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Management of Dyslipidemia after Stroke
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Dyslipidemia is a major risk factor for stroke, following hypertension, diabetes, and smoking. Treatment of dyslipidemia is

important for the prevention and treatment of various vascular diseases, including stroke, coronary artery disease, and

peripheral vascular disease. Statins, ezetimibe, and proprotein convertase subtilisin-kexin type 9 (PCSK9) inhibitors have

been shown to reduce the risk of stroke and cardiovascular disease in previous studies. When prescribing dyslipidemia drugs

for secondary prevention of stroke, the combination, type, and dose of dyslipidemia drugs should be appropriately selected
according to the patient's comorbidity and stroke subtype. In the case of statins, high-intensity statin administration should
be considered, but it is essential to take into account side effects, comorbidities, and individual characteristics of each patient.
If the target low density lipoprotein-cholesterol level is not reached or inappropriate drug dosing due to the side effects of
statins, ezetimibe or a PCSK9 inhibitor may be considered. Finally, statin discontinuation due to improper judgment may be

detrimental to the patient in the long-term view.
] Korean Neurol Assoc 40(3):217-227, 2022
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LDL Reduction | < Statin

35 to 80%
of the benefit

Plaque stabilization:
macrophages
smooth muscle cells
immunologic response

lipid core
oxidized LDL
| \/
Improved endothelial function
< Reduced hemorheologic stress

Reduced platelet aggregation

Reduced thrombotic and
Enhanced fibrinolytic state

Neuroprotection Blood pressure reduction

e Up-regulation NO

¢ Improves CBF Decrease incidence of Ml

¢ Reduces infarct size and of left ventricular
mural thrombus

Figure 1. Beneficial effect of statin. Statin has pleiotropic effects such as improvement of vascular endothelial cell function, improvement of nitric
oxide bioavailability, antioxidant effect, inhibition of inflammatory response, and stabilization of atherosclerotic plaques. LDL; lowdensitylipoprotein,
NO; nitric oxide, CBF; cerebral blood flow, MI; myocardial infarction.
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Muscle symptom Odds ratio (95% Cl)

Atorvastatin 1.06 (0.90 — 1.26) r
Fluvastatin 0.99 (0.83 - 1.17) T
Lovastatin 1.07 (0.88 - 1.31) +=
Pitavastatin 0.70 (0.44 — 1.12) —
Pravastatin 0.99 (0.81-1.22) “+
Rosuvastatin 1.09 (1.01 - 1.16) -
Simvastatin 0.64(0.31-1.32) —+
Myopathy

Atorvastatin 0.77(0.35-1.69) —1—
Fluvastatin 1.26 (0.32-5.24) —
Lovastatin 0.84 (0.52 — 1.36) S
Pitavastatin 1.09 (0.16 - 7.54)

Pravastatin 0.99(0.40-249) ——
Rosuvastatin 0.93 (0.50 — 1.75) —
Simvastatin 0.91(0.28-2.99) ——f———
Liver disease

Atorvastatin 1.41(1.08 - 1.85) ==
Fluvastatin 0.71(0.34 -1.48) ——
Lovastatin 1.81(1.23 —2.66) —_—
Pitavastatin 1.04 (0.51 - 2.12) —
Pravastatin 1.10 (0.71 - 1.41) —_—
Rosuvastatin 1.39(0.85 - 2.28) 4+
Simvastatin 1.30 (0.52 - 3.21) —
Diabetes

Atorvastatin 1.14 (0.90 — 1.43) 1=
Lovastatin 0.98 (0.71 — 1.36) -+
Pitavastatin 0.76 (0.61 —0.96) =
Pravastatin 0.97 (0.81 - 1.16) +
Rosuvastatin 1.14 (1.00 — 1.30) -

Figure 2. Comparison of side effect of different statins. Horizontal
bars indicate odds ratios with 95% confidence interval (CI) of the
complications of statins. Vertical line indicates odds ratio 1 (no
association).
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R4 SEIT
AR Rof & 18 SARS TaeHs A% 941 8% Adolel s s S0l Avkel uhie] WhAIRH AINE Blsjolof g
AbS}f4x(creatine kinase, CK) 42215 Z4ajE Zart gk oh® vl Apdom ol 28 4 B 80w Soly
CK A7} 4 e A5 CK 42 4509 ool 4v)  odrpal o2 FRo) Ae @ goize Jer) we Aeee
uah) Abefebd 8 34k0] olo] ARkE fEAXNS S W 2 giAlE § CK 525 w3 Do) ook CK $A)7F A
alojof gtk oFE-S Fukslo] 2477k0] FoF 7|7 TR FH 7] A9] 4uS Zajshs Aol Ayt AEkE] ST Al @wash
2 2EES Aggo R AALSIAL, B thE Sqe] v Ao 9ol 2 FRlehd, Jwrt W AgEo s WA Ast
S Roldt AL Tefafof Ftk EF FES MM oRd 13 Ay T £70 AR Fol & CK $A5 24 W} itk
E 13 23] ) Folehs WE e 4= 9okt CK A7 EE, 7|E AR (RS ASEA CK $AE AGH o R
A 0] 4u)S 2SR A4S 1B HEF AL AT 8lo] CK SA7F AR 108 A S7KE 49 Ak S0
3o 2ol AN 2Bkl Fok Al9] IEAS & IS, o] A9 CK A7} gashd AgEe] AvElows
Tesle] F AlQ] R0l Ak ol A|9] QAR Ytk XRS ThA] AL CK $A7F A9 106E st
TR AERE] BolS 63 ol FT & (K 27] 3 Bl PRGNS WA ol RS Felslolof Fhh -4 6571t ARl

Clinical symptoms:
Proximal and symmetric muscle pain/tenderness/weakness of large muscle groups

- Symptom onset within the first 4-6 weeks of statin/increased statin dose/new drugs No
- Drug withdrawal: improvement of symptoms within 4 weeks of statin withdrawal
Statin-related
myotoxicity
2 No STOP statin uniikely
® Medical indication for statin use? <
i= Yes X
T > Laboratory investigation Medical
= No follow-up
= Drug interactions? <
© Yes
T STOPother drugs, if possible
Other causes?
(e.g., hypothyroidism and Vit. D Laboratory investigation
deficiency)
£
= CK levels
7]
g
E’ + Creatinine, urinary and plasmatic myoglobin if rhabdomyolysis is suspected
©
S
§ + TSH, 25-(OH) vit D if secondary causes are suspected
If confirmed, treat accordingly
CKlevels < 4 x UNL 4 x UNL < CK levels < 10 x UNL CK levels > 10 x UNL
v A4 \J
Washout period: 2-4 weeks Washout period: 6 weeks
L 2 ¥ ¥
Resolved symptoms and normalization of CK levels
g v v
% Retry statin at lower dose — Graduallyincrease dose
[
IS lNot tolerable

Retry other statins with lesser complication (e.g., pravastatin, Fluvastatin)
)
Not tolerable/Cholesterol goal not achieved
‘ v
Consider intermittent statin dosing with Consider addition of non-statin lipid

long- acting statins (rosuvastatin, lowering agents: ezetimibe, bile-acid

atorvastatin or pitavastatin) hot ojerable sequestrants and PCSK9 inhibitors

Igoal not achieved

Figure 3. Strategy of statin treatment for muscle toxicity. Vit. D; vitamin D, CK; creatine kinase, TSH; thyroid stimulating hormone, UNL; upper
normal limit, PCSK9; proprotein convertase subtilisin-kexin type 9.

220 CHSHMEMOIRIN NI402 NI32, 2022



AL AEFRI O QIgh T HISRIAE BRI & A A
A 3). HpRIpO R ARREL AT

o}quﬂ %*3 ~EfE] 504 3

2 ool Qo™ wiel A9 3 o]te] 71 4 Al
912 thelis 2EhES A5k 65§ 1V A K 717]
%5 SH7 AR 30 o FOR AT A9 AEkaS FUsH
T 465 5] A7 Aele] 2071 37 AR slche 7]
E0Th A RS RofsPAL ThE £R0| AueE Rof)

W A7k A4 05 Aswle] glek

Increased liver enzymes

5
r O
R
=
pack
o

Normal baseline liver enzymes

l

Start statin treatment
Recheck liver enzymes at 12
weeks or before if needed

}

Normal
Continue statin treatment
Recheck liver enzymes yearly

> x3 UNL

!

Withhold statin
treatment
temporarily
Reassess liver
biochemistries

l of before if needed or if
< x3 UNL increased dosing

!

Continue statin
treatment

Recheck liver
enzymes within 6
weeks

v
Normalization

!

Low suspicion of
statin-related
hepatic injury

Probable causes

corrected

!

Rechallenge with
same statin at lower
dose or try other
statins

v
Persistently
elevated

Continue to withhold
treatment and
screen for other
probable causes:
viral or autoimmune
hepatitis, alcohol,
biliary disorders,
and drug interaction

Figure 4. Strategy of statin treatment for liver toxicity. UNL; upper normal limit.
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Ak, LDL-C B3Ex)ef) Eeehejebe & ch Alu@erastel
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213 ARG Folrh olele A9 oA EulE B Foig 3
o3 B AL elxole} Az,
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3. PCSK9 AA|(PCSK9 inhibitors)

PCSK9 7HAIZE Yol|x] A4 E|o] D08 Hel d% LDL-C
s-gA19} As1o] LDL-C 4-84)9] WS 2dsl= ojgke 3t
AL A Qlek webA] PCSK9o| g LDL-C 4-8-4]9]
7} Zhaslo] % LDL-C 37} Al5sA| Hck. o] ke
PCSK9 Al THEEFAE olg5}0] PCSK9Q| BH41S o)A
8}9] LDL-C 487} PCSK90]| ©J8) 7HH| 3 W& F-=5]o] i}
g 713S Arhslo] LDL-C 48419 A5 4541711
LDL-C 235 W5 7148 7ixan 9ot

PCSK9 A4l LDL-CE 7144 tH] oF 50-60% 7t4:A]7]
31, AEPELT} A AE QRS Al H, AEla) Ha5t
o WIS RolEleh Y 5 A4 Qg
2 QI3 Ak 5O 7 Qls) LDL-CE 534 ols}
$7} %% QA Eh=dl, PCSK9 oAl o

)
o
o] 9l Aebelt g4 Ol AR wAL] SIEAS
1}

Further Cardiovascular Outcomes Research with PCSK9 In-
hibition in Subjects with Elevated Risk trial-> PCSK9 A4 %
sl ok evolocumab) S o] 510, 2ebel Ei- 2ebel
+of|AEu B ek Q RS AJeisto{= LDL-C 4=2]7} 70 mg/dL ©]
A S8 ARG IR ET 19% 29 SAllA
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HEE9] e S7HEA ookl #8821 T el
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et

Evaluation of Cardiovascular Outcomes after an Acute Coronary

syndrome during Treatment with Alirocumab trial> B TF2 PCSK9
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