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°”‡π‘¥æ¬“∏‘¢Õß‚√§À≈Õ¥‡≈◊Õ¥À—«„®μ’∫‡©’¬∫æ≈—π

æ‘∏“   æ√À¡≈‘¢‘μ™—¬

∫∑§—¥¬àÕ

‚√§À≈Õ¥‡≈◊Õ¥À—«„®μ’∫‡©’¬∫æ≈—π (acute coronary syndrome, ACS) ‡ªìπ°≈ÿà¡‚√§∑’Ë¡’Õ—μ√“°“√‡ ’¬™’«‘μ
 Ÿß„π°≈ÿà¡ª√–‡∑»μ–«—πμ°·≈–ª√–‡∑»∑’Ë°”≈—ßæ—≤π“√«¡∂÷ßª√–‡∑»‰∑¬¥â«¬ °“√«‘π‘®©—¬·≈–√—°…“∑’Ë≈à“™â“¡’§«“¡
 —¡æ—π∏å‚¥¬·ª√º—πμ√ß°—∫Õ—μ√“°“√‡ ’¬™’«‘μ¢ÕßºŸâªÉ«¬∑’Ë Ÿß¢÷Èπ °“√‡¢â“„®∂÷ß°”‡π‘¥æ¬“∏‘¢Õß‚√§®÷ß‡ªìπ ‘Ëß∑’Ë¡’§«“¡
 ”§—≠Õ¬à“ß¬‘Ëß‡æ◊ËÕ‡ªìπ°“√π”‰ª Ÿà°“√√—°…“ºŸâªÉ«¬ ACS „π√–¬–‡©’¬∫æ≈—π·≈–°“√ªÑÕß°—π°“√‡°‘¥‚√§´È”„π√–¬–¬“«
√«¡∂÷ß°“√«“ß·ºπªÑÕß°—π°“√‡°‘¥‚√§„πª√–™“°√∑—Ë«‰ª∑’Ë¬—ß‰¡à¡’Õ“°“√· ¥ß‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ Ÿß ÿ¥

§” ”§—≠: ‚√§À≈Õ¥‡≈◊Õ¥À—«„®‡©’¬∫æ≈—π, °”‡π‘¥æ¬“∏‘

π‘æπ∏åμâπ©∫—∫π‘æπ∏åμâπ©∫—∫

Abstract

Pathogenesis of acute coronary syndrome (ACS)
Pitha Promlikitchai
Saraburi Hospital, Saraburi

Acute coronary syndrome is the common cause of death in western countries and developing countries
including Thailand. More delay in diagnasis and management will lead to higher mortality rate. The understanding of
pathogenesis of acute coronary syndrome is very vital for effective short and long term management of the patients and
for primary prevention of the general population.
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∫∑π”

‚√§À≈Õ¥‡≈◊Õ¥À—«„®μ’∫‡©’¬∫æ≈—π (acute coronary

syndrome, ACS) ‡ªìπ°≈ÿà¡‚√§∑’Ë¡’Õ—μ√“°“√‡ ’¬™’«‘μ Ÿß„π

°≈ÿà¡ª√–‡∑»μ–«—πμ°
Ò,Ú

 ·≈–ª√–‡∑»∑’Ë°”≈—ßæ—≤π“√«¡∂÷ß

ª√–‡∑»‰∑¬¥â«¬
Û
 ¿“«–¥—ß°≈à“«¡—°‡°‘¥Õ¬à“ß√«¥‡√Á« °≈â“¡

‡π◊ÈÕÀ—«„®®–¡’°“√¢“¥‡≈◊Õ¥·≈–‡°‘¥°“√μ“¬Õ¬à“ß∂“«√‰¥â ‚¥¬

ª√‘¡“≥°≈â“¡‡π◊ÈÕÀ—«„®∑’Ë¢“¥‡≈◊Õ¥·≈–μ“¬Õ“®¡’¢π“¥μà“ßÊ °—π

¢÷Èπ°—∫μ”·ÀπàßÀ≈Õ¥‡≈◊Õ¥À—«„®∑’Ëμ’∫μ—π ·≈– àßº≈μàÕ°“√

æ¬“°√≥å‚√§∑—Èß„π√–¬– —Èπ·≈–√–¬–¬“«  °“√«‘π‘®©—¬·≈–

√—°…“∑’Ë≈à“™â“∑”„Àâ¡’ª√‘¡“≥°≈â“¡‡π◊ÈÕÀ—«„®¢ÕßºŸâªÉ«¬μ“¬

¡“°¢÷Èπ º≈∑’Ëμ“¡¡“§◊Õ °“√∑”ß“π¢ÕßÀ—«„®≈¥≈ß ‡°‘¥

¿“«–À—«„®≈â¡‡À≈« (heart failure) ¿“«–§«“¡¥—π‚≈À‘μμË”

(cardiogenic shock) ·≈–¿“«–À—«„®‡μâπº‘¥®—ßÀ«–™π‘¥

Õ—πμ√“¬ (ventricular arrhythmia)  àßº≈„ÀâºŸâªÉ«¬¡’Õ—μ√“

°“√‡ ’¬™’«‘μ Ÿß °“√‡¢â“„®∂÷ßæ¬“∏‘°”‡π‘¥¢Õß‚√§ ®÷ß‡ªìπ ‘Ëß

∑’Ë¡’§«“¡ ”§—≠Õ¬à“ß¬‘Ëß ‡æ◊ËÕ‡ªìπ°“√π”‰ª Ÿà°“√√—°…“ºŸâªÉ«¬

Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ

°”‡π‘¥æ¬“∏‘¢Õß‚√§À≈Õ¥‡≈◊Õ¥À—«„®μ’∫‡©’¬∫æ≈—π

(Pathogenesis of acute coronary syndrome)

 ‚√§À≈Õ¥‡≈◊Õ¥À—«„®μ’∫‡©’¬∫æ≈—π (ACS) ‡ªìπ

°≈ÿà¡‚√§∑’Ë‡°‘¥®“°°≈â“¡‡π◊ÈÕÀ—«„®‰¥â√—∫‡≈◊Õ¥‰¡à‡æ’¬ßæÕ°—∫

§«“¡μâÕß°“√ Õ“°“√· ¥ß∑’Ë ”§—≠ §◊Õ Õ“°“√·πàπÀπâ“Õ°

(angina pectoris) æ¬“∏‘°”‡π‘¥Õ“®‡°‘¥®“°À≈“¬ “‡Àμÿ ‚¥¬

 “¡“√∂·∫àßÕÕ°‰¥â‡ªìπ Ú °≈ÿà¡„À≠àÊ §◊Õ

Ò. °”‡π‘¥æ¬“∏‘Õ¬Ÿà∑’ËÀ≈Õ¥‡≈◊Õ¥À—«„®¡’°“√μ’∫À√◊Õ

Õÿ¥μ—π‡©’¬∫æ≈—π ÷́Ëßæ∫‰¥â∑—Èß®“°°“√∑’Ë¡’§«“¡ —¡æ—π∏å°—∫

≈‘Ë¡‡≈◊Õ¥„πÀ≈Õ¥‡≈◊Õ¥À—«„® (thrombus related) ·≈–‰¡à¡’

§«“¡ —¡æ—π∏å°—∫≈‘Ë¡‡≈◊Õ¥„πÀ≈Õ¥‡≈◊Õ¥À—«„® (non-thrombus

related) ‚¥¬ “‡Àμÿ∑’Ëæ∫„π°≈ÿà¡∑’Ë —¡æ—π∏å°—∫≈‘Ë¡‡≈◊Õ¥

Õÿ¥μ—π„πÀ≈Õ¥‡≈◊Õ¥À—«„®§◊Õ °“√‡°‘¥≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π„π

μ”·Àπàß∑’Ë¡’°“√©’°¢“¥¢Õß§√“∫‰¢¡—π∑’Ëºπ—ßÀ≈Õ¥‡≈◊Õ¥À—«„®

(atherosclerosis plaque rupture) ´÷Ëßæ∫„πºŸâ™“¬¡“°°«à“

ºŸâÀ≠‘ß„π™à«ßÕ“¬ÿπâÕ¬°«à“ ı ªï ·μà∂â“Õ“¬ÿ¡“°°«à“ ı ªï

æ∫«à“Õÿ∫—μ‘°“√‰¡à·μ°μà“ß°—π À√◊Õ°“√‡°‘¥≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π„π

μ”·Àπàß∑’Ë¡’°“√©’°¢“¥‡©æ“–√–¥—∫™—Èπ‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥

‡≈◊Õ¥∑’Ëª°§≈ÿ¡§√“∫‰¢¡—π‡∑à“π—Èπ (plaque erosion) ÷́Ëß¡—°

æ∫„πºŸâÀ≠‘ßÕ“¬ÿπâÕ¬°«à“ ı ªï·≈– Ÿ∫∫ÿÀ√’Ë
Ù
 À√◊Õ°“√‡°‘¥

≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π„πμ”·Àπàß∑’Ë¡’°âÕπÀ‘πªŸπ∑’Ëºπ—ßÀ≈Õ¥‡≈◊Õ¥

(calcified nodule) ´÷Ëß¡’Õÿ∫—μ‘°“√πâÕ¬¡“° ¡—°æ∫„πºŸâªÉ«¬

 ŸßÕ“¬ÿ·≈–À≈Õ¥‡≈◊Õ¥À—«„®§¥‡§’È¬«¡“°
ı
  “‡ÀμÿÕ◊ËπÊ∑’Ëæ∫

‰¥â·μà‰¡à∫àÕ¬ §◊Õ °“√‡°‘¥≈‘Ë¡‡≈◊Õ¥®“°∑’ËÕ◊ËπÀ≈ÿ¥‡¢â“¡“Õÿ¥μ—π

„πÀ≈Õ¥‡≈◊Õ¥À—«„® ‡™àπ ºŸâªÉ«¬∑’Ë¡’≈‘ÈπÀ—«„®‡∑’¬¡ (prosthetic

heart valve) ‚√§≈‘ÈπÀ—«„®√Ÿ¡“μ‘§ (rheumatic heart disease)

‚¥¬‡©æ“–≈‘ÈπÀ—«„®‰¡∑√—≈μ’∫ (mitral stenosis) ÷́Ëß‰¥â√—∫

√–¥—∫¬“μâ“π°“√·¢Áßμ—«¢Õß‡≈◊Õ¥‰¡à‡æ’¬ßæÕ  ”À√—∫„π

°≈ÿà¡∑’Ë‰¡à¡’§«“¡ —¡æ—π∏å°—∫≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π„πÀ≈Õ¥‡≈◊Õ¥À—«„®

 “‡Àμÿ∑’Ëæ∫§◊Õ °“√À¥√—¥μ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥À—«„®¡“°º‘¥ª√°μ‘

(Prinzmetalûs angina) °“√‡°‘¥¿“«–°“√Õ—°‡ ∫¢Õßºπ—ß

À≈Õ¥‡≈◊Õ¥ ‡™àπ Takayasuûs arteritis  À√◊Õ °“√‡°‘¥ºπ—ß

À≈Õ¥‡≈◊Õ¥À—«„®©’°¢“¥ (coronary dissection) „π°≈ÿà¡ºŸâ

ªÉ«¬∑’Ë„™â¬“‡ æμ‘¥‚¥¬‡©æ“–‚§‡§π À√◊Õ ·Õ¡‡øìμμ“¡’π

Ú. °”‡π‘¥æ¬“∏‘‰¡à‰¥âÕ¬Ÿà∑’ËÀ≈Õ¥‡≈◊Õ¥À—«„® §◊Õ

À≈Õ¥‡≈◊Õ¥À—«„®ª√°μ‘ À√◊Õμ’∫·μà‰¡à¡“° „π¿“«–ª√°μ‘

 “¡“√∂ àß‡≈◊Õ¥‰ª‡≈’È¬ß°≈â“¡‡π◊ÈÕÀ—«„®‰¥â‡æ’¬ßæÕ ·μàºŸâªÉ«¬

Õ¬Ÿà„π¿“«–º‘¥ª√°μ‘‡™àπ ¿“«–´’¥Õ¬à“ß√ÿπ·√ß (severe

anemia) ¿“«–μ‘¥‡™◊ÈÕ„π°√–· ‡≈◊Õ¥√ÿπ·√ß (severe sepsis)

∑”„Àâ√à“ß°“¬‰¡à “¡“√∂ àß‡≈◊Õ¥‰ª‡≈’È¬ß°≈â“¡‡π◊ÈÕÀ—«„®‰¥â

‡æ’¬ßæÕ°—∫§«“¡μâÕß°“√ (secondary unstable angina)

‡π◊ËÕß®“°æ¬“∏‘°”‡π‘¥¢Õß‚√§ ACS ∑’Ëæ∫¡“°

∑’Ë ÿ¥§◊Õ °“√‡°‘¥≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π‡©’¬∫æ≈—π„πμ”·Àπàß∑’Ë¡’

°“√©’°¢“¥¢Õß§√“∫‰¢¡—π∑’Ëºπ—ßÀ≈Õ¥‡≈◊Õ¥À—«„® (athero-

sclerosis plaque rupture) ¥—ßπ—Èπæ¬“∏‘°”‡π‘¥¢Õß ACS ∑’Ë

æ∫¡“°∑’Ë ÿ¥®÷ß¡’®ÿ¥‡√‘Ë¡μâπ®“°°“√‡°‘¥§√“∫‰¢¡—π∑’Ëºπ—ß

À≈Õ¥‡≈◊Õ¥À—«„® (atherosclerosis plaque) π—Ëπ‡Õß

°”‡π‘¥æ¬“∏‘¢Õß§√“∫‰¢¡—π∑’Ëºπ—ßÀ≈Õ¥‡≈◊Õ¥À—«„®

(Pathogenesis of atherosclerosis plaque)

≈—°…≥–∑“ßæ¬“∏‘«‘∑¬“¢Õßºπ—ßÀ≈Õ¥‡≈◊Õ¥À—«„®

ª√–°Õ∫¥â«¬ Û ™—Èπ §◊Õ ™—Èπ Tunica intima , Tunica media

·≈– Tunica adventitia ‡√’¬ß®“°™—Èπ„π ÿ¥ ŸàπÕ° ÿ¥μ“¡≈”¥—∫

„π™—Èπ Tunica intima ¬—ß “¡“√∂·∫àß¬àÕ¬‰¥âÕ’° Û ™—Èπ

§◊Õ ™—Èπ endothelium, subendothelium ·≈– internal

elastic laminar
ˆ-¯

 „π™—Èπ endothelium ¢ÕßÀ≈Õ¥‡≈◊Õ¥∑ÿ°

™π‘¥„π√à“ß°“¬∑—ÈßÀ≈Õ¥‡≈◊Õ¥·¥ß·≈–À≈Õ¥‡≈◊Õ¥¥” ª√–°Õ∫

¥â«¬‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥ (endothelial cells) ‡√’¬ßμ—«

°—πÕ¬Ÿà‡æ’¬ß™—Èπ‡¥’¬«ª√–¡“≥ Ò
ÒÛ
 ‡´≈≈å §√Õ∫§≈ÿ¡ºπ—ß

À≈Õ¥‡≈◊Õ¥¥â“π„π∑—ÈßÀ¡¥‚¥¬¡’ gap junction ·≈– tight

junction ‡ªìπ®ÿ¥‡™◊ËÕ¡μàÕ√–À«à“ß‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥

·μà≈–‡´≈≈å
ˆ,¯,˘

 ¡’πÈ”Àπ—°√«¡°—πª√–¡“≥ Ò °‘‚≈°√—¡ ·≈–

¡’æ◊Èπ∑’Ëº‘«√«¡∑—ÈßÀ¡¥ª√–¡“≥ Ù, - ̃ , μ“√“ß‡¡μ√
Ò

À√◊Õ§‘¥‡ªìπæ◊Èπ∑’Ë‚¥¬√«¡ª√–¡“≥ ı  π“¡∫“ ‡°μ∫Õ≈
˘
 „π
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¿“«–ª√°μ‘‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥¡’Àπâ“∑’Ë ”§—≠§◊Õ

Ò) §«∫§ÿ¡°√–∫«π°“√°“√·¢Áßμ—«¢Õß‡≈◊Õ¥ (hemostatic

balance) Ú) §«∫§ÿ¡°“√À¥√—¥·≈–¢¬“¬μ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥

(vascular tone) Û) §«∫§ÿ¡°“√μÕ∫ πÕßμàÕ¿“«–°“√Õ—°‡ ∫

(inflammatory response) Ù) ªÑÕß°—π‰¡à„Àâ‡≈◊Õ¥À√◊Õ à«π

ª√–°Õ∫¢Õß‡≈◊Õ¥·∑√°ºà“π‡¢â“¡“„πºπ—ßÀ≈Õ¥‡≈◊Õ¥ (vascular

permeability) ı) §«∫§ÿ¡°“√ √â“ßÀ≈Õ¥‡≈◊Õ¥„À¡à

(angiogenesis)
ˆ,¯,˘,ÒÒ,ÒÚ

 √«¡∂÷ß¡’°“√ ≈“¬¢Õß‡´≈≈å‡¬◊ËÕ∫ÿº‘«

„π°√≥’∑’ËÀ≈Õ¥‡≈◊Õ¥‡ ◊ËÕ¡ ¿“æ (apoptosis) ∫∑∫“∑·≈–

Àπâ“∑’Ë¢Õß‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥¡’§«“¡·μ°μà“ß°—π¢÷ÈπÕ¬Ÿà

°—∫μ”·Àπàß ·≈–™à«ß‡«≈“À√◊Õ ∂“π–¿“æ¢ÕßÀ≈Õ¥‡≈◊Õ¥

π—ÈπÊ«à“Õ¬Ÿà„π™à«ß‡«≈“„¥
ÒÛ
 °“√§«∫§ÿ¡ vascular tone ·≈–

hemostatic balance ¡’°≈‰°„π°“√∑”ß“π„°≈â™‘¥°—π¡“°

‚¥¬‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥ √â“ß nitric oxide (NO) ®“°

NO synthases, prostacyclin ·≈– prostaglandin I
2

ÒÙ,Òı
 ÷́Ëß

πÕ°®“°ÕÕ°ƒ∑∏‘Ï„π°“√¢¬“¬À≈Õ¥‡≈◊Õ¥·≈â«¬—ß “¡“√∂

¬—∫¬—Èß°“√∑”ß“π¢Õß‡°√Á¥‡≈◊Õ¥¥â«¬ (platelet inhibitors) „π

¢≥–∑’Ë platelet activator factor, endothelin-1 ·≈–

thomboxane A
2
 πÕ°®“°°√–μÿâπ„Àâ¡’°“√À¥√—¥μ—«¢Õß

À≈Õ¥‡≈◊Õ¥·≈â«¬—ß “¡“√∂°√–μÿâπ°“√∑”ß“π¢Õß‡°√Á¥‡≈◊Õ¥

¥â«¬ (platelet activators)
ÒÙ,Òı

  ”À√—∫Àπâ“∑’Ë§«∫§ÿ¡

vascular permeability §«∫§ÿ¡‚¥¬ tight junction, gap

junction ·≈–º‘«¢Õß‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥∑’Ë¡’≈—°…≥–

‡√’¬∫‰¡à¡’ adhesion molecules À√◊ÕÕ“®æ∫ intercellular

adhesion molecule-1 (ICAM-1) ‰¥â∫â“ß„πª√‘¡“≥‰¡à¡“°
Òˆ

®÷ß‰¡à¡’™àÕß∑“ßæ‘‡»… ”À√—∫‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«¡“‡°“–μ‘¥

·≈–·∑√°μ—«ºà“π‡¢â“¡“„πºπ—ßÀ≈Õ¥‡≈◊Õ¥  ”À√—∫Àπâ“∑’Ë„π

°“√μÕ∫ πÕßμàÕ¿“«–°“√Õ—°‡ ∫  (inflammatory response)

·≈–Àπâ“∑’Ë √â“ßÀ≈Õ¥‡≈◊Õ¥„À¡à (angiogenesis) „π

¿“«–ª√°μ‘‡ªìπ°≈‰°°“√´àÕ¡·´¡ À√◊Õ ¡“π·º≈À≈—ß®“°

‡°‘¥§«“¡‡ ’¬À“¬μàÕºπ—ßÀ≈Õ¥‡≈◊Õ¥‡∑à“π—Èπ

®ÿ¥°”‡π‘¥¢Õß§√“∫‰¢¡—π‡™◊ËÕ«à“¡’®ÿ¥‡√‘Ë¡μâπ®“°

À≈“¬ªí®®—¬¥â«¬°—π ‡™àπ ¿“«–‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥

∑”ß“πº‘¥ª√°μ‘ (endothelial dysfunction) ‚√§‰¢¡—π„π

‡≈◊Õ¥ Ÿß (dyslipidemia) ‚¥¬‡©æ“–ºŸâªÉ«¬∑’Ë¡’√–¥—∫‰¢¡—π LDL

§Õ‡≈ ‡μÕ√Õ≈ Ÿß
Ò˜
 √à«¡°—∫√–¥—∫ HDL §Õ‡≈ ‡μÕ√Õ≈„π

‡≈◊Õ¥μË”
Ò¯

 °“√ Ÿ∫∫ÿÀ√’Ë (smoking) ¿“«–°“√Õ—°‡ ∫

(inflammation)
Ò˘
 ·≈–°“√∑”ß“π¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—πº‘¥ª√°μ‘

(immunologic factors)
Ú

 „πªí®®ÿ∫—πªí®®—¬∑’Ë‡ªìπ∑’Ë¬Õ¡√—∫

¡“°∑’Ë ÿ¥§◊Õ ¿“«–°“√∑”ß“π¢Õß‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥

∑”ß“πº‘¥ª√°μ‘ ‚¥¬¡’√–¥—∫‰¢¡—π„π‡≈◊Õ¥ Ÿß‡ªìπ®ÿ¥‡√‘Ë¡μâπ

∑”„Àâ°“√§«∫§ÿ¡ vascular permeability ¢Õßºπ—ßÀ≈Õ¥

‡≈◊Õ¥º‘¥ª√°μ‘  LDL §Õ‡≈ ‡μÕ√Õ≈∑’ËÕ¬Ÿà„π°√–· ‡≈◊Õ¥

 “¡“√∂·∑√°μ—«ºà“π gap junction √–À«à“ß‡´≈≈å‡¬◊ËÕ∫ÿº‘«

À≈Õ¥‡≈◊Õ¥
¯,˘,ÚÒ

 ‡¢â“¡“ – ¡„π™—Èπ subendothelium „π√Ÿª

¢Õß cholesterol, saturated fat, small lipoprotein particle
ÚÚ

´÷Ëß‡ªìπ®ÿ¥‡√‘Ë¡μâπ¢Õß°“√‡°‘¥¿“«–°“√Õ—°‡ ∫‚¥¬°√–μÿâπ„Àâ

‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥ √â“ß oxygen free radicals ¡“°

¢÷Èπ ·μà°≈—∫ √â“ß NO ≈¥≈ß √«¡∂÷ß°“√μÕ∫ πÕß¢Õß

ºπ—ßÀ≈Õ¥‡≈◊Õ¥μàÕ NO ‡ªìπ‰ª„π∑‘»∑“ßμ√ß¢â“¡°—∫¿“«–

ª√°μ‘ °≈à“«§◊Õ „π¿“«–ª√°μ‘ NO ∑”Àπâ“∑’Ë¢¬“¬À≈Õ¥‡≈◊Õ¥

(flow-mediated vasodilator) ¬—∫¬—Èß°“√‡°‘¥≈‘Ë¡‡≈◊Õ¥·≈–

¬—∫¬—Èß°“√‡°‘¥¿“«–°“√Õ—°‡ ∫ ·μà„π¿“«–∑’Ë‡´≈≈å‡¬◊ËÕ∫ÿº‘«

À≈Õ¥‡≈◊Õ¥∑”ß“πº‘¥ª√°μ‘ NO °≈—∫∑”„Àâ‡°‘¥°“√À¥

√—¥μ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥ (vascular tone abnormality) ·≈–

‡æ‘Ë¡‚Õ°“ °“√‡°‘¥≈‘Ë¡‡≈◊Õ¥ (hemostatic imbalance)

πÕ°®“°π’È oxygen free radicals ∑’Ë‡°‘¥¢÷Èπ¬—ß “¡“√∂‡ª≈’Ë¬π

LDL  §Õ‡≈ ‡μÕ√Õ≈‡ªìπ oxidized  LDL  ∑—Èß  LDL  ·≈–

oxidized LDL  “¡“√∂°√–μÿâπ„Àâ‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥

‡≈◊Õ¥∑”ß“πº‘¥ª√°μ‘¡“°¢÷Èπ‚¥¬∑’Ë oxidized LDL ¡’

∫∑∫“∑¡“°°«à“
ÚÛ

 ¿“«–°“√Õ—°‡ ∫∑’Ë‡°‘¥¢÷Èπ∑”„Àâ‡´≈å

‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥‡ ’¬À“¬ (endothelial cell injury) ¡’

°“√μÕ∫ πÕßμàÕ angiotensin II ∑’Ëºπ—ßÀ≈Õ¥‡≈◊Õ¥¡“°º‘¥

ª√°μ‘‡°‘¥¿“«–À≈Õ¥‡≈◊Õ¥À¥√—¥μ—«¡“°¢÷Èπ
ÚÙ

 ¡’°“√À≈—Ëß

cytokines ™π‘¥ interleukin-1 (IL-1), tumor necrosis factor-

(TNF- )
Úı,Úˆ

 ÷́Ëß¡’§ÿ≥ ¡∫—μ‘‡ª≈’Ë¬π·ª≈ßº‘«‡´≈≈å‡¬◊ËÕ

∫ÿº‘«À≈Õ¥‡≈◊Õ¥„Àâ¡’ adhesion molecules ‡°‘¥¢÷Èπ §◊Õ

ICAM-1 ·≈– vascular cell adhesion molecule-1 (VCAM-

1) ‚¥¬‡©æ“– VCAM-1 ´÷Ëßæ∫ª√‘¡“≥¡“°°«à“·≈–æ∫∑’Ë

‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥∫√‘‡«≥∑’Ë¡’°“√Õ—°‡ ∫‡∑à“π—Èπ
Òˆ,Ú˜

‚¥¬∑’Ë adhesion molecules ∑—Èß Ú ™π‘¥∑”Àπâ“∑’Ë‡ªìπ

™àÕß∑“ßæ‘‡»…„Àâ‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«¡“‡°“–μ‘¥·≈–·∑√°μ—«

(diapedesis) ºà“π‡¢â“¡“„π™—Èπ subendothelium ‰¥âßà“¬¢÷Èπ

πÕ°®“°π’È‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥·≈–‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫

¬—ßÀ≈—Ëß “√ chemo-attractive cytokines §◊Õ monocyte

chemoattractant protein-1 (MCP-1), lymphocyte-selective

chemokines
Ú¯

 ÕÕ°ƒ∑∏‘Ï‚¥¬°“√¥÷ß¥Ÿ¥‡´≈≈å  monocytes ·≈–

lymphocytes ∑’ËÕ¬Ÿà„π°√–· ‡≈◊Õ¥„Àâ¡“∫√‘‡«≥∑’Ë¡’¿“«–°“√

Õ—°‡ ∫¡“°¢÷Èπμ“¡≈”¥—∫ À≈—ß®“°π—Èπ monocytes ∑’ËÕ¬Ÿà„π™—Èπ

subendothelium ®–‡ª≈’Ë¬π‡ªìπ   macrophages ·≈–¡’°“√

·∫àßμ—«‡æ‘Ë¡®”π«π¢÷Èπ¿“¬„μâ°“√§«∫§ÿ¡¢Õß cytokines ™π‘¥

macrophage colony stimulating factor (M-CSF),
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interleukin-3 (IL-3), granulocyte-macrophage colony

stimulating factor (GM-CSF)
Ú˜

 ‡æ◊ËÕæ¬“¬“¡°”®—¥ oxidized

LDL „π§√“∫‰¢¡—π„Àâ¡’ª√‘¡“≥πâÕ¬≈ß‚¥¬ macrophages

®—∫°—∫ oxidized LDL ºà“π∑“ß scavenger receptor-B À√◊Õ

CD 36
Ú˘,Û

   ·≈â«°≈◊π oxidized LDL ‡¢â“‰ª„π‡´≈≈å

(phagocytosis)  ‡´≈≈å macrophages ∑’Ë¡’ oxidized LDL

Õ¬Ÿà¿“¬„π‡√’¬°«à“ foam cell À√◊Õ lipid-laden macrophages
ÛÒ

‡™◊ËÕ«à“‡ªìπ°≈‰°¢Õß√à“ß°“¬‡æ◊ËÕæ¬“¬“¡≈¥§«“¡√ÿπ·√ß¢Õß

¿“«–°“√Õ—°‡ ∫
ÛÚ

   ·μàº≈∑’Ë‰¥â°≈—∫∑”„Àâ¿“«–°“√Õ—°‡ ∫

√ÿπ·√ß¡“°¢÷Èπ‚¥¬ foam cell À≈—Ëß growth factor ·≈–

chemo-attractive cytokine ‡™àπ platelet-derived growth

factor (PDGF) ·≈– endothelin-1
ÛÛ,ÛÙ

 °√–μÿâπ„Àâ¡’°“√

‡§≈◊ËÕπμ—«¢Õß‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫®“°™—Èπ Tunica media

·∑√°μ—«‡¢â“¡“ – ¡„π™—Èπ subendothelium ‚¥¬‡´≈≈å

°≈â“¡‡π◊ÈÕ‡√’¬∫‡À≈à“π’È¡’°“√·∫àßμ—«‡æ‘Ë¡®”π«π¢÷ÈπÕ¬à“ß™â“Ê

·≈–¡’°“√ √â“ß extracellular matrix „π∫√‘‡«≥∑’Ë¡’°“√Õ—°‡ ∫

·≈– endothelin-1 ¬—ß∑”„Àâ‡°‘¥°“√À¥√—¥μ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥

¡“°º‘¥ª√°μ‘¥â«¬ πÕ°®“°π’È oxidized LDL „π foam cell

¬—ß∑”„Àâ°“√∑”ß“π¢Õß mitochondria ¿“¬„π‡´≈≈åº‘¥

ª√°μ‘π”‰ª Ÿà°“√ ≈“¬¢Õß‡´≈≈å (apoptosis) º≈∑’Ëμ“¡¡“§◊Õ

¡’°“√À≈—Ëß lysosomal enzymes ∑”„Àâ‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥

‡≈◊Õ¥‡°‘¥§«“¡‡ ’¬À“¬ (endothelial injury) ·≈–∑”ß“π

º‘¥ª√°μ‘¡“°¢÷Èπ ¡’°“√À≈—Ëß prothrombotic molecules ·≈–

inflammatory cytokines ‡æ‘Ë¡¡“°¢÷Èπ°√–μÿâπ„Àâ  monocytes

·∑√°μ—«‡¢â“¡“ – ¡¡“°¢÷Èπ·μà„π¢≥–‡¥’¬«°—π°≈—∫¬—∫¬—Èß

‰¡à„Àâ monocytes °≈—∫‡¢â“ Ÿà°√–· ‡≈◊Õ¥∫√‘‡«≥∑’Ë¡’°“√

Õ—°‡ ∫
ÛÚ

 √–¬–π’È§◊Õ®ÿ¥‡√‘Ë¡μâπ¢Õß§√“∫‰¢¡—π  “¡“√∂‡ÀÁπ

≈—°…≥–º‘¥ª√°μ‘∑“ß°“¬«‘¿“§¢Õßºπ—ßÀ≈Õ¥‡≈◊Õ¥‡ªìπ‡ âπ

μ“¡·π«¬“«¢ÕßÀ≈Õ¥‡≈◊Õ¥‡√’¬°«à“ fatty streak
Ûı

  McGill

·≈–§≥–‰¥â∑”°“√»÷°…“ºπ—ßÀ≈Õ¥‡≈◊Õ¥„πºŸâ‡ ’¬™’«‘μ®“°

 “‡ÀμÿÕ◊Ëπ∑’Ë‰¡à„™à‚√§À—«„®·≈–À≈Õ¥‡≈◊Õ¥ ·μà¡’ªí®®—¬‡ ’Ë¬ß

¢Õß‚√§À≈Õ¥‡≈◊Õ¥À—«„®μ’∫ “¡“√∂æ∫æ¬“∏‘ ¿“æ

¥—ß°≈à“«‰¥â„πºŸâªÉ«¬Õ“¬ÿμ—Èß·μà Òı ∂÷ß ÛÙ ªï
Ûˆ

 ÷́Ëß‡ªìπ

À≈—°∞“π ”§—≠· ¥ß∂÷ßæ¬“∏‘°”‡π‘¥¢Õß§√“∫‰¢¡—π‰¡à„™à

‡°‘¥®“°¿“«–°“√‡ ◊ËÕ¡ ¿“æ¢ÕßÀ≈Õ¥‡≈◊Õ¥μ“¡Õ“¬ÿ¢—¬

(degenerative change) ·μà‡°‘¥®“°¿“«–°“√Õ—°‡ ∫ (inflam-

matory process) Tuzcu ·≈–§≥–‰¥â∑”°“√»÷°…“ºπ—ß

À≈Õ¥‡≈◊Õ¥À—«„®„πºŸâªÉ«¬Õ“¬ÿπâÕ¬∑’Ë¬—ß‰¡à¡’Õ“°“√· ¥ß¢Õß

À≈Õ¥‡≈◊Õ¥À—«„®μ’∫‚¥¬„™â intravascular ultrasound æ∫

«à“æ¬“∏‘ ¿“æ¥—ß°≈à“«¡’Õÿ∫—μ‘°“√ Ÿß¢÷Èπ‡¡◊ËÕÕ“¬ÿ¡“°¢÷Èπ
Û˜

À≈—ß®“°‡°‘¥ fatty streak ∑’Ëºπ—ßÀ≈Õ¥‡≈◊Õ¥À—«„®

·≈â« ¿“«–°“√Õ—°‡ ∫¬—ß§ß¥”‡π‘πμàÕ‰ª‚¥¬¡’°“√ – ¡¢Õß

oxidized LDL, extracellular matrix ·≈– macrophages, foam

cell, dendritic cell, endothelial injury ‡ª√’¬∫‡ ¡◊Õπ‡ªìπ

antigens ·≈– antigen-presenting cells μ“¡≈”¥—∫°√–μÿâπ

√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬™π‘¥ adaptive immune system

´÷Ëß¡’∫∑∫“∑„π°“√§«∫§ÿ¡§«“¡√ÿπ·√ß¢Õß¿“«–°“√Õ—°‡ ∫

‚¥¬‡´≈≈å∑’Ë¡’∫∑∫“∑ ”§—≠§◊Õ T lymphocytes ª√–°Õ∫¥â«¬

T helper cells-1 (Th-1), T helper cell-2 (Th-2) ·≈–

regulatory T cell (T reg cell)  “¡“√∂°√–μÿâπ„Àâ‡´≈≈å‡¬◊ËÕ

∫ÿº‘«À≈Õ¥‡≈◊Õ¥, macrophages ·≈–‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫À≈—Ëß

cytokines ·≈– growth factors μà“ßÊ ∑’Ë¡’º≈§«∫§ÿ¡¿“«–

°“√Õ—°‡ ∫ ‡™àπ Th-1 T cell  “¡“√∂°√–μÿâπ„Àâ¡’°“√À≈—Ëß

pro-inflammatory cytokines ‡™àπ interferon- (IFN- ),

lymphotoxin, TNF- , CD 40 ligand (CD40L) ´÷Ëß¡’

∫∑∫“∑ ”§—≠„π°“√‡æ‘Ë¡§«“¡√ÿπ·√ß¢Õß¿“«–°“√Õ—°‡ ∫

(amplification of inflammation) ‚¥¬ TNF- °√–μÿâπ°“√

‡°‘¥ adhesion molecules ∑’Ë‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥, IFN 

¬—∫¬—Èß°“√ √â“ß§≈Õ≈“‡®π¢Õß‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫∑”„Àâ

fibrous cap ‰¡à·¢Áß·√ß √«¡∂÷ß¡’‚Õ°“ ‡°‘¥≈‘Ë¡‡≈◊Õ¥ Ÿß¢÷Èπ  à«π

Th-2 T cell ·≈– Treg cell ∑”Àπâ“∑’Ë¬—∫¬—Èß§«“¡√ÿπ·√ß

¢Õß¿“«–°“√Õ—°‡ ∫
Û¯

 ‚¥¬ Th-2 T cell °√–μÿâπ„Àâ¡’°“√

À≈—Ëß cytokines ™π‘¥ interleukin-10 (IL-10) ·≈– interleukin-

4 (IL-4)
Û˘
 ÷́Ëß “¡“√∂¬—∫¬—Èß°“√‡°‘¥§√“∫‰¢¡—π„π√–¬–·√°

À√◊Õ fatty streak ‰¥â
Û¯

  à«π Treg cell  “¡“√∂≈¥¿“«–

°“√Õ—°‡ ∫‚¥¬¬—∫¬—Èß°“√∑”ß“π¢Õß Th-1 T cell „π —μ«å

∑¥≈Õß
Ù,ÙÒ

 ∫∑∫“∑·≈–Àπâ“∑’Ë¬—ß‰¡à∑√“∫·πà™—¥ ‡™◊ËÕ«à“

∑”ß“πºà“π IL-10 ·≈– transforming growth factor-

(TGF- )
Û˘,ÙÚ

 Õ¬à“ß‰√°Áμ“¡„πºŸâªÉ«¬∑’Ë¡’°“√¢¬“¬¢π“¥¢Õß

§√“∫‰¢¡—πæ∫«à“∫∑∫“∑¢Õß Th-1 T cell ¡’¡“°°«à“

Th-2 T cell
Û¯

  ”À√—∫ B cells ·≈–°“√ √â“ß¿Ÿ¡‘§ÿâ¡°—π

(antibody) ¬—ß‰¡à “¡“√∂ √ÿª∫∑∫“∑∑’Ë™—¥‡®πμàÕ°“√‡°‘¥

§√“∫‰¢¡—π‰¥â ‚¥¬∫“ß°“√»÷°…“æ∫«à“°“√μ√«®æ∫

¿Ÿ¡‘§ÿâ¡°—πμàÕ oxidized LDL
ÙÛ-Ùı

 À√◊Õ heat shock protein

65 (HSP65)
Ùˆ

 ÷́Ëß‡ªìπ‚ª√μ’π™π‘¥Àπ÷Ëß„π§√“∫‰¢¡—π ¡’

§«“¡ —¡æ—π∏å°—∫°“√¢¬“¬¢π“¥¢Õß§√“∫‰¢¡—π ·μà∫“ß°“√

»÷°…“°≈—∫√“¬ß“πº≈μ√ß¢â“¡§◊Õ °“√æ∫¿Ÿ¡‘§ÿâ¡°—πμàÕ oxidized

LDL  “¡“√∂ªÑÕß°—π°“√‡°‘¥§√“∫‰¢¡—π‰¥â ®÷ß¡’§«“¡

®”‡ªìπμâÕß¡’°“√»÷°…“‡æ‘Ë¡‡μ‘¡‡æ◊ËÕ √ÿª∫∑∫“∑¢Õß B cells μàÕ

‰ª  ”À√—∫ cytolytic T cell (CD8) ¡’∫∑∫“∑°√–μÿâπ„Àâ¡’

°“√ ≈“¬ (apoptosis) ¢Õß‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫, ‡´≈≈å‡¬◊ËÕ

∫ÿº‘«À≈Õ¥‡≈◊Õ¥·≈– macrophages
Ù˜,Ù¯

 ÷́Ëß‡´≈≈å∑’Ë ≈“¬μ—«
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‡À≈à“π’È‡ªìπ‡ ¡◊Õπ “√∑’Ëæ√âÕ¡°√–μÿâπ°√–∫«π°“√°“√·¢Áß

μ—«¢Õß‡≈◊Õ¥¿“¬„π§√“∫‰¢¡—π¥â«¬ (tissue factor)
Ù˘

À≈—ß®“°‡°‘¥§√“∫‰¢¡—π∑’Ëºπ—ßÀ≈Õ¥‡≈◊Õ¥·≈–¡’

°“√¢¬“¬¢π“¥‡æ‘Ë¡¢÷Èπ §«“¡·¢Áß·√ßÀ√◊Õ°“√§ß ¿“æ¢Õß

§√“∫‰¢¡—π‡ªìπ ‘Ëß®”‡ªìπ ‚¥¬§«“¡·¢Áß·√ß¢Õß§√“∫

‰¢¡—π¢÷ÈπÕ¬Ÿà°—∫ª√‘¡“≥‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫ ÷́Ëß¡’°“√·∫àß

‡´≈≈å‡æ‘Ë¡®”π«πÕ¬à“ß™â“Ê ·μà„π¢≥–‡¥’¬«°—π°Á¡’°“√ ≈“¬

μ—«¢Õß‡´≈≈å (apoptosis) §«∫§Ÿà°—π‰ª  ¥—ßπ—Èπª√‘¡“≥‡´≈≈å

°≈â“¡‡π◊ÈÕ‡√’¬∫„π§√“∫‰¢¡—π ®÷ß¢÷ÈπÕ¬Ÿà°—∫ ¡¥ÿ≈¢Õß°“√

 √â“ß·≈–°“√ ≈“¬μ—«¢Õß‡´≈≈å„π§√“∫‰¢¡—π
Ù¯

 Õ¬à“ß‰√

°Áμ“¡‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫∑’ËÕ¬Ÿà„π§√“∫‰¢¡—π¡’‚§√ß √â“ß‰¡à

·¢Áß·√ß‡À¡◊Õπ‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫ª√°μ‘∑’ËÕ¬Ÿà„π™—Èπ Tunca

media
ı
 §«“¡ ”§—≠¢Õß‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫‡À≈à“π’È§◊Õ  √â“ß

extracellular matrix ‡™àπ collagen type I, III ·≈–

proteoglycans ‡™àπ versican, biglycan, aggrecan ·≈–

decorin
ıÒ

 ‡æ◊ËÕ √â“ß§«“¡·¢Áß·√ß„Àâ°—∫§√“∫‰¢¡—π‚¥¬

‡©æ“– à«π∑’Ë‡ªìπ°”·æß°—Èπ‰¡à„Àâ‡≈◊Õ¥‡´“–‡¢â“¡“„π§√“∫

‰¢¡—π (fibrous cap) ´÷Ëßª√–°Õ∫¥â«¬§Õ≈≈“‡®π™π‘¥ Ò

(collagen type I) Õ¬Ÿà¡“° ‚¥¬ cytokines ∑’Ë¡’º≈μàÕ

°“√ √â“ß  extracellular matrix §◊Õ PDGF, TGF- ª√‘¡“≥

extracellular matrix ∑’Ë¡“°‡°‘π‰ª®–∂Ÿ°§«∫§ÿ¡À√◊Õ¬àÕ¬

 ≈“¬‚¥¬ matrix metalloproteinase enzymes (MMPs)

´÷ËßÀ≈—ËßÕÕ°¡“®“° macrophages
ıÚ

 „π√–¬–‡√‘Ë¡·√°¢Õß

°“√‡°‘¥§√“∫‰¢¡—πæ∫«à“ MMPs ¡’º≈μàÕ°“√ª√—∫‡ª≈’Ë¬π

‚§√ß √â“ß¢ÕßÀ≈Õ¥‡≈◊Õ¥À—«„®¥â«¬ (arterial remodeling) ‚¥¬

MMPs ¬àÕ¬ ≈“¬ extracellular matrix ∑”„Àâ‚§√ß √â“ß

¢Õß§√“∫‰¢¡—π‰¡à·¢Áß·√ß‡°‘¥°“√¢¬“¬μ—«¢Õß§√“∫‰¢¡—π

ÕÕ°¥â“ππÕ° ‡√’¬°«à“ positive remodeling À√◊Õ eccentric

plaque ‡™◊ËÕ«à“‡ªìπ°≈‰°°“√ª√—∫μ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥‡æ◊ËÕ

æ¬“¬“¡§ß¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß‰«â„Àâ¡“°∑’Ë ÿ¥‡æ◊ËÕ‰¡à„Àâ¡’

º≈μàÕ°“√‰À≈‡«’¬π¢Õß‡≈◊Õ¥
ıÛ

 „π√–¬–‡√‘Ë¡μâπ°≈â“¡‡π◊ÈÕ

À—«„®®÷ß‰¥â√—∫‡≈◊Õ¥‡æ’¬ßæÕ°—∫§«“¡μâÕß°“√ ºŸâªÉ«¬®÷ß‰¡à¡’

Õ“°“√„¥Ê∑—Èß ‘Èπ ∑—ÈßÊ∑’Ë¢π“¥§√“∫‰¢¡—πÕ“®¡’ª√‘¡“≥¡“°

°Áμ“¡ ·μàÕ¬à“ß‰√°Áμ“¡„π√–¬–¬“« ‡¡◊ËÕ¡’ª√‘¡“≥¢Õß§√“∫

‰¢¡—π¡“°¢÷Èπ‚¥¬‡©æ“–¡“°°«à“ Ù% ¢Õßæ◊Èπ∑’ËÀπâ“μ—¥

¢ÕßÀ≈Õ¥‡≈◊Õ¥®–‡√‘Ë¡¡’°“√¢¬“¬¢π“¥¢Õß§√“∫‰¢¡—π‡¢â“

¡“¥â“π„π¢ÕßÀ≈Õ¥‡≈◊Õ¥·≈–¡’°“√À¥√—¥μ—«¢Õß external

elastic membrane ‡√’¬°«à“ negative remodeling  àßº≈

„Àâ¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß¢ÕßÀ≈Õ¥‡≈◊Õ¥≈¥≈ß‰¡à “¡“√∂

 àß‡≈◊Õ¥‰ª‡≈’È¬ß°≈â“¡‡π◊ÈÕÀ—«„®‰¥â‡æ’¬ßæÕ°—∫§«“¡μâÕß°“√

®÷ß‡°‘¥Õ“°“√ angina pectoris ‰¥â
ıÙ

‡¡◊ËÕ§√“∫‰¢¡—π¡’¢π“¥„À≠à¢÷ÈπÀ√◊Õ¡’¿“«–°“√

Õ—°‡ ∫¿“¬„π¡“° (advanced atherosclerosis plaque)  “¡“√∂

æ∫À≈Õ¥‡≈◊Õ¥‡≈Á°Ê ¿“¬„π§√“∫‰¢¡—π¥â«¬ (micro-vessels)

‡°‘¥®“°°“√‡§≈◊ËÕπμ—«¢Õß‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥‡¢â“¡“

„ π § √ “ ∫ ‰ ¢ ¡— π · ≈ – ¡’ ° “ √   √â “ ß À ≈ Õ ¥ ‡ ≈◊ Õ ¥ „ À¡à

(neovascularization) ‚¥¬°“√°√–μÿâπ¢Õß fibroblast growth

factors, vascular endothelial growth factor (VEGF),

placental growth factor (PlGF) ·≈– oncostatin M
ıı,ıˆ

´÷Ëß∂◊Õ‡ªìπ à«πÀπ÷Ëß¢Õß‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥∑”ß“πº‘¥

ª√°μ‘ ∫∑∫“∑¢Õß micro-vessels §◊Õ ‡ªìπ™àÕß∑“ß≈”‡≈’¬ß

Õ“À“√·≈–ÕÕ°´‘‡®π ∑”„Àâ§√“∫‰¢¡—π¢¬“¬¢π“¥‡√Á«¢÷Èπ

πÕ°®“°π’È¬—ß‡ªìπ™àÕß∑“ß≈”‡≈’¬ß‡´≈≈å∑’Ë¡’∫∑∫“∑ ”§—≠μàÕ

¿“«–°“√Õ—°‡ ∫ (inflammatory cells) ‡¢â“ Ÿà§√“∫‰¢¡—π

¡“°¢÷Èπ¥â«¬ ‚¥¬¡’À≈—°∞“π°“√μ√«®æ∫ VCAM-1 ∑’Ëº‘«

‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥¢Õß micro-vessels ª√‘¡“≥¡“°

 “¡“√∂μ√«®æ∫≈‘Ë¡‡≈◊Õ¥¿“¬„π§√“∫‰¢¡—π (thrombosis in

situ) ÷́Ëß‡™◊ËÕ«à“‡°‘¥®“°°“√©’°¢“¥¢Õß micro-vessels  àßº≈

„Àâ thrombin ∑’ËÕ¬Ÿà¿“¬„π≈‘Ë¡‡≈◊Õ¥°√–μÿâπ„Àâ‡´≈≈å°≈â“¡‡π◊ÈÕ

‡√’¬∫‡§≈◊ËÕπμ—«‡¢â“¡“„π§√“∫‰¢¡—π·≈–¡’°“√·∫àßμ—«‡æ‘Ë¡

®”π«π√«¥‡√Á«¢÷Èπ∑”„Àâ§√“∫‰¢¡—π¡’¢π“¥‚μ¢÷Èπ  “¡“√∂æ∫

adhesion   molecules ∑’Ëº‘«‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥¡“°¢÷Èπ

§◊Õ E-selectin ·≈– P-selectin ÷́Ëß‡ªìπ™àÕß∑“ßæ‘‡»…„Àâ neu-

trophils ·≈–  platelets ¡“‡°“–μ‘¥·≈–·∑√°μ—«ºà“π‡¢â“¡“

„π§√“∫‰¢¡—π‰¥â¡“°¢÷Èπ
ı˜

 ‚¥¬ neutrophils  “¡“√∂ √â“ß

reactive oxygen species (ROS) ·≈–À≈—Ëß proteolytic

enzymes ‡™àπ collagenases, gelatinases, elastases  àß

º≈„Àâ¿“«–°“√Õ—°‡ ∫√ÿπ·√ß‡æ‘Ë¡¢÷Èπ ·≈–§«“¡·¢Áß·√ß¢Õß

§√“∫‰¢¡—π≈¥≈ß
ı¯

  ”À√—∫‡°√Á¥‡≈◊Õ¥∑’Ë‡¢â“¡“„π§√“∫

‰¢¡—π “¡“√∂°√–μÿâπ∑—Èß°√–∫«π°“√°“√·¢Áßμ—«¢Õß‡≈◊Õ¥·≈–

¿“«–°“√Õ—°‡ ∫
ı˘
 ‚¥¬°“√À≈—Ëß procoagulant microparticles

·≈– inflammatory factors ‡™àπ PDGF, platelet factor 4

(PF4), regulated on activation T-cell expressed and

secreted (RANTES) ·≈– CD40L  ‚¥¬‡©æ“– CD40L

´÷Ëß„πªí®®ÿ∫—πæ∫«à“¡’∫∑∫“∑ ”§—≠μàÕ¿“«–°“√Õ—°‡ ∫

‡π◊ËÕß®“° “¡“√∂§«∫§ÿ¡°“√∑”ß“π¢Õß‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫,

‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥ ·≈– macrophages ‚¥¬°√–μÿâπ„Àâ

‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫ √â“ß extracellular matrix ¡“°¢÷Èπ

°√–μÿâπ„Àâ‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥‡æ‘Ë¡®”π«π adhesion

molecules ∑—Èß ICAM-1, VCAM-1 ·≈– E-selectin √«¡∂÷ß

¡’∫∑∫“∑μàÕ°“√ √â“ßÀ≈Õ¥‡≈◊Õ¥„À¡à (neovascularization)

·≈– “¡“√∂°√–μÿâπ macrophages À≈—Ëß MMPs ‡æ‘Ë¡¢÷Èπ
ˆ
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πÕ°®“°π’È¬—ßæ∫ mast cells „π§√“∫‰¢¡—π¥â«¬ ·¡â«à“®–¡’

ª√‘¡“≥πâÕ¬°«à“ macrophages ·≈– neutophils ·μà¡’

∫∑∫“∑ ”§—≠‚¥¬°“√À≈—Ëß histamine  àßº≈„Àâ vascular

permeability ·≈– vascular tone ¢ÕßÀ≈Õ¥‡≈◊Õ¥º‘¥ª√°μ‘

·≈–À≈—Ëß proteinases ‡™àπ chymases ·≈– tryptases ÷́Ëß

¡’º≈μàÕ§«“¡·¢Áß·√ß¢Õß§√“∫‰¢¡—π·≈–°“√ª√—∫‡ª≈’Ë¬π

‚§√ß √â“ß¢ÕßÀ≈Õ¥‡≈◊Õ¥ (arterial remodeling) √«¡∂÷ß

°“√©’°¢“¥¢Õß§√“∫‰¢¡—π¥â«¬
ˆÒ

πÕ°®“°‚√§‰¢¡—π™π‘¥ LDL §Õ‡≈ ‡μÕ√Õ≈„π

‡≈◊Õ¥ Ÿß·≈â« ¿“«–‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥∑”ß“πº‘¥ª√°μ‘

¬—ß¡’√“¬ß“πæ∫„πºŸâªÉ«¬‰¢¡—π™π‘¥‰μ√°≈’‡´Õ‰√¥å„π‡≈◊Õ¥

 Ÿß¥â«¬
ˆÚ

 ºŸâªÉ«¬∑’Ë Ÿ∫∫ÿÀ√’Ë ‚√§Õâ«π
ˆÛ 

ºŸâªÉ«¬‚√§‡∫“À«“π

∑’Ë æ∫√–¥— ∫Õ‘ π Ÿ́ ≈‘ π „π ‡≈◊ Õ¥ Ÿ ß ·≈–¥◊È Õμà ÕÕ‘ π Ÿ́ ≈‘ π

(hyperinsulinemia and insulin resistant states)
ˆÙ,ˆı

§πª√°μ‘∑’Ë¡’ª√–«—μ‘§√Õ∫§√—«‡ªìπ‡∫“À«“π∑—Èß™π‘¥ Ò (type

I diabetes)
ˆˆ,ˆ˜

 ·≈–™π‘¥ Ú (type II diabetes)
ˆ¯

 §π

ª√°μ‘∑’Ë‰¡à¡’ªí®®—¬‡ ’Ë¬ß·μà¡’ª√–«—μ‘§√Õ∫§√—«‡ªìπ‚√§À≈Õ¥

‡≈◊Õ¥À—«„®μ’∫μ—Èß·μàÕ“¬ÿ¬—ßπâÕ¬ ´÷Ëß∑—ÈßÀ¡¥°Á§◊Õªí®®—¬‡ ’Ë¬ß∑’Ë

æ∫∫àÕ¬¢Õß°“√‡°‘¥‚√§ ACS π—Ëπ‡Õß πÕ°®“°π’È¬—ß¡’

√“¬ß“πæ∫„πºŸâªÉ«¬∑’Ë¡’Õ“°“√·πàπÀπâ“Õ° (angina pectoris)

·μàÀ≈Õ¥‡≈◊Õ¥À—«„®ª√°μ‘ (syndrome X)
ˆ˘
 ºŸâªÉ«¬Õ“¬ÿπâÕ¬

∑’Ë¡’§«“¡‡§√’¬¥ ÷́Ëß¡’√“¬ß“π«à“ “¡“√∂∑”„Àâ‡´≈≈å‡¬◊ËÕ∫ÿº‘«

À≈Õ¥‡≈◊Õ¥∑”ß“πº‘¥ª√°μ‘·∫∫™—Ë«§√“«‰¥â
˜,˜Ò

 ®÷ß‡ªìπ

‡Àμÿº≈ ”§—≠„π°“√Õ∏‘∫“¬°“√‡°‘¥‚√§ ACS „πºŸâªÉ«¬∑’Ë¡’

√–¥—∫ LDL §Õ‡≈ ‡μÕ√Õ≈„π‡≈◊Õ¥Õ¬Ÿà„π‡°≥±åª√°μ‘‰¥â

°”‡π‘¥æ¬“∏‘¢Õß°“√©’°¢“¥¢Õß§√“∫‰¢¡—π·≈–

°“√‡°‘¥≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π (Pathogenesis of ather-

osclerosis plaque rupture and thrombosis)

Thieme ·≈–§≥–‰¥â∑”°“√»÷°…“≈—°…≥–∑“ß°“¬

«‘¿“§¢Õß§√“∫‰¢¡—π„πºŸâªÉ«¬‚√§À≈Õ¥‡≈◊Õ¥À—«„®μ’∫‚¥¬

°“√ àÕß°≈âÕß (coronary angioscopic study) æ∫«à“ ºŸâªÉ«¬

∑’Ë¡’§√“∫‰¢¡—π∑’Ëºπ—ßÀ≈Õ¥‡≈◊Õ¥À—«„®¡’ ’‡À≈◊Õß (yellowish

plaques) ¡’‚Õ°“ ‡°‘¥‚√§ ACS ¡“°°«à“ºŸâªÉ«¬∑’Ë¡’§√“∫

‰¢¡—π ’¢“« (whitish plaques) ´÷Ëß¡—°®–æ∫„π°≈ÿà¡ºŸâªÉ«¬

À≈Õ¥‡≈◊Õ¥À—«„®μ’∫‡√◊ÈÕ√—ß (chronic stable angina)
˜Ú

 μàÕ¡“

Ueda ·≈–§≥–∑”°“√»÷°…“ coronary angioscopic study „π

°≈ÿà¡ºŸâªÉ«¬ ACS ™π‘¥ ST elevation myocardial infarction

(STEMI) æ∫«à“§√“∫‰¢¡—π∑’Ë©’°¢“¥·≈–‡ªìπμ”·Àπàß∑’Ë‡°‘¥

≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π (culprit lesion) ¡’≈—°…≥–‡ªìπ ’‡À≈◊Õß À≈—ß

®“°π—Èπμ‘¥μ“¡ºŸâªÉ«¬‡ªìπ‡«≈“ Ò¯ ‡¥◊Õπæ∫«à“§√“∫‰¢¡—π

¥—ß°≈à“«®–§àÕ¬Ê ‡ª≈’Ë¬π‡ªìπ ’¢“«√«¡∂÷ß‚Õ°“ °“√‡°‘¥≈‘Ë¡

‡≈◊Õ¥Õÿ¥μ—π‡©’¬∫æ≈—π≈¥πâÕ¬≈ß¥â«¬
˜Û

 ¥—ßπ—Èπ®–‡ÀÁπ«à“

≈—°…≥–§√“∫‰¢¡—π„πºŸâªÉ«¬ ACS ¡’§«“¡·μ°μà“ß®“°ºŸâªÉ«¬

chronic stable angina Õ¬à“ß™—¥‡®π

¥—ß∑’Ë°≈à“«·≈â«¢â“ßμâπ«à“§«“¡·¢Áß·√ß¢Õß§√“∫

‰¢¡—π ¢÷ÈπÕ¬Ÿà°—∫§«“¡ ¡¥ÿ≈√–À«à“ßª√‘¡“≥¢Õß‡´≈≈å

°≈â“¡‡π◊ÈÕ‡√’¬∫·≈–ª√‘¡“≥¢Õß extracellular matrix ∑’Ë √â“ß

‚¥¬‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫„π§√“∫‰¢¡—π‚¥¬‡©æ“– collagen

type I  ́ ÷Ëß‡ªìπ à«πª√–°Õ∫ ”§—≠¢Õß fibrous cap °—∫ °“√

 ≈“¬¢Õß‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫ (apoptosis) ·≈–°“√¬—∫¬—Èß

°“√ √â“ß§≈Õ≈“‡®π¢Õß‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫ √«¡∂÷ß°“√¬àÕ¬

 ≈“¬¢Õß extracellular matrix ‚¥¬ MMPs ·≈– proteolytic

enzymes ∑’ËÀ≈—ËßÕÕ°¡“®“° macrophages ·≈– neutrophils

μ“¡≈”¥—∫ „πºŸâªÉ«¬ ACS ‡™◊ËÕ«à“ ¡¥ÿ≈¥—ß°≈à“«‡ ’¬‰ª ‚¥¬

¡’°“√ ≈“¬À√◊Õ¬—∫¬—Èß°“√ √â“ß¢Õß extracellular matrix ¡“°

°«à“°“√ √â“ß¢÷Èπ∑¥·∑π √«¡∂÷ßª√‘¡“≥‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫

„π§√“∫‰¢¡—π≈¥≈ß¥â«¬ º≈§◊Õ fibrous cap ¡’≈—°…≥–∫“ß

≈ß·≈–‰¡à·¢Áß·√ß ‡√’¬°«à“ thin-cap fibroatheroma (TCFA)

À√◊Õ vulnerable plaque ®“°°“√»÷°…“∑“ßæ¬“∏‘«‘∑¬“¢Õß

TCFA æ∫«à“¡’≈—°…≥–¥—ßπ’È §◊Õ Ò) fibrous cap ¡’§«“¡

Àπ“πâÕ¬°«à“ ˆı ‰¡‚§√‡¡μ√ (thin fibrous cap)
˜Ù

 Ú) æ∫

ª√‘¡“≥‰¢¡—π – ¡¿“¬„π¡“° (lipid-rich necrotic core)

Û) æ∫ macrophages, T lymphocytes Õ¬Ÿà¿“¬„πª√‘¡“≥¡“°

‚¥¬‡©æ“–∑’Ë¢Õ∫¢Õß§√“∫‰¢¡—π (shoulder of plaque)
¯

Ù) æ∫‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫‡æ’¬ß‡≈Á°πâÕ¬ ÷́Ëß·μ°μà“ß®“°

§√“∫‰¢¡—π∑’Ëæ∫„πºŸâªÉ«¬À≈Õ¥‡≈◊Õ¥À—«„®μ’∫‡√◊ÈÕ√—ß∑’Ë¡’

≈—°…≥–ºπ—ß°—Èπ√–À«à“ßÀ≈Õ¥‡≈◊Õ¥°—∫§√“∫‰¢¡—πÀπ“ (thick

fibrous cap), ¡’ª√‘¡“≥‰¢¡—π – ¡¿“¬„π·≈–ª√‘¡“≥‡¡Á¥

‡≈◊Õ¥¢“«πâÕ¬·μàæ∫‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫ª√‘¡“≥¡“° ‡√’¬°

≈—°…≥–§√“∫‰¢¡—π¥—ß°≈à“««à“ stable plaque °√–∫«π°“√

∑’Ë∑”„Àâ‚§√ß √â“ß¢Õß§√“∫‰¢¡—π·μ°μà“ß°—π §◊Õ ¿“«–°“√

Õ—°‡ ∫ ¥—ß¡’À≈—°∞“π∑’Ë π—∫ πÿπ §◊Õ Ò) inflammatory

markers „π°√–· ‡≈◊Õ¥ ·≈– Ú) ≈—°…≥–∑“ßæ¬“∏‘«‘∑¬“

¢Õß TCFA  ”À√—∫ inflammatory markers ∑’Ë¡’√“¬ß“π

μ√«®æ∫„πºŸâªÉ«¬ ACS §◊Õ C-reactive protein (CRP),

interleukin-6 (IL-6) ·≈– serum amyloid A
˜ı

  ‚¥¬‡©æ“–

CRP ÷́Ëß “¡“√∂μ√«®æ∫„π°√–· ‡≈◊Õ¥ Ÿß°«à“„πÀ≈Õ¥

‡≈◊Õ¥À—«„®
˜ˆ

 ‚¥¬√–¥—∫ CRP „π°≈ÿà¡ºŸâªÉ«¬ ACS æ∫¡’§à“

 Ÿß°«à“°≈ÿà¡ºŸâªÉ«¬ chronic stable angina
˜˜

 ·≈–‡¡◊ËÕμ‘¥μ“¡

ºŸâªÉ«¬„π√–¬–¬“«æ∫«à“ °≈ÿà¡ºŸâªÉ«¬ ACS ∑’Ë¡’§à“ CRP „π

°√–· ‡≈◊Õ¥ Ÿß¡’‚Õ°“ ‡°‘¥°≈â“¡‡π◊ÈÕÀ—«„®μ“¬ È́” Ÿß°«à“
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°≈ÿà¡ºŸâªÉ«¬ ACS ∑’Ë¡’§à“ CRP „π°√–· ‡≈◊Õ¥μË”
˜¯

 πÕ°®“°

π’È¬—ßæ∫«à“°“√√—°…“‚√§‰¢¡—π„π‡≈◊Õ¥ Ÿß‚¥¬„™â¬“„π°≈ÿà¡

HMG CoA reductase (Hydroxymethylglutaryl CoA

reductase) inhibitors À√◊Õ statins  “¡“√∂≈¥√–¥—∫§Õ‡≈ 

‡μÕ√Õ≈·≈–≈¥‚Õ°“ ‡°‘¥À≈Õ¥‡≈◊Õ¥À—«„®μ’∫´È”≈ß‰¥â·≈â«

¬—ßæ∫«à“√–¥—∫ CRP ¢ÕßºŸâªÉ«¬≈¥≈ß¥â«¬
˜˘
  ”À√—∫À≈—°∞“π

∑“ßæ¬“∏‘«‘∑¬“¢Õß TCFA ÷́Ëßª√–°Õ∫¥â«¬ª√‘¡“≥‡´≈≈å∑’Ë

¡’∫∑∫“∑ ”§—≠μàÕ¿“«–°“√Õ—°‡ ∫¡“°°«à“„π stable plaque

‡™àπ macrophages, lymphocytes, neutrophils, mast cells,

platelets, ‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫ √«¡∂÷ß  extracellular matrix,

lipids, acellular lipid rich debris
Û¯

 ·≈– pro-inflammatory

cytokines μà“ßÊ ‡™àπ IFN- , TNF- , IL-1, M-CSF ´÷Ëß

≈â«π·≈â«·μà¡’∫∑∫“∑‡æ‘Ë¡§«“¡√ÿπ·√ß¢Õß¿“«–°“√Õ—°‡ ∫

‚¥¬‡©æ“–°√–μÿâπ„Àâ foam cells  √â“ß MMPs ¡“°¢÷Èπ
¯,¯Ò

·≈–¡’°“√μ√«®æ∫ neutral proteases ‡Õπ‰´¡å´÷Ëß¡’º≈μàÕ

°“√¬àÕ¬ ≈“¬ extracellular matrix ‡æ‘Ë¡¡“°¢÷Èπ àßº≈„Àâ

§«“¡·¢Áß·√ß¢Õß§√“∫‰¢¡—π≈¥≈ß¥â«¬

μ”·Àπàß¢Õß TCFA ¡—°æ∫∑’Ëμ”·Àπàß à«πμâπ

·≈–∫√‘‡«≥°≈“ßÊ ¢ÕßÀ≈Õ¥‡≈◊Õ¥‚¥¬æ∫∫√‘‡«≥ proximal

left anterior descending artery, proximal left circumflex

artery ·≈– mid to proximal right coronary artery
¯Ú

 ´÷Ëß

 Õ¥§≈âÕß°—∫μ”·Àπàß¢Õß°“√‡°‘¥§√“∫‰¢¡—π´÷Ëß¡—°æ∫∑’Ë

 à«πμâπ¢ÕßÀ≈Õ¥‡≈◊Õ¥ (proximal segment)  à«π‚§âß (bend

point) À√◊Õμ”·Àπàß·¬° “¢“ (bifurcation)
ÒÚ,¯Û,¯Ù

 ‚Õ°“ 

æ∫πâÕ¬„π à«πª≈“¬¢ÕßÀ≈Õ¥‡≈◊Õ¥ (distal segment)
˘,¯Ù-¯ˆ

®“°μ”·Àπàß∑’Ëμ√«®æ∫¥—ß°≈à“« ‡™◊ËÕ«à“°“√‰À≈‡«’¬π¢Õß‡≈◊Õ¥

(hemodynamic factors) ¡’º≈μàÕ°“√‡°‘¥§√“∫‰¢¡—π ·≈–

¿“«–°“√Õ—°‡ ∫¿“¬„π§√“∫‰¢¡—π¥â«¬ ‚¥¬æ∫«à“ °“√‰À≈

‡«’¬π¢Õß‡≈◊Õ¥∑’Ë¡’≈—°…≥–¢π“π‰ª°—∫À≈Õ¥‡≈◊Õ¥ (laminar

flow) ́ ÷Ëß¡—°æ∫∑’Ëμ”·Àπàß à«πª≈“¬¢ÕßÀ≈Õ¥‡≈◊Õ¥ ‡π◊ËÕß®“°

¡’ “¢“·¬°·≈– à«π‚§âßπâÕ¬ ·√ß°√–∑”Õ—π‡°‘¥®“°°“√

‰À≈‡«’¬π¢Õß‡≈◊Õ¥μàÕºπ—ßÀ≈Õ¥‡≈◊Õ¥®÷ßª√°μ‘ (normal shear

stress) ‡´≈≈å‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥„πμ”·Àπàßπ’È¡’√Ÿª√à“ßª√°μ‘

(e longated shape)
˜,¯,ÚÒ

 Àπâ“∑’Ë§«∫§ÿ¡ vascular

permeability ª√°μ‘ πÕ°®“°π’È laminar flow ¬—ß “¡“√∂

ªÑÕß°—π°“√‡°‘¥§√“∫‰¢¡—π‰¥â¥â«¬
¯˜

 ‚¥¬°√–μÿâπ‡´≈≈å‡¬◊ËÕ

∫ÿº‘«À≈Õ¥‡≈◊Õ¥ºà“π∑“ß Krupple-like factor 2 (KLF-2)  √â“ß

NO ·≈– thrombomodulin (TM) ¡“°¢÷Èπ ÷́ËßπÕ°®“°¡’

§ÿ≥ ¡∫—μ‘„π°“√¢¬“¬À≈Õ¥‡≈◊Õ¥·≈â« ¬—ß¡’§ÿ≥ ¡∫—μ‘¬—∫¬—Èß

°“√‡°‘¥¿“«–°“√Õ—°‡ ∫¥â«¬ πÕ°®“°π’È KLF-2 ¬—ß “¡“√∂

¬—∫¬—Èß nuclear factor Kappa B (NFkB) ´÷Ëß∑”Àπâ“∑’Ë„π°“√

§«∫§ÿ¡¬’π (genes) μà“ßÊ ∑’Ë¡’∫∑∫“∑μàÕ°“√‡°‘¥¿“«–°“√

Õ—°‡ ∫ º≈∑’Ë‰¥â§◊Õ ª√‘¡“≥ VCAM-1 ∑’Ëº‘«‡´≈≈å‡¬◊ËÕ∫ÿº‘«

À≈Õ¥‡≈◊Õ¥≈¥≈ß ¡’°“√¬—∫¬—Èß°“√·¢Áßμ—«¢Õß‡≈◊Õ¥‚¥¬°“√

≈¥°“√‡°‘¥ tissue factor ·≈–‡æ‘Ë¡°“√ ≈“¬μ—«¢Õß≈‘Ë¡‡≈◊Õ¥

‚¥¬≈¥ plasminogen activator inhibitor-1 (PAI-1)
¯¯,¯˘

„π¢≥–∑’Ë°“√‰À≈‡«’¬π¢Õß‡≈◊Õ¥∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ß

(disturbed flow) ‡π◊ËÕß®“°°√–∑∫ à«π‚§âßÀ√◊Õμ”·Àπàß

·¬° “¢“ ÷́Ëß¡—°æ∫∑’Ë à«πμâπ¢ÕßÀ≈Õ¥‡≈◊Õ¥ àßº≈„Àâ·√ß

°√–∑”Õ—π‡°‘¥®“°°“√‰À≈‡«’¬π¢Õß‡≈◊Õ¥μàÕºπ—ßÀ≈Õ¥‡≈◊Õ¥

º‘¥ª√°μ‘ (abnormal shear stress) º≈∑’Ëμ“¡¡“§◊Õ‡´≈≈å

‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥„πμ”·Àπàß¥—ß°≈à“«¡’°“√À¥μ—« (retract)

‡ª≈’Ë¬π√Ÿª√à“ß‡ªìπ·∫∫ polygonal shape
˜,¯,ÚÒ

 ∑”„Àâ°“√

§«∫§ÿ¡ vascular permeability º‘¥ª√°μ‘
˜,˘,¯Ù

 LDL §Õ‡≈ 

‡μÕ√Õ≈À√◊Õ‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“« “¡“√∂·∑√°μ—«ºà“π‡¢â“¡“

„π™—Èπ subendothelium ‰¥â´÷Ëß‡ªìπ®ÿ¥‡√‘Ë¡μâπ¢Õß°“√‡°‘¥

§√“∫‰¢¡—π √«¡∂÷ß≈—°…≥–‚§√ß √â“ß¢ÕßÀ≈Õ¥‡≈◊Õ¥ à«π

μâπ¡’§«“¡Àπ“¢Õß™—Èπ Tunica media ¡“°°«à“„πμ”·Àπàß

 à«πª≈“¬ ª√‘¡“≥‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫´÷Ëß¡’∫∑∫“∑ ”§—≠

„π°“√‡°‘¥§√“∫‰¢¡—π®÷ß¡’¡“°°«à“‚Õ°“ °“√‡°‘¥§√“∫

‰¢¡—π„πÀ≈Õ¥‡≈◊Õ¥ à«πμâπ®÷ß¡“°°«à“„π à«πª≈“¬
˘,¯Ù-¯ˆ,˘

πÕ°®“°π’È§«“¡·√ß¢Õß°“√‰À≈‡«’¬π¢Õß‡≈◊Õ¥„πÀ≈Õ¥

‡≈◊Õ¥ à«πμâπ¡’§à“ Ÿß  àßº≈„Àâ‡°‘¥·√ß°√–∑”μàÕºπ—ßÀ≈Õ¥

‡≈◊Õ¥ à«πμâπ¡’§à“ Ÿß¥â«¬ (high flow/high shear stress)

´÷Ëß·μ°μà“ß®“°§«“¡·√ß¢Õß°“√‰À≈‡«’¬π¢Õß‡≈◊Õ¥„π

À≈Õ¥‡≈◊Õ¥ à«πª≈“¬∑’Ë¡’§à“μË”°«à“ (low flow/low shear

stress)‚¥¬æ∫«à“μ”·Àπàß§√“∫‰¢¡—π∑’Ë¡’ high flow/high shear

stress  “¡“√∂μ√«®æ∫ macrophages „π§√“∫‰¢¡—π

ª√‘¡“≥¡“° ∫àß∫Õ°∂÷ß¡’§«“¡√ÿπ·√ß¢Õß¿“«–°“√Õ—°‡ ∫¡’

¡“° „π¢≥–∑’Ëμ”·Àπàß§√“∫‰¢¡—π∑’Ë¡’ low flow/low shear

stress  “¡“√∂μ√«®æ∫‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫„π§√“∫‰¢¡—π

ª√‘¡“≥¡“°
˘Ò
 ∫àß∫Õ°∂÷ß§√“∫‰¢¡—ππ—Èπ¡’§«“¡·¢Áß·√ß

¥—ßπ—Èπ§«“¡·¢Áß·√ß¢Õß§√“∫‰¢¡—π„π à«πμâπ®÷ßπâÕ¬°«à“

‚Õ°“ °“√‡°‘¥§√“∫‰¢¡—π©’°¢“¥„πμ”·ÀπàßÀ≈Õ¥‡≈◊Õ¥

 à«πμâπ ®÷ß¡’¡“°°«à“

‡ ¡◊Ë Õ § √ “ ∫ ‰ ¢ ¡— π ©’ ° ¢ “ ¥ ® – ¡’ ° “ √ ° √ – μÿâ π

°√–∫«π°“√°“√·¢Áßμ—«¢Õß‡≈◊Õ¥ (coagulation system)

´÷Ëß‡ªìπ°≈‰°∑“ß∏√√¡™“μ‘∑’Ë√à“ß°“¬æ¬“¬“¡ ¡“π√Õ¬·º≈

‚¥¬‡√‘Ë¡®“° primary coagulation system §◊Õ‡°√Á¥‡≈◊Õ¥¡“

‡°“–μ‘¥°—∫§Õ≈≈“‡®π∫√‘‡«≥∑’Ë¡’°“√©’°¢“¥‚¥¬ von

Willebrand factor  ‡√’¬°«à“ platelet adhesion
˘Ú

 À≈—ß®“°

π—Èπ¡’°“√‡ª≈’Ë¬π·ª≈ßº‘«‡´≈≈å¢Õß‡°√Á¥‡≈◊Õ¥‚¥¬‡©æ“–¡’
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°“√‡æ‘Ë¡ glycoprotein IIb/IIIa receptor ¡“°¢÷Èπ √«¡∂÷ß°“√À≈—Ëß

adhesive proteins ‡™àπ fribinogen, von Williban factor, P

selectin, thrombospondin ¡’°“√À≈—Ëß coagulation factors ‡™àπ

factor V,  factor XI, PAI-1  ¡’°“√À≈—Ëß  inflammatory

factors ‡™àπ PF4, PDGF, CD40L ®“° granules ·≈–¡’

°“√À≈—Ëß platelet agonist ‡™àπ adenosine diphosphate (ADP),

adenosine triphosphate (ATP), magnesium, calcium,

serotonin ®“°  granules ´÷Ëß “√μà“ßÊ ∑’ËÀ≈—ËßÕÕ°¡“π’È

°√–μÿâπ„Àâ¿“«–°“√Õ—°‡ ∫·≈–‚Õ°“ ‡°‘¥≈‘Ë¡‡≈◊Õ¥ Ÿß¢÷Èπ

‡√’¬°¢—ÈπμÕππ’È«à“ platelet activation ¢—ÈπμÕπ ÿ¥∑â“¬§◊Õ

platelet aggregation ‚¥¬‡°√Á¥‡≈◊Õ¥‡°“–μ‘¥ ÷́Ëß°—π·≈–°—π‚¥¬

fibrin ‡™◊ËÕ¡μàÕ∑’Ë glycoprotein IIb/IIIa receptors
˘Û
  ”À√—∫

secondary coagulation system ‡√‘Ë¡μâπ®“° extrinsic

pathway ‚¥¬‡≈◊Õ¥∑’Ë‡´“–ºà“π§√“∫‰¢¡—π∑’Ë©’°¢“¥ —¡º— °—∫

tissue factor (TF)
˘Ù
 ∑’ËÕ¬Ÿà¿“¬„π§√“∫‰¢¡—π TF ®–®—∫°—∫

factor VII/VIIa „π°√–· ‡≈◊Õ¥‡°‘¥‡ªìπ TF-VIIa complex

À≈—ß®“°π—Èπ®÷ß‡√‘Ë¡°√–μÿâπ intrinsic pathway ∑”ß“πμàÕ‚¥¬

ºà“π factor IXa, Xa μ“¡≈”¥—∫  ÿ¥∑â“¬‡°‘¥ thrombin ´÷Ëß

 “¡“√∂‡ª≈’Ë¬π fibrinogen ‡ªìπ fibrin ‡°‘¥‡ªìπ°âÕπ≈‘Ë¡‡≈◊Õ¥

(thrombus) „πÀ≈Õ¥‡≈◊Õ¥À—«„® „πºŸâªÉ«¬∫“ß√“¬°âÕπ≈‘Ë¡

‡≈◊Õ¥∑’Ë‡°‘¥¢÷ÈπÕ“®¡’¢π“¥‡≈Á°∑”„Àâ¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß

¢ÕßÀ≈Õ¥‡≈◊Õ¥¡’°“√‡ª≈’Ë¬π·ª≈ß‡æ’¬ß‡≈Á°πâÕ¬‰¡à¡’º≈μàÕ

°“√‰À≈‡«’¬π¢Õß‡≈◊Õ¥ ºŸâªÉ«¬Õ“®‰¡à¡’Õ“°“√· ¥ß„¥Ê ∑—Èß ‘Èπ

·μàº≈∑’Ëμ“¡¡“§◊Õ ¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß¢ÕßÀ≈Õ¥‡≈◊Õ¥¡’

¢π“¥‡≈Á°≈ßÕ¬à“ß§àÕ¬‡ªìπ§àÕ¬‰ª ‡π◊ËÕß®“°¡’‡≈◊Õ¥‡´“–‡¢â“

¡“„π§√“∫‰¢¡—π ·≈–¡’¢∫«π°“√ ¡“π·º≈ (healing

process) ∑”„Àâ¡’°“√ √â“ß§Õ≈≈“‡®π·≈–°≈â“¡‡π◊ÈÕ‡√’¬∫

¡“°¢÷Èπ °“√¢¬“¬¢π“¥¢Õß§√“∫‰¢¡—π “¡“√∂¢¬“¬‡¢â“¡“

¥â“π„π¢ÕßÀ≈Õ¥‡≈◊Õ¥Õ¬à“ß™â“Ê
˘ı
 °≈â“¡‡π◊ÈÕÀ—«„®®÷ß¡’°“√

ª√—∫μ—«®“°°“√¢“¥‡≈◊Õ¥‰ª‡≈’È¬ß „π¢≥–æ—°°≈â“¡‡π◊ÈÕÀ—«„®

¬—ß§ß‰¥â√—∫‡≈◊Õ¥„πª√‘¡“≥‡æ’¬ßæÕ ºŸâªÉ«¬®÷ß‰¡à¡’Õ“°“√

·πàπÀπâ“Õ° ·μà„π¢≥–ÕÕ°°”≈—ß°“¬ °≈â“¡‡π◊ÈÕÀ—«„®

μâÕß°“√ª√‘¡“≥‡≈◊Õ¥‰ª‡≈’È¬ß¡“°¢÷Èπ·μàÀ≈Õ¥‡≈◊Õ¥À—«„®∑’Ë

μ’∫‰¡à “¡“√∂ àß‡≈◊Õ¥‰ª‡≈’È¬ß‰¥â‡æ’¬ßæÕ ºŸâªÉ«¬®÷ß¡’Õ“°“√

·πàπÀπâ“Õ° (chest discomfort on exertion) ´÷Ëß‡ªìπ°≈ÿà¡

Õ“°“√¢Õß chronic stable angina   ”À√—∫ºŸâªÉ«¬ ACS æ∫

«à“°“√©’°¢“¥¢Õß§√“∫‰¢¡—π¡—°‡°‘¥„πÀ≈Õ¥‡≈◊Õ¥∑’Ë¡’¢π“¥

°“√μ’∫μ—πμ—ÈßμâππâÕ¬°«à“ ı%
˘ˆ
 ·≈–°âÕπ≈‘Ë¡‡≈◊Õ¥∑’Ë‡°‘¥

¢÷Èπ„πÀ≈Õ¥‡≈◊Õ¥À—«„®¡’¢π“¥„À≠à®÷ß¡’°“√‡ª≈’Ë¬π·ª≈ß

‚¥¬°“√≈¥¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß¢ÕßÀ≈Õ¥‡≈◊Õ¥Õ¬à“ß√«¥‡√Á«

 àßº≈„Àâ°≈â“¡‡π◊ÈÕÀ—«„® à«πª≈“¬μàÕμ”·Àπàßπ—Èπ‰¥â√—∫

‡≈◊Õ¥‰ª‡≈’È¬ß‰¡à‡æ’¬ßæÕ°—∫§«“¡μâÕß°“√ °≈â“¡‡π◊ÈÕÀ—«„®®÷ß

¢“¥‡≈◊Õ¥‰ª‡≈’È¬ßÕ¬à“ß‡©’¬∫æ≈—π ‚¥¬∑’Ë∂â“°âÕπ≈‘Ë¡‡≈◊Õ¥∑’Ë

‡°‘¥¢÷Èπ¡’¢π“¥„À≠à·≈–Õÿ¥μ—πÀ≈Õ¥‡≈◊Õ¥∑—ÈßÀ¡¥ Ò% ®–

‡ªìπæ¬“∏‘°”‡π‘¥¢Õß‚√§ ACS ™π‘¥ STEMI ≈—°…≥–≈‘Ë¡

‡≈◊Õ¥¡—°¡’ ’·¥ß (reddish thrombus) ª√–°Õ∫¥â«¬‰ø∫√‘π

‡ªìπ®”π«π¡“° (fibrin-rich thrombus)
˘˜

 ·μà∂â“°âÕπ≈‘Ë¡

‡≈◊Õ¥∑’Ë‡°‘¥¢÷ÈπÕÿ¥μ—πÀ≈Õ¥‡≈◊Õ¥À—«„®‡°◊Õ∫∑—ÈßÀ¡¥‚¥¬∑’Ë¬—ß

¡’‡≈◊Õ¥‰À≈ºà“π‰¥â∫â“ß·μà‰¡à‡æ’¬ßæÕμàÕ§«“¡μâÕß°“√¢Õß

°≈â“¡‡π◊ÈÕÀ—«„® à«πª≈“¬ ®–‡ªìπæ¬“∏‘°”‡π‘¥¢Õß‚√§ ACS

™π‘¥ Non STEMI À√◊Õ Unstable  angina (UA) ≈—°…≥–

≈‘Ë¡‡≈◊Õ¥¡—°¡’ ’¢“«À√◊Õ‡∑“ (grayish-white thrombus) ÷́Ëß

ª√–°Õ∫¥â«¬‡°√Á¥‡≈◊Õ¥®”π«π¡“° (platelet-rich thrombus)
˘˜

 “¡“√∂«‘π‘®©—¬·¬°‚√§‚¥¬°“√μ√«® cardiac biomarkers „π

°√–· ‡≈◊Õ¥‡™àπ Troponin T À√◊Õ Troponin I ´÷Ëß‡ªìπ

À≈—°∞“π· ¥ß∂÷ß¡’°≈â“¡‡π◊ÈÕÀ—«„®μ“¬‡°‘¥¢÷Èπ‚¥¬∂â“æ∫º≈

‡≈◊Õ¥ cardiac biomarkers „Àâ§à“∫«° °“√«‘π‘®©—¬§◊Õ Non

STEMI  ∂â“„Àâº≈≈∫ °“√«‘π‘®©—¬ §◊Õ UA

 √ÿª

°”‡π‘¥æ¬“∏‘¢Õß‚√§À≈Õ¥‡≈◊Õ¥À—«„®μ’∫‡©’¬∫æ≈—π

(ACS) ∑’Ëæ∫∫àÕ¬∑’Ë ÿ¥‡°‘¥®“°°“√©’°¢“¥¢Õß§√“∫‰¢¡—π

(atherosclerosis plaque rupture) ‚¥¬¡’ “‡Àμÿ∑’Ë ”§—≠§◊Õ

¿“«–°“√Õ—°‡ ∫ (inflammatory process) ´÷Ëß¡’∫∑∫“∑μ—Èß

·μà®ÿ¥‡√‘Ë¡μâπ¢Õß°“√‡°‘¥§√“∫‰¢¡—π (atherosclerosis plaque)

‚¥¬‡√‘Ë¡®“°‡´≈≈å ‡¬◊ËÕ∫ÿº‘«À≈Õ¥‡≈◊Õ¥∑”ß“πº‘¥ª√°μ‘

(endothelial dysfunction) √«¡∂÷ß¡’∫∑∫“∑ ”§—≠μàÕ

°“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß¢ÕßÀ≈Õ¥‡≈◊Õ¥À—«„® (arterial

remodeling) ·≈–§«“¡·¢Áß·√ß¢Õß§√“∫‰¢¡—π ‚¥¬§√“∫

‰¢¡—π∑’Ëæ∫„πºŸâªÉ«¬ ACS ¡’≈—°…≥–∫“ßæ√âÕ¡©’°¢“¥‰¥âßà“¬

(vulnerable plaque À√◊Õ thin cap fibroatheroma) μ≈Õ¥

®π¡’∫∑∫“∑ ”§—≠„π°“√°√–μÿâπ„Àâ‡°‘¥≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π„π

À≈Õ¥‡≈◊Õ¥À—«„®‚¥¬ºà“π°√–∫«π°“√°“√·¢Áßμ—«¢Õß‡≈◊Õ¥

(coagulation system) „Àâ∑”ß“π¡“°°«à“ª√°μ‘ §«“¡

√ÿπ·√ß¢Õß¿“«–°“√Õ—°‡ ∫„π√à“ß°“¬ºŸâªÉ«¬·μà≈–§π·μ°

μà“ß°—π‡™◊ËÕ«à“‡°‘¥®“°ªí®®—¬À≈“¬Ê Õ¬à“ß ‡™àπ √–¥—∫‰¢¡—π

„π‡≈◊Õ¥ Ÿß °“√ Ÿ∫∫ÿÀ√’Ë ‡∫“À«“π §«“¡¥—π‚≈À‘μ Ÿß ·≈–

°√√¡æ—π∏ÿå Õ¬à“ß‰√°Áμ“¡‚Õ°“ °“√‡°‘¥‚√§ ACS „πºŸâªÉ«¬

·μà≈–§π¢÷ÈπÕ¬Ÿà°—∫ ¡¥ÿ≈¢Õßªí®®—¬ Û ¢âÕ §◊Õ

Ò. ¢π“¥¢Õß§√“∫‰¢¡—π (atherosclerosis plaque

burden)

Ú. §«“¡√ÿπ·√ß¢Õß¿“«–°“√Õ—°‡ ∫ (severity of
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