Greater reperfusion and NIHSS improvement
* Increased hemorrhagic transformation (?)

- antithrombotic effect, faciliating fibrinoysis
) Neurology 2007;682129-31
* Lower mortality (?) Neurology 2011;77:888-895
Neurology 2006;67:1403—-1410
Neurology 2013;80:1800—1805
Journal of Stroke 2015;17(3):282-301

Statin withdrawl after ischemic stroke

Statin withdrawal effect on poor functional outcome ~ Poor outcome (mRS 3-6)

Odds Ratio Odds Ratio

—Studyor Subaroup _logfOdds Ratio] _ SE_Weight [V, Random, 95% CI _Year IV, Random, 95% Cl
Blanco 1539 05934 175%  4.66(1.46,14.91) 2007 W
Flint 0.2624 01041 51.1% 1.30(1.06,1.59] 2012 d
Phipps 06419 03483 31.5% 1.90[0.96,3.76] 2013 e
Total (95% CI) 100.0%  1.83[1.01,3.30] -
Heterogeneity: Tau’f 017, Chi*=56.37,df=2(P=0.07), F=63% 0102 05 7 5 10
Testfor overall eflect Z= 2.01 (P = 0.04) Favours statin  Favours no statin

1 yearsurvival ~ Statin Use During Ischemic Stroke Hospitalization

D . B Statin use before & during stroke A Timing of statin initiation
Withdrawal in hospital . 16 among previous non-users
10
2 oo 2 oo o 09
] 5 £
3 2 260 mgid 3 -
S o8 N— £ o8 t os Stan day 2
% @ womgs @ EHEREN
g o7 8 £
- statin g 07 § o7 )
s - statin g statin
oe — 2 g
L T iriea £ 08 & %
05
0 90 180 270 360 05 ; - 03
0 % 180 270 360
Number at risk Days aftee stioks onset o © 120 10 30 Days after stroke onset
+statin 3260 2773 2634 2517 2418 Number at risk Days after stroke onset Number at risk s
- statn 5011 a3 079 3845 3651 HumDer &1 05k
withdrawal 461 217 258 241 232 260mgid 549 493 467 452 433 - statin 5911 4413 4079 3845 3651
<60mgid 2154 1812 1722 1632 1571 start day 1 1785 1529 1446 1392 1342
-stan 5911 4413 4079 3845 3651 start day 2 775 643 613 587 566
start day 3+ 453 385 355 346 326

Journal of Stroke 2015;17(3):282-301
Stroke 2011;42:1307-1313
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Statin withdrawl after ischemic stroke (RCT)

* Patients on chronic statin Tx within 24 hrs
» Statin withdrawal for 3 days vs. atorvastatin 20 mg

Table 2

Statin-withdrawal Non-statin-withdrawal

Unadjusted and adjusted ORs of death or dependency and END in patients with and without statin withdrawal

OR Adjusted OR

(95% ClI)

(95% CI)*

15

0

group, n(%) group, n (%)
Primary outcome event* 27 (60.0) 16(39.0)
Early neurologic deterioration 30(65.2) 9(20.9)

150

100

Infarct volume dth-7th day (mL)

Control group Statin withdrawal Non-statin
n=126 group withdrawal group
n =46 n=43

2.39(1.02, 5.62)

4.66(1.46,14.91)

7.08(2.73,18.37) 867 (3.05, 24.63)

Neurology 2007;69:904-910

Efficacy of high dose statin in acute stroke phase (RCTs)

a statins placebo Mean Difference Mean Difference
i % Cl IV, Fixed, 95% CI

A. NIHSS score 1.2.1 onset <48h

Heo 2016 345 465 137 452 49 152 19.6% -1.07[-2.17,0.03] =

Montaner 2008 9.89 6.091 28 11.26 7.461 28 1.9% -1.37 [-4.94, 2.20] —

Tuttolomondo 2016 14.5 1.3 22 159 0.8 20 56.9% -1.40[-2.05,-0.75] L

Yakusevich 2012 8.1 38 86 857 395 97 18.8% -0.47[-1.59, 0.65] P B

Subtotal (95% ClI) 273 297 97.2% -1.15[-1.65, -0.66] *

Heterogeneity: Chi? = 2.02, df = 3 (P = 0.57); I? = 0%

Test for overall effect: Z = 4.57 (P < 0.00001)

1.2.2 onset >48h

Beer 2012 53 53 20 71 6.7 20 7% -1.80[-5.54, 1.94] _

Muscari 2011 13 96 31 127 9 31 11% 030[-4.33,493] e

Subtotal (95% CI) 51 51 2.8% -0.97 [-3.88,1.94] i

Heterogeneity: Chi? = 0.48, df = 1 (P = 0.49); I> = 0%

Test for overall effect: Z = 0.65 (P = 0.51)

Total (95% CI) 324 348 100.0% -1.15[-1.64, -0.66] *

Heterogeneity: Chi? = 2.51, df =5 (P = 0.78); I = 0%

-10 -5 ) 5 10
Test for overall effect: Z = 4.61 (P < 0.00001) F tat F trol
Test for subgroup differences: Chiz = 0.01, df = 1 (P = 0.90); I = 0% eioursftatine] [Favours [contl]
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup ___Mean SD Total _ Mean SD_Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
Heo 2016 5697.6 13,7721 137 11,7649 358534 152 57.1% -0.22[-0.45,0.01)
B. Infarct volume Muscari 2011 66.3 9% 31 366 483 31 420%  0301012,089)
Total (95% CI) 168 183 100.0% 0.04 [-0.55, 0.63]
Heterogeneity: Tau®= 0.14; Chi*= 4.58, df=1 (P = 0.03); F= 78% + 4 'S 1 S
Testfor overall effect: Z= 0.14 (P = 0.89) Favours [experimental] Favours [control]
© Experimental Control 0Odds Ratio 0Odds Ratio
Study or Subgroup __Events  Total Events Total Weight M.H,Fixed, 95% Cl M.H, Fixed. 95% CI
C. Recurrence Heo 2016 2 165 7 159 20.8% 0.28(0.06, 1.39] o e
Kennedy 2007 21 199 14 193 38.8% 1.51[0.74, 3.08] T
of stroke. Yakusevich 2012 15 86 17 97  40.3% 0.99 (0.46, 2.14] —.
Total (95% Cl) 440 449 100.0%  1.05[0.65, 1.69]
Total events 38 38
(R = - S f : . |
Heterogeneity: Chi*= 3.64, df=2 (P =0.16); F= 45% '0_01 ¥] 1 i 100’

Test for overall effect: Z= 0.18 (P = 0.85)

0. 10
Favours [experimental] Favours [control]

Fang et al. Intern Emerg Med 2017
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Stroke: NOACs and statin

Randomized Controlled Trial of Early Versus Delayed
Statin Therapy in Patients With Acute Ischemic Stroke

ASSORT Trial (Administration of Statin on Acute
Ischemic Stroke Patient)

¢ 24 hrs after admission in the early group vs on the seventh day in the delayed group
* Aatorvastatin 20 mg/d, pitavastatin 4 mg/d, or rosuvastatin 5 mg/d
¢ LDL-C <70 mg/dL for both groups

Early Statin Group |
LJ =mRSO
smRS1

“mRS2

«mRS3
«“mRS4
“mRS5

0% 10% 20% 30% 40% 50% 80% 70% 80% 90% 100%

mRS at

90days| ° 1 2 3 4 5 6 p-value

Ea"y(i‘:‘:iz"s‘);“’"p n (%) |28 (21.4) |42 (32.1) | 21 (16.0) | 17 (13.0) | 13(9.9) | 2(15) | 2(1.5)
0.70

De'ayefnfﬁ‘g; Group | 1 (%) |27 (21.4)|32(25.4) | 25 (19.8) | 20 (15.9) | 13(103)| 0(0.0) | 1(0.8)

Yoshimura et al. Stroke 2017

Efficacy of high-dose statin in acute stroke phase

¢ Patients with DWI within 48 hours after symptom onset.

* Rosuvastatin 20 mg vs placebo
¢ The primary outcome was occurrence of new ischemic lesions on DWI at 5 or 14 days.

Relative risk (95% CI)
Entire population
5 or 14 days 24 /118 (20.3%) 34 /129 (26.3%) 0.77 (0.49 = 1.22) ——
5days 0.74 (0.45 — 1.21) ——t
14 days 1.31 (0.41 —4.19) —_— e
Muitiple lesions
Yes 17/69(24.8%) 25/69(362%)  0.68 (0.41—1.14) ——
No 7/49(143%)  9/60(150%)  0.95 (0.38 —2.37) —_——t
Relevant artery stenosis (250%)
Yes 17/79(26.8%) 24778 (30.8%) 0.70 (0.41—1.20) ———i
No 7159(11.9%) 10/51 (19.6%) 0.92 (0.38 — 2.10) —————
0z 08 10 20 80

Occurrence of intracranial hemorrhagic transformation on gradient-recalled echo (GRE)

Rosuvastatin (n = 137) Placebo (n=152) P value

HIL 2(1.4) 15(9.9) 0.002
HI2 (14 7 (4.6) 0.177
PH1 1(0.7) 0(0.0) 0478
PH2 0(0.0) 0(0.0)

Radiological subarachnoid hemorrhage 1(0.7) 0(0.0) 0.478
Any hemorrhagic transformation 6(4.3) 22(14.5) 0.007

The efficacy of rosuvastatin in reducing recurrence in acute stroke was inconclusive. However, statin

use was safe and reduced hemorrhagic transformation.
Heo JH et al. J Stroke. 2016 ; 18: 87-95
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Guidelines for the Early Management of AIS

2018 AHA/ASA Guidelines

1. Among patients already taking statins at the time of onset of ischemic stroke, continuation of statin
therapy during the acute period is reasonable. (Class Ila; Level of Evidence B-R).

N

. High-intensity statin therapy should be initiated or continued as first-line therapy in women and men
<75 years of age who have clinical ASCVD*, unless contraindicated.(Class I ; Level of Evidence A).

w

. In individuals with clinical ASCVD* in whom high-intensity statin therapy would otherwise be used,
when high-intensity statin therapy is contraindicated or when characteristics predisposing to
statin-associated adverse effects are present, moderate-intensity statin should be used as the second
option if tolerated. (Class | ;Level of Evidence A).

4. Inindividuals with clinical ASCVD>75 years of age, it is reasonable to evaluate the potential for ASCVD
risk-reduction benefits and for adverse effects and drug—drug interactions and to consider patient
preferences when initiating a moderate- or high-intensity statin. It is reasonable to continue statin
therapy in those who are tolerating it.(Class Ilb ; Level of Evidence B-R).

Powers WJ et al. Stroke. 2018
Recommendations from the ESO-Karolinska Stroke Update
1. There is no evidence from RCTs to support the routine use of statins in the acute phase of stroke (first 2
weeks). However, observational studies do not show an increase in symptomatic ICH in patients previously

treated with statins or to whom statin was given within 3 days after stroke. Statin treatment is thus
recommended to start before discharge from hospital after an AlS or at least during follow-up (Grade C).

Euro Stroke J 2017

Statin for secondary stroke prevention
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Stroke: NOACs and statin

Stroke Prevention by Statin

Treatment Control
First stroke in CAD patients
HPS overall Simvastatin 40 mg Placebo —
CVA(+) CVA(-) HPS prior CAD ~ Simvastatin 40 mg Placebo P
458 Simvastatin 20-40 mg  Placebo —_—
TNT Atorvastatin 80 mg Atorvastatin 10 mg ——
CAD( -+ ) CARE+LIPID PROSPER overall Pravastatin 40 mg Placebo —
First stroke in patients with no CAD
ASCOT-LLA Atorvastatin 10 mg Placebo S
CAD ( -) SPARCL, HPS CARDS Atorvastatin 10 mg Placebo
stroke in with no CAD
HPS Simvastatin 40mg Placebo ——
l l SPARCL Atorvastatin 80 mg Placebo e
0.2 0.4 06 08 1 2 3
20 1 . Hazard ratio (95% CI)
Statin better Control better

Stroke prevention

The First & only evidence for secondary prevention

SPARCL study

Patient Population

+ 205 sites worldwide Atorvastatin 80 mg/day

+ Previously documented stroke
or TIA within 6 months

4,731
Patients

* No history of CHD = b
acebo

¢ LDL-C levels 2100 mg/dL and
<190 mg/dL

N
v

540 Primary Endpoints

Primary End Point
Time to the First Occurrence of a Fatal or Nonfatal Stroke

SPARCL Investigators, et al. N Engl J Med 2006;355:549-59
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Benefit of Atorvastatin 80 mg in Patient with Prior Stroke

16— Placebo ¢

Atorvastatin

=
ik

-~
1

HR, 0.84 (95% CI, 0.71-0.99); P=0.03

Fatal or Nonfatal Stroke (%)
-]
1

0 T T T T T 1
0 1 2 3 4 5 6

[Any Coronary Event]
HR, 0.58 (95% Cl, 0.46-0.73); P<0.001

Placebo l

Atorvastatin

=
g

Any Coronary Event (%)
-~ o0
1 1

0 T T T T T 1
0 1 2 3 4 5 6

Years since Randomization

SPARCL study

v'Risk for Recurrence Stroke 16%,
v'Risk for Any Coronary Event 42%,
v'Risk for Major Coronary Event 26%4,

[Major Coronary Event]

40

= HR, 0.74 (95% Cl, 0.66-0.83); P<0.001

30

= Placebo

5

§ 20 Atorvastatin

L

2

N

&

<<
0 T T T T T 1
0 1 2 3 4 5

Years since Randomization

SPARCL Investigators, et al. N Engl J Med 2006;355:549-59

Safety of Atorvastatin 80 mg in Patient with Prior Stroke

[Liver and Muscle Adverse Events]

Atorvastatin

n/N(%)

ALT or AST >3x ULN*

CPK >10x ULN*

Musculoskeletal Adverse Events
Myalgia

Myopathy

Rhabdomyolysis

51/2319 (2.2)

2/2319 (0.1)

129/2365 (5.5)
7/2365 (0.3)

2/2365 (0.1)

Placebo
ny/N(%)

11/2323 (0.4)

0/2319 (0.0)

141/2366 (6.0)
7/2366 (0.3)

3/2366 (0.1)

SPARCL Investigators, et al. N Engl J Med 2006;355:549-59
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Stroke: NOACs and statin
|

Hemorrhagic stroke in the Stroke
Prevention by Aggressive Reduction in
Cholesterol Levels study

16+ Fatal and Non-Fatal Stroke
< === Placebo: Ischemic ,
< — Atorvastatin: Ischemic -
% ---- Placebo: Hemorrhagic T
= 12 —— Atorvastatin: Hemorrhagic __-,—”
L "‘--‘
()] S
& =
£ g4 Ischemic: HR e
2 0.79 (0.66, 0.95) -~
[9] _J"
S o) ’.'
<} 4- 3055 Hemorrhagic: HR
g o 1.68 (1.09, 2.59)
[}
o - (e < T v T 0 S 0 (RN SRy, ' g
= -
8

0 T T T T T 1

0 1 2 3 4 5 6

Neurology 2008;70:2364-2370

Effect of statins on fatal and non-fatal stroke

Active group (%)  Control group (%) RR (95% CI) RR (95% CI)
Primary prevention of stroke
SEARCH 42 46 - 0.91(0:77-1:08)
JUPITER 04 07 —— 052 (0:34-0.78)
ASPEN 28 32 —m— 0-89 (0-56-1-40)
MEGA 13 16 Coml 0-83 (057-1:20)
IDEAL 34 39 - 0-87(070-1.08)
TNT 23 31 —-—| 0.76 (0-60-0-96)
ALLIANCE 29 32 — - 0-90(0-58-1-42)
CARDS 15 28 —. 0.53(0:31-0-90)
PROVE-IT 1.0 09 —,— 109 (0-59-2:01)
AtoZ 12 16 . 079 (0-48-1-29)
ASCOT-LLT 17 24 —| 073(056-0-96)
ALLHAT-LLT 40 45 - 0-91(0:76-1-09)
GREACE 12 21 —. 0.53(0-24-118)
HPS (with no prior CVD) 32 48 - 0-67 (0-57-077)
PROSPER 47 45 . 1.04(0-82-131)
MIRACL 08 16 — 050 (0-25-1-00)
GISSI 09 09 — 1.05 (0.56-1.96)
AFCAPS-TexCAPS 04 05 — - 0-82(0-41-1-67)
LIPID (with no prior CVD) 33 39 —| 0-84(0-67-1:05)
Post-CABG 26 24 - 112 (0-58-218)
CARE (with no prior (VD) 19 28 o 0.67 (0-44-1.01)
WOSCOPS 14 15 — m— 0.90 (0-61-134)
5555 25 35 —m— 0-72(0-51-1-01)
Subtotal: p<0-0001 (heterogeneity: 1’=26-6%, p=0-12) ’ 0-81(0-75-0-87)
Secondary prevention of stroke
SPARCL 12 131 m| 0-85(073-0-99)
HPS (with prior CVD) 103 104 . 0-99 (0-81-1-21)
LIPID (with prior (VD) 95 133 - 0.72(0-46-1-12)
CARE (with prior CVD) 135 20.0 —— 0-68 (0-37-1-25)
Subtotal: p=0.003 (heterogeneity: I’=0.8%, p=0-39) ¢ 0.88 (0.78-0-99)
Total: p<0-0001 (heterogeneity: I’=7-3%, p=0-36) [ 0-82(0-77-0-87)
r T T T T 1
01 02 05 1 2 5 10
Log scale
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Effects of statin on hemorrhagic stroke

Active group (%) Control group (%) RR (95% Cl) RR (95% Cl)
Primary prevention of stroke
JUPITER 01 01 R 0-67 (0-24-1-87)
MEGA 07 04 —_— 0-90 (0-44-1-84)
TNT 03 04 — - 0-84 (0-43-1-64)
GREACE 01 01 < > 1.00 (0-06-15-96)
HPS (with no prior CVD) 03 0.5 — 071 (0-45-1-14)
MIRACL 0.0 02 < 014 (0-01-2-78)
LIPID 03 02 —- 2.00 (0-81-4-94)
CARE 01 02 < = 0-33 (0-07-1-65)
SSSS 0-0 01 < 0-20 (0-01-4-17)
Subtotal: p=0-15 (heterogeneity: I’=0%, p=0-47) <>t 0-81(0-60-1-08)
Secondary prevention of stroke
SPARCL 23 14 —— 1-67 (1-09-2-56)
HPS (with prior CVD) 13 07 T— = 1-91(0-92-3-95)
Subtotal: p=0-004 (heterogeneity: I’=0%, p=0-75) <> 173 (1-19-2-50)
Total: p=0-88 (heterogeneity: I’=29-5%, p=0-17) 1.03 (0-75-1-41)
I T T T T T 1
0-1 02 0-5 i 2 5 10

Log scale

Lancet Neurol 2009; 8: 453—63

Factors associated with risk of ICH

Table 1 Outcome ischemic, hemorrhagic, and total strokes by entry event and treatment group
Ischemic stroke Hemorrhagic stroke Any stroke®

Entry event Atorvastatin /N (%) Placebo,WN(%)  HR(95% CI) Atorvastatin, n/N (%)  Placebo, N (%) HR(95% CI) Atorvastatin, WN(%) Placebo,n/N(%)  HR(95% Cl)

Large vessel atheroembolic 41/396(10.4) 64/401(16.0) 0.64(0.43,094) 8/396 (2.0) 7/401 (1.8) 116(0.42,319) 50/396 (12.6) 72/401 (180) 069(0.48 0.99)

or cardioembolic

TIA 44/708(6.2) 55/752(7.3) 0.85(0.57, 1.26) 12/708(1.7) 12/752 (1.6) 1.07 (0.48,237) 54/708 (7 6) 66/752 (8.8) 0.87 (0.60, 1.24)

Small vessel (lacunar) 79/708(11.2) 102/701(146) 0.76(0.57,1.02) 20/708 (2.8) 4/701 (0.6) 499(1.71,1461) 93/708 (13.1) 109/701(156) 0.84(0.64,1.11)

Other or unknown cause® 51/506(10.1) 51/463(11.0) 0.92(0.62,1.35) 8/506 (1.6) 8/463(1.7) 0.91(0.34,2.44) 58/506 (11.5) 60/463(13.0) 0.89(0.62 127)

Hemorrhagic stroke 345(67) 2/48(42) 164(027,982) 7/45(15.6) 2/48(42) 4.06(084,1957) 10/45(222) 4/48(8.3) 282(0.89,9.01)
All subjects 218/2365(9.2) 274/2366(11.6) 0.79(0.66,0.95] 55/2365(2.3) 33/2366(1.4) 1.68(1.08, 259) 265/2365(11.2) 3112366(131) 0.85(0.72 1.00)

Hazardratio (95%Cl)  p Value

Atorvastatin treatment 1.69(1.10, 2.60) 0.02 Hazard atic (859 GNP Vakie
Male gender 177 (1.11,2.81) 0.02 Male gender 221 (1.20, 4.09) 0.01
Age, 10y increment 1.37 (1.12, 1.69) 0.003 Age, 10y increment 1.40(1.08,1.81) 0.01
Entry event = hemorrhagic stroke 5.81(2.91,11.60) <0.001 Entry event = hemorrhagic stroke 8.38(3.78, 18.56) <0.001
Blood pressure - 0.01 LDL (quartiles, ator i ) — 077
Normotension (SBP <120 and DBP <80 mm Hg)* - - LDL cholesterol <52 mg/dL (1st quartile, 12 events)* — —
Pre-hypertension (SBP 120-139 or DBP 80-89 mmHg) ~ 3.18(0.76, 13.34) 011 LDL cholesterol 52 to 65 mg/dL (2nd quartile, 18 events)  1.26 (0.60, 2.64) 0.54
Stage 1 hypertension (SBP 140-159 or DBP 90-99 3.49(0.83,14.61) 0.09 LDL cholesterol 66 to 92 mg/dL (3rd quartile, 13 events) ~ 0.97 (0.44,2.17) 0.94
el LDL cholesterol =93 mg/dL (4th quartile, 45 events) 1.37(0.63,2.98) 043
Stage 2 hypertension (SBP =160 or =100 mm Hg) 6.19(1.47, 26.11) 0.01
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CV benefits vs DM risks in high intensity statin therapy

* Crestor 20mg vs placebo in primary prevention from the JUPITER trial

* Major risk factors for diabetes at study entry
- Metabolic syndrome
- Impaired fasting glucose,
- Body-mass index (BMI) 30 kg/m? or higher
- Glycated haemoglobin Alc (HbAlc) greater than 6% at entry

No major diabetes risk factors (n=6095) One or more major diabetes risk factors (n=11508)
Rosuvastatin  Placebo A HR (95% Cl) pvalue Rosuvastatin Placebo A HR (95% Cl) p value
Primary endpoint 44 (0:69) 91(145)  -47 0-48 (0:33-0-68) 0-0001 96 (0-80) 157 (1-31) -61 0-61(0-47-079) 0-0001
Primary endpoint, any death 118 (1-85) 174(277) 56 0.67 (0-53-0-85) 0.0007 175 (1-46) 262(218) -87 0.67 (0-55-0-81) 0-0001
Primary endpoint, VTE, any death 122 (1.92) 187 (2:99) -65 0-64 (0-51-0-81) 0-0001 196 (1-64) 289 (2:41) 593 0-68 (0-57-0-81) 0-0001
ML, stroke, any death 99 (1-55) 147 (233) -48 067 (0-52-0-86) 0.002 139 (115) 202(167) 63 0-69 (0-56-0.86)  0-0006
Any death 89 (1-32) 113(169) -24 078 (0-59-1.03) 0.08 109 (0-85) 132(1.02) 23 0-83 (0-64-1.07) 015
Diabetes 12(018) 12(018) 0 0.99 (0-45-2-21) 0.99 258 (2-12) 204 (1-65) 54 1.28 (1.07-1-54) 0.01
Data for rosuvastatin and placebo are absolute number of events (incidence rate per 100 person-years). The primary endpoint was a composite of non-fatal myocardial infarction, non-fatal stroke, unstable
angina or revascularisation, and cardiovascular death. Analyses are limited to first events only. VTE=venous Mi=myocardial i ion. bsol i e in events between rosuvastatin
and placebo.

Table 2: Absolute number of events, incidence rates, and hazard ratios (HRs) for c:
diabetes risk factors, according to random allocation to rosuvastatin or placebo

ular endpoi death, and diab in the JUPITER trial in participants with or without major

Lancet 2012; 380: 565-71

Lipid Guidelines for patients with Ischemic Stroke/ TIA

2014 AHA/ASA Guidelines

Statin therapy with intensive lipid-lowering effects is recommended to reduce risk of stroke and
cardiovascular events among patients with ischemic stroke or TIA presumed to be of atherosclerotic origin
and an LDL-C level 2100 mg/dL with or without evidence for other clinical ASCVD (Class I; Level of Evidence B).

Statin therapy with intensive lipid-lowering effects is recommended to reduce risk of stroke and
cardiovascular events among patients with ischemic stroke or TIA presumed to be of atherosclerotic
origin, an LDL-C level <100 mg/dL, and no evidence for other clinical ASCVD (Class I; Level of Evidence C)

Recommendations from the ESO-Karolinska Stroke Update

We recommend that statins be used as a part of standard secondary prophylactic treatment after an ischemic
stroke or TIA. Benefits were observed both with atorvastatin 80 mg and was simvastatin 40 mg (Grade A).
The use of statins in secondary prevention of ischemic stroke caused by less frequent non-atherosclerotic
etiologies such as arterial dissection and PFO requires further investigations.

Euro Stroke J 2017
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2018 American Lipid Guidelines for the Secondary Prevention

Clinical ASCVD
Healthy Lifestyle

ASCVD not at very hij

Age <75y Age >75y

>
=
*

If on maximal

Dashed

statin and
LDL-C 270 oW
me/dL (1.8 indicates
mmol/L), RCT-
Initiation of Continuation of adding supported
or high-ii i Fiflrore efficacy, but
mg/dL (21.8 high-intensity statin is easanable is less cost
mmol/L), statin is reasonable (Class Ila) effective
adding reasonable (Class Ila)
ezetimibe (Class lla) &

Ay M_. If on clinically judged maximal LDL-C lowering
therapy and LDL-C >70 mg/dL (1.8 mmol/L), or
non-HDL-C >100 mg/dL (22.6 mmol/L), adding
PCSK9-1 is reasonable
(Class l1a)

(Class Ilb)

*Very high-risk includes a history of multiple major ASCVD events or 1 major ASCVD event and multiple high-risk conditions

2016 ESC/EAS Guidelines

Table 4 Risk categories

A\ LT Sl Subjects with any of the following: Table I Recommendations for treatment goals for
« Documented cardiovascular disease (CVD), o dancity tein-cholesterol

Rinicil or i 1 on imaging. Docu ow! en5|ty Ipoprotein-cholesterol

CVD includes previous myocardial infarction

MI), -oronal i 5
im@ﬁ;mﬁws Recommendations
e In patients at VERY HIGH CV risk’,
e e an LDL-C goal of <1.8 mmol/L
transient ischaemic attack (TIA),and peripheral 70 mg/dL) or a reduction of at
arterial disease (PAD). Unequivocally least 50% if the baseline LDL-C* is
documented CVD on imaging is what has been e e i o e T
shown to be strongly predisposed to clinical —b;‘;wejnl 3|'58 a";jdl_ > mmolll.
events, such as significant plaque on coronary (70:and 135 mg/dL) is
e e recommended.
+ DM with target organ damage such as . .
T e T e In patients at HIGH CV risk?, an
as smoking, hypertension or dyslipidaemia. LDL-C goal of <2.6 mmol/L
* Severe CKD (GFR <30 mL/min/|.73 m?). (100 mg/dL), or a reduction of at
* A calculated SCORE 210% for 10-year risk of least 50% if the baseline LDL-C® is
sl between 2.6 and 5.2 mmol/L
Subjects with: (100 and 200 mg/dL) is
+ Markedly elevated single risk factors, in recommended.
particular cholesterol >8 mmol/L (>310 mg/dL) .
(e in familial hypercholesterolaemia) or In subjects at LOW or MODERATE
BP>180/110 mmHg. risk! an LDL-C goal of <3.0 mmol/L
+ Most other people with DM (some young (<115 mg/dL) should be considered.

people with type | diabetes may be at low or
moderate risk).
+ Moderate CKD (GFR 30-59 mL/min/1.73 m?). CVi= cardi - LDL-C = low-density lipoprotein-cholestarol
+ A calculated SCORE >5% and <10% for 10-year P TR T
risk of fatal CVD.

“Level of evidence.

SCORE is >1% and <5% for 10-year risk of fatal “Reference(s) supporting recommendations.

cvD. “For definitions see section 2.2.

“The term “baseline LDL-C” refers to the level in a subject not taking any lipid
lowering medication.

SCORE <% for 10-year risk of fatal CVD.

ACS = acute coronary syndrome; AMI = acute myocardial infarction; BP = blood
pressure; CKD = chronic kidney disease; DM = diabetes mellitus; GFR = glomerular

filtration rate; PAD = penpheral artery disease; SCORE = systematic coronary risk European Heart Journal 2016
estimation; TIA = transient ischaemic attack.
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Evidence-guided approach algorithm of
dyslipidemia treatment

Assessment of
cardiovascular risk

Very high risk group High risk group

Moderate risk group

* Coronary artery disease

* Atherosclerotic ischemic stroke
and transient ischemic attack

* Peripheral artery disease

= Carotid artery disease
* Abdominal aortic aneurysm
* Diabetes

* Major risk factors = 2

Statin

Very high risk group < 70 mg/dL
Reached LDL-C target High risk group < 100 mg/dL
level? Moderate risk group < 130 mg/dL

1 No
Assessment of Maximal tolerated dose of statin
adverse effect

Ezetimibe

PCSKS9 inhibitor

LDL-C, low-density lipoprotein cholesterol

O| XS X=X H A =l 247IE

E 2-3. Y¥T 250 2 LOL S2AHIE % non-HDL S2AEISC SHEX|
qus LDL e ~H& 53 non-HDL | A& 53
(mg/dL) (mg/dL)
E R <70 <100
TabEe e

ey Hss
EESEE L] I

EEL LR =
29182 <100 <130
A g u g
Enzas Q& L01%0] 0-17401 HQ LDL-C = 160mg/dL
Bty
o= A¥E <130 <160 Lig9l*0| 27 ojatel L LDL-C > 130mg/dL
Fa9¥AR 20 o4
A9 H <160 <190 EHS YU ESHCAD)O| Lt 0|0 FESH=
Fa9dAda 1A ol SlEel 2 (YxEYHS, SRS YT, LDL-C 2 100mg/dL
; 2 40| Sutel 25 T, F=H)
*50%7k A A5 @ael SHelE A%
SHASYSEA(ACS LDL-C > 701 dL
E 2-4, LDL ZAEISS HIS £Q UK ke PO
&4
@Y

+%718% 140 mmHg o]4 Ei= o]¢h7] ™t 90 mmHg o]
EE JUPLA B

AHDL &2 28] & (<40 mg/dL)

129 203 eH>140/90 mmHg) Ei= SNVK| 28 342 HDL-CH( <40mg/dL)
4TS YHet 7Sl HF™  5.LLO|(HAt 454, 01Kt S5M)

* HDL-C260mg/dL2 RS QIALR 7b5510| F (E R0l $=0|A StLHE ZBICH

e * 22 Hx| Ao S SSA| OIS AL 654 OIS OfXo|A BASHHSI0| LT AL
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SUMMARY

It is recommend statin therapy for the primary prevention of ischemic stroke in patients
estimated to have a high 10-year risk for CV events as recommended in the 2018
“ACC/AHA Guideline.

Even though no evidence of large RCT, continuation and initiation of statin therapy

during the acute period is reasonable.

Intensive statin therapy is recommended to reduce risk of stroke and CV events

among patients with atherosclerotic ischemic stroke or TIA.
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